
TISSUE PROTECTIVE PEPTIDES AND PEPTIDE ANALOGS FOR
PREVENTING AND TREATING DISEASES AND DISORDERS
ASSOCIATED WITH TISSUE DAMAGE The instant application
claims the benefit of priority of U.S. Provisional
Application Nos. 61/062,012, filed January 22, 2008,
61/062,022, filed January 22, 2008; 61/062,045, filed
January 22, 2008; 61/133,912, filed July 3, 2008; and
61/203,890, filed December 30, 2008, the contents of
which are hereby incorporated by reference in their
entireties. 1. INTRODUCTION The invention provides
tissue protective peptides and peptide analogs for
preventing or treating a disease or disorder
associated with tissue damage and/or damage, an
effect, or a symptom thereof, including, but not
limited to, cancer, inflammation, and exposure to a
toxic agent. In particular, the invention provides
tissue protective peptides and peptide analogs that
share consensus sequences with fragments of Type I
cytokine receptor ligands that have little or no
potentially undesirable hematopoietic effects of the
full length ligands. These peptides also include
fragments, chimeras, as well as peptides designed to
mimic the spatial localization of key amino acid
residues within the tissue protective receptor
ligands, e.g., EPO. This invention further provides
methods and uses of these peptides to modulate a
subject's response and/or a symptom resulting from a
disease or disorder associated with tissue damage for
the purposes of treating, preventing or ameliorating
the disease or disorder. Additionally, the present
invention provides pharmaceutical compositions
comprising a peptide and a pharmaceutically acceptable
carrier, excipient or diluent for the treatment of a
disease or disorder associated with tissue damage; or
damage, an effect or a symptom thereof, including, but
not limited to, cancer, inflammation and exposure to a
toxic agent, in a subject in need thereof. 2.
BACKGROUND OF THE INVENTION. Tissue damage can be
caused by a substantive loss of tissue due to
ischemic, traumatic, toxic, or inflammatory injuries
in which cells within the tissue are destroyed by
apoptosis or necrosis. Tissue damage can occur in a
number of acute and chronic diseases and conditions.
The degree to which tissue damage occurs is mediated
by many factors, includingthe type of disease or
injury, the level of or severity of inflammation or
trauma associated with the disease or injury, the
location of the tissue damage, and the vascular
sufficiency of the tissue. Recent evidence suggests
that erythropoietin (EPO), a member of the Type-1
cytokine family, commonly associated with the
maintenance of hematocrit may also play an important
role in attenuating tissue damage through the
interaction with its receptor, EPOR (Brines et al.,
2004, Proc. Natl. Acad. ScI USA, 101(41):14907-12).
Although it is hypothesized that EPO may provide
compensatory responses that serve to improve hypoxic
cellular environment and modulate programmed cell
death caused by metabolic stress, the underlying
molecular mechanism is yet to be clearly understood.
Based upon this observation, investigators have
explored the use of EPO in various indications. As an
example, investigators have explored the use of EPO as
a potential treatment for cancers based upon the
observation that EPO used to treat anemia in oncology
patients not only rectified the anemia but resulted in
an enhancement of the well-being of the oncology
patient as well (see U.S. Patent No. 6,579,525 and
Blau C.A., 2007, Stem Cells 25(8):2094-7). U.S. Patent
No. 6,579,525 to Haran-Ghera et al. relates to the use
of recombinant EPO for the treatment of multiple
myelomas and hypthesizes that EPO induces an immune
response to the tumor. Additionally, U.S. Patent
Application No. 11/093,177, publication no. US
2005/0267027, discloses the use of EPO to inhibit
angiogenesis in tumors by reducing HIF-l aand/or VEGF
expression in the tumors. However, EPO as a potential
tissue protective agent suffers from serious
disadvantages due to its erythropoietic effect. In
particular with chronic dosing, such as would 



be envisioned in indications such as cancer and
inflammation, the frequent applications of therapeutic
doses of EPO may significantly increase a subject's
hematocrit, which may lead to hypertension, seizures,
and vascular thrombosis. Further, with regard to
cancer, the potential of EPO as a therapeutic has not
been realized. It has been determined that several
types of cancer, such as breast cancers, express, and
tend to over-express, erythropoietin receptors. This
has led to concerns that the therapeutic use of EPO to
treat cancer would lead to further growth of the tumor
as opposed to a regression of the tumor's development
(see Blau, 2007, supra, and U.S. Patent Application
No. 10/432,899, published as US 2005/0260580). This
concern has been borne out in the clinic as several
trials of EPO within various cancer indications have
been halted due to an increase in mortality due to
tumor growth (Blau). In light of these adverse
clinical outcomes the FDA has attached a BlackBox
warning on approved EPO products cautioning against
their use in unapproved cancer indications.
Additionally, mature human EPO protein is a 165 amino
acid protein having a molecular weight of about 30.4
kDa measured by mass spectroscopy. The recombinant
protein can be produced in Chinese hamster ovary cells
in an expensive and labor intensive process that is
highly regulated. Further, EPO must be stored under
stringent conditions to maintain its activity. Given
these limitations EPO is not an ideal candidate to
address public emergencies, such as the release of a
toxic agent such as radiation or a chemical agent,
either through an industrial accident or act of
terrorism or war that would require the rapid mass
production of the therapeutic for wide distribution.
Accordingly, there is a need for tissue protective
treatments that have little or no potentially
detrimental effects and can be made readily available
to the public. 3. SUMMARY The present invention
provides isolated peptides and peptide analogs that
have tissue protective activity in a responsive cell,
tissue, or organ. In certain embodiments, the peptides
and peptide analogs have little or no potentially
undesirable hematopoietic effects. In particular, the
invention provides tissue protective peptides and
peptide analogs that share consensus sequences with
portions of EPO and Type I cytokine receptor ligands.
In certain embodiments, an isolated peptide or peptide
analog comprises a 9 to 29-residue amino acid sequence
featuring a core structural motif selected from (1)
two negatively charged amino acids and (2) one
positively charged amino acid and one negatively
charged amino acid. The core charged amino acids are
flanked by 7 to 27 amino acids as described herein. In
certain embodiments the core charged amino acids are
immediately adjacent to each other. In certain
embodiments, the charged amino acids are separated by
1 to 5 amino acids or by a single polar amino acid. In
certain aspects, the invention provides isolated
peptides and peptide analogs that have at least one
tissue protective activity. Exemplary tissue
protective activities include, but are not limited to,
protecting, maintaining, enhancing, and restoring the
function or viability of a responsive mammalian cell,
tissue, or organ. Accordingly, in one aspect, the
present invention provides the use of an isolated
peptides and peptide analogs of the present invention
for the preparation of pharmaceutical compositions for
protecting, maintaining, enhancing, or restoring the
function or viability of responsive mammalian cells
and their associated cells,tissues, and organs. In
related embodiments, the compositions are for
administration to a subject in need thereof. In other
aspects, the isolated peptides and peptide analogs of
the invention also have little or no erythropoietic
activity, e.g. they do not significantly increase
hemoglobin or hematocrit in a subject, or more
generally have little or no hematopoietic activity,
e.g. they do not significantly increase blood cellular
components such as erythroid, lymphoid, and myeloid
cells. In specific embodiments, the isolated peptides
and peptide analogs have little or no activity
selected from vasoactive action (e.g. ,
vasoconstriction), hyperactivating platelets,
procoagulant activities, and stimulating proliferation
or production of thrombocytes or
erythropoietic-dependent cells (see, Coleman et al.,
2006, Proc. Natl. Acad. Sci. USA 103:5965- 



5970). The invention also provides pharmaceutical
compositions comprising such tissue protective
peptides and peptide analogs and a pharmaceutically
acceptable carrier excipient or diluent, as well as
methods for preparing such compositions and their use
to treat diseases and disorders associated with tissue
damage. In other aspects, the present invention
provides methods of using an isolated peptide or
peptide analog described herein for the preparation of
a pharmaceutical composition for the protection
against or prevention of a responsive tissue injury,
for the restoration of, or for the rejuvenation of
responsive tissue or responsive tissue function in a
subject in need thereof. In one particular aspect, the
responsive mammalian cells and their associated cells,
tissues, or organs are distal to the vasculature by
virtue of a tight endothelial cell barrier. In another
particular aspect, the cells, tissues, organs or other
bodily parts are isolated from a mammalian body, such
as those intended for transplant. In certain aspects
of the invention, the excitable tissue is central
nervous system tissue, peripheral nervous system
tissue, cardiac tissue or retinal tissue. In another
aspect, the responsive cell or its associated cells,
tissues, or organs are not excitable cells, tissues,
or organs, nor do they predominantly comprise
excitable cells or tissues. In another embodiment the
invention is drawn to a method of preventing,
treating, ameliorating or managing inflammation,
cancer or neoplastic disorders, or exposure to a toxic
agent in a patient in need thereof by administering an
effective amount of a peptide. In certain embodiments,
the invention relates to methods of modulating the
activity of a mediator of cancer, the body's response
to toxic agents, and inflammation. In particular, the
invention relates to modulating the activity of an
inflammatory mediator.Prefereably, the peptides of the
current invention are capable of modulating the
effects of one or more inflammatory mediators. In
another embodiment, the invention relates to methods
of arresting the growth of a cell comprising
contacting a cell in need of growth arrestment with an
effective amount of a peptide. In another embodiment,
the invention relates to methods of causing the death
of a cancer or neoplastic cell comprising contacting a
cancer or neoplastic cell with an effective amount of
a peptide. In another embodiment, the invention
relates to methods of inhibiting blood vessel
generation to the cancerous or neoplastic cells or
reducing the production of molecules causing mitosis
or angiogenesis. In another embodiment, the invention
relates to methods for treating or preventing the
side-effects associated with chemotherapy or radiation
therapy, comprising administering to a patient in need
of such treatment or prevention an effective amount of
a peptide. Side-effects associated with chemotherapy
or radiation therapy include cachexia, low blood
count, nausea, diarrhea, oral lesions, and alopecia.
In another embodiment, the invention relates to
methods for treating or preventing cancer or
neoplastic disease in a patient comprising contacting
a cancer or neoplastic cell with an effective amount
of a peptide. In another embodiment, the invention
relates to methods of treating or preventing cancer or
neoplastic disease in a patient comprising
administering to a patient in need of such treatment
or prevention an effective amount of a peptide. In
certain embodiments, the invention relates to the use
of the peptide for the preparation of a pharmaceutical
composition for the prevention, treatment,
amelioration, or management of cancer or neoplastic
disorder in a subject in need thereof. In another
embodiment, the invention relates to methods of
treating or preventing the symptoms associated with
inflammation or an inflammatory condition. In a
further embodiment, the invention relates to methods
of treating or preventing inflammation or an
inflammatory condition in a patient in need thereof.
Amongst the inflammatory conditions treatable by the
current method are allergies and allergic diseases,
rheumatic diseases, andsports 



related injuries.In another embodiment, the invention
relates to methods of treating, preventing,
ameliorating or managing the effects of exposure to a
toxic agent in a person in need of treatment. Amongst
the toxic agents considered are biological, chemical
and raidioactive agents. In certain embodiments, the
invention is also directed to pharmaceutical
compositions comprising the aforementioned isolated
peptides for administration to a subject in need
thereof. In specific aspects in accordance with this
embodiment, the pharmaceutical composition of the
invention further comprises a pharmaceutically
acceptable carrier. Such pharmaceutical compositions
may be formulated for oral, intranasal, ocular,
inhalational, transdermal, rectal, sublingual,
vaginal, or parenteral administration, or in the form
of a perfusate solution for maintaining the viability
of cells, tissues, or organs ex vivo. In related
embodiments of the invention the subject is a
mammalian animal, preferably a human. These and other
features, aspects, and advantages of the present
invention will become better understood with reference
to the following description and appended claims. 4 .
ABREVIATIONS AND TERMINOLOGY 4.1 ABBREVIATIONS As used
herein, the abbreviations for the genetically encoded
Lenantiomeric amino acids are conventional and are as
follows:4.2 Terminology. Unless defined otherwise, all
technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the
art to which this invention belongs. As used herein,
the following terms have the meanings ascribed to them
unless specified otherwise. (i) As used herein, the
terms "about" or "approximately" when used in
conjunction with a number refer to any number within
1, 5, 10, 15 or 20 % of the referenced number. (ii)
The term "administered in conjunction with" in the
context of the methods of the invention means
administering a compound prior to, at the same time
as, and/or subsequent to the onset of a disease,
disorder, or condition. (iii) The term "allergen"
refers to an antigenic substance capable of producing
immediate type hypersensitivity (allergy). Common
allergens include, but are not limited to bacteria,
viruses, animal parasites, insects and insect stings,
chemicals (latex), dust, dust mites, molds, animal
dander, drugs (such as antibiotics, serums, sulfa
drugs, anti-convulsants, insulin preparations, local
anesthetics, iodine, and aspirin), foods (such as
milk, chocolate, strawberries, eggs, soy, nuts, fish,
shellfish, wheat), perfumes, plants, pollens, and
smoke. (iv) The term "allergic disease" refers to a
condition or disease caused by or relating to an
allergy. Allergic diseases include, but are not
limited to, asthma, hypersensitivity lung diseases,
rhinitis, rhinosinusitis, atopic eczema, contact
dermatitis, allergic conjunctivitis (intermittent and
persistent), vernal conjunctivitis (hayfever), atopic
keratoconjunctivitis, giantpapillary conjunctivitis,
urticaria (hives), angioedema, hypersensitivity
pneumonitis, eosinophilic bronchitis, vasculitis,
hypersensitivity vasculitis, antineutrophil
cytoplasmic antibody (ANCA) associated vasculitis,
Wegner's granulomatosis, Churg Strauss vasculitis,
microscopic polyangiitis, temporal arteritis, celiac
disease, mastocytosis, and anaphylaxis. (v) The term
"allergy symptom" or "allergic reaction" refers to the
body's response to an allergen. The allergic reaction
can be localized to one area (skin that came into
contact with allergen) or generalized. Allergic
reactions may include, but are not limited to, rash,
itching, hives, swelling, difficulty breathing,
wheezing, angioedema, difficulty swallowing, nasal
congestion, runny nose, shortness of breath, nausea,
stomach cramps, abdominal pain, vomiting and/or low
blood pressure. (vi) The term "allergy" refers to a
state of hypersensitivity induced by exposure to a
particular antigen (allergen) resulting in harmful
immunological reactions on subsequent exposures. (vii)
The term "amino acid" or any reference to a specific
amino acid is meant to 



include naturally occurring proteogenic amino acids as
well as non-naturally occurring amino acids such as
amino acid analogs. Those skilled in the art would
know that this definition includes, unless otherwise
specifically noted, naturally occurring proteogenic
(L)-amino acids, their optical (D)-isomers, chemically
modified amino acids, including amino acid analogs
such as penicillamine (3-mercapto-D- valine),
naturally occurring non-proteogenic amino acids such
as norleucine and chemically synthesized amino acids
that have properties known in the art to be
characteristic of an amino acid. Additionally, the
term "amino acid equivalent" refers to compounds that
depart from the structure of the naturally occurring
amino acids, but which have substantially the
structure of an amino acid, such that they can be
substituted within a peptide, which retains its
biological activity despite the substitution. Thus,
for example, amino acid equivalents can include amino
acids having side chain modifications or
substitutions, and also include related organic acids,
amides or the like. The term "amino acid" is intended
to include amino acid equivalents. The term "residues"
refers both to amino acids and amino acid equivalents.
Amino acids may also be classified into the following
groups as is commonly known in the art: (1) acidic =
Asp, GIu; (2) basic = Lys, Arg, His; (3) nonpolar
(hydrophobic) = Cys, Ala, VaI, Leu, lie, Pro, Phe,
Met, Trp, GIy, Tyr; and (4) uncharged polar = Asn,
GIn, Ser, Thr. Non-polar may be subdivided into:
strongly hydrophobic = Ala, VaI, Leu, He, Met, Phe;
and moderately hydrophobic = GIy, Pro, Cys, Tyr, Trp.
In alternative fashion, the amino acid repertoire can
be grouped as (1) acidic = Asp, GIu; (2) basic = Lys,
Arg, His, (3) aliphatic = GIy,Ala, VaI, Leu, He, Ser,
Thr, with Ser and Thr optionally be grouped separately
as aliphatichydroxyl; (4) aromatic = Phe, Tyr, Trp;
(5) amide = Asp, GIu; and (6) sulfur -containing = Cys
and Met. (See, for example, Biochemistry, 4th ed., Ed.
by L. Stryer, WH Freeman and Co., 1995, which is
incorporated by reference herein in its entirety).
(viii) The term "biological agent" as used herein
refers to living organisms or the materials derived
from them (such as bacteria, viruses, fungi, and
toxins) that cause disease in or harm to humans,
animals, or plants, or cause deterioration of
materials. These biological agents are ubiquitous in
nature and may be designed or optimized for use in
warfare or terrorism (bioterrorism). These biological
agents may consist of prions, viruses, microorganisms
(bacteria and fungi), and some unicellular and
multicellular eukaryotes (i.e., parasites). In
particular, the biological agents (identified by their
common name, biologic name and the NATO Standard
Reference letter code, where available) may include,
but are not limited to, mycotic agents {Coccidioides
mycosis, OC, Coccidioides posadasil, Coccidioides
immitis), bacterial agents (anthrax (cutaneous,
inhalation, gastrointestinal) {Bacillus anthracis, N
and TR), plague (bubonic, nQVLmorc){Yersinia pestis,
LE), tularemia (Francisella tularensis, UL (schu S4),
TT (wet type), ZZ (dry type) and SR and JT (425)),
cholera {Vibrio cholerae, HO), bovine brucellosis
(AB), porcine brucellosis (US and NX), caprine
brucellosis (AM and BX), Brucella abortus, Brucella
melitenis, Brucella suis, bacterial dysentery
(shigellosis, campylobacteriosis, salmonellosis) (Y),
glanders {Burkholderia mallei, LA), melioidosis
{Burkholderia pseudomallei, HI), diphtheria
{Corynebacterium diphtheriae, DK), listeriosis
{Listeria monocytogenes, ,TQ)), chlamydial agents
(psittacosis "Parrot Fever" {Chlamydophilia psittici,
SI), rickettsial agents (rocky mountain spotted fever
{Rickettsia rickettsii, RI and UY), Q fever {Coxiella
burnetti, OU, MN (wet type), and NT (dry type)), human
typhus {Rickettsia prowazekii, YE), murine typhus
{Rickettsia typhi, AV)), viral agents (yellow fever
{Arbovirus flavivirdae, OJ, UT, and LU), rift valley
fever (RVF Phlebovirus bunyaviridae, FA), alphaviruses
(e.g.: eastern equine encephalitis (ZX), western
equine encephalitis, Venezuelan equine encephalitis
(NU, TD, and FX)), smallpox (ZL), Japanese B
Encephalitis (AN), Cercopithecine herpesvirus 1
(Herpes B virus), Crimean-Congo haemorrhagic fever
virus, viral hemorrhagic fever {Filoviridae (ebola and
Marburg virus) and Arenaviridae (Lassa and Machupo)),
monkey pox virus, Reconstructed 1918 influenza virus,
South American Haemorrhagic Fever viruses (Flexal,
Guanarito, Junin, Machupo, Sabia), tick borne
meningoencephalitis (TEBV) viruses (Central European
Tick-borne encephalitis, Far Eastern Tick-borne
encephalitis, Kyasanur Forest disease, Omsk
Hemorrhagic fever, Russian Spring andSummer virus),
Hendra virus, Nipah virus, hantaviruses (Korean
hemorrhagic fever), African 



horse sickness virus, optimized swine fever virus,
Akabane virus, avian influenza virus, bluetongue
virus, camel pox virus, classical swine fever virus,
foot-and-mouth disease virus, goat pox virus, lumpy
skin disease virus, malignant catarrhal fever virus
(Alcelaphine herpesvirus type 1), Menangle virus, New
Castle disease virus, Pestes des petits ruminants
virus, rabies virus, rinderpest virus, sheep pox
virus, swine vescular disease virus, vesicular
somatitis virus), toxins (botulinum toxin
(Clostridium, X and XR), ricin (Ricinus communis,^ and
WA), Staphylococcal enterotoxin B (UC and PG),
Saxitoxin (paralytic shellfish poisoning)(TZ and SS),
tetrodotoxin (PP), conotoxins, Clostridium perfringens
epsilon toxin, tricothecene mycotoxins (T-2 toxins),
shigatoxin), and simuants (molasis residium (MR),
Bacillus globigii (BG, BS, and U), Serratia marescens
(SM and P), Aspergillus fumigatus mutant C-2 (AF), E.
CoIi (EC), Bacillus thursidius (BT), Erwinia herbicola
(EH), fluorescent particle (FP)), rye ergot, leprosy,
rabies, intestinal typhoid, Clostridium perfringens
(gas gangrene), aflatoxins, Salmonella typhimurium,
enterotoxins, Argentinian hemorrhagic fever,
multi-drug resistant Tuberculosis (MTB), Bolivian
hemorrhagic fever, legionella pneumophilia, marine
toxins, beriberi, malaria, pellagra, dengue fever,
sclerotium rolfoil, neurotrophic encephalitis,
Shigella (Y), SEB (UC), and mycotoxins,
Diaacetoxyscirpenol, Cowdria ruminantium, Mycoplasma
capricolum M.F38/M. Mycoides capri, Mycoplasma
mycoides mycoides, abrin. The biological agents may be
targeted against humans (e.g. Small pox, Ebola virus,
Reconstructed 1918 influenza virus, ricin, etc.),
animals such as livestock (e.g. African horse sickness
virus, African swine fever virus, foot-and-mouth
disease, etc.) or both (Eastern equine encephalitis
virus, etc.) Further, even non-lethal biological
agents may pose a threat given that they may be
reengineered for greater lethality for use as a
biological weapon. Thus even the viruses responsible
for the common cold may pose a risk. (ix) The term
"cancer" as used herein refers to any abnormal growth
exhibiting malignant properties: the ability (1) to
grow and divide without respect to normal limits, (2)
to invade and destroy adjacent tissues, and (3) in
some instances, spread to other locations in the body.
Cancer includes cancers or neoplastic disorders of the
central nervous system, peripheral nervous system,
gastrointestinal/digestive system, genitourinary
system, gynecological, head and neck,
hematological/blood, musculoskeletal/soft tissue,
respiratory, and breast. Further examples of cancers
or neoplastic disorders include, but are not limited
to, those of the brain (astrocytoma, gliobastoma,
glioma), spinal cord, pituitary gland, breast
(Infiltrating, Pre invasive, inflammatory cancers,
Paget' s Disease, Metastatic and Recurrent Breast
Cancer),blood (Hodgkin's Disease, Leukemia, Multiple
Myeloma, Lymphoma), Lymph node cancer, Lung
(Adenocarcinoma, Oat Cell, Non-small Cell, Small Cell,
Squamous Cell, Mesothelioma), skin (melanoma, basal
cell, squamous cell, Kapsosis Sarcoma), Bone Cancer
(Ewings Sarcoma, Osteosarcoma, Chondrosarcoma), head
and neck (laryngeal, pharyngeal (nasal cavity & sinus
cavity), and esophageal cancers), oral (jaw, salivary
gland, throat, thyroid, tongue, and tonsil cancers),
eye, gynecological (Cervical, Endometrial, Fallopian,
Ovarian, Uterine, Vaginal, and Vulvar), genitourinary
(bladder, kidney, penile, prostate, testicular, and
urinary cancers), adrenal (cortical adenoma, cortical
carcinoma, pheochromocytoma) and gastrointestinal
(appendix, bile duct (extrahepatic bile duct) colon,
gallbladder, gastric, intestinal, colon, liver,
pancreatic, rectal, and stomach cancers) as well as
those listed below: (for a review of such disorders,
see Fishman et al., 1985, Medicine, 2d Ed., J.B.
Lippincott Co., Philadelphia): Leukemia: acute
leukemia, acute lymphocytic leukemia, acute myelocytic
leukemia, myeloblasts, promyelocytic, myelomonocytic,
monocytic erythroleukemia, chronic leukemia, chronic
myelocytic (granulocytic) leukemia, chronic
lymphocytic leukemia, Polycythemia vera, Gastric
carcinoma, Lymphoma (malignant and non-malignant):
Hodgkin's disease, non-Hodgkin's disease, Multiple
myeloma, Waldenstrom's macroglobulinemia, Heavy chain
disease, Solid tumors sarcomas and carcinomas:
fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteogenic sarcoma, chordoma,
angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma,
Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon
carcinoma, pancreatic cancer, breast cancer, ovarian
cancer, prostate 



cancer, squamous cell carcinoma, oral squamous cell
carcinoma, hepatocellular carcinoma, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma,
sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas: cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal
cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, cervical cancer, cervix adenocarcinoma, uterine
cancer, testicular tumor, lung carcinoma, small cell
lung carcinoma, non-small cell lung adenocarcinoma,
bladder carcinoma, epithelial carcinoma, glioma,
malignant glioma, glioblastoma, multiforme astrocytic
gliomas, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic
neuroma, oligodendroglioma, meningioma, melanoma,
neuroblastoma, or retinoblastoma. (x) The term
"chemical agent" as used herein refers chemical
substances that cause severe death or harm to people
or animals. To the extent that the chemical agent has
been optimized to be delivered using munitions or a
dispersal device, the agent is a chemical weapon.In
general, chemical agents used as weapons can be
classified by their method of action such as: blood
agents, blister agents, nerve agents, pulmonary
agents, and incapacitating agents. Each of the
chemical agents below are identified by their NATO
standard Reference letter code where available. (xi)
"Blood agents" refer to those chemical agents that
prevent cells from using oxygen. Chemical agents
within this category include, but are not limited to
Arsine (adamsite(diphenylaminechloroarsine), Clark I
(diphenylchloroarsine), Clark II
(diphenylcyanoarsine)) and Cyanide (cyanogen chloride
(CK), hydrogen cyanide (AC), etc.) compounds. Arsine
compounds cause intravascular hemolysis that leads to
renal failure. Cyanide compounds prevent the cells
from using oxygen and the cells then resort to
anaerobic respiration creating an excess of lactic
acid leading to metabolic acidosis. Victims of blood
agents may exhibit symptoms including, but not limited
to, headaches, dizziness, nausea, vomiting, mucosal
irritation, dysponea, impaired consciousness, coma,
convulsions, tachy- and brady-dysrhythmias,
hypotension, cardiovascular collapse, and acyanosis.
(A) "Nerve agents" refer to those chemical agents that
inactivate the enzyme acetylcholinesterase. The
resulting buildup of the neurotransmitter
acetylcholine in the victim's synapses leads to
muscarinic and nicotinic effects. Compounds within
this category include, but are not limited to,
cyclosarin (cyclohexylmethylphosphofluoridate, GF),
sarin (isopropyl methylphosphanofluoridate, GB),
thiosarin, soman (pinacolylmethylphosphanofluoridate,
GC), tabun (ethyl N, N-dimethylphosphoramidocyanidate,
GA), VX (0-ethyl-[s]-[2-
diisopropylaminoethyl-methylphosphonothiolate), VR
(N,N-diethyl-2-(methyl-(2-
methylpropoxy)phosphoryl)sulfanylethanamine), VE
(O-ethyl-S-[2- (diethylamino)ethyl]phosphonothioate),
VG (0,0-diethyl-S-[2-
(diethylamino)ethyl]phosphorothioate), VM
(O-ethyl-S-[2-
(diethylamino)ethyl]methylphosphonothioate), ethyl
sarin (isopropylethylphosphonofluoridate, GE), EDMP
(ethyl-2-diisopropylaminoethylmethylphosphonate), DF
(methylphosphonyl difluoride), Novichok Agents, GV
(P-[2-(dimethylamino)ethyl]-N,N-dimethylphosphonamidic
fluoride), Gd42, Gd83, Tammelin Esters,
fluorophosphocholines, phosphothiocholates, DFP, and
insecticides (phenothiazines, organophosphates
(dichorous, malathion, parathion, fenthion, amidon,
paraoxon, chloropyrifos, systox, pyrophosphate,
TOCP)). Victims of nerve agents may exhibit symptoms
including, but not limited to, bradycardia, myosis,
excessive salivation, vomiting, diarrhea, involuntary
micturition, muscle fasciculation, initial
depolarizing flaccid paralysis, spike discharges and
convulsions, intermediate syndrome, neurotoxic
esteraseinhibition, and organophosphate-induced
delayed neuropathy. (B) "Blister Agents" refer to
agents that are acid-forming compounds that damage the
victim's skin and respiratory system resulting in
burns and respiratory problems. Chemical agents within
this category include, but are not limited to, sulfur
mustards (1,2 bis(2- chloroethylthio)ethane
(Sesquimustard, Q), 1,3
bis(2-chloroethylthio)-n-propane, 1,4-bis(2-
chloroethylthio)-n-butane,
1,5-bis(2-chloroethylthio)-n-pentane, 2-
Chloroethylchloromethylsulfide,
Bis(2-chloroethyl)sulfide (HD), Bis(2-chloroethylthio)



methane, Bis(2-chloroethylthiomethyl) ether,
Bis(2-chloroethylthioethyl) ether, di-2'-
chloroethylsulfide and combinations thereof (HT, HL,
HQ)), nitrogen mustards (Bis(2- chloroethyl)ethylamine
(HNl), Bis(2-chloroethyl)methylamine (HN2),
Tris(2-chloroethyl)amine (HN3),
2-chloro-N-(2-chloroethyl)-N-methylethanamine-N-oxide
hydrochloride, cyclophosphamide, chlorambucil,
uramustine, melphalan), lewisites (2-
Chlorovinyldichloroarsine,
Bis(2-chlorovinyl)chloroarsine,
Tris(2-chlorovinyl)arsine,
dichloro(2-chlorovinyl)arsine), ethyldichloroarsine,
methyldichloroarsine, phenyldichloroarsine, and
phosgene oxime (dichloroformoxime). Victims of blister
agents may exhibit symptoms including, but not limited
to, erythema, edema, necrosis and vesicles,
melanoderma, tracheobronchitis, bronchospasms,
bronchial obstruction, hemorrhagic pulmonary edema,
respiratory failure, bacterial pneumonia, eye
erythema, lachrymation, discomfort of the eyes, severe
pain in the eyes, blepharospasm, iritis, blindness,
nausea, vomiting, bone marrow suppression, lewisite
shock, hepatic necrosis, and renal failure secondary
to hypoperfusion. (D) "Pulmonary Agents" refer to
agents that are similar to blister agents but have a
more pronounced effect on the respiratory system
resulting in the respiratory system being flooded and
the victim suffocating. Chemical agents within this
category include, but are not limited to, adamsite,
Acrolein, Bis(chloromethyl)ether, chlorine,
Chloropicrin, diphosphogene, methyl chlorosulfate,
stannic chloride, hydrogen chloride, nitrogen oxides,
and phosgene. Victims of pulmonary agents may exhibit
symptoms including, but not limited to, burning
sensations (eyes, nasopharynx, oropharynx), profuse
tearing, rhinorrhoea, coughing hoarseness, dyspnoea,
odynophagia, conjunctivitis, corneal injury,
naso-orophangyal injury/edema, respiratory distress
due to inflammation of the glottic structures,
secretions, and/or laryngospasms, acute respiratory
syndromes, and reactive airway dysfunction syndrome.
(E) "Incapacitating agents" refer to agents that are
less lethal and are intended largely to incapacitate
through physiological or mental effects or both. A
common class of incapacitating agents is lachrymatory
agents, chemical agents that irritate the eyes
causingtearing, pain, and even temporary blindness.
Lachrymatory agents include, but are not limited to,
a-chlorotoluene, benzyl bromide, Bromoacetone (BA),
Bromobenzylcyanide (CA), Bromomethyl ethyl ketone,
Capsaicin (OC), Chloracetophenone (CN), chloromethyl
chloroformate, Dibenzoxazepine (CR), Ethyl
iodoacetate, Ortho-chlorobenzylidene malonitrile (CS),
Trichloromethyl chloroformate, and xylyl bromide.
Additional incapacitating agents include, but are not
limited to, 3-Quinuclidinyl benzilate (psychedelic;
BZ), hydrocyanic acid (paralytic),
diphenylchloroarsine (sternutatory; DA),
diphenylcyanoarsine (DC), KOLOKOL-I (fentanyl
derivative), Datura stramonium, Hellborne, Belladonna,
Hyoscyamus falezlez, indoles (lysergic acid
diethylamide (LSD-25)), marijuana derivatives (DMHP),
amphetamines, cocaine, caffeine, nicotine, strychnine,
metrazole, barbiturates (methohexital), opioids,
antipsychotics (haloperidol), benzodiazepines,
fentanyl congeners, psilocybin, ibogaine, harmine,
ectasy, PCP, atropine, scopolamine, oxybutynin,
ditropan, anticholinergic antihistamines, benactyzine,
and tranquilizers. Many of the above noted chemicals
have uses beyond their use as weapons and are used
within manufacturing. Thus, the accidental or
intentional release of these chemical agents from
manufacturing or chemical plants will pose a risk to
the employees of the plant as well as the populations
living in the vicinity of these plants. Examples of
toxic industrial manufacturing chemicals include, but
are not limited to, ammonia, arsine, boron
trichloride, boron trifluoride, carbon disulfide,
chlorine, diborane, ethylene oxide, fluorine,
formaldehyde, hydrogen bromide, hydrogen chloride,
hydrogen cyanide, hydrogen fluoride, hydrogen sulfide,
nitric acid, phosgene, phosphorous trichloride, sulfur
dioxide, sulfuric acid, tungsten hexafluoride, acetone
cyanohydrin, acrolein, acrylotrile, allyl alcohol,
allyl amine, allyl chlorocarbonate, boron tribromide,
carbon monoxide, carbonyl sulfide, chloroacetone,
chloroacetylnitrile, chloro sulfonic acid, diketone,
1,2-dimethyl hydrazine, ethylene dibromide, hydrogen
selenide, methane sulfonyl chloride, methyl bromide,
methyl chloroformate, methyl chlorosilane, methyl
hydrazine, methyl isocyanate, methyl mercapatan,
nitrogen dioxide, 



phosphine, phosphorous oxychloride, phosphorous
pentafluoride, selenium hexafluoride, silicone
tetrafluoride, stiloine, sulfur trioxide, sulfuryl
chloride, sulfuryl fluoride, tellurium hexafluoride,
n-octyl mercaptan, titanium tetrachloride,
trichloroacetyl chloride, trifluoroacetyl chloride,
allyl isothiocyanate, arsenic trichloride, bromine,
bromine chloride, bromine penta fluoride, bromine
trifluoride, carbonyl fluoride, chlorine penta
fluoride, chlorine trifluoride, chloroacetylaldehyde,
chloroacetylchloride, crotonaldehyde, cyanogens
chloride, dimethyl sulfate,
diphenylmethane-4,4'-diisocyanate, ethyl
chloroformate, ethyl chlorothioformate,
ethylphosphonothioic dichloride, ethyl phosphonic
dichloride, ethyleneimine, hexachlorocyclopentadiene,
hydrogen iodine, iron pentcarbonyl, isobutyl
chloroformate, isopropyl chloroformate, isopropyl
isocyanate, n-butyl chloroformate, n-butyl isocyanate,
nitric oxide, n-propyl chloroformate, parathion,
perchloromethyl mercaptan, sec-butyl isocyanate,
tertbutyl isocyanate, tetraethyl lead, tetraethyl
pyrophosphate, tetra methyl lead, toluene 2,4-
diisocyanate, and toluene 2,6-diisocyanate. (xi) As
used herein, an "effective amount" includes that
amount of a peptide sufficient to modulate any disease
or disorder associated with tissue damage or the
damage, effects, or symptoms thereof, preferably to
inhibit, suppress, or moderate the deleterious effects
of the body's response to the disease or disorder
associated with the tissue damage including, but not
limited to, the body's response to cancer,
inflammation, or exposure to toxic agents.
Additionally, an "effective amount" includes the
amount of the peptide sufficient to mitigate,
ameliorate, diminish or prevent any disease or
disorder associated with tissue damage or provide a
therapeutic benefit in a patient afflicted with a
disease or disorder associated with tissue damage.
(xii) As used herein, "erythropoietic activity" means
any significant increase in the levels of hemoglobin
or hematocrit in a subject. "Little or no
erythropoietic activity" means that an increased level
of a subject's hemoglobin or hematocrit meets the
criteria accepted in the art as an insufficient
increase to cause an adverse effect in a subject.
"Significantly increased erythropoietic activity"
means that the a difference in the level of a
subject's hemoglobin or hematocrit compared to a
control meets the criteria accepted in the art as
significant, which may, inter alia, increase the
likelihood of hypertension, seizures, and vascular
thrombosis. (xiii) "Excitable tissue" means tissue
that contains excitable cells. Excitable cells are
cells that respond actively to an electric stimulus
and have an electrical charge differential across
their cellular membranes. Excitable cells are
generally capable of undergoing an action potential.
Such cells typically express channels, such as
voltage-gated, ligand-gated, and stretch channels,
which allow flow of ions (potassium, sodium, calcium,
chloride, etc.) across the membrane. Excitable tissue
includes neuronal tissue, muscle tissue, and glandular
tissue. Excitable tissue includes, but is not limited
to, neuronal tissues such as tissue of the peripheral
nervous system (ear and retina) and central nervous
system (brain and spinal cord); cardiovascular tissue
such as the cells of the heart and associated nerves;
and glandular tissue such as the pancreas where T-type
calcium channels along with cell-to-cell gap junctions
participate in secretion of insulin. An exemplary list
of excitable tissue includes organs andtissues that
include nerves, skeletal muscle, smooth muscle,
cardiac muscle, uterus, central nervous system, spinal
cord, brain, retina, olfactory system, auditory
system, etc. (xiv) The term "hematopoietic activity"
means any significant increase in blood cellular
components such as erythroid, lymphoid, and myeloid
cells. Further hematopoietic activity refers to
whether an isolated peptide or peptide analog posses
activity selected from vasoactive action (e.g.,
vasoconstriction), hyperactivating platelets,
pro-coagulant activities, and stimulating
proliferation or production of thrombocytes or
erythropoietin-dependent cells. (xv) The term "host
cell" as used herein refers to the particular subject
cell transfected with a nucleic acid molecule and the
progeny or potential progeny of such a cell. Progeny
of such a cell may not be identical to the parent cell
transfected with the nucleic acid molecule due to
mutations or environmental influences that may occur
in succeeding generations or integration of the
nucleic acid molecule into the host cell genome. (xvi)
The term "inflammatory conditions" as used herein
refers to various 



diseases or traumas, whether mechanically or
chemically induced, that have an inflammatory
component. It includes conditions giving rise to
inflammation in one or more organs or tissues
including, but not limited to, the brain, spinal cord,
connective tissue, heart, lung, kidney, urinary tract,
pancreas, eyes and prostate. Non-limiting examples of
such conditions include, but are not limited to,
appendicitis, blepharitis, bronchitis, bursitis,
cervicitis, cholangitis, cholecystitis,
chorioamnionitis, conjunctivitis, cystitis,
dacryoadenitis, dermatitis, endocarditis,
endometritis, epicondylitis, epididymitis, fibrositis,
gastritis, gingivitis, glossitis, hidradenitis
suppurativa, iritis, laryngitis, mastitis,
myocarditis, myositis, nephritis, omphalitis,
oophoritis, orchitis, osteitis, otitis, parotitis,
pericarditis, peritonitis, pharyngitis, pleuritis,
phlebitis, pneumonitis (pneumonia), prostatitis,
pyelonephritis, rhinitis, salpingitis, sinusitis,
stomatitis, synovitis, tonsillitis, uveitis,
urethritis, vaginitis, vulvitis, asthma, systemic
lupus erythematosus, myasthenia gravis, tendonitis,
angiitis, chronic bronchitis, pancreatitis,
osteomyelitis, arthritis (rheumatoid and psoriatic),
glumeronephritis, optic neuritis, temporal arteritis,
encephalitis, meningitis, traverse myelitis,
dermatomyositis, polymyositis, necrotizing fasciitis,
hepatitis, necrotizing entercolitis, pelvic
inflammatory disease, inflammatory bowel disease
(ulcerative colitis, Crohn's disease, ileitis, and
enteritis), proctitis, vasculitis, vascular stenosis,
restenosis, hypotension, Type-1 diabetes, Kawasaki
disease, Decum's disease, chronic obstructive
pulmonary disease, psoriasis, artherosclerosis,
scleroderma, Sjogren's syndrome, mixed connective
tissue disease, rosacea, gastric ulcers, duodenal
ulcers, Alzheimer's disease, adult onset Still's
disease, acute retinal pigment epitheliitis, Tietze's
syndrome, Bechcet's disease,white dot syndrome (acute
posterior multifocal placoid pigment epitheliopathy,
serpiginous choroiditis, birdshot chorioretinopathy,
multifocal choroiditis with panuveitis, diffuse
subretinal fibrosis syndrome, punctuate inner
choroidopathy, multiple evanescent white dot syndrome,
and diffuse unilateral subacute neuroretinitis),
granuloma annulare, irritable bowel syndrome,
gastroenteritis, Grave's disease, multiple sclerosis,
Dupuytren's contracture, graft rejection diseases
(including allograft rejection and graft-v-host
disease), e.g. skin graft rejection, solid organ
transplant rejection, bone marrow transplant
rejection, inflammatory dermatoses, viral cutaneous
pathologies such as those derived from human papilloma
virus, HIV, or RLV infection, bacterial, fungal and or
other parasital cutaneous pathologies, cutaneous lupus
erythematosus, and Hyper IgG4 disease. Further
"Inflammatory condition" may refer to inflammation
resulting from ischemic or non-ischemic conditions,
including but not limited to, blunt trauma,
contusions, allergies and allergic diseases, rheumatic
disease (childhood arthritis, rheumatoid arthritis,
Churg-Strauss syndrome, fibromyalgia, giant cell
(temporal) arteritis, gout, Henoch-Schoenlin purpura,
hypersensitivity vasculitis, ankylosing spondylitis,
capsulitis, rheumatic fever, rheumatic heart disease,
systemic lupus erythematosus, polymyalgia rheumatica,
osteoarthritis (hand, hip, knee, etc.) polyarteritis
nodosa, Reiter's syndrome), sports related injuries
(runner's knee, tennis elbow, frozen shoulder,
Achilles tendonitis, plantar fasciitis, bursitis,
Osgood-Schlatter disease), repetitive stress injuries
(cumulative trauma diseases, focal dystonia, carpal
tunnel syndrome, intersection syndrome, reflex
sympathetic dystrophy syndrome, stenosing
tenosynovitis (De Quervain's syndrome, trigger
finger/trigger thumb), thoracic outlet syndrome,
tendonitis, tenosynovitis, radial tunnel syndrome,
Raynaud's disease, ganglion, gamer's thumb, Wii-itis,
etc.) infections including viral, fungal and
bacterial. The "inflammatory condition" may be acute
or chronic. (xvii) An "isolated" or "purified" peptide
is substantially free of cellular material or other
contaminating proteins from the cell or tissue source
from which the protein or peptide is derived, or
substantially free of chemical precursors or other
chemicals when chemically synthesized. The language
"substantially free of cellular material" includes
preparations of a peptide in which the peptide is
separated from cellular components of the cells from
which it is isolated or recombinantly produced. Thus,
a peptide that is substantially free of cellular
material includes preparations of peptides having less
than about 30%, 20%, 10%, or 5% (by dry weight) of
heterologous protein (also referred to herein as a
"contaminating protein"). When the peptide is
recombinantly produced, it is also preferably
substantially free of culture 



medium, i.e., culture medium represents less than
about 20%, 10%, or 5% of the volume of theprotein
preparation. When the peptide is produced by chemical
synthesis, it is preferably substantially free of
chemical precursors or other chemicals, i.e., it is
separated from chemical precursors or other chemicals
which are involved in the synthesis of the protein.
Accordingly such preparations of the peptide have less
than about 30%, 20%, 10%, 5% (by dry weight) of
chemical precursors or compounds other than the
peptide of interest. In a preferred embodiment,
peptides of the invention are isolated or purified.
(xviii) An "isolated" nucleic acid molecule is one
which is separated from other nucleic acid molecules
which are present in the natural source of the nucleic
acid molecule. Moreover, an "isolated" nucleic acid
molecule, such as a cDNA molecule, can be
substantially free of other cellular material, or
culture medium when produced by recombinant
techniques, or substantially free of chemical
precursors or other chemicals when chemically
synthesized. In a specific embodiment, a nucleic acid
molecule(s) encoding a peptide of the invention is
isolated or purified. (xix) As used herein, the term
"management" includes the provision of one or more
beneficial side effects that a patient derives from a
peptide which, in one embodiment, does not reverse the
damage, effects or symptoms of a a disease or disorder
associated with tissue damage. In certain embodiments,
a patient is administered a peptide to "manage" the
symptoms of a disease or disorder associated with
tissue damage so as to prevent the progression or
worsening of the symptoms. (xx) The terms "modulate,"
"modulations" and the like refer to the ability of a
compound to increase or decrease the function and/or
expression of mediators of the body's response to a
disease or disorder associated with tissue damage,
including transcription of regulatory activity and/or
protein binding. Modulation, as described herein,
includes the inhibition, antagonism, partial
antagonism, activation, agonism or partial agonism of
a function or characteristic associated with the
mediator, either directly or indirectly, and/or the
upregulation or downregulation of the expression of
the mediator. In a preferred embodiment, the
modulation is direct, and more preferably the
modulation occurs through an inhibitor or antagonist
of the mediator, a compound that binds to, partially
or totally blocks stimulation, decreases, prevents,
inhibits, delays activation, inactivates,
desensitizes, or downregulates signal transduction.
The ability of a particular peptide useful in the
method of the current invention to inhibit the
function of a mediator can be demonstrated in a
biochemical assay, e.g. binding assay, cell based
assay, e.g. transient transfection assay, or in vivo
assay, e.g. animal model of neuronal injury, cancer,
inflammation, or chemical or radiation injury such as
a rat or murinemodel. (xxi) As used herein in
reference to a structure within a peptide, the term
"motif refers either to a set of consecutive amino
acids within the amino acid sequence of the peptide
chain and/or to a set of linearly or spatially
adjacent amino acids within the secondary and/or
tertiary structure of said peptide. Because the motif
may be formed all or in part as a result of protein
folding, amino acids that are adjacent in the
described motif may be separated by 0, 1 or more, 5 or
more, 10 or more, 15 or more or 20 or more amino acids
within the linear amino acid sequence of the peptide.
(xxii) As used herein, the terms "peptide,"
"polypeptide" and "protein" are used interchangeably
and in their broadest sense to refer to constrained
(that is, having some element of structure as, for
example, the presence of amino acids which initiate a
b turn or b pleated sheet, or for example, cyclized by
the presence of disulfide bonded Cys residues) or
unconstrained (e.g., linear) amino acid sequences. In
certain embodiments, the peptide of the invention
consists of less than 30 amino acids. However, upon
reading the instant disclosure, the skilled artisan
will recognize that it is not the length of a
particular peptide but its ability to bind a tissue
protective receptor complex and/or compete with the
binding of a peptide described herein that
distinguishes the peptides useful in the method of the
current invention. The terms "peptide," "polypeptide,"
and "protein" also refer to compounds containing amino
acid equivalents or other non-amino acid groups, while
still retaining the desired functional activity 



of a peptide or protein. Peptide equivalents can
differ from conventional peptides by the replacement
of one or more amino acids with related organic acids
(such as PABA), amino acid equivalents or the like or
the substitution or modification of side chains or
functional groups. (xxiii) The term "preventing the
damages, effects or symptoms of a disease or disorder
associated with tissue damage" means delaying the
onset, hindering the progress, hindering the
appearance, protection against, inhibiting or
eliminating the emergence, or reducing the incidence,
of such damages, effects or symptoms. Use of the term
"prevention" is not meant to imply that all patients
in a patient population administered a preventative
therapy will never be affected by or develop symptoms
in response to the disease or disorder associated with
tissue damage targeted for prevention, but rather that
the patient population will exhibit a reduction in the
damage, effects, or symptoms of the disease or
disorder. For example, many flu vaccines are not 100%
effective at preventing flu in those administered the
vaccine. One skilled in the art can readily identify
patients and situations for whom preventative therapy
would be beneficial, such as, but not limited to,
individuals about to engage in activities that may
exposethem to various toxic agents or traumas (e.g.,
soldiers engaging in military operations, chemical or
food processing workers, emergency personnel or first
responders, etc.), or individuals that may be
subjected to exposure to a toxic agent (e.g.,
individuals living in the vicinity of chemical,
nuclear, or manufacturing facilities, or individuals
under threat of military or terrorist attack). (xxiv)
As used herein, a "prophylactically effective amount"
refers to that amount of a peptide sufficient to
result in the prevention of the damage, effects or
symptoms resulting from a disease or disorder
associated with tissue damage. A prophylactically
effective amount can refer to the amount of a peptide
sufficient to prevent the damage, effects or symptoms
resulting from a disease or disorder associated with
tissue damage. Further, a prophylactically effective
amount with respect to another prophylactic agent
means that amount of that prophylactic agent in
combination with a peptide that provides a
prophylactic benefit in the prevention of damage,
effects or symptoms resulting from a disease or
disorder associated with tissue damage. Used in
connection with an amount of a peptide, the term
"prophylactically effective amount" can encompass an
amount that improves overall prophylaxis or enhances
the prophylactic efficacy of or provides a synergistic
affect with another prophylactic agent. (xxv) The term
"neoplasm" refers to abnormal growths that lack the
malignant properties of cancerous tumors, and are
generally mild and non-progressive tumors. Neoplasms,
include but are not limited to moles, uterine
fibroids, thyroid adenomas, adrenocortical adenomas,
pituitary adenomas, and teratomas. (xxvi) The term
"radiation agent" as used herein means any radioactive
material that may kill or injure a subject, and may be
used to cause disruption upon a city or nation.
Exposure to a radiation agent may occur through
deployment of a weapon (nuclear bomb (fission, fusion,
neutron, boosted fission, or salted bombs), shells
containing depleted uranium), terrorist device ("dirty
bomb"), or fallout resulting from the detonation of a
nuclear weapon or failure of a nuclear plant.
Radioactive agents may include, but are not limited
to, 137Cs, 60Co, 241Am, 252Cf, 192Ir, 238Pu, 90Sr,
226Ra, 9 1Sr, 92Sr, 95Zr, 99Mo, 106Ru, 131 Sb, 132Te,
139Te, 140Ba, 141 La, 144Ce, 233U, 235U, 238U, 228P,
229P, 230P, 231P, 232P, 233P, 234P, 235P, 236P, 237P,
238P, 239P, 240P, 241P, 242P, 243P, 244P, 245P, 246P,
247P, and 131 I. Exposure to the radioactive agents
can result in carcinogenesis, sterilization, cataract
formation, radiodermatitis, beta burns, gamma burns,
loss of cells (in particular bone marrow, digestive
tract cells), damage to the hematopoietic,
gastrointestinal, central nervous, cardiovascular,
skin, and/or reproductive systems, acute radiation
syndrome, chronic radiation syndrome, and cutaneous
radiation syndrome. Acute radiation syndrome generally
results from large doses of radiation to a subject's
body occurringin a short period of time. The syndrome
has a predictable course starting with a feeling of
nausea, vomiting, general illness and fatigue, immune
system depression, loss of hair, uncontrollable
bleeding (mouth, under the skin, kidneys), massive
diarrhea, delirium, coma and death. Cutaneous
radiation syndrome is a subset of acute radiation
syndrome and refers to radiations effects on the skin,
which include, but are not limited to, inflammation,
erythema, dry or moist desquamation, hair loss,
blistering, reddening, ulceration, damage to sebaceous
and 



sweat glands, atrophy, fibrosis, decreased or
increased skin pigmentation, and necrosis. (xxvii) As
used herein, the terms "subject," "patient" and
"victim" are used interchangeably. As used herein, the
terms "subject" and "subjects" refer to an animal,
preferably a mammal including a non-primate (e.g., a
cow, pig, horse, cat, dog, rat, and mouse) and a
primate (e.g., a monkey, ape, or a human), and more
preferably a human. (xxviii) As used herein, the term
"syndromes associated with neoplasms or cancers"
refers to syndromes resulting from the direct action
of the tumors through "mass effect" (compression of
vital organs due to tumor) or "functional tumors"
(overproduction of hormones by organ afflicted with
tumor). Such syndromes include, but are not limited
to, Beckwith- Wiedmann syndrome, SBLA syndrome,
Li-Fraumeni syndrome, Familial Adenomatous Polyposis
syndrome (Gardner syndrome), Hereditary Nonpolyposis
Colorectal Cancer, Turcot syndrome, Cowden syndrome,
Carney Triad syndrome, Multiple Endocrine Neoplasia
syndromes (Wermer (MEN-I), Sipple (MEN-2a, MEN-2b),
Von Hipple-Lindau syndrome, Cushing's syndrome,
Addison's syndrome, Verner Morrison syndrome,
Zollinger-Ellison syndrome, WDHA syndrome, Pancreatic
Cholera, Isaac's syndrome, Rippling muscle syndrome,
Stiffman syndrome, Paraneoplastic Ataxia, Yo syndrome,
Tr syndrome, Hu syndrome, CV-2 syndrome, CRMP-5
syndromes, Opsoclonus/Myoclonus, Ma syndromes,
Morvan's fibrillary chorea, Bannayan-Riley-Runalcaba
syndrome, Peutz-Jegher syndrome, Muir-Torre syndrome,
Hirschsprung disease, Lynch syndrome, Lambert-Eaton
Myastenic syndrome, Myasthenia Gravis, Neuromyotonia,
Paraneoplastic Cerebellat Degeneration, Paraneoplastic
Limbic Encephalitis, Sweets syndrome, Birt-Hogg-Dube
syndrome, Naevoid Basal Cell Carcinoma syndrome,
Generalized Basaloid Follicular syndrome, Hamartoma
syndrome, Bazex syndrome, Brooke Spiegler syndrome,
Familial Cylindromatosis, Multiple Familial
Trichoepitheliomas, Androgen Deprivation syndrome,
Therapy Related Myelodysplastic syndrome, Somnolence
syndrome, Gulf War syndrome, and Somatostatinoma
syndrome. (xxvix) As used herein, the term "tissue
protective activity" or "tissue protection" refers to
the effect of inhibiting or delaying damage or death
of a cell, tissue, ororgan. Unless otherwise noted,
the "delay" in damage or death of a cell, tissue or
organ is evaluated relative to a control condition in
the absence of a peptide of the invention. Tissue
protective activity is specific to tissue, cells,
and/or organs expressing a tissue protective receptor
complex (i.e., a responsive tissue cell, and/or organ,
respectively), such as, but not limited to, the
tissues of the central nervous system. In specific
embodiments, the responsive cells are not erythrocyte
progenitor cells. (xxx) The term "tissue protective
receptor complex" as used herein means a complex
comprising at least one erythropoietin receptor
subunit and at least one beta common receptor subunit.
The tissue protective receptor complex may contain
multiple erythropoietin receptor subunits and/or beta
common receptor subunits, as well as other types of
receptors or proteins. See WO 2004/096148, which is
hereby incorporated by reference herein in its
entirety. (xxxi) The term "toxic agent" as used herein
refers to the biological, chemical and radiation
agents mentioned above. (xxxii) To determine the
percent identity of two amino acid sequences, the
sequences are aligned for optimal comparison purposes.
The amino acid residues at corresponding amino acid
positions are then compared. When a position in the
first sequence is occupied by the same amino acid
residue as the corresponding position in the second
sequence, then the molecules are identical at that
position. The percent identity between the two
sequences is a function of the number of identical
positions shared by the sequences (i.e., % identity =
number of identical overlapping positions x 100/total
number of positions). In one embodiment, the two
sequences are the same length. In an alternate
embodiment, the sequences are of different length and,
accordingly, the percent identity refers to a
comparison of the shorter sequence to a portion of the
longer sequence, wherein said portion is the same
length as said shorter sequence. (xxxiii) As used
herein, the term "treatment" includes the elimination,
reduction, 



management or control of damage, effects or symptoms
resulting from a disease or disorder associated with
tissue damage or the damage, effects, or symptoms
thereof. 5. BRIEF DESCRIPTION OF THE FIGURES FIG 1 is
a chart regarding the proliferation of UT-7 EPO cells
in the presence of EPO or Peptide ID (SEQ ID NO: 282).
As shown in the graph, EPO led to a proliferation of
the UT-7 EPO cells whereas Peptide ID at all doses did
not result in proliferation of the cells,
demonstrating that Peptide ID is not
erythropoietic.FIG 2 is a chart indicating the
hemoglobin concentration in Sprague Dawley rats
administered Peptide ID twice daily i.v. over a 28 day
period. As shown in the graph, the hemoglobin
concentration of the rats that received no peptide was
the same as those that received Peptide ID, thereby
demonstrating that Peptide ID is non erythropoietic.
FIG 3 is a series of bar graphs illustrating the (a)
hemoglobin concentration, (b) hematocrit, and (c)
platelet count in blood samples taken from New Zealand
White Rabbits administered various doses of Peptide ID
twice daily i.v. for a period of 28 days. As shown in
the graphs, the administration of Peptide ID, at all
doses, had no effect on the hemoglobin concentration,
hematocrit, or platelet count of the animals. FIG 4 is
a bar graph indicating the relative survival of
motoneurons subjected to kainic acid. As is shown in
the graph, those cells pretreated with either Peptide
B (SEQ ID NO: 3) or EPO exhibited improved survival
rates. FIG 5 is a chart illustrating the De Ryck
scores of rats subjected to a foot fault test
following middle cerebral artery occlusion and
treatement with either saline, Peptide ID or Peptide
IX (SEQ ID NO: 299). As shown in the chart, Peptide ID
significantly improved the rats performance in the
foot fault protocol ( 11.2  1.1 foot faults) in
comparison to the saline treated rats (20.2  0.8 foot
faults) and Peptide IX treated rats (20.1  2.1 foot
faults). FIG 6 is a series of graphs relating to the
concentration of creatinine (Graph A), urea (Graph B),
and aspartate aminotransferase (AST) (Graph C) in the
serum of mice that had been subjected to 30 minutes of
bilateral renal ischemia followed by a period of 24
hrs of reperfusion and received either a control
(PBS), 1 mg/kg of Peptide ID at 1 minute into
reperfusion, 1 mg/kg of Peptide ID at 30 minutes into
reperfusion, 1 mg/kg of Peptide ID at 6 hours into
reperfusion, or 10 mg/kg of Peptide ID at 6 hours into
reperfusion. As shown in each graph, 1 mg/kg of
Peptide ID at 6 hours into reperfusion or 10 mg/kg of
Peptide ID at 6 hours into reperfusion resulted in a
reduction in these biochemical markers of renal
dysfunction. FIG 7 is series of graphs relating to the
concentration of creatinine (Graph A), urea (Graph B),
and aspartate aminotransferase (AST) (Graph C) in the
serum of mice that had been subjected to 30 minutes of
bilateral renal ischemia followed by a period of 24
hrs of reperfusion and received either multiple doses
of a control (PBS), 0.1 mg/kg of Peptide ID, 1 mg/kg
of Peptide ID, or 10 mg/kg of Peptide ID at 1 minute,
6 hours and 12 hours into reperfusion. As shown in
each graph, 1 mg/kg of Peptide ID or 10 mg/kg of
Peptide ID resulted in a reduction in these
biochemical markers of renal dysfunction.FIG 8 is a
chart illustrating the reduction in wound area over a
period of treatment in a full thickness punch biopsy
wound assay in rats receiving Peptide ID (24 nmol/kg
of bw) daily s.c. As shown in the chart, the wounds on
rats receiving Peptide ID healed more rapidly. FIG. 9
is a bar graph showing the results from a novel object
recognition test performed on adult Wistar rats that
received saline, positive control galantamine (3 mg/kg
of bw), or Peptide ID (24 nmol/kg of bw) at various
time points. As shown in the graph, galantamine and
Peptide ID increased the rats recognition of the novel
objects. FIG 10 is a graph comparing the volume of
urine produced by rats treated with cisplatin,
cisplatin and peptide IC (SEQ ID NO: 281), or control
(PBS). The graph illustrates that the urine volume of
the cisplatin and Peptide IC treated rats was
substantially like that of the control (PBS) group.
Thus the graph demonstrates that in a model of
cisplatin induced nephropathy in rats that Peptide IC
administered three times weekly at a dose of 0.4 mg/kg
over a 5 week period protected the treated rats
against renal damage due to the cisplatin. 



FIG. 11 is a graph comparing the times it took a rat
to withdraw a paw from the hot plate in rats treated
with cisplatin, cisplatin with Peptide IC or control
(PBS). The graph illustrates that the time it took the
rats treated with cisplatin and Peptide IC to withdraw
their paw from the hotplate was substantially similar
to the control group (PBS). Thus the graph
demonstrates that in a model of cisplatin induced
neuropathy in rats that Peptide IC administered three
times weekly at a dose of 0.4 mg/kg over a 5 week
period protected the treated rats against peripheral
neuropathy due to the cisplatin. FIG. 12 is a graph
comparing relative volume of a cortical tumor
implanted in a rat's brain in accordance with the
protocol of Lampson L.A. et al, 193, Cancer Res.
53(1):176- 82 after 25 days. The graph shows that the
relative volume of the tumors in the rats treated by
saline increased by slightly greater than 0.4 cm2
whereas the rats treated with Peptide ID following
implantation showed no increase in the relative volume
of the tumor. FIG. 13 is a graph comparing the
relative volume of a cortical tumor implanted in a
rat's brain in accordance with the protocol of Lampson
L.A. et al, 193, Cancer Res. 53(l):176-82 after 25
days. The graph shows that the relative volume of the
tumors in the rats treated by saline starting two
weeks after implantation is about 300 mm2 greater
whereas treatment with Peptide ID and Peptide IW (an
extended half-life peptide, SEQ ID NO: 298) starting
two weeks after implantation reduced the size of tumor
in both cases. Administration ofPeptide IW at two
weeks resulted in a reduction in size of the tumor
equivalent to that achieved by immediate treatment
with Peptide ID. FIG. 14 is a comparison of cortical
tumor size in rats treated with saline daily, Peptide
ID, or Peptide IW after a two week delay. The darkened
areas on the photograph illustrate the presence of the
tumor. The comparative photos clearly demonstrate that
the administration of Peptide IW after two weeks led
to a similar reduction in size of the tumor as
administration of Peptide ID immediately after
implantation of the tumor. FIG 15 difference in ear
thickness in the ears of Sprague Dawley rats
intradermally injected with histamine diphosphate. The
rats were treated either with Peptide ID intravenously
or saline. The ears of the rats treated with Peptide
ID, exhibited less inflammation in response to the
histamine challenge than the ears of the rats treated
with saline. FIG 16 is a chart demonstrating the
difference in wheal (hive) size on rat abdomens in
response to intradermally administered histamine in
those rats pretreated with saline and those pretreated
with Peptide ID. The chart illustrates the
anti-inflammatory effects of Peptide ID up to 24 hours
following the histamine injection. FIG 17 is a chart
demonstrating the difference in wheal (hive) area in
response to a histamine challenge in rats between
those rats treated with EPO and those rats treated
with saline. The wheal area after fifteen (15) minutes
was less in those treated with EPO than those rats
treated with saline. FIG 18 is a chart comparing the
difference in wheal (hive) size (lesion area) in rats
challenged with histamine and treated using saline,
Peptide IY (SEQ ID NO: 299), Peptide ID and Peptide
IW. Animals treated with either Peptide ID or Peptide
IW exhibited nearly half the lesion area (about .35
cm2 and .3 cm2 respectively) of the lesions on the
saline and Peptide IY treated animals (about .6 cm2) .
FIG 19 is a chart comparing the difference in wheal
(hive) size (lesion area) in rats challenged with
histamine and treated using saline, Peptide JA (SEQ ID
NO: 301), Peptide IW, Peptide IZ (SEQ ID NO: 300), and
Peptide ID. Animals treated with either peptide IW,
IZ, or ID exhibited a smaller lesion area (.3 cm2,
.352, and .4 cm2 respectively) in comparison to the
saline and peptide JA treated animals (both about .6
cm2) . FIG. 20 is a chart comparing the difference in
wound (ulcer) size (area) in rats subjected to a
pressure ulcer and treated using saline, Peptide ID
dosed twice, Peptide ID dosed daily or EPO
administered daily. The chart demonstrates that the
Peptide ID and EPO treated rats exhibited better wound
healing than the saline treated rats. With the Peptide
ID daily treatedanimals had the smallest wound size.
FIG 21 shows Kaplan Meier Survival Curves for mice
irradiated with 796cGy 



(A) or 83IcGy (B) and then treated with Peptide ID
subcutaneously daily for 29 days following irradiation
or with PBS subcutaneously for 29 days. At both doses
of radiation, Peptide ID significantly increased the
overall survival time of the mice at day 30 (45%
survival at day 30 at 796cGy, 20% survival at day 30
at 83IcGy) FIG 22 is a chart showing the survival rate
of mice that received partial body irradiation of 15Gy
and then were treated with Peptide ID at day 1 and
daily thereafter or PBS at day one and daily
thereafter. As the chart shows, the number of mice
surviving to day 20 was substantially greater amongst
those receiving Peptide ID in comparison to those
receiving PBS (6 peptide treated mice vs. 1 PBS
treated mouse). 6. DETAILED DESCRIPTION OF THE
INVENTION 6.1 ISOLATED POLYPEPTIDES The current
invention provides a method of modulating the effects
of the body's response to a disease or disorder
associated with tissue damage. Further, the current
invention provides a method of preventing, treating,
ameliorating, or managing damage, effects or symptoms
in a patient afflicted with a disease or disorder
associated with tissue damage by administering a
peptide that is derived from erythropoietin or another
Type-1 cytokine. Preferably, the peptide used in the
current method is tissue protective, neuroprotective,
neuritogenic, or anti-apoptotic. Several peptides
derived from Type-1 cytokines, such as EPO, have been
disclosed in the art, such as: (a) and (b) Brines et
al. in PCT/US2006/031061, published as WO 2007/019545,
and US Patent Applications: "Tissue Protective
Peptides and Peptide Analogs for Preventing and
Treating Diseases and Disorders Associated with Tissue
Damage," serial no. 61/062,012, filed January 22,
2008; "EPO-derived Tissue Protective Peptides and
Peptide Analogs for Preventing and Treating Disorders
Associated with Tissue Damage," serial no. 61/062,022,
filed January 22, 2008; and "Method of Treating
Inflammation or Inflammatory Conditions and Symptoms
Thereof with Peptides," serial no. 61/133,912, filed
July 3, 2008 ("Brines"); (c) Bock et al. in PCT
Application No. DK2006/000246 published as WO
2006/119767 and WO 2007/071248 ("Bock") ; (d) O'Brien
et al. in U.S. Patent Nos. 5,571,787, 5,700,909,
5,696,080, 5,714,459, 6,590,074, 6,559,124, 6,271,196,
6,268,347, and 6,849,602 ("O'Brien"); (e)
Smith-Swintowsky et al. in U.S. Patent No. 7,259,146
and U.S. Publication No.200301 30
197("Smith-Swintowsky") and (f) Yuan et al. in
PCT/IB2006/003581 published as WO/2007/052154 ("Yuan")
each of these inventions is hereby incorporated in
their entirety. For purposes of discussing the
above-motifs, the three dimensional structure of EPO
is accepted as described by Cheetham et al., 1998,
Nat. Struct. Biol. 5; 861-866, hereby incorporated by
reference in its entirety, and as set forth in SEQ ID
NO:1 (also available as data deposited in the Protein
Data Bank of the National Center for Biotechnology
Information as entry "IBUY"). As stated above,
peptides useful for the modulation of the body's
response to a disease or disorder associated with
tissue damage and/or useful in the prevention,
treatment, amelioration and management of damage,
effects or symptoms in a subject afflicted with a
disease or disorder associated with tissue damage have
a motif based in one embodiment on fragments of the
amino acid sequences of EPO, derived from the three
dimensional structure of the EPO protein, and in
particular, were derived from those regions of EPO
facing away from the ligand binding sites and/or the
internal portion of the EPOR homodimer. These
fragments are derived from the following EPO
structures: (1) loop AB and N-terminal portion of
helix B (Peptide ArNITVPDTKVNFYAWKRMEVG, SEQ ID N0:2,
corresponding to amino acids 38- 57 of SEQ ID NO:1);
(2) C-terminal portion of helix B (Peptide
B:QQAVEVWQGLALLSEAVLRGQALLV, SEQ ID NO:3,
corresponding to amino acids 58-82 of SEQ ID NO:1),
and (3) a portion of the A-B loop consisting of a
small cysteine loop and a b- pleated sheet (Peptide
CiGCAEHCSLNENITVPDTKVN, SEQ ID NO:4, corresponding to
amino acids 28-47 of SEQ ID NO:1). Specifically, these
motifs may be: 



a Structural Motif A. In this structural motif, the
peptide useful for the prevention, treatment,
amelioration, or management of a disease or disorder
associated with tissue damage or damages, effects or
symptoms resulting therefrom possesses two negatively
charged amino acids, which can be separated by up to 5
amino acids, flanked by hydrophobic amino acids.
Structurally this can be represented as Hi-Ni-(X)
n-N2-H , wherein n is 0-5, SED ID NO: 5; or
alternatively as: (al) HNNH, SEQ ID NO:6; (a2) HNXNH,
SEQ ID NO:7; (a3) HNXXNH, SEQ ID NO:8; (a4) HNXXXNH,
SEQ ID NO:9;(a5) HNXXXXNH, SEQ ID NO: 10; or (a6)
HNXXXXXNH, SEQ ID NO: 11, where H represents
hydrophobic amino acids (e.g., the moderately
hydrophobic amino acids: GIy (G), Pro (P), Cys (C),
Tyr (Y), and Trp (W), and preferably the highly
hydrophobic amino acids: Ala (A), VaI (V), He (I), Met
(M), Leu (L), Phe (F)), N represents a negatively
charged amino acid such as GIu (E) or Asp (D), and X
represents any amino acid, although preferably a
hydrophilic one. A variation of this structural motif,
structurally represented as Hi-N1- (X)n-N2-Li, wherein
" is 0-5, SEQ ID NO: 12, or Li-N 1-(X)n-N2-H1, wherein
" is 0-5, SEQ ID NO: 13, is disclosed where one of the
flanking hydrophobic amino acids has been replaced
with a polar amino acid such as Ser (S), Thr (T), Asn
(N), or GIn (Q). Examples of this motif are: Peptide D
APPRLICD SRVLERYLLE AKEAE (SEQ ID NO: 14); Peptide A
NITVPDTKVNFYAWKRMEVG (SEQ ID NO: 2); and Peptide B
QQAVEVWQGLALLSEAVLRGQALLV (SEQ ID NO: 3). In a
particular embodiment of Structural Motif A, a class
of the isolated peptides and peptide analogs useful
for the prevention, treatment, amelioration,
management of a disease or disorder associated with
tissue damage or damages, effects or symptoms
resulting therefrom may have the structural Formula I
(SEQ ID NO. 15): X1- X - X3- X4- X5- X6- X7- X - X9-
X10- Xir X12- (Z)n- Xi3- Xi4- Xi5- X16- X17- X18- X19-
X20- X21- X22- X23- X24 wherein: Xi is Cys (C) or Pro
(P); X2 is Asp (D) or Pro (P); X3 is Ser (S) or Arg
(R); X4 is Arg (R) or Leu (L); X5 is VaI (V) or He
(I); X6 is Leu (L) or Cys (C); X7 is GIu (E) or Asp
(D); X8 is Arg (R) or Ser (S); X9 is Tyr (Y) or Arg
(R); Xi0 is Leu (L) or VaI (V); Xi 1 is Leu (L) or Ala
(A);Xi2 is a negatively charged amino acid; (Z)n is an
amino acid, wherein " is 1-5; X 3 is a negatively
charged amino acid; X14 is Ala (A) or Leu (L); X15 is
GIu (E) or Lys (K); Xi6 is Asn (N), GIu (E), or Lys
(K); X17 is lie (I) or Ala (A); X18 is Thr (T), GIu
(E), or GIy (G); X19 is Thr (T), Asn (N), or Ala (A);
X20 is GIy (G) or He (I); 



X2I is Cys (C) or Thr (T); X22 is Ala (A) or Thr (T);
X23 is GIu (E) or GIy (G); X24 is His (H) or Cys (C).
In certain embodiments, isolated peptides and peptide
analogs of Formula I may not include Peptide D,
APPRLICDSRVLERYLLEAKEAE (SEQ ID NO: 14); Peptide A,
NITVPDTKVNFYAWKRMEVG (SEQ ID NO: 2); Peptide B,
QQAVEVWQGLALLSEAVLRGQALLV (SEQ ID NO: 3), Peptide C,
GCAEHCSLNENITVPDTKVN (SEQ ID NO: 4) or Peptide E,
RYLLEAKEAENITTGC (SEQ ID NO: 15). In certain
embodiments, the isolated peptides and peptide analogs
can contain fewer than 24 amino acid residues. Indeed
truncated or internally deleted forms of structural
Formula I containing as few as 23, 22, 21, 20, 19, 18,
17, 16, 15, 14, 13, 12, 11, or even 10 amino acid
residues that substantially retain the overall
characteristics and tissue protective properties of
the isolated peptides and peptide analogs of
structural Formula I. Due to the surmised importance
of the spatially compact charge configuration at the
internal residues of the isolated peptides and peptide
analogs of structural Formula I, in certain
embodiments of the invention, residues comprising the
polar, negatively and positively charged, and
immediately adjacent amino acids are not deleted.
Thus, in certain embodiments, residues Xn, Xi2, Xi3,
and Xi4 are not deleted. The isolated peptides and
peptide analogs of Formula I can also be extended at
one or both termini or internally with additional
amino acid residues that do not substantially
interfere with, and in some embodiments even enhance,
the structural and/or functionalproperties of the
peptides or peptide analogs. Indeed, extended core
peptides and peptide analogs containing as many as 25,
26, 27, 28, or 29 amino acid residues and are
considered to be within the scope of the present
invention. Preferably, such extended peptides will
substantially retain the tissue protective properties
of the peptide analogs of Formula I. Certain amino
acid residues in the core peptides and peptide analogs
of Formula I can be replaced with other amino acid
residues without significantly deleteriously
affecting, and in many cases even enhancing, the
activity of the peptides and peptide analogs. Thus,
also contemplated by the present invention are altered
or mutated forms of the isolated peptides and peptide
analogs of Formula I wherein at least one and up to
eight amino acid residues in the formula are
conservatively substituted with another amino acid
residue. In certain embodiments, seven, six, five,
four, three, two, or one amino acid is conservatively
substituted. In specific embodiments, the isolated
peptides and peptide analogs consists of the amino
acid sequence: Peptide F CDSRVLERYLLEAKEAENITTGCAEH
(SEQ ID NO: 16); Peptide G
PPRLICDSRVLERYLLEAKEAENITTGC (SEQ ID NO: 17); and
Peptide H ADRELEKIGA (SEQ ID NO: 18). b Structural
Motif B. In this structural motif, the peptide has a
positive amino acid next to a negative amino acid and
both charged amino acids are flanked by single
hydrophobic amino acids. Structurally this can be
represented as: (bl) HNPH, SEQ ID NO:19; or (b2) HPNH,
SEQ ID NO:20, where P represents positively charged
amino acids such as arginine, lysine or histidine and
N represents the negatively charged amino acids
glutamate or aspartate. In a variation of this
particular motif, the negative and positive amino
acids can be separated by a polar amino acid, e.g.,
(b3) HNLPH, SEQ ID NO:21 ; (M) HPLNH, SEQ ID NO:22, 



wherein L represents a polar amino acid such as
serine, threonine, asparagine, or glutamine.
Alternatively, the above structural motifs may be
represented as Hi- Ni-(L) n-Pi-H2, wherein " is 0-1,
SEQ ID NO: 23, or Hi-P,-(L) n-Ni-H2, wherein " is 0-1,
SEQ IDNO: 24, as well. An example of this motif is
peptide C (GCAEHCSLNENITVPDTKVN, SEQ ID NO:4). In
certain embodiments, isolated peptides and peptide
analogs of the particular embodiments of Structural
Motif B disclosed below in Formulas II - IV may not
include Peptide D, APPRLICDSRVLERYLLEAKEAE (SEQ ID NO:
14); Peptide A, NITVPDTKVNFYAWKRMEVG (SEQ ID NO: 2);
Peptide B, QQAVEVWQGLALLSEAVLRGQALLV (SEQ ID NO: 3),
Peptide C, GCAEHCSLNENITVPDTKVN (SEQ ID NO: 4) or
Peptide E, RYLLEAKEAENITTGC (SEQ ID NO: 15). In a
particular embodiment of Structural Motif B, a class
of the isolated peptides and peptide analogs useful
for the prevention, treatment, amelioration,
management of a disease or disorder associated with
tissue damage or damages, effects or symptoms
resulting therefrom may comprise 10 to 28 consecutive
amino acid residues, which have the structural Formula
II (SEQ ID NO:25): Xi- X2- X3- X4- X - X6- X7- X - X9-
X10- Xn- X]2- X13- Xi4- X15- X 6- X i7- X i8- X19-
X20- X21- X22- X23- X24 wherein: Xi is Ser (S); X2 is
Arg (R); X3 is VaI (V); X is Leu (L); X5 is GIu (E);
X6 is Arg (R); X7 is Tyr (Y); X8 is Leu (L); X9 is Leu
(L); X10 is GIu (E); Xn is Ala (A); Xi2 is a
positively charged amino acid; Xi3 is a negatively
charged amino acid; Xi4 is Ala (A); Xi5 is GIu (E);
Xi6 is Asn (N);X17 s IIe (I); X,8 is Thr (T); X19 is
Thr (T); X20 s GIy (G); X21 is Cys (C); X22 is Ala
(A); X23 is GIu (E); X24 is His (H). In certain
embodiments, the isolated peptides and peptide analogs
can contain fewer than 24 amino acid residues. Indeed,
truncated or internally deleted forms of structural
Formula II containing as few as 23, 22, 21, 20, 19,
18, 17, 16, 15, 14, 13, 12, 11, or even 10 amino acid
residues that substantially retain the overall
characteristics and tissue protective properties of
the isolated peptides and peptide analogs of
structural Formula II. Due to the surmised importance
of the spatially compact charge configuration at the
internal residues of the isolated peptides and peptide
analogs of structural Formula II, in certain
embodiments of the invention, residues comprising the
negatively and positively charged and immediately
adjacent amino acids are not deleted. Thus, in certain
embodiments, residues 



Xn, Xi2, Xi3, and Xi4 are not deleted. The isolated
peptides and peptide analogs of Formula II can also be
extended at one or both termini or internally with
additional amino acid residues that do not
substantially interfere with, and in some embodiments
even enhance, the structural and/or functional
properties of the peptides or peptide analogs. Indeed,
extended core peptides and peptide analogs containing
as many as 25, 26, 27, 28, or 29 amino acid residues
and are considered to be within the scope of the
present invention. Preferably, such extended peptides
will substantially retain the tissue protective
properties of the peptide analogs of Formula II.
Certain amino acid residues in the core peptides and
peptide analogs of Formula II can be replaced with
other amino acid residues without significantly
deleteriously affecting, and in many cases even
enhancing, the activity of the peptides and peptide
analogs. Thus, also contemplated by the present
invention are altered or mutated forms of the isolated
peptides and peptide analogs of Formula II wherein at
least one and up to eight amino acid residues in the
formula are conservatively substituted with another
amino acid residue. In certain embodiments, seven,
six, five, four, three, two, or one amino acid is
conservatively substituted.In specific embodiments,
the isolated peptide or peptide analog consists of the
amino acid sequence: Peptide I
SRVLERYLLEAKEAENITTGCAEH (SEQ ID NO: 26). In a further
embodiment of Structural Motif B, a class of the
isolated peptides and peptide analogs useful for the
prevention, treatment, amelioration, management of a
disease or disorder associated with tissue damage or
damages, effects or symptoms resulting therefrom, have
the structural Formula III (SEQ ID NO:27): X1- X - X3-
X4- X5- X6- X7- X - X9- Xi0- Xn- X12- X13- XH- X I5-
X16- X 17- X18- X19- X20- X21- X22- X23- X24 wherein:
Xi is Pro (P), Lys (K), or Ser (S); X2 is Pro (P), GIu
(E), or GIn (Q); X3 is Arg (R), Ala (A), or Pro (P);
X4 is Leu (L), GIu (E), or Trp (W); X5 is He (I), Asn
(N), or GIu (E); X6 is Cys (C), He (I), or Pro (P); X7
is Asp (D), Thr (T), Leu (L), or Ala (A); X8 is Ser
(S), Thr (T), GIn (Q), or Asp (D); X9 is Arg (R), GIy
(G), or Leu (L); X10 is VaI (V), Cys (C), His (H), or
GIu (E); Xn is Leu (L), Ala (A), VaI (V); X12 is a
negatively charged amino acid; X13 is a positively
charged amino acid; X14 is Tyr (Y), Cys (C), Ala (A),
or He (I); Xi5 is Leu (L), Ser (S), VaI (V), or GIy
(G); Xi6 is Leu (L), Ser (S), or Ala (A); Xi7 is GIu
(E), Asn (N), or GIy (G); Xi8 is Ala (A), GIu (E), or
Leu (L); Xi9 is Lys (K), Asn (N), or Arg (R); X20 is
GIu (E), He (I), or Ser (S); X2I is Ala (A), Thr (T),
or Leu (L); X22 is GIu (E), VaI (V), or Thr (T);X23 is
Asn (N), Pro (P), or Thr (T); X24 is He (I), Asp (D),
or Leu (L). In certain embodiments, the isolated
peptides and peptide analogs can contain fewer than 24
amino acid residues. Indeed, truncated or internally
deleted forms of structural Formula III containing as
few as 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12,
11, or even 10 amino acid residues that substantially
retain the overall characteristics and tissue
protective 



properties of the isolated peptides and peptide
analogs of structural Formula III. Due to the surmised
importance of the spatially compact charge
configuration at the internal residues of the isolated
peptides and peptide analogs of structural Formula
III, in certain embodiments of the invention, residues
comprising the negatively and positively charged and
immediately adjacent amino acids are not deleted.
Thus, in certain embodiments, residues Xn, Xi2 Xi3,
and X 4 are not deleted. The isolated peptides and
peptide analogs of Formula III can also be extended at
one or both termini or internally with additional
amino acid residues that do not substantially
interfere with, and in some embodiments even enhance,
the structural and/or functional properties of the
peptides or peptide analogs. Indeed, extended core
peptides and peptide analogs containing as many as 25,
26, 27, 28, or 29 amino acid residues and are
considered to be within the scope of the present
invention. Preferably, such extended peptides will
substantially retain the tissue protective properties
of the peptide analogs of Formula III. Certain amino
acid residues in the core peptides and peptide analogs
of Formula III can be replaced with other amino acid
residues without significantly deleteriously
affecting, and in many cases even enhancing, the
activity of the peptides and peptide analogs. Thus,
also contemplated by the present invention are altered
or mutated forms of the isolated peptides and peptide
analogs of Formula III wherein at least one and up to
eight amino acid residues in the formula are
conservatively substituted with another amino acid
residue. In certain embodiments, seven, six, five,
four, three, two, or one amino acid is conservatively
substituted. In specific embodiments, the isolated
peptides and peptide analogs are selected from the
group of peptides set forth below: Peptide J
PPRLICDSRVLERYLLEAKEAENI (SEQ ID NO: 28); Peptide K
KEAENITTGCAEHCSLNENITVPD (SEQ ID NO: 29); Peptide L
SQPWEPLQLHVDKAVSGLRSLTTL (SEQ ID NO: 30); andPeptide H
ADRELEKIGA (SEQ ID NO: 18). In yet another embodiment
of Structural Motif B, a class of the isolated
peptides and peptide analogs useful for the
prevention, treatment, amelioration, management of a
disease or disorder associated with tissue damage or
damages, effects or symptoms resulting therefrom, the
isolated peptides and peptide analogs have the
structural Formula IV (SEQ ID NO:31): X 1- X2- X - X4-
X5- X6- X7- X - X9- Xio- X i 1- X12- X13- X14- X i5-
X16- Xi7- X i8- X19- X20- X21- X22- X23- X24- X25
wherein: X1 is His (H); X2 is Cys (C); X3 is Ser (S);
X4 is Leu (L); X5 is Ala (A) or Asn (N); X6 is Pro (P)
or GIu (E); X7 is Pro (P) or Asn (N); X8 is Arg (R) or
He (I); X9 is Leu (L) or Thr (T); Xio is He (I) or VaI
(V); Xn is Cys (C) or Pro (P); Xi2 is a negatively
charged amino acid; Xi3 is a polar amino acid; Xi4 is
a positively charged amino acid; X15 is VaI (V); Xi6
is Leu (L) or Asn (N); Xi7 is GIu (E) or Phe (F); Xi8
is Arg (R) or Tyr (Y); 



X19 is Tyr (Y) or Ala (A); X20 is Leu (L) or Trp (W);
X2I is Leu (L) or Lys (K); X22 is GIu (E) or Arg (R);
X23 is Ala (A) or Met (M); X24 is Lys (K) or GIu (E);
X25 is GIu (E) or VaI (V). In certain embodiments, the
isolated peptides and peptide analogs can contain
fewer than 25 amino acid residues. Indeed, truncated
or internally deleted forms of structural Formula IV
containing as few as 24, 23, 22, 21, 20, 19, 18, 17,
16, 15, 14, 13, 12, 11, or even 10 amino acid residues
that substantially retain the overall characteristics
and tissue protective properties of the isolated
peptides and peptide analogs of structural Formula IV.
Due to the surmised importance of the spatially
compact charge configuration at the internal residues
of the isolated peptides and peptide analogs of
structural Formula IV, in certain embodiments of the
invention, residues comprising the polar, negatively
and positively charged, and immediately adjacent amino
acids are not deleted. Thus, in certain embodiments,
residues Xn, X12 , X , X 4, and X1 are not deleted.
The isolated peptides and peptide analogs of Formula
IV can also be extended at one or both termini or
internally with additional amino acid residues that do
not substantially interfere with, and in some
embodiments even enhance, the structural and/or
functional properties of the peptides or peptide
analogs. Indeed, extended core peptides and peptide
analogs containing as many as 26, 27, 28, or 29 amino
acid residues and are considered to be within the
scope of the present invention. Preferably, such
extended peptides will substantially retain the tissue
protective properties of the peptide analogs of
Formula IV. Certain amino acid residues in the core
peptides and peptide analogs of Formula IV can be
replaced with other amino acid residues without
significantly deleteriously affecting, and in many
cases even enhancing, the activity of the peptides and
peptide analogs. Thus, also contemplated by the
present invention are altered or mutated forms of the
isolated peptides and peptide analogs of Formula IV
wherein at least one and up to eight amino acid
residues in the formula are conservatively substituted
with another amino acid residue. In certain
embodiments, seven, six, five, four, three, two, or
one amino acid is conservatively substituted. In
specific embodiments, the isolated peptides and
peptide analogs are selected from the group of
peptides set forth below: Peptide M
APPRLICDSRVLERYLLEAKE (SEQ ID NO: 32); and Peptide N
HCSLNENITVPDTKVNFYAWKRMEV (SEQ ID NO: 33).One of
ordinary skill in the art will recognize that it is
the above noted structural motifs A and B that is
important to the current invention. Thus one of
ordinary skill in the art would recognize that the
isolated peptide may have less than 90 %, less than
85%, less than 80%, less than 75%, less than 70%, less
than 65%, less than 60%, less than 55%, less than 50%,
less than 45%, less than 40%, less than 35%, less than
30%, or less than 20 percent sequence identity with
any portion of the amino acid sequence of mature human
EPO set forth in SEQ ID NO:1, wherein said portion of
EPO contains the same number of amino acid residues as
said peptide. Applicants further propose that the
tissue protective activity of structural motifs A and
B is due to an appropriate, spatially compact charge
configuration generated by the motifs. The proximity
of these charges may occur via the linear structure
imposed by peptide bonding, i.e., the structure may be
formed by consecutive amino acids in a polypeptide
chain, or alternatively, proximity can also occur via
a spatial relationship between different parts of the
EPO molecule (or other related Type 1 cytokine
molecules) imparted by the protein's secondary and/or
tertiary structure, i.e., three dimensional structure.
Not wishing to be bound to any specific theory,
Applicants believe that, in general, this requirement
dictates that a tissue protective peptide will have a
distinct tertiary structure (e.g., helices or pleated
sheets) that 



provides for the required spatial location of the pair
of charged amino acids (i.e., the two negatively
charged amino acids and/or the positively and
negatively charged amino acid). A simple exception is
a linear peptide wherein the amino acid pair is
immediately adjacent to each other, with the required
rigidity imparted by the peptide backbone.
Accordingly, the structural motif A, is encompassed by
a linear sequence of amino acid residues, e.g.,
Hi-Ni-Ni-H 2 (SEQ ID NO:5), or by a linear sequence of
amino acid residues wherein Ni and N2 are separated by
1, 2, 3, 4, 5, 6, or more intervening residues, e.g.,
H-N-X-X-X-X-X-N-H (SEQ ID NO: 10). Not wishing to be
bound by any particular theory, Applicants believe
that for tissue protection, the pair of charged amino
acids in the peptide must be spatially oriented such
that the carbamyl carbons are about 3 angstroms (A) to
about 5 A apart, preferably, about 4 A to about 5 A
apart, and more preferably about 4.4 A to about 4.8 A
apart. This can be accomplished in a number of ways,
for example, by adjacent charged amino acids in a
simple linear peptide or for peptides that can form an
alpha helix, charged amino acids separated by an
intervening amino acid residue. It is to be noted that
tertiary structure (e.g., an alpha helix in
amphipathic peptides) can also be imparted when the
peptide is within a specificmicroenvironment, such as
at the extracellular-cell surface membrane interface
(see, Segrest, 1990, Proteins 8:103-1 17, hereby
incorporated by reference in its entirety). Further,
tissue protective activity is predicted for peptides
that contain pairs of charged amino acids such that
the charged side-chains (either positive and negative
or two negatives) be confined spatially to within
about 6.5 A to about 9 A of each other. This can be
provided for in an alpha helix by the charged pair
being separated by one or two amino acids, which will
provide for the charges to be more or less on the same
side of the helix with the required about 6.5 A to
about 9 A separation. One skilled in the art can
devise a tertiary structure for the peptide that is
generally required to obtain the appropriate three
dimensional location of the charged amino acids, as
well as the design of small molecules to mimic the
charge separation within the peptide. The spatial
distances between the carbamyl carbons of any two
amino acids or between the side chains of any two
amino acids can be deduced by any method known in the
art or described herein. For example, where the
three-dimensional structure of the protein is known,
the charge separation of two side chains or the
spatial distance between two carbamyl carbons within a
portion of interest of said protein can be calculated
based on the published, or otherwise art-accepted,
three-dimensional coordinates of the amino acid
residues in said portion of interest. Where the
three-dimensional structure of the protein and,
therefore, the portion of interest is unknown, or
wherein a fully synthetic peptide is constructed based
on the teachings herein, whose three dimensional
structure is unknown, the charge separation of two
side chains or the spatial distance between two
carbamyl carbons within said peptide can be estimated
using the three-dimensional structure predicted by
protein modeling software as is known in the art.
Non-limiting examples of such software are MOE(tm) by
Chemical Computing Group (Quebec, Canada) and Modeler
by Accelrys (San Diego, California). Similarly such
predictive software, available from the above-noted
companies as well, is also known in the art for the
design of small molecules as and, accordingly, one of
ordinary skill in the art, based upon the teachings
herein, would be able to make small molecules that
emulate the disclosed structural motifs. c .
Structural Motif C. Another structural motif exhibited
by peptides useful for the prevention, treatment,
amelioration and management of a disease or disorder
associated with tissue damage or damage, effects or
symptoms resulting therefrom of the current invention
is:Xi-X2-X3-X4-X5-X6 (SEQ ID NO:34) wherein Xi is a
charged amino acid residue, X6 is a hydrophobic amino
acid residue or A, and X2, X3, X4 and X is any amino
acid residue. Beyond the presence of the charged
residue in position Xi of the motif, preferably the
negatively charged residue, and a hydrophobic amino
acid residues in position X6, preferably Leu (L), VaI
(V) or Tyr (Y), the sequence may further comprise i) a
Ser (S) in position X2 and/or 



ii) a hydrophobic residue in position X2 and/or
hydrophobic residue in position X3 of the motif.
Examples of such preferred motifs may be the sequences
(i) R-S-X3-X4-X5- L (SEQ ID NO:35), and (ii) R-V-
X3-X4-X5-A (SEQ ID NO:36), R-V-L- X4-X5-Y (SEQ ID
NO:37), K-A-V- X4-X5-L (SEQ ID NO:38), R-X2-L- X4-X5-L
(SEQ ID NO:39), or R-S-L- X4-X5-L (SEQ ID NO:40). Yet,
Ser (S) or Thr (T) is in some cases preferred in
position X4 independently of the presence of a
hydrophobic residue in position X and/or X3. A group
of peptides useful in the prevention, treatment,
amelioration, or management of a disease or disorder
associated with tissue damage or damages, effects or
symptoms resulting therefrom that exhibit Structural
Motif C are: Peptide O DSRVLERYLLEAKE (SEQ ID NO: 41);
Peptide P NENITVPDTKVNFYAWKR (SEQ ID NO: 42); Peptide
Q QLHVDKAVSGLRSLTTLLRA (SEQ ID NO: 43); and Peptide R
RVYSNFLRGKLKLYTGEA (SEQ ID NO: 44). d. Structural
Motif D. A further motif for peptides useful in the
prevention, treatment, amelioration, or management of
a disease or disorder associated with tissue damage or
damage, effects or symptoms resulting therefrom, is
based on a neurotrophic peptide consensus sequence
found in a number of neurotrophic and hematopoietic
cytokines which will stimulate both neurite outgrowth
and mimic the activity of prosaposin. This concensus
sequence is derived from a comparison of the active
22-mer peptide derived from saposin C has the amino
acid sequence set forth in SEQ ID NO:45
(CEFLVKEVTKLIDNNKTEKEIL) and a 20-mer CNTF peptide
with the amino acid sequence set forth in SEQ ID NO:46
(YVKHQGLNKNINLDSVDGVP) with various cytokines and
growth factors revealed sequence similarity to EPO.
The consensus sequence is: A(X)nN(X)0N(X)pB(X)qC, (SEQ
ID NO:47)wherein N is Asp (N), A is a Leu (L) or lie
(I), X is independently any amino acid, n is 2-3, o is
0-1, p is 1-7, B is one or more charged amino acids
(Asp (D), Lys (K), GIu (E), or Arg (R)), q is 4-7, and
C is one or more hydrophobic amino acids (Ala (A), Leu
(L), lie (I) or VaI (V)), wherein C is 6-10 amino
acids from the second asparagine residue. An example
of a peptide exhibiting Structural Motif D is Peptide
U:AEHCSLNENITVPDTKU (SEQ ID NO: 48) derived from the
EPO AB-Loop. A further sequence in accordance with
Structural Motif D is LIRX INNX TX3X4X3X IX I wherein
X1 is any amino acid, X2 is any amino acid but not Leu
(L) or Arg (R), X is a charged amino acid, and X4 when
present is a charged amino acid. e. Structural Motif
E. Further, peptides comprising a core amino acid
sequence of X3 -X4 -X5 -G-P-X 6- T-W-X7- X8 (SEQ ID
NO:49) wherein X3 can be Cys (C), GIu (E), Ala (A),
a-amino-g- bromobutyric acid, or Hoc, where Hoc is
homocysteine; X4 can be Arg (R), His (H), Tyr (Y), Leu
(L), or Trp (W), or X4 is a bond; X can be Met (M),
Phe (F), or He (I); X6 is independently any one of the
20 genetically coded L-amino acids or the
stereoisomeric D-amino acids; X7 can be Asp (D), GIu
(E), He(I), Leu (L), or VaI (V); and X8 can be Cys
(C), Lys (K), Ala (A), a- amino-g-bromobutyric acid,
or Hoc, where Hoc is homocysteine, provided that
either X3 or X8 is Cys (C) or Hoc are useful in the
prevention, treatment, amelioration, or management of
a disease or disorder associated with tissue damage or
damage, effects or symptoms resulting therefrom in
accordance with the current invention. A variation of
the motif in which the monomeric peptide unit of the
dimer or multimer comprises a core sequence
YX2X3X4X5GPX6TWX7X (SEQ ID NO:50) wherein X1, X , X6,
X , Xi0, and Xn is independently selected from the 20
genetically coded L-amino acids; X3 can be Cys (C),
GIu (E), Ala (A), a-amino-g-bromobutyric acid, or Hoc,
where Hoc is homocysteine; X4 can be Arg (R), His (H),
Tyr (Y), Leu (L), or Trp (W), or X4 is a bond; X5 can
be Met (M), Phe (F), or He (I); X7 can be Asp (D), GIu
(E), He (I), Leu (L), or VaI (V); and X8 can be Cys
(C), Lys (K), Ala (A), a-amino-g-bromobutyric acid, or
Hoc, where Hoc is homocysteine. More preferably,
either X3 or X8 is Cys (C) or Hoc. A further 



variation of the motif is disclosed in which the
monomeric peptide unit of the dimer or multimer
comprises a core sequence of amino acids
YX2X3X4X5GPX6TWX7X8 (SEQ ID NO:51), wherein each of X2
and X6 is independently any one of the 20 genetically
coded L-amino acids; X3 is Cys (C); and X2 is Cys (C).
Another variation of the motif is disclosed wherein
the monomeric peptide unit of the dimer comprises a
core sequence of amino acidsX 1YX2X3X4X5GPX TWX 7X
8X9X 1OXII (SEQ ID NO:52), wherein each of X1, X2, X6,
X9, Xio, and Xu is independently selected from the 20
genetically coded L-amino acids. Particularly, X3 can
be Cys (C), GIu (E), Ala (A); X4 can be Arg (R), His
(H), or Tyr (Y), or X4 is a bond; X5 can be Met (M),
Phe (F), or He (I); X7 can be Asp (D) or VaI (V); and
X8 can be Cys (C), Lys (K), or Ala (A). In another
variation of the motif, both X and X8 are Cys (C) and
thus, the monomeric peptide unit of the dimer
comprises a core sequence of amino acids XiYX2 CX4 X5
GPX6 TWX7 CX9 Xio Xn (SEQ ID NO:53). The motif may
also be a core sequence of amino acids Xi YX2 CX4 X5
GPX6 TWX7 CX9 Xio Xn (SEQ ID NO:54), where X4 can be
Arg (R) or His (H); X5 can be Phe (F) or Met (M); X6
can be He (I), Leu (L), Thr (T), Met (M), or VaI (V);
X7 is Asp (D) or VaI (V); X9 can be GIy (G), Lys (K),
Leu (L), GIn (Q), Arg (R), Ser (S), or Thr (T); and
Xio can be Ala (A), GIy (G),Pro (P), Arg (R), or Tyr
(Y). Or the motif may comprise a core sequence of
amino acids Xi YX2 CX4 X5 GPX6 TWX7 CX9 Xi0 Xn (SEQ ID
NO:55), where Xi can be Asp (D), GIu (E), Leu (L), Asn
(N), Ser (S), Thr (T), or VaI (V); X2 can be Ala (A),
His (H), Lys (K), Leu (L), Met (M), Ser (S), or Thr
(T); X4 is Arg (R) or His (H); X9 can be Lys (K),
Arg(R), Ser (S), or Thr (T); and Xio is Pro (P).
Alternatively, the motif will comprise a core sequence
of amino acids X, YX2 CX4 X5 GPX6 TWX7 CX9 X]0 Xn (SEQ
ID NO:56), where X, can be Asp (D), GIu (E), Leu (L),
Asn (N), Ser (S), Thr (T), or VaI (V); X2 can be Ala
(A), His (H), Lys (K), Leu (L), Met (M), Ser (S), or
Thr (T); X4 is Arg (R) or His (H); X9 can be Lys (K),
Arg (R), Ser (S), or Thr (T); and X10 is Pro (P).
Particular peptides in accordance with the Structural
Motif E that are useful in the prevention, treatment,
amelioration, and management of a disease or disorder
associated with tissue damage or damages, effects or
symptoms resulting therefrom are: Peptide S
GGLYLCRFGPVTWDCGYKGG (SEQ ID NO:57) Peptide T
GGTYSCHFGPLTWVCKPQGG (SEQ ID NO:58) Peptide U
GGDYHCRMGPLTWVCKPLGG (SEQ ID NO:59) Peptide V
VGNYMCHFGPITWVCRPGGG (SEQ ID NO:60) Peptide W
GGVYACRMGPITWVCSPLGG (SEQ ID NO:61) Peptide X
VGNYMAHMGPITWVCRPGG (SEQ ID NO:62) Peptide Y
GGTYSCHFGPLTWVCKPQ (SEQ ID NO:63) Peptide Z
GGLYACHMGPMTWVCQPLRG (SEQ ID NO:64) Peptide AA
TIAQYICYMGPETWECRPSPKA (SEQ ID NO:65) Peptide AB
YSCHFGPLTWVCK (SEQ ID NO:66) Peptide AC YCHFGPLTWVC
(SEQ ID NO:67)Peptide AD SCHFGPLTWVCK (SEQ ID NO:68)
Peptide AE GGTASCHFGPLTWVCKPQGG (SEQ ID NO:69) Peptide
AF GGTYSCHFAPLTWVCKPQGG (SEQ ID NO:70) Peptide AG
GGTYSCFGPLTWVCKPQGG (SEQ ID NO:71) Peptide AH
TYSCHFGPLTWVCKPQGG (SEQ ID NO:72) Peptide AI
TYSCHFGPLTWVCKPQ (SEQ ID NO:73) Peptide AJ
YSCHFGPLTWVCKP (SEQ ID NO:74) Peptide AK YSCHFGPLTWVC
(SEQ ID NO:75) Peptide AL YSCHFGALTWVCK (SEQ ID NO:76)
Peptide AM GGCRIGPITWVCGG (SEQ ID NO:77) Peptide AN
HFGPLTWV (SEQ ID NO:78) Peptide AO
GGTTSCHFGPLTWVCKPQGG (SEQ ID NO:79) Peptide AP
GGTFSCHFGPLTWVCKPQGG (SEQ ID NO:80) Peptide AQ
GGTYSCHFGALTWVCKPQGG (SEQ ID NO:81) Peptide AR
GGTYSCHFGPATWVCKPQGG (SEQ ID NO:82) 



Peptide AS GGTYSCHFGPLAWVCKPQGG (SEQ ID NO:83) Peptide
AT GGTYSCHFGPLTAVCKPQGG (SEQ ID NO:84) Peptide AU
GGTYSCHFGPLTFVCKPQGG (SEQ ID NO:85) Peptide AV
GGTYSCHFGPLTWVCKAQGG (SEQ ID NO:86) Peptide AW
GGTXSCHFGPLTWVCKPQGG (SEQ ID NO:87) Peptide AX
GGTXSCHFGPLTWVCKPQGG (SEQ ID NO:88) Peptide AY
GGTXSCHFGPLTWVCKPQGG; (X = p-NH2-Phe)(SEQ ID NO:89)
Peptide AZ GGTXSCHFGPLTWVCKPQGG; (X = p-F-Phe) (SEQ ID
NO:90) Peptide BA GGTXSCHFGPLTWVCKPQGG; (X = p-I-Phe)
(SEQ ID NO:91) Peptide BB GGTXSCHFGPLTWVCKPQGG; (X =
3,5-dibromo-Tyr) (SEQ ID NO:92) Peptide BC
Ac-GGTYSCHFGPLTWVCKPQGG (SEQ ID NO:93) Peptide BD
GGLYACHMGPMTWVCQPLGG (SEQ ID NO:94) Peptide BE
LGRKYSCHFGPLTWVCQPAKKD (SEQ ID NO:95); and Peptide BF
GGTYSEHFGPLTWVKKPQGG (SEQ ID NO:96). f . Structural
Motif F.Further peptides derived from the AB loop of
EPO are contemplated as well. This AB loop peptide may
further be stabilized by chemically adding a small
bicyclic molecule to at least one of the N- terminal
end or the C-terminal end of the peptide's amino acid
sequence. Particular peptides in accordance with the
Structural Motif F that are useful in the prevention,
treatment, amelioration, and management of a disease
or disorder associated with tissue damage or damage,
effects or symptoms resulting therefrom are: Peptide
BG D-biotin-AEHCSLNENITVPDTKV (SEQ ID NO: 97); Peptide
BH D-Biotin-AEHCSLNENITVP (SEQ ID NO: 98); Peptide BI
AEHCSLNENITVPDTKK-biotin (SEQ ID NO: 99); and Peptide
BJ AEHCSLNENITVP-D-biotin (SEQ ID NO: 100). Moreover,
the peptides may be stabilized by a disulfide bond
formed between a sulfhydral group of a first amino
acid residue and a sulfhydral group of a second amino
acid residue along the peptide sequence. A particular
embodiment of the peptide has at least 6 amino acids
having the peptide sequence XAEHYS (SEQ ID NO: 101),
wherein X is a first amino acid residue containing a
sulfhydral group and Y is a second amino acid residue
containing a sulfhydral group, and wherein the
sulfhydral group of the first amino acid residue is at
an appropriate distance from the sulfhydral group of
the second amino acid residue to form the disulfide
bond with the sulfhydral group of the second amino
acid residue within the peptide sequence, thus
stabilizing the peptide (Formula I). Particular
peptides in accordance with the Structural Motif F,
Formula I, that are useful in the prevention,
treatment, amelioration, and management of a disease
or disorder associated with tissue damage or damage,
effects or symptoms resulting therefrom are: Peptide
BK TTGCAEHC SLNENITVPDTK (SEQ ID NO: 102); Peptide BL
CAEHCSLNENITVPDTKV (SEQ ID NO; 103); Peptide BM CAEHCS
(SEQ ID NO: 104); Peptide BN GCAEHCSL (SEQ ID NO:
105); Peptide BO GCAEHCSLNENITVPDTKV (SEQ ID NO: 106);
Peptide BP CAEHCSLNENITVP (SEQ ID NO: 107); Peptide BQ
TTGCAEHC SLNENITVPDTKV (SEQ ID NO: 108); Peptide BR
TTGCAEHCSLNENITVP (SEQ ID NO: 109); and Peptide BS
CAEHCSLNKNINLDS VDGVP (SEQ ID NO: 110)In another
embodiment, the disulfide bond- stabilized isolated
EPO-derived peptide is further stabilized by
chemically adding a small bicyclic molecule to at
least one of the N- terminal end or the C-terminal end
of the peptide's amino acid sequence. The peptide may
also exhibit the following motif of at least 7 amino
acids having the peptide sequence XAEHYS (SEQ ID NO:1
11), wherein X is a first amino acid residue
containing a sulfhydral group and Y is a second amino
acid residue containing a sulfhydral 



group, and wherein the sulfhydral group of the first
amino acid residue is at an appropriate distance from
the sulfhydral group of the second amino acid residue
to form the disulfide bond with the sulfhydral group
of the second amino acid residue within the peptide
sequence, thus stabilizing the peptide (Formula II).
Particular peptides in accordance with the Structural
Motif F, Formula II, that are useful in the
prevention, treatment, amelioration, and management of
a disease or disorder associated with tissue damage or
damage, effects or symptoms resulting therefrom are:
Peptide BT AEHCSLMENNLRRPNL (SEQ ID NO: 112); and
Peptide BU D-Biotin-AEHCSLMENNLRRPNL (SEQ ID NO: 113).
G. Other EPO Derived EPO Peptides. In addition to the
above-noted EPO peptides and EPO derived motifs, EPO
peptides, fragments or mimetics disclosed in U.S.
Patent Nos. 5,106,954, 5,952,293, 6,004,758,
6,346,390, 6,932,968, 5,835,382, 7,037,902, 7,084,245,
and 7,272,508; U.S. Patent Application No.
20050191301; WO2005/021579; Skelton et al. "Amino Acid
Determinants of Beta-hairpin Confirmation in
Erythropoietin Receptor Agonist Peptides Derived From
A Phage Display Library," Journal of Molecular Biology
Vol. 316, Issue 8, 2002, pages 1111-1 125; Livnah et
al., Functional Mimcry of a Protein Hormone by a
Peptide Agonist: the EPO Receptor Complex at 2k,
Science 26, July 1996 vol. 273, no. 5274, pp. 464-471;
Johnson and Joliffe, "Erythropoietin Mimetic Peptides
and the Future," Nephrol. Dial. Transplant (2000)
15:1274-1277, Wrighton et al. (1996) Science 273:
458-463; Johnson et al. (1998) Biochemistry, 37:
3699-3710 may also be useful in the methods of
modulating the effects of body's response to a disease
or disorder of the current invention. 6.2 Type 1
Cytokine Fragments. The above motifs are not only
useful in identifying EPO derived peptides or EPO
agonist fragments but fragments of Type- 1 cytokines
that also exhibit the ability to inhibit orretard a
disease or disorder associated with tissue damage or
damage, effects or symptoms resulting therefrom and
are therefore therapeutically effective at preventing,
treating, ameliorating or maintaining a disease or
disorder associated with tissue damage or damage,
effects or symptoms resulting therefrom. The Type-1
cytokine family includes, but is not limited to,
interleukin (IL)-2, IL-3, IL-4, IL-5, IL-6, IL-7,
IL-9, IL-IO, or IL-1 1, granulocyte macrophage-colony
stimulating factor (GM-CSF), leptin, granulocyte
colony stimulating factor (G-CSF), leukemia inhibiting
factor (LIF), ciliary neurotrophic factor (CNTF),
thrombopoietin (TPO), growth hormone, macrophage
colony stimulating factor (M-CSF), erythropoietin
(EPO) and prolactin. Consideration of the secondary
structure of EPO provides guidance for the preparation
of a candidate peptide via the spatial arrangement of
amino acids derived from homologous amino acids
located within homologous secondary structures within
other Type-1 cytokine receptor ligands: e.g., GM-CSF
and IL-3 (Kannan, 2000, Neuroimmunomod. 8:132- 141,
hereby incorporated by reference in its entirety),
among others, have been shown to possess potent
neurotrophic and neuroprotective activities, due in
large part, the Applicants believe, by stimulating a
tissue protective receptor. For example, considering
helix B of these type I cytokines: Homologous amino
acids in thrombopoietin (TPO; Protein Data Bank (PDB)
accession 1V7M) comprise D62 G65, T68, L69, E72 A76
and Q80, where these amino acids are spatially
adjacent to one another in a linear arrangement;
homologous amino acids in leukemia inhibitory factor
(LIF; PDB accession IEMR) comprise E6L R64, Y68, S72,
N75, and D79; homologous amino acids in ciliary
neurotrophic factor (CNTF; PDB accession ICNT)
comprise E71 E75 . These all are examples of
Structural Motif A described above wherein the
underlined amino acids are negatively charged. In
certain embodiments of Structural Motif A disclosed
below as Formulas V-VI, isolated peptides and peptide
analogs may not include Peptide BV, WEHVNAIQEARRLL
(SEQ ID NO:1 14); Peptide BW, LSKLLRDSHVLH (SEQ ID NO:
115); Peptide BX, KIRSDLTALTESYVKH (SEQ ID NO: 116),
Peptide BY, GTEKAKLVELYRIVVYL (SEQ ID 



NO: 117) or Peptide BZ, SIMIDEIIHHLKRPPNPL (SEQ ID NO:
118). In an embodiment of Structural Motif A, Type-1
cytokine derived peptides and peptide analogues have
the structural Formula (V) (SEQ ID NO:1 19): X1- X2-
X3- X4- X5- X6- X7- X - X9- Xi0- X1]- X12 - X 3- Xi4-
X 5- Xi6- X17- X 8- Xi9 wherein:X, is Trp (W), VaI
(V), Ala (A), He (I), Pro (P), Leu (L), Ser (S), Asp
(D), or Thr (T); X is any amino acid; X is any amino
acid; X is any amino acid; X is any amino acid; X6 is
any amino acid; X7 is any amino acid; X8 is He (I),
Phe (F), Leu (L), VaI (V), Pro (P), Tyr (Y), or GIy
(G); X is a negatively charged amino acid; Xi0 is a
negatively charged amino acid; Xn is He (I), Leu (L),
Ala (A), GIy (G), Phe (F), VaI (V), or Pro (P); Xi2 is
He (I), Met (M), Tyr (Y), Ser (S), VaI (V), Phe (F),
Lys (K), Leu (L), GIu (E), or Asp (D); X 13 is any
amino acid; Xi4 is His (H), Leu (L), Pro (P), Thr (T),
Arg (R), Cys (C), He (I), Tyr (Y), GIn (Q), or Ala
(A); Xi5 is Leu (L), Lys (K), Thr (T), VaI (V), Phe
(F), Ala (A), or GIn (Q); Xi6 is Lys (K), GIu (E), Met
(M), GIy (G), Asn (N), GIn (Q), Thr (T), or VaI (V);
Xn is any amino acid; X18 is Pro (P), Lys (K), Arg
(R), He (I), Asn (N), Ser (S), GIn (Q), or Phe (F);
Xi9 is Pro (P), He (I), Tyr (Y), Leu (L), Phe (F), Ser
(S), Ala (A), Asp (D), Asn (N), or Lys (K). In certain
embodiments, the isolated peptides and peptide analogs
can contain fewer than 19 amino acid residues. Indeed,
truncated or internally deleted forms of structural
formula V containing as few as 18, 17, 16, 15, 14, 13,
12, 11, or even 10 amino acid residues that
substantially retain the overall characteristics and
tissue protective properties of the isolated peptides
and peptide analogs of structural Formula V. Due to
the surmised importance of the spatially compact
charge configuration at the internal residues of the
isolated peptides and peptide analogs of Formula (V)
in tissue protective activity, in certain embodiments
of the invention, residues comprising the
polar,negatively and positively charged, and
immediately adjacent amino acids are not deleted.
Thus, in certain embodiments, residues X8, X9, Xi0,
and Xi1are not deleted. The isolated peptides and
peptide analogs of Formula V can also be extended at
one or both termini or internally with additional
amino acid residues that do not substantially
interfere with, and in some embodiments even enhance,
the structural and/or functional properties of the
peptides or peptide analogs. Indeed, extended core
peptides and peptide analogs containing as many as 20,
21, 22, 23, 24, 25, 26, 27, 28, or 29 amino acid
residues and are considered to be within the scope of
the present invention. Preferably, such extended
peptides will substantially retain the tissue
protective properties of the peptide analogs of
Formula V. Certain amino acid residues in the core
peptides and peptide analogs of Formula V can be
replaced with other amino acid residues without
significantly deleteriously affecting, and in many
cases even enhancing, the activity of the peptides and
peptide analogs. Thus, also contemplated by the
present invention are altered or mutated forms of the
isolated peptides and peptide analogs of Formula V
wherein at least one and up to eight amino acid
residues in the 



formula are conservatively substituted with another
amino acid residue. In certain embodiments, seven,
six, five, four, three, two, or one amino acid is
conservatively substituted. In specific embodiments,
the isolated peptides and peptide analogs of Formula V
are selected from the group of peptides set forth
below: Peptide CA KTSWVNCSNMIDEIITHLKQPPLP (SEQ ID NO:
120); Peptide CB LLQVAAFAYQIEELMILLEYKIPR (SEQ ID NO:
121); Peptide CC HQLAFDTYQEFEEAYIPKEQKYSF (SEQ ID NO:
122); Peptide CD DSNVYDLLKDLEEGIQTLMGRLED (SEQ ID NO:
123); Peptide CE EEGIQTLMGRLEDGSPRTGQIFKQ (SEQ ID NO:
124); Peptide CF SNVDKETGEDG (SEQ ID NO: 125); Peptide
CG YSIIDKLVNIVDDLVECVKENSSK (SEQ ID NO: 126); Peptide
CH FKSPEPRLFTPEEFFRIFNRSIDA (SEQ ID NO: 127); Peptide
CI LDNLLLKESLLEDFKG YLGCQALS (SEQ ID NO: 128); Peptide
CJ QALSEMIQFYLEEVMPQAENQDPD (SEQ ID NO: 129); Peptide
CK LQCLEEELKPLEEVLNLAQSKNFH (SEQ ID NO: 130); Peptide
CL AQDLERSGLNIEDLEKLQMARPNI (SEQ ID NO: 131); Peptide
CM VPPSTALRELIEELVNITQNQKAP (SEQ ID NO: 132); Peptide
CN IFLDQNMLAVIDELMQALNFNSET (SEQ ID NO: 133);Peptide
CO NSETVPQKSSLEEPDFYKTKIKLC (SEQ ID NO: 134); Peptide
CP FMMALCLSSIYEDLKMYQVEFKTM (SEQ ID NO: 135); and
Peptide CQ CLKDRMNFDIPEEIKQLQQFQKED (SEQ ID NO: 136).
In another embodiment of Structural Motif A, the
isolated peptides and peptide analogs based on Type-1
cytokines and useful in the method of the current
invention have the structural Formula VI (SEQ ID NO:
137): Xi- X - (Z)n- X - X4 wherein: X1 is Phe (F), VaI
(V), Ala (A), GIy (G), Pro (P), Leu (L), Tyr (Y), He
(I), Cys (C) or Met (M); X2 is a negatively charged
amino acid; (Z)n is an amino acid, wherein n is 1-5;
X3 is a negatively charged amino acid; X4 is Pro (P),
Met (M), VaI (V), He (I), Phe (F), GIy (G), Leu (L),
Ala (A), Tyr (Y), and Trp (W). In certain embodiments,
the isolated peptides and peptide analogs can contain
fewer than 9 amino acid residues. Indeed, truncated or
internally deleted forms of structural formula VI
containing as few as 8, 7, 6, or even 5 amino acid
residues that substantially retain the overall
characteristics and tissue protective properties of
the isolated peptides and peptide analogs of
structural formula VI. Due to the surmised importance
of the spatially compact charge configuration at the
internal residues of the isolated peptides and peptide
analogs of Formula VI, in certain embodiments of the
invention, residues comprising the negatively and
positively charged and immediately adjacent amino
acids are not deleted. Thus, in certain embodiments,
residues Xi, X2, X , and X4 are not deleted. The
isolated peptides and peptide analogs of Formula VI
can also be extended at one or both termini or
internally with additional amino acid residues that do
not substantially interfere with, and in some
embodiments even enhance, the structural and/or
functional properties of the peptides or peptide
analogs. Indeed, extended core peptides and peptide
analogs containing as many as 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,27, 28, or
29 amino acid residues and are considered to be within
the scope of the present invention. Preferably, such
extended peptides will substantially retain the tissue
protective properties of the peptide analogs of
Formula VI. Certain amino acid residues in the core
peptides and peptide analogs of Formula 



VI can be replaced with other amino acid residues
without significantly deleteriously affecting, and in
many cases even enhancing, the activity of the
peptides and peptide analogs. Thus, also contemplated
by the present invention are altered or mutated forms
of the isolated peptides and peptide analogs of
Formula VI wherein at least one and up to five amino
acid residues in the formula are conservatively
substituted with another amino acid residue. In
certain embodiments, four, three, two or one amino
acids are conservatively substituted. In specific
embodiments, the isolated peptides and peptide analogs
of Formula VI are selected from the group of peptides
set forth below: Peptide CR NETVEVIS EMFDLQEPTCLQTRLEL
Y (SEQ ID NO: 138); Peptide CS NLKDFLLVIPFDCWEPVQE
(SEQ ID NO: 139); Peptide CT
RDTAAEMNETVEVISEMFDLQEPTCLQ (SEQ ID NO: 140); Peptide
CU RLLNLSRDT AAEMNETVEVISEMFDLQEP (SEQ ID NO: 141);
Peptide CV LPLLDFNNLNGEDQDILMENNLRRPN (SEQ ID NO:
142); Peptide CW PTRHPIHIKDGDWNEFRRKLTFYLKT (SEQ ID
NO: 143); Peptide CX HVGHVDVTYGPDTSGKDVFQKKKLGCGL (SEQ
ID NO: 144); Peptide CY KHQGLNKNINLDSADGMPV ASTDQWS
(SEQ ID NO: 145); Peptide CZ WSELTAEQELQRV AREVH (SEQ
ID NO: 146); Peptide DA LRAHRLHQLAFDTYQEFEEA YIPKEQK
(SEQ ID NO: 147); Peptide DB
LVYGASDSNVYDLLKDLEEGIQTLMGR (SEQ ID NO: 148); Peptide
DC SNVDKETGEDG (SEQ ID NO: 149); Peptide DD
QEERRRVNGFLDYLQEFLGVMNTEWII (SEQ ID NO: 150); Peptide
DE EEFFRIFNRSIDAFKDFVVASETSDCV (SEQ ID NO: 151);
Peptide DF SRNVIQISNDLENLRDLLHVLAFSKSC (SEQ ID NO:
152); Peptide DG YSTVSGDWQLDL (SEQ ID NO: 153);
Peptide DH QFYLEEVMPQAENQDPDIKAHVNSLG (SEQ ID NO:
154); Peptide DI QFYLEEVMPQAENQDPDIKAHVNSLGEN (SEQ ID
NO: 155); Peptide DJ KATELKHLQCLEEELKPLEEVLNLA (SEQ ID
NO: 156); Peptide DK SSSTKKTQLQLEHLLLDLQMILNGINNY (SEQ
ID NO: 157);Peptide DL FKDDQSIQKSVETIKEDMNVKFFNSNKK
(SEQ ID NO: 158); Peptide DM VEIEEQTKRLLEGMELIVSQ
VHPETK (SEQ ID NO: 159); Peptide DN
GMELIVSQVHPETKENEIYPVWSGLPSL (SEQ ID NO: 160); Peptide
DO PEAIVEERELSQV (SEQ ID NO: 161); Peptide DP
HKCDITLQEIIKTLNSLTEQ (SEQ ID NO: 162); Peptide DQ
AENNLNLPKMAEKDGCFQSGFNEET (SEQ ID NO: 163); Peptide DR
TCLVKIITGLLEFEVYLEYLQNRFE (SEQ ID NO: 164); Peptide DS
VPPGEDSKDVAAPHRQPLTS (SEQ ID NO: 165); Peptide DT
RKETCNKSNMCES SKEALAENNLNLPK (SEQ ID NO: 166); Peptide
DU LVKIITGLLEFEVYLEYLQNRFESSEE (SEQ ID NO: 167);
Peptide DV TCLVKIITGLLEFEV YLEYLQNRFES SEE (SEQ ID NO:
168); Peptide DW IQFLQKKAKNLDAITTPDPTTNASLLTKL (SEQ ID
NO: 169); Peptide DX RNNIYCMAQLLDNSDTAEPTKAGRGASQP
(SEQ ID NO: 170); Peptide DY PLPTPVLLP
AVDFSLGEWKTQMEETKAQ (SEQ ID NO: 171); Peptide DZ
DFSLGEWKTQMEETKAQDILGAVTLLLEG (SEQ ID NO: 172);
Peptide EA LEWKTQTDGLEGAAGQ (SEQ ID NO: 173); Peptide
EB TVAGSKMQGLLERVNTEIHFVTKCAFQP (SEQ ID NO: 174);
Peptide EC LEFYPCTSEEIDHEDITKDKTSTVEA (SEQ ID NO:
175); Peptide ED NSETVPQKSSLEEPDFYKTKIKLCIL (SEQ ID
NO: 176); Peptide EE EDITKDKTSTVEACLPLELTKNESCLNSR
(SEQ ID NO: 177); Peptide EF
TTNDVPHIQCGDGCDPQGLRDNSQFC (SEQ ID NO: 178); Peptide
EG AWSAHPLVGHMDLREEGDEETTNDVPH (SEQ ID NO: 179);
Peptide EH LVGHMDLREEGDEETTNDVPHIQCGDGCD (SEQ ID NO: 



180); Peptide EI LQRIHQGLIFYEKLLGSDIFTGEPSLLPD (SEQ ID
NO: 181); Peptide EJ NHLKTVLEEKLEKEDFTRGKLMSSLH (SEQ
ID NO: 182); and Peptide EK
LEYCLKDRMNFDIPEEIKQLQQFQKED (SEQ ID NO: 183). Further
examples of tissue protective peptides useful in the
methods of treatment of the current invention derived
from the Type-1 cytokines that exemplify Structural
Motif B described herein above, and disclosed within
PCT/US2006/031061, include, but are not limited to,
GM-CSF helix A fragment, Peptide BV:WEHVNAIQEARRLL
(SEQ ID NO: 114); TPOhelix A fragment, Pepetide
BW:LSKL LRDSHVLH (SEQ ID NO: 115); TPO helix B
fragment: E56, K59; CNTF helix A fragment, Peptide BX:
KIRSDLTALTESYVKH (SEQ ID NO: 1 16); CNTF helix B
fragment:R89, E92. LIF helix B fragment, Peptide
BY:GTEKAKLVELYRIVVYL (SEQ ID NO: 117); and interleukin
3 (IL-3) helix A fragment, Peptide
BZ:SIMIDEIIHHLKRPPNPL (SEQ ID NO: 118). In certain
embodiments of Structural Motif B disclosed below as
Formulas VIIX, isolated peptides and peptide analogs
may not include Peptide BV, WEHVNAIQEARRLL (SEQ ID
NO:1 14); Peptide BW, LSKLLRDSHVLH (SEQ ID NO: 115);
Peptide BX, KIRSDLTALTESYVKH (SEQ ID NO: 116), Peptide
BY, GTEKAKLVELYRIVVYL (SEQ ID NO: 117) or Peptide BZ,
SIMIDEIIHHLKRPPNPL (SEQ ID NO: 118). Further Type-1
cytokine derived peptides exhibiting structural motif
B that are useful in the current method of preventing,
treating, ameliorating and managing a disease or
disorder associated with tissue damage or damage,
effects or symptoms resulting therefrom are those that
exhibit structural Formula VII: (SEQ ID NO: 184) X -
X2- X3- X4 wherein: X1 is Leu (L), He (I), GIy (G),
VaI (V), Phe (F), Pro (P), or Ala (A); X2 is a
positively charged amino acid; X3 is a negatively
charged amino acid; X4 is Phe (F), GIy (G), VaI (V),
Leu (L), Ala (A), or Tyr (Y); In one embodiment of the
invention, Type-I cytokine derived peptides have the
structural Formula VII(a): (SEQ ID NO:302): Xi- X2- X
- X4- X5- X6 wherein: Xi is Leu (L), He (I), GIy (G),
VaI (V), Phe (F), Pro (P), or Ala (A); X2 is a
positively charged amino acid; X3 is a negatively
charged amino acid; X4 is Phe (F), GIy (G), VaI (V),
Leu (L), Ala (A), or Tyr (Y); X5 is Arg (R), Asp (D),
GIu (E), Asn (N), Ser (S), Thr (T), Phe (F), VaI (V),
or Tyr (Y);X6 is His (H), Lys (K), Asp (D), GIu (E),
GIn (Q), Asn (N), Ser (S), Leu (L), Tip (W), or Phe
(F). In certain embodiments, the isolated peptides and
peptide analogs can contain fewer than 5 or even 4
amino acid residues. Indeed, truncated or internally
deleted forms of structural Formulas VII or Vila
containing as few as 6 or even 5 amino acid residues
that substantially retain the overall characteristics
and tissue protective properties of the isolated
peptides and peptide analogs. Due to the surmised
importance of the spatially compact charge
configuration at the internal residues of the isolated
peptides and peptide analogs of structural Formulas
VII or Vila, in certain embodiments of the invention,
residues comprising the negatively and positively
charged and immediately adjacent amino acids are not
deleted. Thus, in certain embodiments, residues Xi,
X2, X3, and X4 are not deleted. The isolated peptides
and peptide analogs of Formula VII and Formula Ha can 



also be extended at one or both termini or internally
with additional amino acid residues that do not
substantially interfere with, and in some embodiments
even enhance, the structural and/or functional
properties of the peptides or peptide analogs. Indeed,
extended core peptides and peptide analogs containing
as many as 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, or 29
amino acid residues and are considered to be within
the scope of the present invention. Preferably, such
extended peptides will substantially retain the tissue
protective properties of the peptide analogs of
Formula VII or Formula Ha. Certain amino acid residues
in the core peptides and peptide analogs of Formula
VII or Formula Ha can be replaced with other amino
acid residues without significantly deleteriously
affecting, and in many cases even enhancing, the
activity of the peptides and peptide analogs. Thus,
also contemplated by the present invention are altered
or mutated forms of the isolated peptides and peptide
analogs of Formula VII wherein at least one and up to
two amino acid residues in the formula are
conservatively substituted with another amino acid
residue. In specific embodiments, the isolated
peptides and peptide analogs of Formula VII or Formula
Ha are selected from the group of peptides set forth
below: Peptide EL IITFESFKENLKDFLLVIPFDCWE (SEQ ID NO:
185); Peptide EM TAAPTRHPIHIKDGD WNEFRRKLT (SEQ ID NO:
186); Peptide EN VDVTYGPDTSGKDVFQKKKLGCQL (SEQ ID NO:
187);Peptide EO SGKDVFQKQGQSVQ (SEQ ID NO: 188);
Peptide EP QELSQWTVRSIHDLRFISSHQTGI (SEQ ID NO: 189);
Peptide EQ WSELTAEQELQRVAREVH (SEQ ID NO: 190);
Peptide ER GASDSNVYDLLKDLEEGIQTLMGR (SEQ ID NO: 191);
Peptide ES GICRNRVTNNVKDVTKLVANLPKD (SEQ ID NO: 192);
Peptide ET FRIFNRSIDAFKDFVVASEETSDCV (SEQ ID NO: 193);
Peptide EU VIQISNDLENLRDLLHVLAFSKSC (SEQ ID NO: 194);
Peptide EV THFPGNLPNMLRDLRDAFSRVKTF (SEQ ID NO: 195);
Peptide EW PGNLPNMLRDLRDAFSRVKTFFQM (SEQ ID NO: 196);
Peptide EX LAQSKNFHLRPRDLISNINVIVLE (SEQ ID NO: 197);
Peptide EY QDPYVKEAENLKKYFNAG (SEQ ID NO: 198);
Peptide EZ VTDLNVQRKAIHELIQVMAELSPA (SEQ ID NO: 199);
Peptide FA PGGAARCQVTLRDLFDRAVVLSHY (SEQ ID NO: 200);
Peptide FB WGLAGLNSCPVKEANQSTLENFLE (SEQ ID NO: 201);
Peptide FC DMTTHLILRSFKEFLQSSLRALRQ (SEQ ID NO: 202);
Peptide FD GPVPPSTALRELIEELVNITQN (SEQ ID NO: 203);
Peptide FE KDLLLHLKKLFREGRFN (SEQ ID NO: 204); Peptide
FF RDTKIEVAQFVKDLLLHLKKLFRE (SEQ ID NO: 205); Peptide
FG LDQIPGYLNRIHELLNGTRGLFPG (SEQ ID NO: 206); Peptide
FH SPISSDFAVKIRELSDYLLQDYPV (SEQ ID NO: 207); and
Peptide FI YYGRILHYLKAKEYSHCA WTIVRV (SEQ ID NO: 208).
In yet another embodiment of the peptides useful in
the prevention, treatment, amelioration, or management
of a disease or disorder associated with tissue damage
or damage, effects or symptoms resulting therefrom,
the isolated peptides or peptide analogs derived from
Type-1 cytokines and exhibiting Structural Motif B
have the structural formula (VIII) (SEQ ID NO:209):
Xi- X 2- X 3- X 4 - X - X 6- X 7- X - X - X 10- X i i-
X ]2 - X i3- X i - X i5- X i6- X 17- X is- X 19- X20-
X21- X22- X23- X24 wherein: Xi is Ala (A), Thr (T),
Ser (S), Tyr (Y), Leu (L), VaI (V), He (I), Phe (F),
or GIu (E);X is any amino acid; X3 is Ser (S), GIn
(Q), Asp (D), Leu (L), GIu (E), Cys (C), Asn 



(N), Arg (R), or Ala (A); X4 is Pro (P), GIy (G), GIn
(Q), Leu (L), Thr (T), Asn (N), Ser (S), Phe (F), or
He (I); X5 is any amino acid; X6 is Pro (P), Ser (S),
Cys (C), VaI (V), Lys (K), Thr (T), Leu (L), He (I),
or GIn (Q); X7 is any amino acid; X8 is Thr (T), Pro
(P), Leu (L), Arg (R), GIy (G), Tyr (Y), GIn (Q), GIu
(E), He (I) or Ala (A); X9 is any amino acid; X10 is
Pro (P), Asn (N), GIu (E), Asp (D), Thr (T), Leu (L),
He (I), GIn (Q), Phe (F), or Trp (W); Xi, is Trp (W),
Leu (L), Ala (A), Met (M), VaI (V), He (I), Phe (F),
or Tyr (Y); Xi2 is a negatively charged amino acid;
Xi3 is a positively charged amino acid; Xi4 is VaI
(V), Leu (L), or Ala (A); Xi5 is any amino acid; Xi6
is any amino acid; Xn is any amino acid; Xi8 is any
amino acid; Xi9 is any amino acid; X2O is any amino
acid; X2, Arg (R), Asp (D), Tyr (Y), VaI (V), He (I),
Leu (L), Lys (K), Ser (S), or Thr (T); X22 is any
amino acid; X2 is any amino acid; X24 is Leu (L), Pro
(P), Phe (F), Arg (R), Tyr (Y), Cys (C), GIy (G), VaI
(V), or Lys (K). In certain embodiments, the isolated
peptides and peptide analogs can contain fewer than 24
amino acid residues. Indeed, truncated or internally
deleted forms of structuralFormula VIII containing as
few as 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12,
11, or even 10 amino acid residues that substantially
retain the overall characteristics and tissue
protective properties of the isolated peptides and
peptide analogs of structural formula VIII. Due to the
surmised importance of the spatially compact charge
configuration at the internal residues of the isolated
peptides and peptide analogs of Formula VIII in tissue
protective activity, in certain embodiments of the
invention, residues comprising the negatively and
positively charged and immediately adjacent amino
acids are not deleted. Thus, in certain embodiments,
residues X 1, X12 Xi3 Xi4 are not deleted. The
isolated peptides and peptide analogs of Formula VIII
can also be extended at one or both termini or
internally with additional amino acid residues that do
not substantially interfere with, and in some
embodiments even enhance, the structural and/or
functional properties of the peptides or peptide
analogs. Indeed, extended core peptides and peptide
analogs containing as many as 25, 26, 27, 28, or 29
amino acid residues and are considered to be within
the scope of the present invention. Preferably, such
extended peptides will substantially retain the tissue
protective properties of the peptide analogs of
Formula VIII. Certain amino acid residues in the core
peptides and peptide analogs of Formula VIII can be
replaced with other amino acid residues without
significantly deleteriously affecting, and in many
cases even enhancing, the activity of the peptides and
peptide analogs. Thus, also contemplated by the
present invention are altered or mutated forms of the
isolated peptides and peptide analogs of Formula VIII
wherein at least one and up to eight amino acid
residues in the formula are conservatively substituted
with another amino acid residue. In certain 



embodiments, seven, six, five, four, three, two, or
one amino acid is conservatively substituted. In
specific embodiments, the isolated peptides and
peptide analogs of Formula VIII are selected from the
group of peptides set forth below: Peptide FJ
ARSPSPSTQPWEHVNAIQEARRLL (SEQ ID NO: 210); Peptide FK
ITFEKLVIP (SEQ ID NO: 2 11); Peptide FL
TAQGEPFPNNLDKLCGPNVTDFPP (SEQ ID NO: 212); Peptide FM
STDQWSELTEAERLQENLQAYRTF (SEQ ID NO: 213); Peptide FN
YGLLYCFRKDMDKVETFLRIVQCR (SEQ ID NO: 214); Peptide FO
LESQTVQGGTVERLFKNLSLIKKY (SEQ ID NO: 215); Peptide FP
VQLSDSLTDLLDKFSNISEGLSNY (SEQ ID NO: 216); Peptide FQ
ISEGLSNYSIIDKLVNIVDDLVEC (SEQ ID NO: 217); Peptide FR
SSSTKKTQLQLEHLLLDLQMILNG (SEQ ID NO: 218);Peptide FS
FNSNKKKRDDFEKLTNYSVTDLNV (SEQ ID NO: 219); Peptide FT
ARCQVTLRDLFDRAVVLSHYIHNL (SEQ ID NO: 220); Peptide FU
LDRVYNEEKRYTH (SEQ ID NO: 221); Peptide FV
EANQSTLENFLERLKTIMREKYSK (SEQ ID NO: 222); Peptide FW
LERSGLNIEDLEKLQMARPNILGL (SEQ ID NO: 223); Peptide FX
LWRLVLAQRWMERLKTVAGSKMQG (SEQ ID NO: 224); Peptide FY
TVAGSKMQGLLERVNTEIHFVTKC (SEQ ID NO: 225); Peptide FZ
LHAFRIRAVTIDRVMSYLNAS (SEQ ID NO: 226); and Peptide GA
LQRIHQGLIFYEKLLGSDIFTGEP (SEQ ID NO: 227). In another
embodiment of the invention, the isolated peptides and
peptide analogs based on Type-1 cytokines that exhibit
Structural Motif B have the structural Formula IX (SEQ
ID NO:228): Xi- X - X3- X4- X - X - X7- Xs- X9- Xio-
Xn- X12- X13- X14- X15- X16- X17- X18- X19- X20- X21-
X22- X23- X24- X25 wherein: Xi is Cys (C), Tyr (Y), or
Ala (A); X2 is Ser (S), Leu (L), or GIu (E); X3 is Arg
(R), GIn (Q), or Asn (N); X4 is Ser (S) or Leu (L); X5
is He (I), Leu (L), or Lys (K); X6 is Trp (W), Leu
(L), or Lys (K); X7 is Leu (L), Phe (F), or Tyr (Y);
X8 is Ala (A), Asn (N), or Phe (F); X9 is Arg (R), Pro
(P), or Asn (N); Xio is Lys (K), Leu (L), or Ala (A);
Xn is He (I), VaI (V)5or GIy (G); Xi2 is a positively
charged amino acid; Xi3 is a polar amino acid; Xi4 is
a negatively charged amino acid; Xi5 is Leu (L), GIy
(G), or VaI (V); Xi6 is Thr (T), He (I), or Ala (A);
X17 is Ala (A), Cys (C), or Asp (D); Xi8 is Leu (L),
Arg (R) or Asn (N); Xi9 is Thr (T), Asn (N), or GIy
(G); X20 is GIu(E), Arg (R), or Thr (T); X2I is Ser
(S), VaI (V), or Leu (L); X22 is Tyr (Y), Thr (T), Phe
(F); X23 is Asn (N) or Leu (L); X24 is Asn (N) or GIy
(G); X25 is VaI (V) or He (I). 



In certain embodiments, the isolated peptides and
peptide analogs can contain fewer than 25 amino acid
residues. Indeed, truncated or internally deleted
forms of structural Formula IX containing as few as
24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12,
11, or even 10 amino acid residues that substantially
retain the overall characteristics and tissue
protective properties of the isolated peptides and
peptide analogs of structural formula IX. Due to the
surmised importance of the spatially compact charge
configuration at the internal residues of the isolated
peptides and peptide analogs of Formula IX in tissue
protective activity, in certain embodiments of the
invention, residues comprising the polar, negatively
and positively charged, and immediately adjacent amino
acids are not deleted. Thus, in certain embodiments,
residues Xn, X12 , X13, Xi4, and X15 are not deleted.
The isolated peptides and peptide analogs of Formula
IX can also be extended at one or both termini or
internally with additional amino acid residues that do
not substantially interfere with, and in some
embodiments even enhance, the structural and/or
functional properties of the peptides or peptide
analogs. Indeed, extended core peptides and peptide
analogs containing as many as 26, 27, 28, or 29 amino
acid residues and are considered to be within the
scope of the present invention. Preferably, such
extended peptides will substantially retain the tissue
protective properties of the peptide analogs of
Formula XI. Certain amino acid residues in the core
peptides and peptide analogs of Formula XI can be
replaced with other amino acid residues without
significantly deleteriously affecting, and in many
cases even enhancing, the activity of the peptides and
peptide analogs. Thus, also contemplated by the
present invention are altered or mutated forms of the
isolated peptides and peptide analogs of Formula XI
wherein at least one and up to eight amino acid
residues in the formula are conservatively substituted
with another amino acid residue. In certain
embodiments, seven, six, five, four, three, two, or
one amino acid is conservatively substituted.In
specific embodiments, the isolated peptides and
peptide analogs are selected from the group of
peptides set forth below: Peptide GB
CSRSIWLARKIRSDLTALTESYVKH (SEQ ID NO: 229); Peptide GC
ELMILLEYKIPRNEADGMPINVGDG (SEQ ID NO: 230); Peptide GD
YLQLLLFNPLVKTEGICRNRVTNNV (SEQ ID NO: 231); and
Peptide GE AENLKKYFNAGHSDVADNGTLFLGI (SEQ ID NO: 232).
In another embodiment of the invention, the isolated
peptides and peptide analogs of type- 1 cytokines that
exhibit structural motif B have the structural formula
X (SEQ ID NO:233): X1- X - X3- X4- X5- X6- X7- X8- X9-
Xi0- Xn- Xi2- Xi3- Xi4- Xi5- Xi6- X i7- X ]8- X19-
X20- X21- X22- X23- X24- X25 wherein: Xi is Leu (L);
X2 is GIy (G); X3 is Cys (C); X4 is VaI (V); X5 is Leu
(L); X6 is His (H); X7 is Arg (R); X8 is Leu (L); X9
is Ala (A); Xio is Asp (D); Xn is Leu (L); X12 is a
negatively charged amino acid; Xi3 is a polar amino
acid; Xi4 is a positively charged amino acid; Xi5 is
Leu (L); 



Xi6 is Pro (P); X17 is Lys (K); Xi8 is Ala (A); Xi9 is
GIn (Q);X20 is Asp (D); X2I is Leu (L); X22 is GIu
(E); X23 is Arg (R); X24 is Ser (S); X25 is GIy (G).
In certain embodiments, the isolated peptides and
peptide analogs can contain fewer than 25 amino acid
residues. Indeed, truncated or internally deleted
forms of structural Formula X containing as few as 24,
23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, or
even 10 amino acid residues that substantially retain
the overall characteristics and tissue protective
properties of the isolated peptides and peptide
analogs of structural Formula X. Due to the surmised
importance of the spatially compact charge
configuration at the internal residues of the isolated
peptides and peptide analogs of Formula X in tissue
protective activity, in certain embodiments of the
invention, residues comprising the polar, negatively
and positively charged, and immediately adjacent amino
acids are not deleted. Thus, in certain embodiments,
residues Xn, X12, X 13, X14, and Xi5 are not deleted.
The isolated peptides and peptide analogs of Formula X
can also be extended at one or both termini or
internally with additional amino acid residues that do
not substantially interfere with, and in some
embodiments even enhance, the structural and/or
functional properties of the peptides or peptide
analogs. Indeed, extended core peptides and peptide
analogs containing as many as 26, 27, 28, or 29 amino
acid residues and are considered to be within the
scope of the present invention. Preferably, such
extended peptides will substantially retain the tissue
protective properties of the peptide analogs of
Formula X. Certain amino acid residues in the core
peptides and peptide analogs of Formula X can be
replaced with other amino acid residues without
significantly deleteriously affecting, and in many
cases even enhancing, the activity of the peptides and
peptide analogs. Thus, also contemplated by the
present invention are altered or mutated forms of the
isolated peptides and peptide analogs of Formula X
wherein at least one and up to eight amino acid
residues in the formula are conservatively substituted
with another amino acid residue. In certain
embodiments, seven, six, five, four, three, two, or
one amino acid is conservatively substituted. In
specific embodiments, the isolated peptides and
peptide analogs consists of the amino acid
sequence:Peptide GF LGCVLHRLADLEQRLPKAQDLERSG (SEQ ID
NO: 234). Further examples of peptides derived from
the Type-1 cytokines that exemplify Structural Motif C
described herein above include, but are not limited
to, human thrombopoietin derived, Peptide
GG:DLRVLSKLLRDSHV (SEQ ID NO: 235); Peptide
GH:PTPVLLPAVDFSLGEWKTQM (SEQ ID NO: 236); Peptide
GI:TAHKDPNAIFLSFQHLLRGKVRFL (SEQ ID NO: 237); and
Peptide GJ:PNRTSGLLETNFTAS (SEQ ID NO: 238); GM-CSF
derived, Peptide GK:PSTQPWEHVNAIQEARR (SEQ ID NO:
239); Peptide GL:NETVEVISE (SEQ ID NO: 240); Peptide
GM:QTRLELYKQGLRGSLTKLKGPLTM (SEQ ID NO: 241); and
Peptide GN:KDFLLVIPFDCWEPVQE (SEQ ID NO: 242); CNFT
derived, Peptide GO:CSRSIWLARKIRSD (SEQ ID NO: 243);
Peptide GP:NKNINLDSADGMPVASTD (SEQ ID NO: 244);
Peptide GQ:LLQVAAFAYQIEELMILLEYK (SEQ ID NO: 245); and
Peptide GR:ELSQWTVRSIHDLRFISS (SEQ ID NO: 246); IL-6
derived, Peptide GS:SERIDKQIRYILDGIS (SEQ ID NO: 247);
Peptide GT:AENNLNLPKMAEKD (SEQ ID NO: 248); Peptide
GU:EEQARAVQMSTKVLIQ (SEQ ID NO: 249) and Peptide
GV:RSFKEFLQSSLR (SEQ ID NO: 250); IL-3 derived,
Peptide GW:SCNMIDEIITHLKQ (SEQ ID NO: 251); Peptide
GX:ENNLRRPNLEAFNRAVKS (SEQ ID NO: 252); and Peptide 



GY:HIKDGDWNEFRRKLTFYLKT (SEQ ID NO: 253); human
interferon alpha derived, Peptide
GZ:SSCLMDRHDFGFPQEEFDGNQ (SEQ ID NO: 254); Peptide
HA:QQIFNLFTTKDSSAAWDE (SEQ ID NO: 255); and Peptide
HB:LMNADSILAVKKYFRRITLY (SEQ ID NO: 256); human
interferon beta derived, Peptide
HC:MSYNLLGFLQRSSNFQCQKLLWQLN (SEQ ID NO: 257); Peptide
HD:DRMNFDIPEEIKQLQQFQK (SEQ ID NO: 258); Peptide
HE:KLEKEDFTRGKLMSSLHLKR (SEQ ID NO: 259) and Peptide
HF:FINRLTGYLRN (SEQ ID NO: 260); human interferon
gamma derived, Peptide HG:CYCQDPYVKEAENLKKYFNA (SEQ ID
NO: 261); Peptide HH:ADNGTLFLGILKNWKEESDR (SEQ ID NO:
262); Peptide HLNSNKKKRDDFEKLTNYSVTD (SEQ ID NO: 263);
and Peptide HJ:ELSPAAKTGKR (SEQ ID NO: 264); human
stem cell factor derived, HK:SLIIGFAAGALYWKKRQPSL (SEQ
ID NO: 265); HL:RNRVTNNVKDVTKLV (SEQ ID NO: 266);
Peptide HM:DKLVNIVDDLVECVKE (SEQ ID NO: 267); and
Peptide HN:SETSDCWSSTLSPEKDSRV (SEQ ID NO: 268); and
human multiple coagulation factor deficiency protein 2
derived, Peptide HO:DELINIIDGVLRDDDKNND (SEQ ID NO:
269);Peptide HP:GLDKNTVHDQEHIMEHLEGV (SERQ ID NO:
270); and Peptide HQ:QLHYFKMHD YDGNNLL (SEQ ID NO:
271). Further examples of peptides derived from the
Type-1 cytokines that exemplify Structural Motif D
described herein above include, but are not limited
to, Saposin C derived, Peptide
HR:CEFLVKEVTKLIDNNKTEKEIL(SEQ ID NO: 45); hCNTF AB
loop derived, Peptide HS:YVKHQGLNKNINLDSVDGVP(SEQ ID
NO: 46); hIL-6 AB loop derived Peptide
HT:EALAENNLNLPKMAG(SEQ ID NO: 272), hIL-2 AB loop
derived Peptide HU:LQMILNGINNYKNPKLT(SEQ ID NO: 273),
hIL-3 AB loop derived Peptide HV:ILMENNLRRPNL (SEQ ID
NO. 274), hIL-.gamma AB loop derived Peptide
HW:FYLRNNQLVAGTL(SEQ ID NO: 275 ), hLIF AB loop
derived, Peptide HX:YTAQGEPFPNNVELKLCAP(SEQ ID NO:
276); WL-I. beta helix C derived Peptide
HY:FNKIEINNKLEFESA(SEQ ID NO: 277), and hONC-M helix C
derived Peptide HZ:RPNILGLRNNIYCMAQLL(SEQ ID NO: 278).
Further examples of peptides derived from the Type-1
cytokines that exemplify Structural Motif F described
herein above include, but are not limited to, hCNTF
derived, Peptide IA:YVKHQGLNKNINLDSVDGVP-biotin(SEQ ID
NO: 279) and hIL-3 derived Peptide IB:
D-Biotin-ILMENNLRRPNL (SEQ ID NO: 280). These
aforementioned amino acids are merely exemplary from
some members of the cytokine superfamily that signal
through Type 1 cytokine receptors, and homologous
regions on other members of the cytokine superfamily
will be readily identified by the skilled artisan. 6.3
Chimeras "Chimeric" peptides-linear amino acid
sequences that incorporate non-linear structural
elements of the externally-facing amino acids of the
EPO molecule or other type I cytokines that exhibit
the above-noted structural motifs-are also
contemplated by the current invention. Chimeric
peptides useful in the current invention may consist
of combining structural elements of separate amino
acid sequences into a single peptide. In other words,
a chimeric peptide may be comprised of amino acid
sequences derived from non-linear but adjacent
structural elements such as a fragment derived from
amino acid sequences 110-1 15, 133-136, and 160-165,
of SEQ ID NO:1 which would allow structural elements
of the C terminal portion of helix C and N-terminal
portion of loop C-D, the b-pleated sheet in loop C-D,
and the Cterminal portion of EPO to be contained in a
single peptide. Additionally, chimeric peptides may be
used to select out the important features of a
particular structure, for example theexternally-facing
amino acids of a particular tertiary structure. Thus,
a chimeric peptide useful in the methods of the
current invention may consist of a fragment comprised
of helix B amino acids 58, 62, 65, 69, 72, 76, 79, 80,
83, 84, and 85 (e.g., peptide IC, QEQLERALNSS, SEQ ID
NO: 281) or, in other words, all of the
exterior-presenting amino acids of helix B of EPO, as
disclosed in PCT/US2006/03 1061 . A further chimeric
peptide in which the first glutamine is replaced with
pyroglutamate (e.g., peptide ID, UEQLERALNSS, SEQ ID
NO. 282) is 



contemplated by the current invention as well.
Further, non-naturally occurring or chimeric peptides
can be designed that mimic the critical spatial
proximities between carbamyl carbons of any two amino
acids or between the side chains of any two amino
acids in erythropoietin or another Type-1 cytokine
described herein above via a linear sequence of amino
acids and may provide a guide in evaluating possible
tissue protective chimeras derived from other
proteins. The present invention is, therefore,
directed to novel chimeric tissue protective peptides,
including those that exhibit these structural motifs
and critical spatial proximities that trigger tissue
protection. Furthermore, the potency of the current
peptides may be increased by attaching an amphipathic
peptide helix. Amphipathic peptide helices are well
known in the art, e.g. from peptides that signal
through the Class B G-protein coupled receptors (e.g.,
Segrest et al., 1990, Proteins 8:103, hereby
incorporated by reference in its entirety), serving to
localize the peptide ligand to the cell membrane.
Examples of such helices include, but are not limited
to, the highly hydrophobic regions from: calcitonin
(Peptide IE:ALSILVLLQ AGS, SEQ ID NO:283);
corticotropin releasing hormone (Peptide
IF:VALLPCPPCRA, SEQ ID NO:284); beta endorphin
(Peptide IG:NAIIKNAYKKG, SEQ ID NO:285); glucagon
(Peptide IH:GSWQRSLQDTE, SEQ ID NO:286); secretin
(Peptide II:GGSAARPAPP, SEQ ID NO:287); vasointestinal
peptide (Peptide IJ :NALAENDTP YY, SEQ ID NO:288);
neuropeptide Y (Peptide IK:GALAEAYPSKP, SEQ ID
NO:289); gonadotropin releasing hormone (Peptide
IL:GCSSQHWSYGL, SEQ ID NO:290); parathyroid hormone
(Peptide IM:VMIVMLAICFL, SEQ ID NO:291); pancreatic
polypeptide (Peptide IN:LRRYINMLTRP, SEQ ID NO:292);
and calcitonin gene related peptide (Peptide
IO:LALSILVLYQA, SEQ ID NO:293) (disclosed in Grace et
al., 2004, PNAS 101:12836, hereby incorporated by
reference in its entirety). For example, a chimeric
peptide useful in the methods of the current invention
may be made from a peptide with the surface charge
motif of helix B of EPO (Peptide IC:QEQLERALNSS, SEQ
ID NO:281) joined at the carboxy terminus to the
amphipathic helix of pancreatic polypeptide (Peptide
IN:LRRYINMLTRP, SEQ ID NO:292) for a chimeric peptide
(PeptideIP:QEQLERALNSSLRRYINMLTRP, SEQ ID NO. 293), as
disclosed in PCT/US2006/031061. Further modifications
may be made to the carboxy terminus of the amphipathic
helix without affecting its tissue protective
properties. Thus, a further example of a peptide
useful in the treatment of a disease or disorder
associated with tissue damage or damage, effects or
symptoms resulting therefrom is generated by replacing
the terminal Pro of the above chimeric peptide with
the sequence TR (Peptide IQ:QEQLERALNSSLRRYINMLTRTR,
SEQ ID NO:294). Additionally, instead of the
above-noted helices, other tertiary structures can be
attached to the peptides. For example, the helix B
exterior-presenting amino acids can be linked to the
beta pleated sheet (Peptide IR:CSLNENI, SEQ ID NO:295)
found within the AB loop of EPO to form a chimeric
peptide having the sequence Peptide
IS:CSLNENIQEQLERALNSS (SEQ ID NO:296). Additionally,
the presenting amino acids of the terminal portion of
helix C (Peptide IT:ALGKA, SEQ ID NO:297,
corresponding to amino acids 111,1 12,1 13,1 16, and
118 of SEQ ID NO:1) may be combined with all or part
of loop CD-partial (Peptide IU:LGAQKEAISPPDAASAAPLRTI,
SEQ ID NO:298, corresponding to amino acids 112-133 of
SEQ ID NO:1) to form Peptide IV:ALGKALGAQKEAISPPD
AASAAPLRTI (SEQ ID NO: 299). Additionally, isolated
peptides exhibiting the various motifs disclosed above
- Structural Motifs A (including Formulas I-IV),
Structural Motif B (including Formulas V-X),
Structural Motif C, Structural Motif D, Structural
Motif E and Structural Motif F- may be combined to
form various chimeras as well. In certain embodiments,
the chimeras will exclude Peptide IC, QEQLERALNSS, SEQ
ID NO: 281, Peptide IP:QEQLERALNSSLRRYINMLTRP, SEQ ID
NO: 293, Peptide IQ:QEQLERALNSSLRRYINMLTRTR, SEQ ID
NO:294, Peptide IS:CSLNENIQEQLERALNSS, SEQ ID NO:296,
Peptide IT:ALGKA, SEQ ID NO:297, and Peptide
IV:ALGKALG AQKEAISPPDAAS AAPLRTI, SEQ ID NO: 299.
Preferably, a linking arm will be present between the
fused peptides to provide 



for flexibility so that the joined peptides can assume
the proper structural orientation to bind with the
tissue protective receptor complex. Such fusion
peptides may have a synergistic effect, obtaining a
greater tissue protective effect jointly as opposed to
individually possibly through enhanced binding with
the tissue protective receptor complex or increased
biological half life. One of ordinary skill in the art
will recognize the benefit of combining various
desired structural elements in to a single peptide for
maximizing the effectiveness of such compounds in the
method of preventing, treating, ameliorating or
managing damages, effects, or symptoms resulting from
exposure to a toxic agent in accordance with the
current invention.Such chimeras may comprise amino
acids peptides, and non-amino acid elements, such as
linkers or bridging atoms or moieties. 6.4 Fusion
Peptides The present invention further contemplates
that two or more of the above noted peptides, fragment
derived or chimera, may be linked to a related or
unrelated protein such as erythropoietin, albumin,
etc. Such fusion peptides may be generated in order to
achieve synergistic benefits, increase the circulating
half-life of the peptide, or increase the ability of
the peptide to penetrate endothelial barriers, such as
the blood-brain barrier, blood-retina barrier, etc.,
or vice versa, i.e. to act as a transport mechanism
similar to that disclosed in PCT/USO1/49479 published
as WO 2002/053580 hereby incorporated in its entirety
by reference. 6.5 Manufacture of Peptides Peptides
useful in the method of the current invention may be
made using recombinant or synthetic techniques well
known in the art. In particular, solid phase protein
synthesis is well suited to the relatively short
length of the peptides and may provide greater yields
with more consistent results. Additionally, the solid
phase protein synthesis may provide additional
flexibility regarding the manufacture of the peptides.
For example, desired chemical modifications may be
incorporated into the peptide at the synthesis stage:
homocitrulline could be used in the synthesis of the
peptide as opposed to lysine, thereby obviating the
need to carbamylate the peptide following synthesis or
amino acids with protected functional groups may be
left on the peptide during synthesis. Synthesis The
isolated peptides and peptide analogs useful in the
method of the current invention may be prepared using
conventional step-wise solution or solid phase
synthesis (see, e.g., Merrifield, R.B., 1963, J. Am.
Chem. Soc. 85:2149-2154; Chemical Approaches to the
Synthesis of Peptides and Proteins, Williams et al.,
Eds., 1997, CRC Press, Boca Raton FIa., and references
cited therein; Solid Phase Peptide Synthesis: A
Practical Approach, Atherton & Sheppard, Eds., 1989,
IRL Press, Oxford, England, and references cited
therein). Alternatively, the peptides and peptide
analogs useful in the current invention may be
prepared by way of segment condensation, as described,
for example, in Liu et al., 1996, Tetrahedron Lett.
37(7):933-936; Baca, t /., 1995, J. Am. Chem. Soc.
117:1881-1887; Tarn etah, 1995, Int. J. Peptide
Protein Res. 45:209-216; Schnolzer and Kent, 1992,
Science 256:221- 225; Liu and Tarn, 1994, J. Am. Chem.
Soc. 116(10):4149-4153; Liu and Tarn, 1994, Proc.
Natl. Acad. ScL USA 9 1:6584-6588; Yamashiro and Li,
1988, Int. J. Peptide Protein Res. 3 1:322- 334). This
is particularly the case with GIy (G) containing
peptides. Other methods useful for synthesizing the
peptides and peptide analogs of the invention are
described in Nakagawa et al., 1985, J Am. Chem. Soc.
107:7087-7092. Recombinant Techniques A variety of
host-expression vector systems may be utilized to
produce the peptides and peptide analogues. Such
host-expression systems represent vehicles by which
the peptide of interest may be produced and
subsequently purified, but also represent cells that
may, when transformed or transfected with the
appropriate nucleotide coding sequences, exhibit the
modified erythropoietin gene product in situ. These
include but are not limited to, bacteria, insect,
plant, mammalian, including human host systems, such
as, but not limited to, insect cell systems infected
with recombinant virus expression vectors (e.g.,
baculovirus) containing the 



peptide coding sequences; plant cell systems infected
with recombinant virus expression vectors (e.g.,
cauliflower mosaic virus, CaMV; tobacco mosaic virus,
TMV) or transformed with recombinant plasmid
expression vectors (e.g., Ti plasmid) containing
erythropoietin-related molecule coding sequences; or
mammalian cell systems, including human cell systems,
e.g., HT1080, COS, CHO, BHK, 293, 3T3, PERC6 harboring
recombinant expression constructs containing promoters
derived from the genome of mammalian cells, e.g.,
metallothionein promoter, or from mammalian viruses,
e.g., the adenovirus late promoter; the vaccinia virus
7.5K promoter. In addition, a host cell strain may be
chosen that modulates the expression of the inserted
sequences, or modifies and processes the gene product
in the specific fashion desired. Such modifications
and processing of protein products may be important
for the function of the protein. As known to those of
ordinary skill in the art, different host cells have
specific mechanisms for the post-translational
processing and modification of proteins and gene
products. Appropriate cell lines or host systems can
be chosen to ensure the correct modification and
processing of the foreign protein expressed. To this
end, eukaryotic host cells that possess the cellular
machinery for proper processing of the primary
transcript, glycosylation, and phosphorylation of the
gene product may be used. Such mammalian hostcells,
including human host cells, include but are not
limited to HTl 080, CHO, VERO, BHK, HeLa, COS, MDCK5
293, 3T3, and WI38. For long-term, high-yield
production of recombinant peptides, stable expression
is preferred. For example, cell lines that stably
express the recombinant tissue protective
cytokine-related molecule gene product may be
engineered. Rather than using expression vectors that
contain viral origins of replication, host cells can
be transformed with DNA controlled by appropriate
expression control elements, e.g., promoter, enhancer,
sequences, transcription terminators, polyadenylation
sites, and the like, and a selectable marker.
Following the introduction of the foreign DNA,
engineered cells may be allowed to grow for 1-2 days
in an enriched media, and then are switched to a
selective media. The selectable marker in the
recombinant plasmid confers resistance to the
selection and allows cells to stably integrate the
plasmid into their chromosomes and grow to form foci
that in turn can be cloned and expanded into cell
lines. This method may advantageously be used to
engineer cell lines that express the tissue-protective
product. Such engineered cell lines may be
particularly useful in screening and evaluation of
compounds that affect the endogenous activity of the
EPO-related molecule gene product. Further
Modifications Peptides with additional modifications
can also be used in the method of the present
invention for preventing, treating, ameliorating or
managing a disease or disorder associated with tissue
damage or damage, effects or symptoms resulting
therefrom. For example, the peptides of the
above-noted structural motifs may be synthesized with
one or more (D)-amino acids. The choice of including
an (L)- or (D)- amino acid into a peptide of the
present invention depends, in part, upon the desired
characteristics of the peptide. For example, the
incorporation of one or more (D)-amino acids can
confer increasing stability on the peptide in vitro or
in vivo. The incorporation of one or more (D)-amino
acids can also increase or decrease the binding
activity of the peptide as determined, for example,
using the bioassays described herein, or other methods
well known in the art. Replacement of all or part of a
sequence of (L)-amino acids by the respective sequence
of entatiomeric (D)-amino acids renders an optically
isomeric structure in the respective part of the
peptide chain. Inversion of the sequence of all or
part of a sequence of (L)-amino acids renders
retro-analogues of the peptide. Combination of the
enantiomeric (L to D, or D to L) replacement and
inversion of the sequence renders
retro-inverso-analogues of thepeptide. It is known to
those skilled in the art that enantiomeric peptides,
their retro-analogues, and their
retro-inverso-analogues maintain significant
topological relationship to the parent peptide, and
especially high degree of resemblance is often
obtained for the parent and its retroinverso-
analogues. This relationship and resemblance can be
reflected in biochemical 



properties of the peptides, especially high degrees of
binding of the respective peptides and analogs to a
receptor protein. The synthesis of the properties of
retro-inverso anologues of peptides have been
discussed for example in Methods of Organic Chemistry
(Houben-Weyl), Synthesis of Peptides and
Peptidomimetics - Workbench Edition Volume E22c
(Editor-in-chief Goodman M.) 2004 (George Thieme
Verlag Stuttgart, New York), and in references cited
therein, all of which are hereby incorporated by
reference herein in their entireties. Amino acid
"modification" refers to the alteration of a naturally
occurring amino acid to produce a non-naturally
occurring amino acid. Derivatives of the peptides of
the present invention with non-naturally occurring
amino acids can be created by chemical synthesis or by
site specific incorporation of unnatural amino acids
into peptides during biosynthesis, as described in
Christopher J . Noren, Spencer J . Anthony-Cahill,
Michael C. Griffith, Peter G. Schultz, 1989 Science,
244:182-188, hereby incorporated by reference herein
in its entirety. Peptide mimetics that are
structurally similar to therapeutically useful
peptides may be used to produce an equivalent
therapeutic or prophylactic effect. Generally,
peptidomimetics are structurally similar to a paradigm
polypeptide (i.e., a polypeptide that has a
biochemical property or pharmacological activity), but
have one or more peptide linkages optionally replaced
by a linkage selected from the group consisting of:
--CH2-NH-, -CH 2S-, -CH 2-CH 2- , -CH=CH- (cis and
trans), -COCH 2- , -CH(OH)CH 2- , and -CH 2SO-, by
methods known in the art and further described in the
following references: Spatola, A.F. in "Chemistry and
Biochemistry of Amino Acids, Peptides, and Proteins,"
B. Weinstein, eds., Marcel Dekker, New York, p 267
(1983); Spatola, A.F., Vega Data (March 1983), Vol. 1.
Issue 3, "Peptide Backbone Modifications" (general
review); Morely, J.S., Trends Pharma Sci (1980) pp.
463-468 (general review); Hudson, D. et al., (1979)
Int J Pept Prot Re 14: 177-185 (-CH 2-NH- -, -CH 2-CH
2-); Spatola, A.F. et al., (1986) Life Sci
38:1243-1249 (-CH 2-S-); Harm, M. M., (1982) J Chem
Soc Perkin Trans I 307-314 (-CH=CH-, cis and trans);
Almquist, R. G. et al., (1980) J Med Chem 23: 1392
(-COCH 2-); Jennings-White, C et al., (1982)
Tetrahedron Lett 23:2533 (-COCH 2-); Szelke, M et al.,
European Appln. EP 45665 (1982) CA: 97: 39405 (1982)
(-CH(OH)CH 2-); Holladay, M.W. et al., (1983)
Tetrahedron Lett 24:4401-4404 (--C(OH)CH2-); and
Hruby, V.J., (1982) Life Sci 31:189-199 (-CH 2-S--);
each of which is incorporated herein by reference. In
another embodiment, a particularly preferred
non-peptide linkage is -CH 2NH- -. Such peptide
mimetics may have significant advantages over peptide
embodiments, including, for example: more economical
production, greater chemical stability, enhanced
pharmacological properties (half-life, absorption,
potency, efficacy, etc.), altered specificity (e.g., a
broad-spectrum of biological activities), reduced
antigenicity, and others. A variety of designs for
peptide mimetics are possible. For example, cyclic
peptides, in which the necessary conformation is
stabilized by non-peptides, are specifically
contemplated, U.S. Patent No. 5,192,746 to Lobl, et
al., U.S. Patent No. 5,576,423 to Aversa, et al., U.S.
Patent No. 5,051,448 to Shashoua, and U.S. Patent No.
5,559,103 to Gaeta, et al., all hereby incorporated by
reference, describe multiple methods for creating such
compounds. Synthesis of nonpeptide compounds that
mimic peptide sequences is also known in the art.
Eldred et al., J . Med. Chem. 37:3882 (1994), hereby
incorporated by reference herein in its entirety)
describe non-peptide antagonists that mimic the
peptide sequence. Likewise, Ku et al., J . Med. Chem
38:9 (1995) (hereby incorporated by reference herein
in its entirety) further elucidates the synthesis of a
series of such compounds. Further modifications
following synthesis may be implemented. For example,
the peptides may be further chemically modified, i.e.
carbamylated, acetylated, succinylated, guanidated,
nitrated, trinitrophenylated, amidinated, etc., in
accordance with U.S. Patent Application No.
10/188,905, which published as 20030072737-A1 on April
17, 2003 and discloses chemically modified EPO, and in
accordance with U.S. Patent Application No. 10/6
12,665, filed July 1, 2003, and U.S. Patent
Application No. 09/753,132, filed December 29, 2000,
which are incorporated by reference herein in their
entirety. 



Additionally, the peptides may consist of recombinant
peptides -muteins. The disclosed mutations may include
substitutions, deletions, including internal
deletions, additions, including additions yielding
fusion proteins, or conservative substitutions of
amino acid residues within and/or adjacent to the
amino acid sequence, but that result in a "silent"
change, and nonconservative amino acid changes and
larger insertions and deletions, as previously
disclosed in PCT/US03/20964 entitled Recombinant
Tissue Protective Cytokines and Encoding Nucleic Acids
Thereof for Protection, Restoration, and Enhancement
of Responsive Cells, Tissues, and Organs (which is
incorporated by reference herein in its
entirety)Either conservative or non-conservative amino
acid substitutions can be made at one or more amino
acid residues. Both conservative and non-conservative
substitutions can be made. Conservative replacements
are those that take place within a family of amino
acids that are related in their side chains.
Genetically encoded amino acids can be divided into
four families: (1) acidic = Asp (D), GIu (G); (2)
basic = Lys (K), Arg (R), His (H); (3) nonpolar
(hydrophobic) = Cys (C), Ala (A), VaI (V), Leu (L),
lie (I), Pro (P), Phe (F), Met (M), Trp (W), GIy (G),
Tyr (Y); and (4) uncharged polar = Asn (N), GIn (Q),
Ser (S), Thr (T). Non-polar may be subdivided into:
strongly hydrophobic = Ala (A), VaI (V), Leu (L), He
(I), Met (M) Phe (F); and moderately hydrophobic = GIy
(G), Pro (P), Cys (C), Tyr (Y), Trp (W). In
alternative fashion, the amino acid repertoire can be
grouped as (1) acidic = Asp (D), GIu (G); (2) basic =
Lys (K), Arg (R), His (H), (3) aliphatic = GIy (G),
Ala (A), VaI (V), Leu (L), He (I), Ser (S), Thr (T),
with Ser (S) and Thr (T) optionally be grouped
separately as aliphatic-hydroxyl; (4) aromatic = Phe
(F), Tyr (Y), Trp (W); (5) amide = Asn (N), GIu (Q);
and (6) sulfur -containing = Cys (C) and Met (M).
(See, for example, Biochemistry, 4th ed., Ed. by L.
Stryer, WH Freeman and Co., 1995, which is
incorporated by reference herein in its entirety).
Alternatively, mutations can be introduced randomly
along all or part of the coding sequence of a peptide,
such as by saturation mutagenesis, and the resultant
mutants can be screened for biological activity to
identify mutants that retain activity. Following
mutagenesis, the encoded peptide can be expressed
recombinantly and the activity of the recombinant
peptide can be determined. In another embodiment, the
peptide may be further modified through the additions
of polymers (such as polyethylene glycol), sugars, or
additional proteins (such as a fusion construct) in an
effort to extend the half-life of the peptide or
enhance the peptide's tissue protective effects.
Examples of such modifications are disclosed within
WO/04022577 A3 and WO/05025606 Al, which are
incorporated herein by reference. For example, a
polyethylene glycol polymer can be attached to Peptide
IC to result in a Peptide IW ((SEQ ID NO. 298)
PEGQEQLERALNSS). Depending on the conjugation
chemistry selected and the number of reactive sites
already present or created on the peptide, one, two,
or a selected number of polymers can be appended in a
reproducible manner. The principal mode of attachment
of a PEG, and its derivatives, to peptides is a
non-specific bonding through a peptide amino acid
residue {see e.g., U.S. Pat. No. 4,088,538, U.S. Pat.
No. 4,496,689, U.S. Pat. No. 4,414,147, U.S. Pat. No.
4,055,635, and PCT WO 87/00056). Another mode of
attaching PEG to peptides is through thenon-specific
oxidation of glycosyl residues on a glycopeptide {see
e.g., WO 94/05332). In these non-specific methods, PEG
is added in a random, non-specific manner to reactive
residues on a peptide backbone. 7 . ASSAYS FOR TESTING
PEPTIDES Various assays can be used to determine the
utility of the above noted peptides for use in the
therapeutic methods of the current invention. The
peptides tissue protective activity would be confirmed
using various assays known in the art and disclosed
within US Patent Application Nos. 10/554,517,
10/612,665 and 11/997,898. Further, the peptides lack
of erythropoietic activity or reduced erythropoietic
activity will be confirmed using various in vitro
assays , such as EPO dependent cell lines (UT-7),
mouse spleen bioassay (Krystal, G. (1983) (a simple
microassay for erythropoietin based on 3H-thymidine
incorporation into spleen cells for phenylhydrazine
treated mice. Exp. Hematol. 11, 649-660)), or clonal
assays (Spivak, J .L., Seiber, F. (1983).
Erythropoietin. Horm. Norm. Abnorm. Hum. Tissues 3,
63-96), and in vivo 



assays, such as the ex hypoxic polycythemic mouse
assay (Cotes PM, Bangham DR, Bio-assay of
erythropoietin in mice made polycythaemic by exposure
to air at a reduced pressure, Nature. 1961 Sep 9;191:
1065-7).. Additionally, one of ordinary skill in the
art will recognize that the peptide's ability to
prevent, mitigate or treat a disease or disorder
associated with tissue damage or damage, effects or
symptoms resulting therefrom may be confirmed through
various assays both in vitro and in vivo, although in
certain embodiments in vivo assays may be preferred.
7.1 Tissue protective Assays and Models The peptides
utilized in the current method exhibit tissue
protective properties, i.e. anti-apoptoitc,
neuritogenic, neuroprotective, etc. Peptides in
accordance with the present invention may be tested
for tissue protective activity, e.g., protecting
cells, tissues or organs. Protective activities may be
further tested using in vitro and in vivo assays. In
vitro tests that are indicative of tissue protective
activity include, for example, cell proliferation
assays, cell differentiation assays, or detecting the
presence of proteins or nucleic acids upregulated by
tissue protective receptor complex, e.g. tissue
protective cytokine receptor complex, activity, e.g.,
nucleolin, neuroglobin, cytoglobin, or frataxin.
Neuroglobin, for example, may be involved in
facilitating the transport or the short-term storage
of oxygen. Therefore, oxygen transport or storage
assays may be used as an assay to identify or screen
for compounds which modulatetissue protective
activity. Neuroglobin is expressed in cells and
tissues of the central nervous system in response to
hypoxia or ischemia and may provide protection from
injury (Sun et al 2001, PNAS 98:15306-1531 1; Schmid
et al, 2003, J . Biol. Chem. 276:1932-1935, each of
which is incorporated by reference herein in its
entirety). Cytoglobin may play a similar role in
protection, but is expressed in a variety of tissues
at varying levels (Pesce et al, 2002, EMBO 3:11 46-
1151, which is incorporated by reference herein in its
entirety). In one embodiment of the invention, the
levels of an upregulated protein in a cell may be
measured before and after contacting the peptide to a
cell. In certain embodiments, the presence of an
upregulated protein associated with tissue protective
activity in a cell, may be used to confirm the tissue
protective activities of a peptide. Nucleolin may
protect cells from damage. It plays numerous roles in
cells including modulation of transcription processes,
sequence specific RNA-binding protein, cytokinesis,
nucleogensis, signal transduction, apoptosis induced
by T-cells, chromatin remodelling, or replication. It
can also function as a cell surface receptor DNA/RNA
helicase, DNA-dependent ATPase, protein shuttle,
transcription factor component, or transcriptional
repressor (Srivastava and Pollard, 1999, FASEBJ ,
13:1911-1922; and Ginisty et al, 1999, J. Cell Sci.,
112:761-772, each of which is incorporated by
reference herein in its entirety). Frataxin is a
protein involved with mitochondrial iron metabolism
and has previously been shown to be strongly
up-regulated by EPO both in vivo and in vitro (Sturm
et al. (2005) Eur J Clin Invest 35: 7 11, which is
incorporated by reference herein in its entirety)
Expression of an upregulated protein may be detected
by detecting mRNA levels corresponding to the protein
in a cell. The mRNA can be hybridized to a probe that
specifically binds a nucleic acid encoding the
upregulated protein. Hybridization may consist of, for
example, Northern blot, Southern blot, array
hybridization, affinity chromatography, or in situ
hybridization. Tissue protective activity of the
peptide of the invention can also be detected using in
vitro neuroprotection assays. For example, primary
neuronal cultures may be prepared from new born rat
hippocampi by trypsinization, and cultured as by any
method known in the art and/or described herein e.g.
in MEM-II growth medium (Invitrogen), 20 mM D-glucose,
2 mM L-glutamine, 10% Nu-serum (bovine; Becton
Dickinson, Franklin Lakes, NJ), 2% B27 supplement
(Invitrogen), 26.2 mM NaHCO3, 100 U/ml penicillin, and
1 mg/ml streptavidin (see, e.g., Leist et al., 2004,
Science 305:239-242, hereby incorporated by reference
in itsentirety). One day after seeding, 1 mM
cytosinearabino-furanoside is added. Thirteen day old
cultures are then preincubated with increasing doses
of the peptide of interest (3-3000 pM) for 24 h. On
day 14, the medium is removed and the cultures
challenged with 300 mM NMDA in 



PBS at room temperature (RT). After 5 min,
pre-conditioned medium is returned to the cultures
which are then returned to the incubator for 24 h. The
cells are fixed in paraformaldehyde, stained by
Hoechst 33342 (Molecular Probes, Eugene, OR) and
condensed apoptotic nuclei may be counted. NGF (50
ng/ml) and MK801 ( 1 mM) are included as positive
controls. Animal model systems can be used to
demonstrate the tissue protective activity of a
compound or to demonstrate the safety and efficacy of
the compounds identified by the screening methods of
the invention described above. The compounds
identified in the assays can then be tested for
biological activity using animal models for a type of
tissue damage, disease, condition, or syndrome of
interest. These include animals engineered to contain
the tissue protective receptor complex coupled to a
functional readout system, such as a transgenic mouse.
Animal models that can be used to test the efficacy of
the cell or tissue protective activity of an
identified compound are known in the art and include,
for example, protection against the onset of acute
experimental allergic encephalomyelitis in Lewis rats,
restoration or protection from diminished cognitive
function in mice after receiving brain trauma,
cerebral ischemia ("stroke") or seizures stimulated by
excitotoxins (Brines et al, 2000, PNAS, 97:10295-
10672, which is incorporated by reference herein in
its entirety), protection from induced retinal
ischemia (Rosenbaum et al., 1997, Vis. Res. 37:3443-51
which is incorporated by reference herein in its
entirety), protection from injury to the sciatic
nerve, and protection from ischemiareperfusion injury
to the heart (in vitro cardiomyocyte studies and in
vivo ischemia-reperfusion injury, see, e.g., Calvillo
et al., 2003, PNAS 100:4802-4806 and Fiordaliso et
al., 2005, PNAS 102:2046-205 1, each of which is
hereby incorporated by reference in its entirety).
Such assays are described in further detail in Grasso
et al. (2004) MedSci Monit 10: BRl -3, PCT publication
no. WO02/053580, or PCT application PCT/US2006/031061
each of which is incorporated by reference herein in
its entirety. The in vivo methods described therein
are directed towards administration of EPO, however,
tissue protective proteins administered in place of
EPO have been identified to also exhibit similar
biologic activity, e.g., Leist et al. (2004) Science
305: 239- 242, which is incorporated by reference
herein in its entirety. Peptides may be substituted
for testing as well. Other assays for determining
tissue protective activity of a peptide are well known
to those of skill in the art.Alternatively, cell
binding assays can be for evaluation of the peptides
of the invention. For example, the peptide of interest
can be bound to a biological marker such as a
fluorescent or radiolabled marker for ease of
detection and tested for binding to transfected BaF3
cells expressing EPOR and/or bc receptor. In a 96 well
plate, eight 1:2 serial dilutions of the peptide of
interest in growth medium (RPMI 1640, 10% fetal bovine
serum, 1mM sodium pyruvate, 2 mM L-glutamine) are
plated, such that the final volume in each well is
about 100 ml. The BaF3 parental line and BaF3 cells
transfected with EPOR and/or bc receptor can be washed
three times in growth media (see above), pellets
resuspended in growth medium, and cells counted and
diluted in growth media to 5,000 cells/100 ml. 100 ml
of diluted cells are then added to each peptide
dilution. The assay plate is then incubated in a 37 C
incubator for three to four days. The plate/cells are
then washed and the plate is read on a fluorescent
plate reader or by other suitable method to detect the
level of biomarker associated with the biological
activity of the peptide of interest. Similarly, a
competitive assay can be utilized to determine if a
peptide is tissue protective. In the competitive
assay, a compound known to be tissue protective
including, but not limited to, tissue protective
cytokines such as those disclosed in U.S. Patent
Application Nos. 10/188,905 and 10/185,841 (each of
which is incorporated by reference herein in its
entirety), can be attached to a suitable bio marker.
In a 96 well plate eight 1:2 serial dilutions of a
known tissue protective compound/biomarker in suitable
growth medium, and the same dilution series of the
known tissue protective compound/biomarker and an
excess of the peptide of interest are plated. The
final volume of each dilution should be about 100 ml.
Once again, the BaF3 cells are seeded into 



the plates as disclosed supra and allowed to incubate.
After an appropriate amount of time, the cells are
washed and the plate is read on a fluorescent plate
reader or by any other suitable method known in the
art to detect the biomarker. If the readout of the
plates and/or wells containing the known tissue
protective compound/biomarker and peptide of interest
is less than the readout of the plates containing only
the known tissue protective compound/biomarker then
the peptide of interest is tissue protective. Many
protein factors discovered to date, including all
known cytokines, have exhibited activity in one or
more factor-dependent cell proliferation assays, and
hence these assays serve as a convenient confirmation
of cytokine activity. The activity of a peptide can be
evidenced by any one of a number of routine factor
dependent cell proliferation assays for cell lines
including, without limitation, 32D, DA2, DAlQ TlO, B9,
B9/11, BaF3, MC9/Q M+(preBM+), 2E8, RB5, DAl, 123, Tl
165, HT2, CTLL2, TF-I, Mo7e and CMK. These cells are
cultured in the presence or absence of a peptide, and
cell proliferation is detected by, for example,
measuring incorporation of tritiated thymidine or by
colorimetric assay based on the metabolic breakdown of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) (Mosman, 1983, J . Immunol. Meth.
65:55-63, which is incorporated by reference herein in
its entirety). If a peptide exhibits a tissue
protective activity, one of ordinary skill in the art
would recognize that it would be beneficial to verify
the result using one of the neuroprotective and tissue
protective assays known to those skilled in the art,
such as, but not limited to, P- 19 and PC- 12 cell
assays. Additionally, various in vivo models such as
animal models related to spinal cord injury, ischemic
stroke, peripheral nerve damage, wounds, or damage to
the heart, eyes, kidneys, etc. would be helpful in
further characterizing the peptide. Suitable in vitro
and in vivo assays are disclosed in U.S. Patent
Application Nos. 10/188,905 and 10/185,841, each of
which is incorporated by reference herein in its
entirety. 7.2 Assays for specific indications A. Toxic
agents. The isolated peptides to be used within the
method of the current invention may be demonstrated to
inhibit damage, effects or symptoms resulting from
exposure to a toxic agent in vitro or in vivo using a
variety of assays known in the art, or described
herein. Further peptides used within the method of the
Invention, may be tested in various in vitro assays in
the art to determine their ability to prevent, treat,
ameliorate, or manage damage, effects or symptoms
resulting from exposure to a toxic agent. In general,
this is accomplished by selecting an appropriate cell
line, subjecting that cell to a toxic agent of
interest and treating a portion of the cells with a
peptide of interest and determining the cells survival
or response in the presence of the toxic agent and in
the presence of the toxic agent and the peptide of
interest. If the cell exhibits improved survival or a
reduction of damage, effects or symptoms in the
presence of the peptide, the peptide can be considered
to be a possible therapeutic for toxic exposure .
Further one of ordinary skill in the art will
recognize that the peptides ability as a protectant
can be evaluated by treating the cells with the
peptide prior to the toxic agent challenge. For
example, suitable assays for toxic agents include, but
are not limited to: Chemical Agents: a) skin cell
lines such as J-774 (mouse macrophage derived cell
line), CHOKl (strain of epithelial cell line derived
from Chinese hamster ovary cells), and HeLa (human
cervical carcinoma) (Sawyer, T. et al., Hypothermia as
an adjunct to vesicant-induced skin injury, Eplasty
2008; 8:e25); b) corneal cell lines for vesicant
agents (Amir, A. et al., The corneal epithelium in
sulfur mustard ocular injury - In vitro and ex vivo
studies, Proceedings of the U.S. Army Medical Defense
Bioscience Review, Aberdeen Proving Ground, MD
(2004)); c) macrophages (Amir A., et al., Sulfur
mustard toxicity in macrophages: effect of
dexamethasone, JAppl Toxicol, 20 Suppl l:S51-8
(2000)); d) upper respiratory tract cell lines
(Andrew, DJ. and CD. Lindsay, Protection of human
upper respiratory tract cell lines against sulphur
mustard toxicity by gluthione esters, Hum Exp Toxicol
17(7):387-95 (1998); Calvet et al., Airway epithelial
damage and release of inflammatory mediators in human
lung parenchyma after sulfur 



mustard exposure, Hum Exp Toxicol 18(2):77-81(1999);
Langford, A.M. et al., The effect of sulphur mustard
on glutathione levels in rat lung slices and the
influence of treatment with arylthiols and cysteine
esters, Hum Exp Toxicol 15(8):619-24); e) skin models
(Blaha et al., Effects of CEES on inflammatory
mediators, heat shock protein 7OA, histology and
ultrastructure in two skin models, JAppl Toxicol 20
Suppl 1:S 101-8 (2000); Henemyre-Harris et al., An in
vitro wound healing model to screen pharmacological
interventions for the effective treatment of cutaneous
sulfur mustard injuries, Proceedings of the U.S. Army
Medical Defense Bioscience Review, Aberdeen Proving
Ground, MD (2004))(See generally,
www.counteract.rutgers.edu/invitro.html for additional
literature on appropriate in vitro studies); Radiation
Agents: a) endothelial cells (Abderrahmani, R. et al.,
Role of plasminogen activator inhibitor type-1 in
radiation- induced endothelial cell apoptosis,
Radioprotection 2008, vol 43, no. 5, b) neuroimmune
cells (afferent nerves, enteric sensory nerves, mast
cells) (Wang, J . et al., Neuroimmune interactions:
potential target for mitigating or treating intestinal
radiation injury, British Journal of Radiology (2007)
80, S41-S48), c) blood or lymphocyte cultures (Lloyd
DC et al., Phys Med Biol 18(3):421-31 (1973); Lloyd DC
et al., Mutat. Res. 179(2): 197-208 (1987); Blakely WF
et al., Stem Cells 13 (Suppl l):223-30 (1995); Gotoh E
et al., Int. J Radiation. Biol. 81(l):33-40 (2005));
Biological Agents: (a) peripheral blood mononuclear
cells (Rasha, H. et al. Modeling of SEB-induced host
gene expression to correlate in vitro to in vivo
responses: Microarrays for biodefense and
environmental applications, Biosensors and
Bioelectrics (2004) vol. 20, no. 4, 719-727). Further,
suitable in vivo assays are known in the art for
evaluating the effect of therapeutics on toxic agent
exposure. Animal models using rats, mice, guinea pigs,
rabbits, pigs, sheep, ferrets, dogs and non-human
primates are contemplated as well as transgenic
animals thatare particularly susceptible to a toxic
agent (CD46 mice). In particular, assays known in the
art include, but are not limited to: Chemical Agents:
(1) Reid, F.M., Sulfur mustard induced skin burns in
weanling swine evaluated clinically and
histopathologically, Journal of applied toxicology,
vol. 20 (Sl), pages Sl 53-Sl 60 (2001); (2) Isidore,
M. A. et al, A dorsal model for cutaneous vesicant
injury 2-chloroethyl ethyl sulfide using c57bl/6 mice,
Cutaneous and ocular toxicology, Vol. 26 (3), 265-276
(2007); (3) See generally,
www.counteract.rutgers.edu/animal.html : (4) Kassa J.,
et al, The Choice: HI-6, pradoxime or Obidoxime
against Nerve Agents?,
www.asanlte.com/ASANews-97/Antidot-Choice.html , (5)
Shih, TM et al , Organophosphor us nerve
agents-induced seizures and efficacy of atropine
sulfate as anticonvulsant treatment,
Pharmacol-Biochem-Behav. 1999 Sep, 64(1), 147-53, (6)
Luo, C et al, Comparison of oxime reactivation and
aging of the nerve agent-inhibited monkey and human
acetylcholinesterases, Chemico-Biological
Interactions, 175(1-3), 261-266 (2008); Radiation
Agents: (1) W.F. Blakely et al, In Vitro and Animal
Models of Partial-Body Dose Exposure: Use of Cytogenic
and Molecular Biomarkers for Assesment of
Inhomogeneous Dose Exposures and Radiation Injury,
PB-Rad-Injury 2008 Workshop, May 5-6, 2008 AFRRI,
Bethesda, Maryland; (2) Augustine, A et al. , Meeting
Report: Animal Models of Radiation Injury, Protection
and Therapy, Radiation Research 164: 100-109 (2005);
(3) Houchen, C et al Prosurvival and antiapoptotic
effects of PGE2 in radiation injury are mediated by
EP2 receptor in intestine, Am J Physiol Gastrointest
Liver Physiol, 284: G490-G498, 2003; (4) Jichun Chen,
Animal Models for Acquired Bone Marrow Failure
Syndromes, Clinical Medicine & Research 3(2): 102-108:
Biological Agents: (1) Biodefense: Research
Methodology and Animal Models, James R. Swearengen
(editor) 2006 CRC Press. B. Inflammation Additionally,
various in vitro models of inflammation may be used to
evaluate a peptides ability to protect or treat the
damage, symptoms, or effects of inflammation on the
body. Initially, the ability of the peptide to
modulate an inflammatory mediator can be confirmed by
measuring the levels of the inflammatory mediator in
an inflammatory assay after treatment with the peptide
by known methods, including but not limited to, ELISA,
cytometric bead array analysis, high-sensitivity and
immunonephelometric assays. For example to 



determine if the peptide modulates either TNF-aor
IL-I, a murine model of LPS-mediated cytokine
production would be performed. Some mice in the murine
model would be pretreated with the peptide of interest
and then challenged with LPS while others would be
saline treated. Blood would then be collected and the
TNF-aand IL- 1 levels in the blood could be
determinedby an ELISA kit (OPT-EIA mouse TNF-q and
IL-I ELISA kits (BD Biosciences). If the TNF-a levels
in the treated animals are lower than the TNF-a levels
in the saline treated animals then the peptide could
be considered to modulate TNF-a. Preferably, the
peptide would be tested for its ability to modulate
more than one inflammatory mediator, and more
preferably it would be a mediator other than or in
addition to TNF-a, and most preferably it would be
histamine. Similarly, the peptides may be tested in
additional in vitro assays including, but not limited
to, those disclosed in Lopata, Andreas L., Specialized
in vitro Diagnostic Methods In The Evaluation Of
Hypersensitivity -An Overview, Current Allergy &
Clinical Immunology, March 2006, Vol. 19, No.l,
(histamine and tryptase assays), and Arulmozhi et al.,
Pharmacological Investigations o Sapindus trifoliatus
in various in vitro and in vivo models of
inflammation, Indian Journal of Pharmacology, vol.
37:2, 96-102 (2005) (5-lipoxygenase (5-LO),
cyclooxygenase (COX), Leukotrine B4 (LTB4) and nitric
oxide synthase (NOS)). Further, in vivo assays of
inflammation may be useful in evaluating the peptides
utility as a therapeutic against toxic agents. In vivo
assays, including, but not limited to, murine EAE
models, those utilizing transgenic mice such as
MDBiosciences DSS IBD murine model of severe colitis,
the MDBioscience TNBS IBD murine model of inflammatory
bowel disease, models involving IL-I knockout mice
disclosed within U.S. Patent No. 6,437,216, or models
of transgenic mice involving TNF-a as disclosed within
Probert et al. Spontaneous inflammatory demyelinating
disease in transgenic mice showing CNS-specific
expression of tumor necrosis factor a. Proc. Natl
Acad. ScL 1995 USA 92, 11294-11298, Kontoyiannis et
al. Impaired on/off regulation of TNF biosynthesis in
mice lacking TNF AU-rich elements: implications for
joint and gut-associated immunopathologies. Immunity
10:387-398, 1999, Keffer et al. Transgenic mice
expressing human tumour necrosis factor: a predictive
genetic model of arthritis. EMBO J. 1991 Dec;
10(13):4025-3\, or models using chemical or synthetic
challenges to induce the inflammation such as models
of asthma and chronic obstructive pulmonary disease
disclosed in JPET 307:373-385, 2003, adjuvant
arthritis models as disclosed in EP 1 777 234; murine
LPS shock models, murine LPS lung models, acute paw
inflammation models, or histidine challenge wheal
formation model as disclosed in detail below. Further,
the efficacy of the compounds in humans using
well-known clinical studies such as the skin prick
test and bronchoprovocation test disclosed in
Ravensberg et al. "Validated safety predictions of
airway responses to house dust mites in asthma,"
Clinical and Experimental Allergy, 37:100-107 (2007);
asthma studies as disclosed in Diamant et al. "Methods
used in clinical development of novel anti-asthma
therapies," Respiratory Medicine(2008) 102, 332-338,
or nasal allergen challenge as disclosed in Boot et
al. "Nasal Nitric Oxide: longitudinal reproducibility
and the effects of a nasal allergen challenge in
patients with allergic rhinitis," Allergy
2007:62:378-384. C. Cancer. The isolated peptides to
be used within the method of the current invention may
be demonstrated to inhibit tumor cell proliferation,
cell transformation and tumorigenesis in vitro or in
vivo using a variety of assays known in the art, or
described herein. Such assays can use cells of a
cancer cell line or cells from a patient. Many assays
well-known in the art can be used to assess such
survival and/or growth; for example, cell
proliferation can be assayed by measuring 3H-thymidine
incorporation, by direct cell count, by detecting
changes in transcription, translation or activity of
known genes such as proto-oncogenes (e.g., fos, myc)
or cell cycle markers (Rb, cdc2, cyclin A, Dl, D2, D3
or E). The levels of such protein and mRNA and
activity can be determined by any method well known in
the art. For example, protein can be quantitated by
known immunodiagnostic methods such as Western
blotting or immunoprecipitation using commercially
available antibodies (for example, many cell cycle
marker antibodies are from Santa Cruz, Inc.). mRNA can
be quantitated by methods that are 



well known and routine in the art, for example by
northern analysis, RNase protection, the polymerase
chain reaction in connection with the reverse
transcription, etc. Cell viability can be assessed by
using trypan-blue staining or other cell death or
viability markers known in the art. Differentiation
can be assessed visually based on changes in
morphology, etc. The present invention provides for
cell cycle and cell proliferation analysis by a
variety of techniques known in the art, including but
not limited to the following: As one example,
bromodeoxyuridine ("BRDU") incorporation may be used
as an assay to identify proliferating cells. The BRDU
assay identifies a cell population undergoing DNA
synthesis by incorporation of BRDU into newly
synthesized DNA. Newly synthesized DNA may then be
detected using an anti-BRDU antibody (see Hoshino et
al, 1986, Int. J. Cancer 38, 369; Campana et al.,
1988, J . Immunol. Meth. 107, 79). Cell proliferation
may also be examined using (3H)-thymidine
incorporation (see e.g., Chen, J., 1996, Oncogene
13:1395 403; Jeoung, J., 1995, J . Biol. Chem.
270:18367 73). This assay allows for quantitative
characterization of S-phase DNA synthesis. In this
assay, cells synthesizing DNA will incorporate
3H-thyrnidine into newly synthesized DNA.
Incorporation may then be measured by standard
techniques in the art such as by counting of
radioisotope in aScintillation counter (e.g., Beckman
LS 3800 Liquid Scintillation Counter). Detection of
proliferating cell nuclear antigen (PCNA) may also be
used to measure cell proliferation. PCNA is a 36
kilodalton protein whose expression is elevated in
proliferating cells, particularly in early Gl and S
phases of the cell cycle and therefore may serve as a
marker for proliferating cells. Positive cells are
identified by immunostaining using an anti-PCNA
antibody (see Li et al, 1996, Curr. Biol. 6:189 199;
Vassilev et al, 1995, J Cell Sci. 108:1205 15). Cell
proliferation may be measured by counting samples of a
cell population over time (e.g., daily cell counts).
Cells may be counted using a hemacytometer and light
microscopy (e.g., HyLite hemacytometer, Hausser
Scientific). Cell number may be plotted against time
in order to obtain a growth curve for the population
of interest. In a preferred embodiment, cells counted
by this method are first mixed with the dye
Trypan-blue (Sigma), such that living cells exclude
the dye, and are counted as viable members of the
population. DNA content and/or mitotic index of the
cells may be measured, for example, based on the DNA
ploidy value of the cell. For example, cells in the Gl
phase of the cell cycle generally contain a 2N DNA
ploidy value. Cells in which DNA has been replicated
but have not progressed through mitosis (e.g., cells
in S-phase) will exhibit a ploidy value higher than 2N
and up to 4N DNA content. Ploidy value and cell-cycle
kinetics may be further measured using propidum iodide
assay (see e.g., Turner, T., et al, 1998, Prostate
34:175 81). Alternatively, the DNA ploidy may be
determined by quantitation of DNA Feulgen staining
(which binds to DNA in a stoichiometric manner) on a
computerized microdensitometrystaining system (see
e.g., Bacus, S., 1989, Am. J. Pathol. 135:783 92). In
another embodiment, DNA content may be analyzed by
preparation of a chromosomal spread (Zabalou, S.,
1994, Hereditas. 120:127 40; Pardue, 1994, Meth. Cell
Biol. 44:333 351). The expression of cell-cycle
proteins (e.g., CycA, CycB, CycE, CycD, cdc2, Cdk4/6,
Rb, p21 or p27) provide crucial information relating
to the proliferative state of a cell or population of
cells. For example, identification in an
anti-proliferation signaling pathway may be indicated
by the induction of p21cipl. Increased levels of p21
expression in cells results in delayed entry into Gl
of the cell cycle (Harper et al, 1993, Cell 75:805
816; Li et al, 1996, Curr. Biol 6:189 199). p21
induction may be identified by immunostaining using a
specific antip21 antibody available commercially
(e.g., from Santa Cruz, Inc.). Similarly, cell-cycle
proteins may be examined by Western blot analysis
using commercially available antibodies. In another
embodiment, cell populations are synchronized prior to
detection of a cell cycle protein. CeIlcycle proteins
may also be detected by FACS (fluorescence-activated
cell sorter) analysis using antibodies against the
protein of interest. Detection of changes in length of
the cell cycle or speed of cell cycle may also be used
to measure inhibition of cell proliferation by a
peptide of the Invention. In one embodiment 



the length of the cell cycle is determined by the
doubling time of a population of cells (e.g., using
cells contacted or not contacted with one or more
peptide of the Invention). In another embodiment, FACS
analysis is used to analyze the phase of cell cycle
progression, or purify Gl, S, and G2/M fractions (see
e.g., Delia, D. et al, 1997, Oncogene 14:2137 47).
Lapse of cell cycle checkpoint(s), and/or induction of
cell cycle checkpoint(s), may be examined by the
methods described herein, or by any method known in
the art. Without limitation, a cell cycle checkpoint
is a mechanism which ensures that a certain cellular
events occur in a particular order. Checkpoint genes
are defined by mutations that allow late events to
occur without prior completion of an early event
(Weinert, T., and Hartwell, L., 1993, Genetics, 134:63
80). Induction or inhibition of cell cycle checkpoint
genes may be assayed, for example, by Western blot
analysis, or by immunostaining, etc. Lapse of cell
cycle checkpoints may be further assessed by the
progression of a cell through the checkpoint without
prior occurrence of specific events (e.g. progression
into mitosis without complete replication of the
genomic DNA). In addition to the effects of expression
of a particular cell cycle protein, activity and
post-translational modifications of proteins involved
in the cell cycle can play an integral role in the
regulation and proliferative state of a cell. The
invention provides for assays involved detected
post-translational modifications (e.g.,
phosphorylation) by any method known in the art. For
example, antibodies that detect phosphorylated
tyrosine residues are commercially available, and may
be used in Western blot analysis to detect proteins
with such modifications. In another example,
modifications such as myristylation, may be detected
on thin layer chromatography or reverse phase h.p.l.c.
(see e.g., Glover, C , 1988, Biochem. J . 250:485 91;
Paige, L., 1988, Biochem J ; 250:485 91). Activity of
signaling and cell cycle proteins and/or protein
complexes is often mediated by a kinase activity. The
present invention provides for analysis of kinase
activity by assays such as the histone Hl assay (see
e.g., Delia, D. et al, 1997, Oncogene 14:213747). The
peptides used within the method of the Invention can
also be demonstrated to alter cell proliferation in
cultured cells in vitro using methods which are well
known in the art. Specific examples of cell culture
models include, but are not limited to, for lung
cancer, primary rat lung tumor cells (Swafford et al,
1997, MoI Cell Biol, 17:1366 1374) and
large-cellundifferentiated cancer cell lines (Mabry et
al, 1991, Cancer Cells, 3:53 58); colorectal cell
lines for colon cancer (Park and Gazdar, 1996, J Cell
Biochem. Suppl. 24:131 141); multiple established cell
lines for breast cancer (Hambly et al., 1997, Breast
Cancer Res. Treat. 43:247 258; Gierthy et al, 1997,
Chemosphere 34:1495 1505; Prasad and Church, 1997,
Biochem. Biophys. Res. Commun. 232:14 19); a number of
well-characterized cell models for prostate cancer
(Webber et al, 1996, Prostate, Part 1, 29:386 394;
Part 2, 30:58 64; and Part 3, 30:136 142; Boulikas,
1997, Anticancer Res. 17:1471 1505); for genitourinary
cancers, continuous human bladder cancer cell lines
(Ribeiro et al., 1997, Int. J. Radiat. Biol. 72:1 1
20); organ cultures of transitional cell carcinomas
(Booth et al, 1997, Lab Invest. 76:843 857) and rat
progression models (Vet et al, 1997, Biochim. Biophys
Acta 1360:39 44); and established cell lines for
leukemias and lymphomas (Drexler, 1994, Leuk. Res.
18:919 927, Tohyama, 1997, Int. J. Hematol 65:309
317). The peptides of the Invention can also be
demonstrated to inhibit cell transformation (or
progression to malignant phenotype) in vitro. In this
embodiment, cells with a transformed cell phenotype
are contacted with one or more peptides of the
Invention, and examined for change in characteristics
associated with a transformed phenotype (a set of in
vitro characteristics associated with a tumorigenic
ability in vivo), for example, but not limited to,
colony formation in soft agar, a more rounded cell
morphology, looser substratum attachment, loss of
contact inhibition, loss of anchorage dependence,
release of proteases such as plasminogen activator,
increased sugar transport, decreased serum
requirement, or expression of fetal antigens, etc.
(see Luria et al, 1978, General Virology, 3d Ed., John
Wiley & Sons, New York, pp. 436446). Loss of
invasiveness or decreased adhesion may also be used to
demonstrate the 



anti-cancer effects of the peptides used in the method
of the Invention. For example, a critical aspect of
the formation of a metastatic cancer is the ability of
a precancerous or cancerous cell to detach from
primary site of disease and establish a novel colony
of growth at a secondary site. The ability of a cell
to invade peripheral sites is reflective of a
potential for a cancerous state. Loss of invasiveness
may be measured by a variety of techniques known in
the art including, for example, induction of
E-cadherin-mediated cell-cell adhesion. Such
E-cadherin-mediated adhesion can result in phenotypic
reversion and loss of invasiveness (Hordijk et al,
1997, Science 278:1464 66). Loss of invasiveness may
further be examined by inhibition of cell migration. A
variety of 2-dimensional and 3-dimensional cellular
matrices are commercially
available(Calbiochem-Novabiochem Corp. San Diego,
Calif.)- Cell migration across or into a matrix may be
examined by microscopy, time-lapsed photography or
videography, or by any method in the art allowing
measurement of cellular migration. In a related
embodiment, loss of invasiveness is examined by
response to hepatocyte growth factor (HGF).
HGF-induced cell scattering is correlated with
invasiveness of cells such as Madin-Darby canine
kidney (MDCK) cells. This assay identifies a cell
population that has lost cell scattering activity in
response to HGF (Hordijk et al, 1997, Science 278:1464
66). Alternatively, loss of invasiveness may be
measured by cell migration through a chemotaxis
chamber (Neuroprobe/Precision Biochemicals Inc.
Vancouver, BC). In such assay, a chemo-attractant
agent is incubated on one side of the chamber (e.g.,
the bottom chamber) and cells are plated on a filter
separating the opposite side (e.g., the top chamber).
In order for cells to pass from the top chamber to the
bottom chamber, the cells must actively migrate
through small pores in the filter. Checkerboard
analysis of the number of cells that have migrated may
then be correlated with invasiveness (see e.g.,
Ohnishi, T., 1993, Biochem. Biophys. Res. Commun.
193:518 25). The peptides used in the method of the
Invention can also be demonstrated to inhibit tumor
formation in vivo. A vast number of animal models of
hyperproliferative disorders, including tumorigenesis
and metastatic spread, are known in the art (see Table
317-1, Chapter 317, "Principles of Neoplasia," in
Harrison's Principles of Internal Medicine, 13th
Edition, Isselbacher et al, eds., McGraw-Hill, N.Y.,
p. 1814, and Lovejoy et al, 1997, J. Pathol. 181 :130
135). Specific examples include for lung cancer,
transplantation of tumor nodules into rats (Wang et
ah, 1997, Ann. Thorac. Surg. 64:216 219) or
establishment of lung cancer metastases in SCID mice
depleted of NK cells (Yono and Sone, 1997, Gan To
Kagaku Ryoho 24:489 494); for colon cancer, colon
cancer transplantation of human colon cancer cells
into nude mice (Gutman and Fidler, 1995, World J.
Surg. 19:226 234), the cotton top tamarin model of
human ulcerative colitis (Warren, 1996, Aliment.
Pharmacol Ther. 10 Supp 12:45 47) and mouse models
with mutations of the adenomatous polyposis tumor
suppressor (Polakis, 1997, Biochim. Biophys. Acta
1332:F127 F147); for breast cancer, transgenic models
of breast cancer (Dankort and Muller, 1996, Cancer
Treat. Res. 83:71 88; Amundadittir et al., 1996,
Breast Cancer Res. Treat. 39:1 19 135) and chemical
induction of tumors in rats (Russo and Russo, 1996,
Breast Cancer Res. Treat. 39:7-20); for prostate
cancer, chemically-induced and transgenic rodent
models, and human xenograft models (Royai et al, 1996,
Semin. Oncol. 23:35 40); for genitourinary cancers,
induced bladder neoplasm in rats and mice (Oyasu,
1995, FoodChem. Toxicol 2>2>:1A1 755) and xenografts
of human transitional cell carcinomas into nude rats
(Jarrett et al, 1995, J . Endourol. 9:1 7); and for
hematopoietic cancers, transplanted allogeneic marrow
in animals (Appelbaum, 1997, Leukemia 11 (Suppl.
4):S15 S17). Further, general animal models applicable
to many types of cancer have been described,
including, but not restricted to, the p53-deficient
mouse model (Donehower, 1996, Semin. Cancer Biol.
7:269 278), the Min mouse (Shoemaker et al, 1997,
Biochem. Biophys. Acta, 1332:F25 F48), and immune
responses to tumors in rat (Frey, 1997, Methods,
12:173 188). For example, a peptide to be used in the
method of the Invention can be administered to a test
animal, in one embodiment a test animal predisposed to
develop a type of tumor, and the test animal
subsequently examined for a decreased incidence of
tumor formation 



in comparison with an animal not administered the
peptide of the Invention. Alternatively, a peptide of
the Invention can be administered to test animals
having tumors (e.g., animals in which tumors have been
induced by introduction of malignant, neoplastic, or
transformed cells, or by administration of a
carcinogen) and subsequently examining the tumors in
the test animals for tumor regression in comparison to
animals not administered the peptide of the Invention.
8. THERAPEUTIC USE A. Modulation of Mediators of the
Body's Response One of ordinary skill in the art would
recognize that the peptides of the current invention
may be used to modulate the effects of the body's
response to a disease or disorder associated with
tissue damage. In particular, one example of mediators
the peptides noted above may be used to modulate are
inflammatory modulators, including but not limited to,
plasma derived inflammatory mediators, such as
bradykinins, C3, C5a, Factor XII, membrane attack
complex, Hageman factor, plasmin, thrombin,
lymphokines (macrophage activating factor (MAF),
macrophage migration inhibition factor (MMIF),
macrophage chemotactic factor (MCF), leukocyte
migration inhibition factor (LMIF), histamine
releasing factors (HRFs), and transfer factor (TF));
interleukins (IL-I, IL-2, IL-3, IL-4, . . . IL- 15);
Tumor necrosis factors (TNF-a (cachectin), TNF-b
(lymphotoxin)); Interferons (IFN-a, IFN-b, IFN-g,
IFN-w, IFN-t); Colony stimulating factors (granulocyte
colony stimulating factor (G-CSF),
granulocytemacrophage colony stimulating factor
(GM-CSF), macrophage colony stimulating factor (MCSF),
and multi colony stimulating factor (IL-3));
polypeptide growth factors (acidic fibroblast growth
factor (aFGF), basic fibroblast growth factor (bFGF),
epidermal growth factor (EGF); nerve growth factor
(NGF), platelet-derived growth factor (PDGF), and
vascular endothelial growth factor (VEGF));
Transforming growth factors (TGF-a and TGF-b),
a-Chemokines (IL-8,neutrophil-activating protein 2
(NAP-2), platelet factor-4 (PF-4), and
b-thromboglobulin (bTG)); b-Chemokines (monocyte
chemoattractant protein 1 (MCP-I), MCP-3, MIP-la,
macrophage inflammatory protein l b (MIP- l b),
regulated upon activation normal T expressed and
presumably secreted chemokine (RANTES)) and Stress
proteins (heat shock proteins (HSPs), glucose related
proteins (GSPs), ubiquitin, and superoxide dismutase
(Mn)), leukemia inhibitory factor (LIF), oncostatin
(OSM), ciliary neurotrophic factor (CNTF), platelet
basic protein (PBP), lysosome granules, histamine,
serotonin, leukotriene B4, nitric oxide, and/or
prostaglandins. In a preferred embodiment the peptides
inhibit or surpress the activity of the mediators and
more preferably inhibit the activity of TNF-a,
histamine, nitric oxide, and interleukins. Most
preferably, the peptides inhibit the activity of two
or more inflammatory mediators. B. Treatment or
Prevention of Various Diseases, Disorders, and
Conditions The tissue protective peptides and peptide
analogs of the current invention are also useful as
therapeutics for treatment or prevention of various
diseases, disorders, and conditions. One skilled in
the art would also recognize that such peptides and
peptide analogs can be used to achieve modulation of a
tissue protective receptor complex, e.g., tissue
protective cytokine complex. Both in vitro and in vivo
techniques that can be used for assessing the
therapeutic indications of, for example, the compounds
identified by the inventive assays disclosed above are
disclosed in PCT Application No. PCT/USOl/49479, U.S.
Patent Application Nos. 10/188,905 and 10/185,841. The
aforementioned tissue protective peptides and peptide
analogs of the invention may be useful generally for
the prevention, therapeutic treatment, or prophylactic
treatment of human diseases or disorders of the
central nervous system or peripheral nervous system
which have primarily neurological or psychiatric
symptoms, ophthalmic diseases, cardiovascular
diseases, cardiopulmonary diseases, respiratory
diseases, kidney, urinary and reproductive diseases,
bone diseases, skin diseases, connective tissue
diseases, gastrointestinal diseases and endocrine and
metabolic abnormalities. Examples of use include, but
are not limited to, protection against and repair of
injury resulting from trauma and resulting
inflammation to the brain (ischemic stroke, blunt
trauma, subarachnoid hemorrhage), spinal cord 



(ischemia, blunt force trauma), peripheral nerves
(sciatic nerve injury, diabetic neuropathy, carpal
tunnel syndrome), retinal (macular edema, diabetic
retinopathy, glaucoma), and heart (myocardial infarct,
chronic heart failure). In particular, such diseases,
disorders, and conditions include hypoxic conditions,
which adversely affect responsive tissues, such as
excitable tissuesincluding, but not limited to, those
noted above in Section 4.2 (xiii), or those responsive
cells tissues or organs, those that express the
appropriate Type-1 cytokine receptor, e.g., EPO-R
receptor or the tissue protective receptor complex.
Therefore, the tissue protective peptides and peptide
analogs of the invention can be used to treat or
prevent damage to responsive tissue resulting from
hypoxic conditions in a variety of conditions and
circumstances. Non-limiting examples of such
conditions and circumstances are provided in the table
herein below. The tissue protective peptides and
peptide analogs are also of interest in the modulation
of stem cell activity. It has been established that
cytokines exhibiting tissue protective activity, e.g.
EPO, are able to mobilize stem cells, stimulating the
migration to regions of injury and aiding the repair
process, e.g. in a regenerative role. For example, in
experimental stroke, EPO mediates the migration of
neuroblasts into a region of ischemic injury to
regenerate neurons during the period of recovery (Tsai
et al, J. Neurosci (2006) 26:1269-74). As another
example, EPO and carbamylated EPO (CEPO) mobilize
endothelial progenitor cells from the bone marrow into
the circulation. These cells then home to distance
regions and are involved in the formation of new blood
vessels (for effect of EPO, see, Bahlmann et al, 2003,
Kidney Int. 64:1648-1652). While not wishing to be
bound to any particular theory, the isolated peptides
and peptide analogs disclosed herein are believed to
have a similar effect on the migration of stem cells.
In the example of the protection of neuronal tissue
pathologies treatable and preventable using tissue
protective peptides and peptide analogs of the
invention, such pathologies include those which result
from reduced oxygenation of neuronal tissues. Any
condition which reduces the availability of oxygen to
neuronal tissue, resulting in stress, damage, and
finally, neuronal cell death, can be treated using
tissue protective peptides and peptide analogs of the
present invention. Generally referred to as hypoxia
and/or ischemia, these conditions arise from or
include, but are not limited to, stroke, vascular
occlusion, prenatal or postnatal oxygen deprivation,
suffocation, choking, near drowning, carbon monoxide
poisoning, smoke inhalation, trauma, including surgery
and radiotherapy, asphyxia, epilepsy, hypoglycemia,
chronic obstructive pulmonary disease, emphysema,
adult respiratory distress syndrome, hypotensive
shock, septic shock, anaphylactic shock, insulin
shock, sickle cell crisis, cardiac arrest,
dysrhythmia, nitrogen narcosis, hypoxemic hypoxia
(altitude sickness, high altitude pulmonary edema,
high altitude cerebral edema, sleep apnea, hypopnea,
respiratory arrest, shunts), methaemoglobinaemia,
histotoxic hypoxia, intrauterine hypoxia, and
neurological deficits caused by heart-lung bypass
procedures.In one embodiment, for example, the tissue
protective peptides and peptide analogs of the present
invention identified using the above-noted assays
could be administered alone or as part of a
composition to prevent injury or tissue damage
resulting from risk of injury or tissue damage prior
to, during, or subsequent to a surgical procedure or a
medical procedure. For example, surgical procedures
may include tumor resection or aneurysm repair and
medical procedures may include labor or delivery.
Other pathologies caused by or resulting from
hypoglycemia which are treatable using tissue
protective peptides and peptide analogs of the present
invention include insulin overdose, also referred to
as iatrogenic hyperinsulinemia, insulinoma, growth
hormone deficiency, hypocortisolism, drug overdose,
and certain tumors. Other pathologies resulting from
excitable neuronal tissue damage include seizure
disorders, such as epilepsy, convulsions, or chronic
seizure disorders. Other treatable conditions and
diseases include, but are not limited to, diseases
such as stroke, multiple sclerosis, hypotension,
cardiac arrest, chronic heart failure, Alzheimer's
disease, Parkinson's disease, cerebral palsy, brain or
spinal cord trauma, AIDS dementia, age-related loss of
cognitive function, memory loss, amyotrophic lateral
sclerosis, seizure disorders, alcoholism, retinal
ischemia, optic nerve damage resulting from glaucoma,
and neuronal loss. 



The specific tissue protective peptides and peptide
analogs of the present invention may be used to treat
or prevent inflammation resulting from disease
conditions or various traumas, such as physically or
chemically induced inflammation. The tissue protective
peptides and peptide analogs are also contemplated for
the treatment and prevention of inflammatory
conditions in one or more organs or tissues including,
but not limited to, the brain, spinal cord, connective
tissue, heart, lung, kidney and urinary tract,
pancreas, eyes and prostate. Non-limiting examples of
such trauma include, but are not limited to those
listed in Section 4.2 (xvi). Further the tissue
protective peptides may used to treat or prevent
inflammation resulting from ischemic and non-ischemic
conditions including, but not limited to, allergies,
allergic diseases, allergic symptoms, rheumatic
diseases, sports related injuries, exposure to toxic
agents, infections including viral, fungal, and
bacterial, further examples of such conditions are
disclosed above in Section 4.2(iv), (v) and (xvi). The
inflammation may be acute or chronic. Further
applications in the field of inflammation are noted
within PCT/US2004/031789 filed September 29, 2004 and
published as WO 2005/032467. The specific tissue
protective peptides and peptide analogs of the present
invention may be used to treat central nervous and
peripheral nervous system diseases resulting from
demyelination or impairment of the mylin sheath. These
diseases are defined as mainlyinvolving inflammatory
myelin sheath lesions of unknown origin, with the
exception of myelination deficiency diseases, such as
leukodystrophy, and diseases due to obvious causes.
Multiple sclerosis (MS) is a typical disease among
demyelinating diseases, and pathologically, it is
characterized by changes, mainly, inflammatory
demyelination, and gliosis. Since its etiology is
unknown, its diagnosis is made based on its clinical
features, i.e., spatial multiplicity and multiplicity
over time of central nervous system lesions.
Furthermore, acute disseminated encephalomyelitis
(ADEM), inflammatory diffuse sclerosis, acute and
subacute necrotizing hemorrhagic encephalomyelitis,
and transverse myelitis are included in demyelinating
diseases. Also, peripheral nervous tissues rely upon
Schwann cells to maintain the myelin sheath, if these
cells are impaired, peripheral demyelinating disease
is caused. The tissue protective peptides and peptide
analogs of the present invention may be used to treat
or prevent conditions of, and damage to the heart
including any chronic or acute pathological event
involving the heart and/or associated tissue (e.g.,
the pericardium, aorta and other associated blood
vessels), including ischemia-reperfusion injury;
congestive heart failure; cardiac arrest; myocardial
infarction; atherosclerosis, mitral valve leakage,
atrial flutter, cardiotoxicity caused by compounds
such as drugs (e.g., doxorubicin, herceptin,
thioridazine and cisapride); cardiac damage due to
parasitic infection (bacteria, fungi, rickettsiae, and
viruses, e.g., syphilis, chronic Trypanosoma cruzi
infection); fulminant cardiac amyloidosis; heart
surgery; heart transplantation; angioplasty,
laparoscopic surgery, traumatic cardiac injury (e.g.,
penetrating or blunt cardiac injury, and aortic valve
rupture), surgical repair of a thoracic aortic
aneurysm; a suprarenal aortic aneurysm; cardiogenic
shock due to myocardial infarction or cardiac failure;
neurogenic shock and anaphylaxis. The tissue
protective peptides and peptide analogs of the current
invention may also be used to treat those individuals
at risk for heart disease such as cardiac failure
(i.e., where the heart is not able to pump blood at a
rate required by the metabolizing tissues, or when the
heart can do so only with an elevated filling
pressure). Such at risk patients would include
patients having or being at risk of having cardiac
infarction, coronary artery disease, myocarditis,
chemotherapy, cardiomyopathy, hypertension, valvular
heart diseases (most often mitral insufficiency and
aortic stenosis) and toxin-induced cardiomyopathy
(e.g. ethanol, cocaine, etc.) and the like. The tissue
protective peptides and peptide analogs of the present
invention may be used to treat or prevent conditions
of, and damage to, the eyes, e.g., retinal tissue.
Such disorders include, but are not limited to retinal
ischemia, macular degeneration, retinaldetachment,
retinitis pigmentosa, arteriosclerotic retinopathy,
hypertensive retinopathy, retinal artery blockage,
retinal vein blockage, retinal edema, hypotension, and
diabetic retinopathy. In another embodiment, the
tissue protective peptides and peptide analogs of the
present invention and principles of the invention may
be used to prevent or treat injury resulting 



from exposure to toxic agents, i.e. radiation or
chemical damage to responsive tissue. In one
embodiment of the invention the above-noted peptides
are useful as therapeutics for modulating the
mediators of the body's response to toxic agents,
preferably to suppress or inhibit the activity of such
modulators. Additionally, the above-noted peptides are
useful as therapeutics for the treatment, prevention,
amelioration or management of damage, effects or
symptoms of exposure to a toxic agent. The peptides
may be used to treat exposure to various toxic agents,
including biological, chemical or radiation agents.
These peptides may be used to treat the damages,
effects, or symptoms due to biological agents such as
of prions, viruses, microorganisms (bacteria and
fungi), and some unicellular and multicellular
eukaryotes (i.e., parasites), including, but not
limited to, those biological toxins listed above in
Section 4.2 (viii). Further the peptides of the
current invention may be used to prevent, treat,
ameliorate, or manage the damage, effects or symptoms
due to chemical agents. Such agents include, but are
not limited to, blood agents, blister agents, nerve
agents, pulmonary agents, and incapacitating agents.
Additionally, the peptides of the current invention
may be used to prevent, treat, ameliorate or manage
damage, effects or symptoms due to toxic exposure to
industrial chemicals including but not limited to
those listed in Section 4.2 (x). Damage, effects or
symptoms due to exposure to a radiation agent are
preventable, treatable, or manageable using the
peptides of the current invention. The peptides can
prevent, treat, ameliorate, or manage the damage,
effects or symptoms due to radioactive agents that
include alpha, beta or gamma radiation, and more
particularly may include, but are not limited to,
137Cs, 60Co, 241Am, 252Cf, 192Ir, 238Pu, 90Sr, 226Ra,
9 1Sr, 92Sr, 95Zr, 99Mo, 106Ru, 131 Sb, 132Te, 139Te,
140Ba, 141La, 144Ce, 233U, 235U, 238U, 228P, 229P,
230P, 231P, 232P, 233P, 234P, 235P, 236P, 237P, 238P
239p 240P 24 242p 243 244 245 246 247 .3Ij j Qne o f
ordinary m m art will recognize that the peptides may
also be used to prevent, mediate, treat or ameliorate
the damages, effects or symptoms due to the cumulative
or synergistic use of these toxic agents (i.e., the
use of a radioactive agent prior to dispersing a
biological agent so that the victim's will be more
susceptible to the biological agent, administering a
vesicant agent in conjunction with a nerve agent to
prevent the victims from effectively seeking refuge or
aid, tainting bullets or shrapnel with biological or
radioactive agents to inhibit or complicate the
healing process, etc.)Preferably, peptides of the
current invention will be able to treat, mediate,
ameliorate or prevent toxic effects on several
different types of cells, organs, or tissues for
example in two or more of the following central
nervous, peripheral nervous, ophthalmic,
cardiovascular, cardiopulmonary, respiratory, kidney,
urinary, reproductive, musculoskeletal, skin,
connective tissue, gastrointestinal, hematopoietic,
endocrine, and metabolic. Further, a peptide of the
current invention would be effective as a therapeutic
or preventive for more than one toxic agent within the
same class (i.e., against more than one type of
chemical, biological or radioactive agent - a
preventive against a vesicant and nerve agents for
example) or different classes of toxic agents (i.e. a
therapeutic for exposure to a radioactive agent and a
chemical agent). A further utility of the tissue
protective peptides and peptide analogs of the present
invention is in the treatment of poisoning, such as
neurotoxin poisoning (e.g., domoic acid shellfish
poisoning), toxins (ethanol, cocaine, etc.), as the
result of chemotherapeutic agents of radiation
exposure; neurolathyrism; Guam disease; amyotrophic
lateral sclerosis; and Parkinson's disease. As
mentioned above, the present invention also provides
tissue protective peptides and peptide analogs of the
present invention for use in enhancing tissue function
in responsive cells, tissues and organs in a mammal by
peripheral administration of a tissue protective
peptide as described above. Various diseases and
conditions are amenable to treatment using this
method. For example this method is useful for
enhancing function in excitable tissues resulting in
an increase in cognitive function even in the absence
of any condition or disease. Further, the tissue
protective cytokines are useful for improving the
quality of wound healing, reducing the time required
to heal, improving the quality of the healed tissues
and reducing the incidence of adhesions resulting from
the wound. See PCT/US2004/03 1789 filed September 29,
2004 and published as WO 2005/032467. Further the
tissue protective 



peptides of the current invention may be useful in
treating, preventing or managing the lesions on the
skin or along the respiratory pathways induced by
chemical agents such as blistering or vessicant agents
or industrial chemicals. These uses of the peptides of
the present invention are describe in further detail
below and include enhancement of learning and training
in both human and non-human mammals. In another
embodiment, the tissue protective peptides and peptide
analogs of the present invention may be useful
generally for the prevention, therapeutic treatment,
prophylactic treatment or management of various
cancers or neoplastic disorders of the central nervous
system, peripheral nervous system,
gastrointestinal/digestive system, genitourinary
system,adrenal, gynecological, head and neck,
hematological/blood, musculoskeletal/soft tissue,
respiratory, and breast. Examples of use include, but
are not limited to, protection against and repair of
injury resulting from cancers or neoplastic disorders
listed in section 4.2(ix) and (xxv). Further the
peptides of the current invention may be used for the
prevention, therapeutic treatment, prophylactic
treatment or management of various syndromes
associated with neoplasms or cancers, including, but
not limited to those listed above in Section 4.2
(xxviii). The peptides may be used in accordance with
the method of the current invention to address the
above-noted syndromes. For example, the peptides may
be administered to address hereditary syndromes such
as Li Fraumeni, hereditary nonpolyposis colorectal
cancer, familial adenomatous polyposis, and Von
Hippel-Lindau syndrome by either delaying the onset of
the neoplastic aspects of the disease, reducing the
number of neoplastic growths associated with the
syndrome, or in general enhancing the quality of life
or the longevity of those patients afflicted with
these conditions. The peptides may also be
administered prophylactically to address syndromes
related to certain treatment, chemotherapy or
radiation therapy, of the neoplastic disorder or
cancer, such as androgen deprivation syndrome, therapy
related myelodysplastic syndrome or somnolence
syndrome, in the hopes of preventing the syndromes or
reducing the severity of the syndrome. Further, the
peptides may be used to treat or prevent cachexia and
diseases related to cachexia. Such diseases include,
but are not limited to cancer cachexia, anorexia,
asthenia, anemia, tuberculosis, AIDS, congestive heart
failure, renal failure, liver failure, chronic
obstructive pulmonary disease, emphysema, muscle
atrophy, diabetes, and endotoxinemia. Conditions and
diseases treatable or preventable using tissue
protective peptides and peptide analogs of the present
invention provides the central nervous system include
but are not limited to mood disorders, anxiety
disorders, depression, autism, attention deficit
hyperactivity disorder, and cognitive dysfunction.
These conditions benefit from enhancement of neuronal
function. Other disorders treatable in accordance with
the teachings of the present invention include sleep
disruption, for example, sleep apnea and
travel-related disorders; subarachnoid and aneurismal
bleeds, hypotensive shock, concussive injury, septic
shock, anaphylactic shock, and sequelae of various
encephalitides and meningitides, for example,
connective tissue disease-related cerebritides such as
lupus. Other uses include prevention of or protection
from poisoning by neurotoxins, such as domoic acid
shellfish poisoning, neurolathyrism, and Guam disease,
amyotrophic lateral sclerosis, Parkinson's disease;
postoperative treatment for embolic or ischemic
injury; whole brain irradiation; sickle cell crisis;
and eclampsia. A further group of conditions treatable
or preventable using tissue protective peptides and
peptide analogs of the present invention include
mitochondrial dysfunction, of either a hereditary or
acquired nature, which are the cause of a variety of
neurological diseases typified by neuronal injury and
death. For example, Leigh disease (subacute
necrotizing encephalopathy) is characterized by
progressive visual loss and encephalopathy, due to
neuronal drop out, and myopathy. In these cases,
defective mitochondrial metabolism fails to supply
enough high energy substrates to fuel the metabolism
of excitable cells. A tissue protective peptide or
peptide analog optimizes failing function in a variety
of mitochondrial diseases. As mentioned above, hypoxic
conditions adversely affect excitable tissues. The
excitable tissues 



include, but are not limited to, neuronal tissues such
as tissue of the peripheral nervous system (ear and
retina) and central nervous system (brain and spinal
cord); cardiovascular tissue such as the cells of the
heart and associated nerves; and glandular tissue such
as the pancreas where Ttype calcium channels along
with cell-to-cell gap junctions participate in
secretion of insulin. An exemplary list of excitable
tissue includes, but is not limited to, organs and
tissues that include nerves, skeletal muscle, smooth
muscle, cardiac muscle, uterus, central nervous
system, spinal cord, brain, retina, olfactory system,
and auditory system. In addition to the conditions
described above, the tissue protective peptides and
peptide analogs of the present invention are useful in
the treatment of inhalation poisoning such as carbon
monoxide and smoke inhalation, severe asthma, adult
respiratory distress syndrome, and choking and near
drowning. Further conditions which create hypoxic
conditions or by other means induce responsive tissue,
such as excitable tissue damage include hypoglycemia
that may occur in inappropriate dosing of insulin, or
with insulin-producing neoplasms (insulinoma). Various
neuropsychologic disorders which are described to
originate from excitable tissue damage are treatable
using tissue protective peptides and peptide analogs
of the present invention. Chronic disorders in which
neuronal damage is involved and for which treatment or
preventable by the present invention include disorders
relating to the central nervous system and/or
peripheral nervous system including age-related loss
of cognitive function and senile dementia, chronic
seizure disorders, Alzheimer's disease, Parkinson's
disease, dementia, memory loss, amyotrophic lateral
sclerosis, multiple sclerosis, tuberous sclerosis,
Wilson's disease, cerebral and progressive
supranuclear palsy, Guam disease, Lewy body dementia,
prion diseases, such as spongiform encephalopathies,
e.g., Creutzfeldt- Jakobdisease, Huntingdon's disease,
myotonic dystrophy, Freidrich's ataxia and other
ataxias, as well as Gilles de La Tourette's syndrome,
seizure disorders such as epilepsy and chronic seizure
disorder, stroke, brain or spinal cord trauma, AIDS
dementia, alcoholism, autism, retinal ischemia,
glaucoma, autonomic function disorders such as
hypertension and sleep disorders, and neuropsychiatric
disorders that include, but are not limited to
schizophrenia, schizoaffective disorder, attention
deficit disorder, dysthymic disorder, major depressive
disorder, mania, obsessive-compulsive disorder,
psychoactive substance use disorders, anxiety, panic
disorder, as well as unipolar and bipolar affective
disorders. Additional neuropsychiatric and
neurodegenerative disorders include, for example,
those listed in the American Psychiatric Association's
Diagnostic and Statistical Manual of Mental Disorders
(DSM). A further group of conditions treatable or
preventable using tissue protective peptides and
peptide analogs of the present invention include
kidney diseases such as renal failure, acute and
chronic. Blood supply to the kidneys can be cut off
due to several causes including shock from infections
invading the bloodstream (septicemia), internal or
external hemorrhaging, loss of fluid from the body as
a result of severe diarrhea or burns, reactions to
transfusions, cardiac arrest or arythmias, surgical
trauma and kidney transplantations. The reduced flow
of blood to the kidneys resulting from the above
conditions may reduced blood flow to dangerously low
levels for a time period great enough to cause the
development of acute renal failure. The depressed
blood flow also results in necrosis, or tissue death,
in the kidney, damaging the renal tubular cells. Renal
failure may also result from diseases (interstitial
and diabetic) nephrotic syndromes, infections, injury
(CPB-induced), toxins (contrast-induced,
chemotherapy-induced, cyclosporine), autoimmune
inflammation (e.g. Lupus, erythrocytosis, etc.) The
tissue protective peptides and peptide analogs of the
current invention assist in the repair or prevention
of this damage helping to ameliorate acute renal
failure. Further, the peptides of the current
invention may be used to treat, prevent or ameliorate
diseases or disorders of the urinary tract including,
but not limited, urinary tract infections, irritable
bladder, and trauma or radiation injury to the
bladder. The following table lists additional
exemplary, non-limiting indications as to the various
conditions and diseases amenable to treatment by the
aforementioned tissue protective peptides and peptide
analogs. 



TABLE I DISEASES AND DISORDERS AMENABLE TO TREATMENT
BY TISSUE PROTECTIVE PEPTIDES AND PEPTIDE ANALOGSBASE
STOCKS AND LUBRICANT BLENDS CONTAINING POLY-ALPHA
OLEFINS FIELD [0001] This disclosure relates to poly
alpha-olefins (PAOs) made from selected lower
alpha-olefins and lubricant blends containing
lubricant base stocks and such PAOs and to a process
for the production thereof in the presence of a
metallocene catalyst with a non-coordinating anion
activator and optionally with hydrogen. BACKGROUND
Description of Related Art [0002] Efforts to improve
upon the performance of natural mineral oilbased
lubricants by the synthesis of oligomeric hydrocarbon
fluids have been the subject of important research and
development in the petroleum industry for at least
fifty years. These efforts have led to the relatively
recent market introduction of a number of synthetic
lubricants. In terms of lubricant property
improvement, the thrust of the industrial research
efforts involving synthetic lubricants has been
towards fluids exhibiting useful viscosities over a
wide temperature range, i.e., improved viscosity index
(VI), while also showing lubricities, thermal
stabilities, oxidative stabilities, pour points and
low temperature viscometric properties equal to or
better than those for mineral oil. [0003] The
viscosity-temperature relationship of a lubricating
oil is one of the main criteria considered when
selecting a lubricant for a particular application.
The mineral oils commonly used as a base for single
and multigrade lubricants exhibit a relatively large
change in viscosity with a change in temperature.
Fluids exhibiting such a relatively large change in
viscosity with temperature are said to have a low
viscosity index (VI). VI is an empirical, unitless
number which indicates the rate of change in the
viscosity of an oil with a temperature change.A high
VI oil, for example, will thin out at elevated
temperatures less than a low VI oil. Usually, a high
VI oil is more desirable because it has higher
viscosity at higher temperature, which translates into
better lubrication and better protection of the
contacting machine elements, especially at high
temperatures and/or at temperatures over a wide range.
VI is calculated according to ASTM method D 2270.
[0004] Good low temperature properties of a lubricant
are also important if the lubricant is expected to
provide lubrication at low temperature environment.
These low temperature properties can be measured by
pour points of pure fluids according to ASTM D 97, by
low temperature Brookfield viscosities of pure or
blended fluids according to ASTM D 2983, or other
appropriate method such as Cold Cranking Simulator
viscosity (CCS). Good shear stability of a lubricant
is also becoming more important as newer equipment or
engines are often operated under more severe
conditions. Shear stability of a pure fluid or
lubricant blends can be measured by many methods, such
as sonic shear test according to ASTM D 2603 method or
tapered roller bearing (TRB) shear test according to
CEC L-45- T/A to D methods, etc. [0005] Heretofore
known PAOs comprise a class of hydrocarbons
manufactured by the catalytic oligomerization
(polymerization to low-molecularweight products) of
linear a-olefin (LAO) monomers. These typically range
from 1-octene to 1-dodecene, with 1-decene being a
preferred material, although oligomeric copolymers of
lower olefins such as ethylene and propylene may also
be used, including copolymers of ethylene with higher
olefins as described in U.S. 



Patent 4,956,122 and the patents referred to therein.
Some PAO products have achieved importance in the
lubricating oil market. Typically there are two
classes of synthetic hydrocarbon fluids (SHF) produced
from linear alpha-olefins, denoted as PAO and HVI-PAO
(high viscosity index PAOs). PAOs of different
viscosity grades are typically produced using promoted
BF3 or AlCl 3 catalysts.[0006] Specifically, PAOs may
be produced by the polymerization of olefin feed in
the presence of a catalyst such as AlCl 3, BF3, or
promoted AlCl 3, BF3. Processes for the production of
PAOs are disclosed, for example, in the following
patents: U.S. Patents 3,149,178; 3,382,291; 3,742,082;
3,769,363; 3,780,128; 4,172,855 and 4,956,122, which
are incorporated by reference. PAOs are also discussed
in: Will, J .G. Lubrication Fundamentals, Marcel
Dekker: New York, 1980. Subsequent to polymerization,
the PAO lubricant range products are typically
hydrogenated in order to reduce the residual
unsaturation, generally to a level of greater than 90%
of hydrogenation. PAOs may be conveniently made by the
polymerization of an alpha-olefin in the presence of a
polymerization catalyst such as Friedel-Crafts
catalysts. These include, for example, boron
trifluoride, aluminum trichloride, or boron
trifluoride, promoted with water, with alcohols such
as ethanol, propanol, or butanol, with carboxylic
acids, or with esters such as ethyl acetate or ethyl
propionate or ether such as diethyl ether, diisopropyl
ether, etc. (See for example, the methods disclosed by
U.S. Patents 4,149,178 or 3,382,291.) Other
descriptions of PAO synthesis are found in the
following U.S. Patents: 3,742,082 (Brennan); 3,769,363
(Brennan); 3,876,720 (Heilman); 4,239,930 (Allphin);
4,367,352 (Watts); 4,413,156 (Watts); 4,434,408
(Larkin); 4,910,355 (Shubkin); 4,956,122 (Watts); and
5,068,487 (Theriot). [0007] Another class of HVI-PAOs
may be prepared by the action of a supported, reduced
chromium catalyst with an alpha-olefin monomer. Such
PAOs are described in U.S. Patents 4,827,073 (Wu);
4,827,064 (Wu); 4,967,032 (Ho et al.); 4,926,004
(Pelrine et al.); and 4,914,254 (Pelrine).
Commercially available PAOs include SpectraSyn(tm) 2,
4, 5, 6, 8, 10, 40, 100 and SpectraSyn Ultra(tm) 150,
SpectraSyn Ultra(tm) 300, SpectraSyn Ultra(tm) 1000,
etc. (ExxonMobil Chemical Company, Houston, Texas).
[0008] Synthetic PAOs have found wide acceptance and
commercial success in the lubricant field for their
superiority to mineral based lubricants. In terms of
lubricant property improvement, industrial research
efforts on syntheticlubricants have led to PAO fluids
exhibiting useful viscosities over a wide range of
temperature, i.e., improved viscosity index, while
also showing lubricity, thermal stability, oxidative
stability and pour point equal to or better than
mineral oil. These relatively new synthetic lubricants
lower mechanical friction, enhancing mechanical
efficiency over the full spectrum of mechanical loads
and do so over a wider range of operating conditions
than mineral oil lubricants. [0009] Performance
requirements of lubricants are becoming increasingly
stringent. New PAOs with improved properties, such as
high viscosity index (VI), low pour point, reduced
volatility, high shear stability, improved wear
performance, increased thermal stability, oxidative
stability, and/or wider viscosity range, are desired
to meet new performance requirements for lubricants.
New methods to provide such new PAOs with improved
properties are also desired. [0010] Efforts have been
made to prepare various PAOs using metallocene
catalyst systems. Examples include US Patent 6,706,828
(equivalent to US Patent Publication 2004/0147693),
which discusses production of PAOs in the presence of
meso- orms of certain metallocene catalysts under high
hydrogen pressure with methyl alumoxane as an
activator. WO 02/14384 and WO 99/67347 discuss similar
topics. 



[0011] Others have made various PAOs, such as
polydecene, using various metallocene catalysts not
typically known to produce polymers or oligomers with
any specific tacticity. Examples include WO 96/2375 1,
EP 0 613 873, US 5,688,887, US 6,043,401, WO 03/020856
(equivalent to US 2003/0055184), US 5,087,788, US
6,414,090, US 6,414,091, US 4,704,491, US 6,133,209,
and US 6,713,438. [0012] Recently, there has been a
greater demand for high viscosity blend stocks. This
is believed to have been caused by a number of
factors, including limitations of production by many
lubricant base stock manufacturers orannounced plans
to put into production new hydro-process capacity to
produce low viscosity 4 to 6 centistoke (cS) base
stocks, including Group III base stocks from
conventional slack wax feed or from wax derived from
Gas-to-Liquid process (GTL lube). These
hydro-processes are believed not to be suitable for
production of higher viscosity base stocks such as
those greater than 8 cS. Also, the extra capacity for
low viscosity hydro-processed base stocks, especially
the emergence of large volume of GTL lube, may induce
the closing of Group I base stock facilities which
co-produce high viscosity bright stock (35-40 cS),
creating a decrease in the bright stock supply. Thus,
there is an increased need to supply high viscosity
base stocks to blend with low viscosity base stocks,
including Groups I to VI base stocks, especially with
low viscosity Groups II, III and GTL lube fluids.
[0013] Presently three major types of high viscosity
base stocks are available for blending with low
viscosity base stocks to increase viscosities of the
low viscosity stocks and still maintain good
properties. The three high viscosity base stocks are:
bright stock derived from Group I facility;
poly-alpha-olefins (PAOs) produced from Cg-C1 linear
alpha-olefins (LAO or LAOs) and polyisobutylenes
(PIB). Each of these high viscosity base stocks has
disadvantages. The bright stocks usually have poor
quality. The PAOs are usually more expensive because
of the expensive LAO raw material and limited
availability of the LAOs. The PIB does not have
sufficiently good blend properties and the resulting
blends do not always meet performance criteria. [0014]
Several publications propose polymerization of various
alphaolefins, at least some in the presence of
metallocene catalyst systems, to provide polymers
having various utilities, such as lubricant
components. For example, WO 2007/01 1462 discusses a
process for producing poly-alpha-olefins (PAOs) of
high viscosity index (HVI)-PAOs, including contacting
a feed comprising a mixture of LAOs with an activated
metallocene catalyst to produce liquid polymers for
use in lubricant components or as functional fluids.
The copolymer- O - composition may be made from at
least two different alpha-olefins of C3 to C30 range,
with monomers randomly distributed in the polymers. In
an embodiment one of the monomers is a higher
alpha-olefin, such as one chosen from Ci2 to C 8
alpha-olefins, and the second one or more alpha-olefin
is, e.g., chosen from C3 to C7 alpha-olefins. In
another embodiment there are used propylene or
1-butene as one of the feed components, as they are
readily available from refinery or petrochemical
plants. The resulting copolymers are said to have
useful lubricant properties, including excellent VI,
pour point, low temperature viscometrics by themselves
or as a blend fluid with other lubricants or polymers.
[0015] U.S. Patent 5,859,159 is directed to a dilute
process for the polymerization of non-ethylene,
alpha-olefin homopolymers and copolymers in the
presence of metallocene catalyst systems. The
alpha-olefin feed stream used in the process comprises
at least one alpha-olefin, such as propylene,
1-butene, pentene-1, 4-methyl-pentene-l, hexene-1,
octene-1 and higher alpha-olefins up to 



and including nanodecene-1, e.g., mixtures of
propylene and butene-1. The polymers of most of the
examples have isotactic index of at least 80%. The
product can be used as a backbone for production of
lubricants, or oil dispersants and viscosity
modifiers. [0016] U.S. Patent Publication 2007/0043248
is directed to a process for producing low viscosity
poly-alpha-olefins comprising contacting one or more
alpha-olefin monomers of 3-24 carbon atoms with a
catalyst which may include metallocene catalyst
compounds. The PAOs used in the process are typically
dimers, trimers, tetramers, or higher oligomers having
weight average molecular weight of 100,000 or less.
[0017] U.S. Patent Publication 2003/0055 184 is
directed to non-isomerized oligomers, which comprise
repeating units of olefin monomers, where the
oligomers have molecular weight of about 10,000 or
less, and are prepared in the presence of a single
site catalyst, such as metallocene catalyst. The
olefinmonomer may be chosen from aliphatic olefins,
aromatic olefins or cyclic olefins. Suitable
alpha-olefins may include propylene, 1-butene,
1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene and
1-tetradecene. The PAOs of at least some of the
embodiments may be hydrogenated to formulate lubricant
oils. Some exemplified oligomers of 1-decene and
1-tetradecene were reported to have kinematic
viscosity (Kv) at 1000C of 1.8 to 9.2, Kv at 400C of
5.3 to 50.3 and VI of about 130 to 166. [0018] Song et
al., New High Performance Synthetic Hydrocarbon Base
Stocks, Lubrication Engineering, 58/6, 29-33 (June
2002) is directed to polymerization of inexpensive
olefin monomers, such as ethylene, propylene and
butene, to produce Ethylene-alpha-Olefin Polymer (EOP)
apparently from ethylene at least one of propylene and
butene. A single site catalyst is used in the
polymerization reaction to produce a synthetic fluid
which is said to have performed similarly to
commercial PAO and could be used as a synthetic base
stock in applications requiring premium lubricants.
The EOPs had Kv at 1000C of 1.9 to 11.4, and at 400C
of 5.5 to 66. 1 cSt and Mw/Mn of 1.04 to 1.34. [0019]
PCT/US06/2123 1 filed June 2, 2006, claiming the
benefit of USSN 60/700,600, filed July 19, 2005,
describes the production of liquids from monomers
having 5 to 24 carbon atoms using racemic metallocenes
and noncoordinating anion activators. [0020] To date
however, PAOs made with metallocenes have not found
wide application in the marketplace, particularly the
lubricant marketplace, due to a variety of factors,
such as inadequate manufacturing processes, high costs
and/or their property concerns. In this disclosure we
address such and other needs by providing new PAOs
having excellent property combinations.- o - SUMMARY
[0021] The disclosure is directed to a substantially
atactic poly-alpha olefin polymer made of at least one
of propylene, 1-butene or 1-pentene monomer and/or its
lubricant blend composition with another base stock
preferably of lower viscosity. The polymer may be used
as a lubricant base stock, and it has viscosity index
(VI) of about 50 to about 250, Kv 100 of about 8 to
about 5,000 cSt, and Kv 40 of about 60 to about 80,000
cSt and pour point of less than about 100C. [0022] The
disclosure is also directed to a blend composition
comprising the substantially atactic poly-alpha olefin
polymer made of at least one of propylene, 1-butene or
1-pentene monomer. The polymer has viscosity index
(VI) of about 50 to about 250, Kv 100 of about 8 to
about 5,000 cSt, Kv 40 of about 60 to about 80,000 cSt
and pour point of less than about 100C. The
composition may include a second lubricant base stock.
This second lubricant base stock 



usually has 1000C kinematic viscosity of about 20 or
less than about 20, such as about 15 or less than
about 15 cSt and can comprise at least one of API
Group I to VI base stocks and a lube base stock
produced from gas-to-liquid conversion process (GTL
lube), or a mixture of these lower viscosity base
stocks. The blend composition comprises about 0.1 to
about 90 wt% of the substantially atactic polymer and
has viscosity index of greater than about 100, Kv 1Oo
of about 3 to about 1,000 cSt, and Kv 40 of about 6 to
about 30,000 cSt, and a significantly improved low
temperature properties, e.g., Brookfield viscosity
than a single base stock of comparable 1000C kinematic
viscosity. [0023] The substantially atactic polymer
has Mw (weight average molecular weight) of less than
300,000, such as between about 300 and about 300,000,
and Mn (number average molecular weight) of less than
100,000, such as between about 280 and about 100,000.
Molecular weight distribution (Mw/Mn) of the polymer
is greater than 1 and less than 5.[0024] The
substantially atactic polymer has a kinematic
viscosity (Kv) at 1000C of about 8, or from greater
than about 8 to about 5,000 cSt, and at 4O0C from
about 60 to about 80,000 cSt, and viscosity index (VI)
greater than about 50. BRIEF DESCRIPTION OF THE
DRAWINGS [0025] To assist those of ordinary skill in
the relevant art in making and using the subject
matter hereof, reference is made to the appended
drawings, wherein: [0026] Figure 1 shows comparison of
Viscosity Index (VI) as a function of 1000C kinematic
viscosity (Kv) for a blend of poly-1-butene (POB) of
this disclosure in 4 cS GTL lube base stock to a blend
of poly-isobutylene (PIB) H300 in 4 cS GTL lube base
stock. PIB H300 is available commercially from Eneos
Chemical Co. [0027] Figure 2 shows comparison of VI as
a function of 4O0C Kv for a blend of POB of this
disclosure in 4 cS GTL lube to a blend of PIB H300 in
4 cS GTL lube. [0028] Figure 3 shows comparison of the
Noack volatility predicted from TGA measurement as a
function of 100 C Kv for a blend of 630 POB of this
disclosure in 4 cS GTL lube to a blend of PIB H300 in
4 cS GTL lube. 630 POB is an abbreviation for
Poly-1-Butene (POB) described in this disclosure with
1000C Kv of 63O cSt. [0029] Figure 4 shows comparison
of the Noack volatility predicted from TGA measurement
as a function of 400C Kv for a blend of 630 POB of
this disclosure in 4 cS GTL lube to a blend of PIB
H300 in 4 cS GTL lube. [0030] Figures 5a and 5b show
C13 NMR spectra of a substantially atactic
poly-1-butene (Fig. 5 a) and of poly-1-butene with a
substantial amount of isotacticity (Fig. 5b).DETAILED
DESCRIPTION [0031] As used herein, the new numbering
scheme for the Periodic Table of the Elements is used
as set out in CHEMICAL AND ENGINEERING NEWS, 63(5), 27
(1985). Unless otherwise stated all pressures in psi
are psig. All numerical values in this disclosure are
understood as being modified by "about". All singular
forms of monomers, polymers or other components
described herein including (without limitations)
components of the compositions are understood to
include plural forms thereof and vice versa. [0032]
For purposes of this disclosure and the claims, when a
polymer or oligomer is referred to as comprising an
olefin, the olefin present in the polymer or oligomer
is the polymerized or oligomerized form of the olefin,
respectively. Likewise the use of the term polymer is
meant to encompass homopolymers and copolymers, where
copolymers include any polymer having two or more 



chemically distinct monomers. Likewise the use of the
term oligomer is meant to encompass homooligomers and
cooligomers, where cooligomers include any oligomer
having two or more chemically distinct monomers.
[0033] For the purposes of this disclosure and the
claims the term "Polyalpha-olefin," "polyalphaolefin,"
or "PAO" are synonymous and include homooligomers,
cooligomers, homopolymers and copolymers of C3- C5
alphaolefin monomers, i.e., at least one of propylene,
1-butene or 1-pentene. Thus, the term "C3- C5
alpha-olefin monomers" as used in this disclosure
means propylene, 1-butene, 1-pentene or a mixture or
mixtures thereof. [0034] The PAOs of the present
disclosure can include oligomers, polymers or
combinations of both. The PAO compositions of this
disclosure (whether it be oligomers, polymers or
combinations thereof) described herein are liquids and
have a Mw of 300,000 or less. [0035] For the purposes
of this disclosure and the claims the active species
in a catalytic cycle may comprise the neutral or ionic
forms of the catalyst.[0036] The term "catalyst
system" is defined to mean a catalyst
precursor/activator pair, such as a
metallocene/activator pair. When "catalyst system" is
used to describe such a pair before activation, it
means the unactivated catalyst (precatalyst) together
with an activator and, optionally, a co-activator
(such as a trialkylaluminum compound). When it is used
to describe such a pair after activation, it means the
activated catalyst and the activator or other
chargebalancing moiety. Additionally, the activated
catalyst system may optionally comprise a co-activator
and/or other charge-balancing moiety. [0037] "Catalyst
precursor" is also often referred to as precatalyst,
catalyst, catalyst compound, precursor, metallocene,
transition metal compound, unactivated catalyst, or
transition metal complex. These terms are used
interchangeably. Activator and cocatalyst are also
used interchangeably. A scavenger is a compound that
is typically added to facilitate oligomerization or
polymerization by scavenging impurities. Some
scavengers may also act as activators and may be
referred to as co-activators. A co-activator which is
not a scavenger may also be used in conjunction with
an activator in order to form an active catalyst with
a transition metal compound. In some embodiments, a
coactivator can be pre-mixed with the transition metal
compound to form an alkylated transition metal
compound, also referred to as an alkylated catalyst
compound or alkylated metallocene. [0038] For purposes
of this disclosure and the claims noncoordinating
anion (NCA) is defined to mean an anion which either
does not coordinate to the catalyst metal cation or
that coordinates only weakly to the metal cation. An
NCA coordinates weakly enough that a neutral Lewis
base, such as an olefinically or acetylenically
unsaturated monomer, can displace it from the catalyst
center. Any metal or metalloid that can form a
compatible, weakly coordinating complex with the
catalyst metal cation may be used as or be contained
in the noncoordinating anion. Suitable metals include,
but are not limited to, aluminum, gold, and platinum.
Suitable metalloids include, but are not limited to,
boron,- - aluminum, phosphorus, and silicon. A
subclass of non-coordinating anions comprises
stoichiometric activators, which can be either neutral
or ionic. The terms ionic activator, and
stoichiometric ionic activator can be used
interchangeably. Likewise, the terms neutral
stoichiometric activator and Lewis acid activator can
be used interchangeably. [0039] In addition, a reactor
is any container(s) in which a chemical reaction
occurs. [0040] "Isoalkyl" is a branched alkyl group or
radical having at least one 



tertiary or quaternary carbon atom and which possesses
at least one C to Ci8 alkyl branch along at least a
portion of each chain. [0041] In this application,
whenever a composition or a group of elements is
preceded with the transitional phrase "comprising", it
is understood that we also contemplate the same
composition or group of elements with transitional
phrases "consisting essentially of, "consisting",
"selected from the group of consisting of, or "is"
preceding the recitation of the composition or
elements and vice versa. Polyalpha-olefms [0042] The
substantially atactic poly-alpha olefin polymer (which
also may be referred to herein as "substantially
atactic polymer") is made from relatively low cost
alpha-olefins, i.e., propylene, 1-butene, 1-pentene or
mixtures thereof, or from any feed streams containing
these low cost alpha-olefins or their mixture or
mixtures. [0043] Commercial production facilities,
such as oil refineries, have process streams which
include alpha-olefins, which can be used as starting
materials for the production of substantially atactic
polymers discussed herein. For example, mixed
aliphatic C streams, usually present in refineries,
can be used as feed streams for polymerization of
1-butene to obtain the substantially atactic polymers
discussed herein. The mixed C4 streams may include
mixed n-butanes,isobutene 1-butene, cis and trans
2-butenes and iso-butylenes. The process, utilizing a
catalyst described herein, substantially selectively
polymerizes 1-butene from such mixed aliphatic C4
streams. [0044] The substantially atactic polymers may
be blended with low viscosity base stocks to produce
lubricating blends which have improved properties,
such as viscometric, including viscosity and viscosity
index, thermal, oxidative, shear stability and
volatility properties, than blends from
polyisobutylene or bright stock. Properties of the
blends of this disclosure are comparable to or even
better than those of the blends made from
significantly more costly poly-alpha-olefins (PAO)
produced from C8-Ci 2 linear alpha-olefins (LAO).
[0045] All processes described herein can be used to
produce all of the substantially atactic polymers of
this disclosure. [0046] The polymers discussed herein,
which may also be referred to as poly-alpha-olefins
(PAOs) of this disclosure, are made in a process which
produces a polyalpha-olefin having a KVioo of about 8
or greater than about 8 cSt to about 5,000 cSt and all
the other properties of the PAOs of this disclosure,
comprising: contacting one or more alpha-olefin
monomers having 3 to 5 carbon atoms with an unbridged
substituted bis(cyclopentadienyl) transition metal
compound represented by the formula: (Cp)(Cp^MX 1X2
wherein: M is the metal center, and is a Group 4
metal; Cp and Cp* are 1) the same or different
cyclopentadienyl rings that are each bonded to M, and
both Cp and Cp* are substituted with at least one
nonhydrogen substituent R group or 2) Cp is
substituted with from two to five substituent R
groups, each substituent group R being, independently,
a radicalgroup which is a hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl,
silylcarbyl or germylcarbyl, or Cp and Cp* are the
same or different cyclopentadienyl rings in which any
two adjacent R groups are optionally joined to form a
substituted or unsubstituted, saturated, partially
unsaturated, or aromatic cyclic or polycyclic
substituent; X1 and X2 are, independently, hydrogen,
halogen, hydride radicals, 



hydrocarbyl radicals, substituted hydrocarbyl
radicals, halocarbyl radicals, substituted halocarbyl
radicals, silylcarbyl radicals, substituted
silylcarbyl radicals, germylcarbyl radicals, or
substituted germylcarbyl radicals; or both X are
joined and bound to the metal atom to form a
metallacycle ring containing from about 3 to about 20
carbon atoms; or both together can be an olefin,
diolefin or aryne ligand; and a non-coordinating anion
activator, and optionally an alkyl-aluminum compound,
where the molar ratio of the transition metal compound
to the activator is 10:1 to 0.1 :1, and if the alkyl
aluminum compound is present, then the molar ratio of
the alkyl-aluminum compound to the transition metal
compound is 1:4 to 4000:1, under polymerization
conditions wherein: i) optionally hydrogen is present
at a partial pressure of 0.1 to 300 psi, based upon
the total pressure of the reactor or the concentration
of the hydrogen is from 1 to 30,000 ppm or less by
weight ; ii) wherein the alpha-olefin monomer(s)
having 3 to 5 carbon atoms are present at 10 wt% or
more based upon the total weight of the
catalyst/activator/ alkylaluminum compound solutions,
monomers, and any diluents or solvents present in the
reaction. [0047] In one embodiment, this disclosure
relates to liquid polyalphaolefins (PAOs) comprising
more than 50 mole % of one or more C3 to C5
alphaolefin monomers, e.g., 55 mole% or more,
preferably 60 mole% or more, such as 65 mole% or more,
70 mole% or more, such as 75 mole% or more, 80 mole%
or more, 85 mole% or more, 90 mole% or more, 95 mole%
or more, or 100 mole%based on the total moles of
monomers present in the polyalpha-olefin, as measured
by carbon -13 NMR and/or by H-I NMR method. [0048] For
purposes of this disclosure and the claims, a liquid
is defined to be a material that flows at room
temperature, has a pour point of less than 25C. [0049]
In a further embodiment, any of the polyalpha-olefins
described herein have an Mw (weight average molecular
weight) of about less than 300,000, such as between
about 300 and about 300,000, between about 300 and
about 250,000, between about 400 and about 200,000,
between about 600 to about 150,000, between about 800
to about 100,000, or between about 1,000 and about
8,000 g/mol. [0050] In another embodiment, any of the
polyalpha-olefins described herein have an Mn (number
average molecular weight) of less than about 200,000
such as less than about 100, 000, between about 280
and about 100,000, between about 250 and about 10,000,
between about 500 and about 5,000 or between about 280
and about 4,000 g/mol. [0051] In another embodiment,
any of the polyalpha-olefins described herein have an
Mw/Mn of greater than about 1 and less than about 5,
such as less than about 4, less than about 3, less
than about 2.5 or less than about 2.3. Alternatively,
any of the polyalpha-olefins described herein have an
M Mn of between about 1 and about 3.5, such as between
about 1 and about 2.5, between about 1.1 and about 2.5
or between about 1.2 and about 2.3. [0052] For
purposes of this disclosure and the claims herein,
molecular weight distribution (MWD) is equal to Mw/Mn.
[0053] For many applications when superior shear
stability, thermal stability or thermal/oxidative
stability is desired, it is advantageous to have the
polyalpha-olefins of this disclosure i.e., discussed
herein, made with the narrowest- - possible MWD. PAO
fluids with different viscosities, but made from the
same feeds or catalysts, usually have different MWDs.
In other words, MWDs of PAO fluids are dependent on
fluid viscosity. Usually, lower viscosity fluids have 



narrower MWDs (smaller MWD value) and higher viscosity
fluids have broader MWDs (larger MWD value). For most
fluids with 10O0C Kv of less than 1000 cSt, the MWD is
usually less than 2.5, and typically about 1.6 to
about 2.2. Fluids with 1000C viscosity greater than
1000 cSt, usually have broader MWDs, usually greater
than 2.5. Usually, the narrower a fluid's MWD, the
better its shear stability. Such narrow MWD fluids
will exhibit less viscosity loss due to high stress or
shear in the TRB (Tapered Roller Bearing) test, and
will have higher high-temperature, high-shear rate
(HTHSR) viscosity under more severe conditions,
providing a thicker lubricant film and concomitantly
better lubrication and wear protection. In certain
applications, when operational condition is not so
severe, for example under low shear stress or low
load, or when shear stability or HTHSR viscosity is
not so critical, fluids with broader MWD may provide
better blending property or other advantages. [0054]
The Mw, Mn and MWD are measured by size exclusion
chromatography (SEC), also known as gel permeation
chromatography (GPC) method using a column for medium-
to low-molecular weight polymers, with tetrahydrofuran
as solvent and polystyrene as calibration standard.
Unless otherwise indicated, the Mn and Mw values
reported herein are measured GPC values and not
calculated from kinematic viscosity at 1000C. [0055]
In one embodiment, any PAO described herein may have a
pour point of less than about 100C (as measured by
ASTM D 97), such as less than about 0C, less than
about -100C, less than about -200C, less than about
-25C, less than about -300C, less than about -35C,
less than about -400C, less than about -550C, between
about -10 and about -8O0C, between about -15C and
about -7O0C or between about -5 and about -500C.[0056]
In an embodiment, any polyalpha olefin described
herein may have a kinematic viscosity at 1000C of
about 8 or greater than about 8 to about 5,000, about
8 or greater than about 8 to about 10,000, such as
about 20 to about 10,000, about 30 to about 7,500,
about 40 to about 5,000, about 8 to about 1,000, from
greater than about 8 to about 5,000 cSt, such as
greater than about 20 to about 4,800 cSt, greater than
about 20 cSt to about 1,600 cSt. In another
embodiment, any PAO described herein may have a
kinematic viscosity at 4O0C as measured by ASTM D 445
from about 60 to about 80,000 cSt, such as about 80
cSt to about 70,000 cSt at 400C, or from about 90 to
about 47,000 cSt. [0057] In another embodiment, the
polyalpha-olefin fluid described herein may have a
viscosity index (VI) of greater than 50. VI is
determined according to ASTM Method D 2270-93 [1998].
VI of a fluid is usually dependent on the viscosity
and feed composition. Higher VI is more desirable. A
fluid with high viscosity usually has higher VI than a
fluid of the same feed composition and lower
viscosity. The typical VI range for fluids made from
C3 or C4 or C5 linear alpha-olefin (LAO) or a
combination thereof, discussed herein, is about 50 to
about 250, such as about 60 to about 220 or about 50
to about 200, depending on fluid viscosity and feed
olefin composition. [0058] In another embodiment, it
is preferable that the PAO fluid of this disclosure
does not contain a very light fraction. These light
fractions contribute to high volatility, unstable
viscosity, poor oxidative and thermal stability. They
are usually removed in the final product. It is
generally preferable to have less than 1 wt% fluid
with C20 or lower carbon numbers (i.e., less than 20
or lower carbon units in the product oligomer
molecules), such as less than 1 wt% fluid with C2 or
lower carbon numbers or less than 1 wt% fluid with C2
or lower carbon numbers. It is desirable to have less
than 0.5 wt% fluid with C20 or lower carbon numbers,
such as less than 0.5 wt% fluid with C or lower carbon



numbers or less than 0.5 wt% fluid with C2 or lower
carbon numbers. C2o or lower carbon atoms, C24 or
lower carbon atoms etc., can also be referred to
herein- o - interchangeably as C2o or lower "carbons,
C24 or lower carbons" etc. Sometimes, these fractions
are also referred to as light ends. Also, the lower
the amount of any of these light hydrocarbons, the
better the fluid property as can be determined by
Noack volatility testing. Usually, the fluid
volatility depends strongly on the fluid viscosity or
fluid molecular weight. Higher viscosity or higher
molecular weight fluid will have lower volatility and
lower viscosity or lower molecular weight fluid will
have higher volatility. For most viscosity grades
e.g., the PAO fluid has a Noack volatility of less
than 15 wt%, such as less than 10 wt% and/or less than
5 wt%. [0059] In another embodiment any polyalpha
olefin described herein may have a flash point of
15O0C or more, as measured by ASTM D 56. [0060] In an
alternative embodiment any polyalpha olefin described
herein may have a specific gravity of 0.75 gram/cm3 to
0.9 g/cm3, such as 0.78 to 0.85 g/cm3. [0061] The PAOs
prepared herein, particularly those of moderate to
high viscosity (such as those with a Kv100 of greater
than about 8 cSt), are especially suitable for use in
the formulation of high performance automotive engine
oils, general industrial lubricants, grease, various
types of automotive or industrial gears oils, aviation
lubricants, hydraulic fluids or lubricants, heat
transfer fluids, etc. They can be used by themselves
or by blending 0.1 up to 95 wt% of the PAOs with other
fluids, such as Group I, II, Group II+, Group III,
Group III+ base stocks or lube base stocks derived
from hydroisomerization of wax fractions from
Fischer-Tropsch hydrocarbon synthesis from CO/H2 syn
gas (GTL lube base stock), or other Group IV or Group
V or Group VI base stocks. General description of
these base stocks can be found in Chapter 18 and 19 of
the book, "Synthetics, Mineral Oils, and Bio-Based
Lubricants, Chemistry and Technology, ed. L. R.
Rudnick, published in 2006 by CRC Press, Taylor &
Francis Group of Boca Raton, FL 22487-2742,
incorporated herein by reference. These blendstocks,
when combined with additives known in the art, are
used to formulate into full synthetic lubricants,
partial synthetics, or used as special additive
components with other base stocks. These additives
include, but are not limited to, ashless dispersants,
metal or overbased metal detergent additives,
anti-wear additives, viscosity index improvers,
antioxidants, rust inhibitors, pour point depressants,
friction reducing additives, and the like. [0062] The
PAOs obtained in accordance with embodiments of this
description may be hydrogenated to formulate lubricant
oils in amounts from about 0.1wt% to about 90 wt%.
[0063] All kinematic viscosity values reported for
fluids herein are measured at 1000C unless otherwise
noted. Dynamic viscosity can then be obtained by
multiplying the measured kinematic viscosity by the
density of the liquid. The units for kinematic
viscosity are in m2/s, commonly converted to cSt or
centistokes ( 1 cSt lO m s or 1 cSt = 1mom/sec).
[0064] The PAOs described herein are typically dimers,
trimers, tetramers, or higher oligomers of one or more
C to C5 alpha-olefin monomers. Typically, the PAOs
described herein are usually a mixture of many
different oligomers. In one embodiment, smallest
oligomers from these alpha-olefins have carbon numbers
ranging from C10 to C20. These small oligomers are
usually separated from the higher oligomers with
carbon number of greater than C20, for example C24 and
higher which are typically used as high performance
fluids. These separated C10 to C2o oligomer olefins or
the corresponding paraffins after 



hydrogenation can be used in specialty applications,
such as drilling fluids, solvents, paint thinner, etc
with excellent biodegradability, toxicity,
viscosities, etc. Sometimes, the smaller oligomers up
to C40 are separated from the residual lube fraction
to give products with most desirable properties. The
high performance fluid fraction in the C20, or C3o and
higher fractions, after hydrogenation to remove
unsaturation, typically have lower viscosities
makingthem beneficial for some applications, such as
better fuel economy, better biodegradability, better
low temperature flow properties, or lower volatility.
These smaller oligomer fractions from C10 to C30 or
C40 fractions, if not hydrogenated, have high degree
of unsaturation. They can be used as starting material
for further functionalization with aromatics,
hydroxyaromatics, maleic anhydride, or used as
starting material for chemical synthesis. The higher
oligomerization fraction, C2o and higher, or C2 and
higher or C28 and higher, or C3o and higher fractions,
after hydrogenation, can be used as lubricant base
stocks by itself or as a blend component. These higher
oligomerization fractions, if not hydrogenated, can be
used as starting materials for further
functionalization with aromatics, hydroxyaromatics,
maleic anhydride, or used as starting material for
chemical synthesis. [0065] The oligomerization or
polymerization process described herein is typically
carried out in a manner to produce a final product
with 1000C Kv of greater than about 8 cSt. The process
and catalyst employed to produce these fluids are
unique in that they produce polymers which are
substantially atactic and have molecular weight
distribution, Mw/Mn, of about 1 to about 5, such as
about 1.1 to about 2.5. Because of this feature, the
polymerization process produces very high selectivity
to lube fraction product with a relatively low amount
of light fraction of C2o or C2 or C2g or C3o or lower
fractions, depending on feed types. Furthermore,
because of this molecular weight distribution, the
final lube fraction does not contain excessive high
molecular weight fractions, which may contribute to
the instability under shear, thermal, and oxidative
stress. [0066] The PAOs described herein can be
utilized as lubricants. Alternatively, the PAOs may be
blended with other base stocks (Gr I to VI) and used
as lubricants. To be used as lubricants, the PAOs
alone or blended with the other base stocks are
preferably combined with suitable additives, including
antioxidants, antiwear additives, friction modifiers,
dispersants, detergents, corrosion inhibitors,
defoamants, extreme pressure additives, seal swell
additives,and optionally viscosity modifiers, etc.
Description of typical additives, formulation and
application can be found in the book "Synthetics,
Mineral Oils, and Bio-Based Lubricants, Chemistry and
Technology", Ed. L. R. Rudnick, CRC Press, Taylor &
Francis Group, Boca Raton, FL. and in "Lubricant
Additives" Chemistry and Applications, ed. L. R.
Rudnick, Marcel Dekker, Inc., New York, 2003, which
are incorporated herein by reference. [0067] In
another embodiment, the PAOs described herein have a
volatility as measured by the Noack Volatility test
(ASTM D5800) of 20 wt% or less, such as 15 wt% or
less, 10 wt% or less, 5 wt% or less, less than 2 wt%
or less, or less than 1 wt% or less. Often, the PAOs
have Noack volatility of less than 5 wt%. [0068] In
another embodiment, the PAOs produced directly from
the oligomerization or polymerization process are
unsaturated olefins. The amount of unsaturation can be
quantitatively measured by bromine number measurement
according to the ASTM D 1159, or by proton or carbon-
13 NMR. Proton NMR spectroscopic analysis can also
differentiate and quantify the types of olefinic
unsaturation: vinylidene, 1,2-disubstituted,
trisubstituted, or vinyl. Carbon- 13 NMR spectroscopy
can confirm the olefin distribution calculated from
the proton spectrum. 



[0069] Both proton and carbon- 13 NMR spectroscopy can
quantify the extent of short chain branching (SCB) in
the olefin oligomer, although carbon- 13 NMR can
provide greater specificity with respect to branch
lengths. In the proton spectrum, the SCB branch methyl
resonances falls in the 1.05-0.7 ppm range. SCBs of
sufficiently different length will give methyl peaks
that are distinct enough to be integrated separately
or deconvoluted to provide a branch length
distribution. The remaining methylene and methine
signals resonate in the 3.0- 1.05 ppm range. In order
to relate the integrals to CH, CH , and CH
concentrations, each integral must be corrected for
the proton multiplicity. The methyl integral is
divided by three to derive the number of methyl
groups; theremaining aliphatic integral is assumed to
comprise one CH signal for each methyl group, with the
remaining integral as CH2 signal. The ratio of CH3/(CH
+ CH2 + CH3) gives the methyl group concentration.
[0070] Similar logic applies to the carbon- 13 NMR
analysis, with the exception that no proton
multiplicity corrections need be made. Furthermore,
the enhanced spectral/structural resolution of 13C NMR
vis a vis 1H NMR allows differentiation of ions
according to branch lengths. Typically, the methyl
resonances can be integrated separately to give branch
concentrations for methyls (20.5-15 ppm), propyls
(15-14.3 ppm), butyl-and-longer branches (14.3-13.9
ppm), and ethyls (13.9-7 ppm). [0071] Olefin analysis
is readily performed by proton NMR, with the olef nic
signal between 5.9 and 4.7 ppm subdivided according to
the alkyl substitution pattern of the olefin. Vinyl
group CH protons resonate between 5.9- 5.7 ppm, and
the vinyl CH2 protons between 5.3 and 4.85 ppm.
1,2-disubstituted olefinic protons resonate in the
5.5-5.3 ppm range. The trisubstituted olefin peaks
overlap the vinyl CH2 peaks in the 5.3-4.85 ppm
region; the vinyl contributions to this region are
removed by subtraction based on twice the vinyl CH
integral. The 1,1-disubstituted - or vinylidene -
olefins resonate in the 4.85-4.6 ppm region. The
olefinic resonances, once corrected for the proton
multiplicities can be normalized to give a
mole-percentage olefin distribution, or compared to
the multiplicity-corrected aliphatic region (as was
described above for the methyl analysis) to give
fractional concentrations (e.g. olefins per 100
carbons). [0072] Generally, the amount of unsaturation
strongly depends on the fluid viscosity or fluid
molecular weight. Lower viscosity fluid has higher
degree of unsaturation and higher bromine number.
Higher viscosity fluid has lower degree of
unsaturation and lower bromine number. If a large
amount of hydrogen or high hydrogen pressure is
applied during the polymerization step, the bromine
number maybe lower than without the hydrogen presence.
Typically, for greater than 20to 5000 cSt
polyalpha-olefin produced in this inventive process,
the assynthesized PAO will have bromine number of from
50 to less than 1, depending on fluid viscosity.
[0073] The types of olefinic unsaturations in the PAO
fluids produced by this inventive process are unique,
as confirmed by 1H and 13C-NMR. They contain a very
high amount of vinylidene olefins, CH -CR 1R2, and
much less of the other types of unsaturation,
including trisubstituted or di-substituted olefins.
The vinylidene content is preferably also much higher
than the vinylidene content of the polyalpha-olefins
produced in prior art cases based on metallocene used
with MAO promoters. In the present invention, the
vinylidene content is more than 65 mole%, or more than
70% or more than 80%. A higher amount of vinylidene
unsaturation is usually more desirable because these
types of olefins are much more reactive for further
hydrogenation or for further functionalization. There
are many methods described to maximize the amount of
vinylidene olefins, such as those disclosed in US
Patent No. 5,286,823, incorporated herein by 



reference. [0074] Vinylidene olefins usually react
faster with maleic anhydride in an ene reaction. They
are much more readily hydrogenated to give fully
saturated hydrocarbons for high performance base
stocks. Usually, the degree of hydrogenation affects
the oxidative stability of the fluid. Fluids with a
higher degree of hydrogenation, and concomitantly
lower bromine number, usually have better oxidative
stability. The PAO or PAOs of this disclosure have
high vinylidene content and are therefore more
amenable to hydrogenation, to provide the formation of
low bromine number fluids. The bromine number after
hydrogenation is preferably less than 5, more
preferably less than 3, more preferably less than 2,
more preferably less than 1, more preferably less than
0.5, more preferably less than 0.1. Generally, the
lower the bromine number, the better the oxidative
stability.- [0075] In one embodiment, the PAOs
described herein contain a substantial amount of
atactic polymer structure. In other words, the PAOs
have mostly atactic arrangements of the monomer units.
This atactic polymer is beneficial for the lubricant
applications. The atactic component can be defined by
the amount of mr triads as determined by C13-NMR
method, as described in the publication, "Syntheses of
Multi-stereoblock Polybutene-1 Using Novel
Monocyclopentadienyl Titanium and Modified
Methylaluminoxane Catalysts" Journal of Polymer
Science: Part A: Polymer Chemistry Vol. 37, page
4497-4501 (1999). In this patent application, we
define a substantially atactic PAO as a polymer
containing at least about 30%, such as more than about
30 mole% mr triads by C13-NMR analysis. In one
embodiment, a desirable atactic PAO has at least about
50, such as about 50 mole% mr triads. In embodiments,
the PAOs have an atactic polymer structure as
determined by the amount of mr triads of at least
about 30 mole% mr triad, such as at least about 50
mole%, at least about 60 mole%, at least about 70
mole%, or at least about 75 mole%, as determined by
carbon- 13 NMR described below. [0076] In another
embodiment this disclosure further relates to PAOs
comprising mm triads of 70 mole% or less, 60 mole% or
less, 50 mole% or less, 40 mole% or less, 30 mole% or
less, 20 mole% or less, as determined by Carbon- 13
Nuclear Magnetic Resonance (NMR) spectroscopy
according to the procedure below. [0077] In another
embodiment, the PAOs described herein include rr
triads, in the amount of about 80 mole% or less, such
as about 70 mole% or less, about 60 mole% or less,
about 50 mole% or less, about 40 mole% or less, about
30 mole% or less, about 20 mole% or less, about 10
mole% or less, or about 5 mole% or less as determined
by Carbon- 13 Nuclear Magnetic Resonance (NMR)
spectroscopy according to the procedure below.[0078]
In another embodiment this disclosure further relates
to PAOs having the ratio of mm/mr of less than about
5, such as less than about 4, less than about 3, less
than about 2, less than about 1, as determined by
Carbon- 13 Nuclear Magnetic Resonance (NMR)
spectroscopy according to the procedure below. [0079]
As noted above, Carbon- 13 NMR is used to determine
tacticity of the polyalphaolefins of the present
disclosure - quantitatively in some cases, and
qualitatively in others. Carbon- 13 NMR can be used to
determine the concentration of the triads, denoted mm
(meso, meso), mr (meso, racemic) and rr (racemic,
racemic), as well as molar composition of the sample.
The concentrations of these triads define whether the
polymer is isotactic, atactic or syndiotactic. Spectra
for a PAO sample are acquired in the following manner.
Approximately 100-1000 mg of the PAO sample is
dissolved in 2-3 ml of 



chloroform- d for Carbon 13 analysis. Approximately 10
mg/ml (solvent basis) of chromium acetylacetonate
relaxation agent, Cr(acac)3, is added to the sample to
enhance the data acquisition rate. Analysis of the
spectra is performed according to the paper by Kim,
I.; Zhou, J.-M.; and Chung, H. Journal of Polymer
Science: Part A: Polymer Chemistry 2000, 38 1687-1697,
augmented by the identification and integration of end
group resonances, and removal of their contributions
to the peaks used in the analysis. The deconvolutions
are executed with Acorn NMR Inc.'s NutsPro NMR data
analysis software, using an 85/15 Lorentzian/Gaussian
line shape. The component peaks are lumped together
into clusters according to the mm, mr, and rr triad
assignments, and fit with a Bernoullian distribution.
The adjustable parameter for these fits is Pr, the
fraction of monomer added with racemic
stereochemistry. For details of going from a set of
triad measurements (such as described by Kim above) to
a statistical model (such as the Bernoullian) see
"Polymer Sequence Determination, James C. Randall,
Academic Press, New York, 1977". For examples of
measurements of tacticity of polydecene and
polydodecene please see the examples section of PCT
patent application PCT/US2006/02123 1, filed June 2,
2006.- ZD - [0080] In an embodiment, the product
described herein is produced in a selectivity of 70%
or more for C2o and greater hydrocarbons, preferably
80% or more, preferably 90% or more, more preferably
95% or more, preferably 98% or more, preferably 99% or
more for C2o and greater hydrocarbons. [0081] In one
embodiment, the productivity of the process is at
least 1.5 kg of total product per gram of transition
metal compound, such as at least 2 kg of total product
per gram of transition metal compound, at least 3 kg
of total product per gram of transition metal
compound, at least 5 kg of total product per gram of
transition metal compound, at least 7 kg of total
product per gram of transition metal compound, at
least 10 kg of total product per gram of transition
metal compound, or at least 20 kg of total product per
gram of transition metal compound. [0082] In another
embodiment, the productivity of the process is at
least 1.5 kg of total product per gram of the
non-coordinating anion activator compound, such as at
least 2 kg of total product per gram of the
non-coordinating anion activator compound, at least 3
kg of total product per gram of non-coordinating anion
activator compound, at least 5 kg of total product per
gram of noncoordinating anion activator compound, at
least 7 kg of total product per gram of
non-coordinating anion activator compound, preferably
at least 10 kg of total product per gram of
non-coordinating anion activator compound, or at least
20 kg of total product per gram of non-coordinating
anion activator compound. [0083] It is of interest to
have high productivity for the metallocene or
non-coordinating anion activator, as these components
are usually the more expensive components than other
components in the catalyst system. For an economical
operation, it is important to have productivity of at
least 1.5 kg/g of transition metal compound or
non-coordinating anion activator. [0084] In one
embodiment, the product produced herein has a
selectivity of 60% or less for C24 or less
hydrocarbons, such as 50% or less, 40% or less, more_
20% or less, preferably 10% or less, 5% or less, 1% or
less for C2 or less hydrocarbons (% by weight unless
otherwise noted). [0085] In one embodiment, the lube
or high-performance fluid produced herein has a
selectivity of 10% or more, preferably 20% or more,
preferably 40% or more, more preferably 50% or more,
preferably 70% or more, preferably 80% or less,
preferably 90% or more, or preferably 95% or more. (%
by weight unless 



otherwise noted). Process [0086] The process described
herein to produce the poly-alpha-olefins employs
metallocene catalysts together with one or more
non-coordinating anion activators and optionally with
one or more co-activator or poison scavenger. The
metallocene catalysts are unbridged, substituted
bis(cyclopentadienyl) transition metal compounds. One
class of catalysts comprises highly substituted
metallocenes that give high catalyst productivity and
produce a product having kinematic viscosities of
greater than 8 cSt as measured at 1000C. Another class
of metallocenes is unbridged and substituted
cyclopentadienes, including unbridged and substituted
or unsubstituted indenes and or flourenes. One aspect
of the processes described herein also includes
treatment of the feed olefins and solvents (if used),
or purging nitrogen gas stream to remove catalyst
poisons, such as peroxides, oxygen-, sulfur-, and
nitrogen-containing organic compounds, and/or
acetylenic compounds. This treatment is believed to
increase catalyst productivity, typically by more than
30% increase in catalyst productivity, such as more
than 50% increase in catalyst productivity, more than
100% increase in catalyst productivity, more than 200%
increase in catalyst productivity, more than 500%
increase in catalyst productivity, more than 1000%
increase in catalyst productivity, or more than 2000%
increase in catalyst productivity. In many cases,
without purification of feed olefins, solvents if
used, or purging gas stream, one may obtain no
conversion or very low conversion (e.g. less than
5%).- - [0087] One process (preferably a continuous or
semi-continuous or batch process) to produce a
polyalpha-olefin described herein, having a KV at
1000C of greater than about 8 cSt to about 10,000,
such as about 20 to about 10,000 cSt, or about 30 to
about 7,500 cSt, or about 40 to about 5,000 cSt, or
about 8 to about 1,000 cSt or any other PAO described
herein comprises: contacting one or more alpha-olefin
monomers having 3 to 5 carbon atoms with an unbridged
substituted bis cyclopentadienyl transition metal
compound having the structure: where M is a Group 4
metal; each X is, independently, hydrogen, halogen,
hydride radicals, hydrocarbyl radicals, substituted
hydrocarbyl radicals, halocarbyl radicals, substituted
halocarbyl radicals, silylcarbyl radicals, substituted
silylcarbyl radicals, germylcarbyl radicals, or
substituted germylcarbyl radicals; or both X are
joined and bound to the metal atom to form a
metallacycle ring containing from about 3to about 20
carbon atoms; or both X together can be an olefin,
diolefin or aryne ligand; R1 to R10 are each
independently, a radical group which is a hydrogen, a
heteroatom, hydrocarbyl, substituted hydrocarbyl,
halocarbyl, substituted halocarbyl, silylcarbyl or
germylcarbyl, provided that at least one of R1 to R5
is not hydrogen and at least one of R6 to R10 is not
hydrogen and where any two adjacent R groups are
optionally joined to form a substituted or
unsubstituted, saturated, partially unsaturated, or
aromatic cyclic or polycyclic substituent; and a
non-coordinating anion activator, and optionally an
alkyl-aluminum compound, where the molar ratio of
transition metal compound to activator is 10:1 to 0.1
:1, and when the alkyl aluminum compound is present,
the molar ratio of alkyl aluminum compound to
transition metal compound is 1:4 to 4000:1, under
polymerization conditions wherein: i) hydrogen is
present at a partial pressure of 0.1 to 100 psi, based
upon the total pressure of the reactor or the
concentration of the hydrogen is from 1 to 30,000 ppm
or less by weight; 



ii) wherein the alpha-olefin monomer(s) having 3 to 5
carbon atoms are present at 10 volume% or more based
upon the total volume of the
catalyst/activator/alkylaluminum compound solutions,
monomers, and any diluents or solvents present in the
reaction. [0088] In one embodiment, a process to
produce a liquid poly-alpha-olefin having a KVioo of
greater than about 8 cSt or more comprises: a)
contacting in a reaction zone, in the presence of
hydrogen (preferably from 10 to 10,000 ppm by weight
of hydrogen), one or more C3 to C5 alpha-olefin
monomers, with a non-coordinating anion activator and
a transition metal compound represented by the
formula:- - where M is a Group 4 metal; each X is,
independently, a hydrogen, halogen, hydride radicals,
hydrocarbyl radicals, substituted hydrocarbyl
radicals, halocarbyl radicals, substituted halocarbyl
radicals, silylcarbyl radicals, substituted
silylcarbyl radicals, germylcarbyl radicals, or
substituted germylcarbyl radicals, or both X are
joined and bound to the metal atom to form a
metallacycle ring containing from about 3 to about 20
carbon atoms, or both together can be an olefin,
diolefin or aryne ligand; and R1 to R10 are each
independently, a radical group which is a hydrogen, a
heteroatom, hydrocarbyl, substituted hydrocarbyl,
halocarbyl, substituted halocarbyl, silylcarbyl or
germylcarbyl, provided that: 1) at least one of R1 to
R5 is not hydrogen or an iso-alkyl group and at least
one of R6 to R10 is not hydrogen or an isoalkyl or 2)
at least two of R1 to R5 are not hydrogen, or 3) at
least two of R1 to R5 are not hydrogen and at least
two of R6 to R10 are not hydrogen, and where any two
adjacent R1 to R5 groups may form a C4 to C2o cyclic
or poly-cyclicmoiety, and where any two adjacent R to
R groups may form a C4 to C20 cyclic or poly-cyclic
moiety, and optionally a co-activator, R1R2R3M, where
M is aluminum or boron and R1, R2 and R3 can be the
same or different Ci to C24 hydrocarbyl radicals,
including trialkylaluminum, a trialkylboron compound,
or a mixture of different compounds. [0089] By
continuous is meant a system that operates (or is
intended to operate) without interruption or
cessation. For example a continuous process to produce
a polymer would be one where the reactants (such as
monomers and catalyst components and/or poison
scavengers) are continually introduced into one or
more reactors and polymer product is continually
withdrawn. By semicontinuous is meant a system that
operates (or is intended to operate) with periodic
interruption. For example a semi-continuous process to
produce a polymer would be one where the reactants
(such as monomers and catalyst components and/or
scavengers) are continually introduced into one or
more reactors and polymer product is intermittently
withdrawn. [0090] A batch process is not continuous or
semi-continuous. [0091] In one embodiment, the
oligomerization reaction temperature is controlled by
several means, such as continuous or semi-continuous
operation, by heat removal, rate of catalyst or feed
addition or solvent addition. Since catalyst solution,
feed olefins and/or solvents and/or scavengers are
usually added at room or ambient temperature or can be
pre-cooled to a desired temperature, their addition to
the reactor can mitigate the heat of reaction and can
help maintain constant reaction temperature. This mode
of operation can control the temperature to within
200C of the desired reaction temperature, usually to
within 100C of the desired temperature, within 5C of
the desired temperature, within 30C of the desired
temperature, or within 1C of the desired temperature
over a 30 



minute period, and usually for the entire
reaction.[0092] Usually, a reactor, containing a small
amount of starting liquid is pre-heated to within 100C
of the desired reaction temperature in a
semicontinuous run. This starting liquid can be feed
olefins, catalyst components, solvents or
polyalpha-olefins heels from previous runs, or
polyalpha-olefin products from previous runs or any
other appropriate liquids. Usually, a part of the feed
olefins, solvent or PAO heels from previous runs or
PAO products from previous runs are a more preferred
starting liquid. When the reactor is at a desired
temperature, feed olefins, catalyst components,
hydrogen of a selected amount, solvents and other
components can be added continuously at selected
rates. The co-activator(s) or scavenger(s), part of
all of or all of the intended amount, can be added to
the starting liquid. Optionally, part or all of the
co-activator(s) or scavenger(s) can be added to the
feed olefins or solvent streams to maximize the
effectiveness of the reaction. As the polymerization
reaction starts at the reaction temperature, heat is
released. In order to maintain a reaction temperature
to be as constant as possible, heat is removed by one
or more of several methods as mentioned in the text,
or as generally known in the art. One possible method
for heat removal is to continuously circulate a stream
of the reactor contents through a heat exchanger by
pumping this side stream through a heat exchanger to
cool the side stream slightly and then pumping it back
into the reaction zone. The rate of this circulation
and the degree of cooling of this side stream can be
used to effectively control the reaction zone
temperature. Alternatively, if the reaction rate is
not high enough to maintain the reaction temperature,
external heating is supplied to the reactor to
maintain a desired temperature. Another method to
maintain a constant reaction temperature is by
controlling the addition rate of feed olefin or
solvent and the temperature of the feed olefin or
solvent. Alternatively, the heat of the reaction can
be removed to maintain constant reaction temperature
by boiling a portion of the solvent or other inerts in
the reactor and condensing the vapor with a cooling
condenser, as in a typical boiling reactor. This mode
of operation sometimes is preferred when one of the
feed is a mixed butene stream containing other
non-reactive C4 fractions such as n-butane,
iso-butane, cis- andtrans-2-butenes and isobutenes.
After the addition of reactants is completed, the
reaction is allowed to proceed for the desired amount
of time to obtain highest feed olefin conversion.
[0093] In a continuous mode of operation, the
operation is started in a similar manner to the
semi-continuous run, except when the reactor is filled
up to a pre-determined level, a pre-determined amount
of reaction product mixture is withdrawn from the
reactor while the addition of all components is
continued. The rate of feed addition and the amount of
reaction product withdrawn from the reactor determine
the reaction time or residence time. This can be
pre-determined to obtain high feed olefin conversion
and high reactor throughput for economical operation.
[0094] In this process, several factors are balanced
for optimum results. First is the choice of catalyst
components. An un-bridged, substituted metallocene
activated by a non-coordinating anion (NCA) with a
small amount of trialkylaluminum as a co-activator and
poison scavenger is an effective catalyst. The
metallocene components can be dihalide or dialkyls.
But, usually, the dialkyl form of the metallocene is
the active chemical component to interact with an NCA
activator to give the active catalyst. When the
metallocene di-halide is used, it typically requires
addition of tri-alkylaluminum or other alkylating
reagents to convert the dihalide form into dialkyl
form. In this case the molar ratio of tr i
alkylaluminum to metallocene is anywhere from 4 to
4000, preferably 8 to 500. When the metallocene
dialkyls are used, (such as bis(tetrahydroindenyl) 



zirconium dimethyl, bis(l,2-dimethylcyclopentadienyl)
zirconium dimethyl, bis(l,3-dimethylcyclopentadienyl)
zirconium dimethyl,
bis(l,2,4-trimethylcyclopentadienyl) zirconium
dimethyl, bis(tetramethylcyclopentadienyl)zirconium
dimethyl or
bis(methyl-3-n-butycyclopentadienyl)zirconium
dimethyl, or many other dialkyl metallocenes, etc.), a
small amount of tri-alkylaluminums is used to give the
optimum catalyst productivity. In this case the molar
ratio of trialkylaluminum to- - metallocene is
typically 2 to 500, preferably 3 to 200, more
preferably 3 to 100 or 3 to 10. The amount of the NCA
used is also important. The molar ratio of the
metallocene to the NCA can range from 10 to 0.1, such
as 1 to 1 or 0.5 to 2. [0095] In addition, the amount
of metallocene concentration is important. In order to
achieve the highest catalyst productivity, highest
selectivity to lube range product and best temperature
control and operability, an advantageous amount of
metallocene per gram of olefin feeds ranges from 1
microgram (or 0.001 milligram)/gram to 1
milligram/gram of olefins. When amounts of catalyst
components used are too high, the temperature control
can become difficult, product selectivity can suffer
and catalyst cost can become uneconomical. [0096] The
amount of hydrogen present in the reactor is also
important. Usually smaller amounts of hydrogen can be
used. The hydrogen head pressure is usually maintained
at or below 300 psi, such as below 50 psi, below 30
psi, below 20 psi, or below 10 psi. Alternatively, the
amount of hydrogen in the feed composition is present
in a concentration of 1 ppm to 30,000 ppm, such as 10
to 10,000 ppm, or 10 to 1,000 ppm. Usually, lower
hydrogen pressure is maintained to boost activity.
Surprisingly, it has been found that hydrogen present
in the reaction medium does not readily hydrogenate
the starting alpha-olefin feeds into corresponding
alkanes at low levels of hydrogen pressure or hydrogen
concentration. In fact, when hydrogen is present in
the reaction mixture, it has been found that the
catalyst productivity increases significantly. This is
also desirable in that the presence of low levels of
hydrogen leads to olefinic polymers with high
vinylidene content which can later be functionalized
by known methods, such as those disclosed in US Patent
No. 6,043,401. Therefore, it is preferred to maintain
reactor hydrogen pressure below 300 psi, such as below
100 psi, less than 50 psi, less than 25 psi, less than
10 psi. Low pressure of hydrogen is not only
advantageous for producing unsaturated polymers, it is
also important to minimize the hydrogenation of feed
stock into low value alkanes. Likewise a minimum
amount of hydrogen is desired, e.g., the hydrogen is
present at the levelof at least 1 psi, or at least 5
psi. Usually, it is practical to add 5 to 100 psi
hydrogen to the reactor. [0097] The reaction time or
residence time also influences the extent of
conversion of the feed olefins. Usually, longer
reaction time or residence time favors higher feed
olefin conversion. However, to balance high conversion
and the high reactor throughput, the reaction time or
residence time is usually between 1 minute to 30
hours, such as 5 minutes to 16 hours, or 10 minutes to
10 hours. This total residence time can be achieved by
using a single reactor or a series of cascading or
parallel reactors or by controlling the reactant feed
rates. [0098] By selective choice of metallocenes,
activated with NCA and/or co-activator, and by
selective choice of reaction operation conditions,
including the amount of catalyst used, and with the
right amount of trialkylaluminum as coactivator or
scavenger, residence time or reaction time, and amount
of hydrogen, polyalpha-olef  ns are produced with high
catalyst productivity of more than 1.5 kilogram total
product per gram of metallocene used. This high
productivity makes the process economically and
commercially attractive. 



[0099] After the reaction is completed in the
semi-continuous run or batch run or the product
withdrawn from the continuous run, the crude product
can be worked up by deactivating the catalyst by
addition of a small amount of oxygen, carbon dioxide,
air, water, alcohol, acids or any other catalyst
poison agents; washing the product with a dilute
aqueous sodium hydroxide or hydrochloric acid solution
and water; and separating the organic layer. The
organic layer typically contains un-reacted olefins,
olefin oligomers and solvent. The product fractions
can be separated from solvent and un-reacted starting
olefins by distillation or other methods known in the
art. The product fractions can be further fractionated
into light fractions and residual fractions. These
fractions typically have one unsaturated double bond
per molecule when no or very low amount of hydrogen,
such as below 10 psi of H2 or less than 10 ppm H2 is
added to the reactor. The- J O - double bonds are
mostly vinylidene, with some the balance of the
olefins being 1,2-disubstituted olefins or
tri-substituted olefins. These olefins are suitable
for further functionalization into other functional
fluids or performance additives according to
well-known olefin functionalization reactions, such as
alkylation with aromatic containing compounds, with
maleic anhydrides, with CO/H2 via hydroformylation
reactions, etc. The residual fractions, which usually
have little or no light hydrocarbons with less than 24
carbons can be used as lube base stock or high
performance fluids if their bromine number is below 2.
If the bromine number is above 2, it can be readily
hydrogenated by conventional lube hydrofinishing
processes and converted into fully saturated paraffin
fluids with bromine number less than 2, usually
significantly less than 2. Usually, lower bromine
number is more preferred, as it indicates better
oxidative stability. These hydrogenated, saturated
hydrocarbon paraffins are used as high performance
lubricant base stocks or used as high performance
functional fluids after formulation. Description of
the typical lubricant or functional fluids formulation
can be found in the book and the references in
"Synthetic Lubricants and High- Performance Functional
Fluids", 2nd edition, ed. by L. R. Rudnick and R. L.
Shubkin, Marcel Dekker, Inc., N.Y. 1999. [00100]
Alternatively, the crude product from the
polymerization reactor can be worked up by absorbing
the catalyst components and scavenger components and
any other heteroatom-containing components using a
solid sorbent. This is an advantageous method and is
used in the examples below. In this method, a catalyst
de-activator as described above is added to the crude
reaction, followed by the addition of a solid
absorbent. Or alternatively, a solid absorbent, such
as alumina, acid clay, Celite(r), or any known filter
aid, is added to the crude product. The slurry is
stirred for a pre-determined amount of time, usually
greater than 5 minutes. Then the solid is filtered and
the filtrate is ready for further distillation or
fractionation. This method is described more fully in
patent application USSN 11/789,871, filed April 26,
2007, incorporated herein by reference.[00101] In
another embodiment, the process further comprises
contacting PAO produced herein with hydrogen under
typical hydrogenation conditions with hydrogenation
catalyst to give a mostly saturated paraffinic PAO.
Metallocene Catalyst Compounds [00102] For purposes of
this disclosure and the claims, the terms "hydrocarbyl
radical," "hydrocarbyl," and hydrocarbyl group" are
used interchangeably throughout this document.
Likewise the terms "group," "radical," and
"substituent" are also used interchangeably throughout
this document. For purposes of this disclosure,
"hydrocarbyl radical" is defined to be a C1-CiOo
radical and may be linear, branched, or cyclic. When
cyclic, the hydrocarbon radical may be aromatic or
non-aromatic. "Hydrocarbon radical" is 



defined to include substituted hydrocarbyl radicals,
halocarbyl radicals, substituted halocarbyl radicals,
silylcarbyl radicals, and germylcarbyl radicals as
these terms are defined below. Substituted hydrocarbyl
radicals are radicals in which at least one hydrogen
atom has been substituted with at least one functional
group such as NR*2, OR*, SeR*, TeR*, PR*2, AsR*2,
SbR*2, SR*, BR*2, SiR*3, GeR*3, SnR*3, PbR* 3 and the
like or where at least one non-hydrocarbon atom or
group has been inserted within the hydrocarbyl
radical, such as -O-, -S-, -Se-, -Te-, -N(R*)-, =N-,
-P(R*)-, =P-, -As(R*)-, =As-, -Sb(R*)-, =Sb-, -B(R*)-,
=B-, -Si(R*) 2-, -Ge(R*) 2-, -Sn(R*) 2-, -Pb(R*) 2-
and the like, where R* is independently a hydrocarbyl
or halocarbyl radical, and two or more R* may join
together to form a substituted or unsubstituted
saturated, partially unsaturated or aromatic cyclic or
polycyclic ring structure. [00103] Halocarbyl radicals
are radicals in which one or more hydrocarbyl hydrogen
atoms have been substituted with at least one halogen
(e.g. F, Cl, Br, I) or halogen-containing group (e.g.
CF3) . [00104] Substituted halocarbyl radicals are
radicals in which at least one halocarbyl hydrogen or
halogen atom has been substituted with at least one- o
- functional group such as NR*2, OR*, SeR*, TeR*,
PR*2, AsR*2, SbR*2, SR*, BR*2, SiR*3, GeR*3, SnR*3,
PbR*3 and the like or where at least one non-carbon
atom or group has been inserted within the halocarbyl
radical such as -O-, -S-, -Se-, -Te-, -N(R*)-, =N-,
-P(R*)-, =P-, -As(R*)-, =As-, -Sb(R*)-, =Sb-, -B(R*)-,
=B-, -Si(R*) 2-, -Ge(R*) 2-, -Sn(R*) 2-, -Pb(R*) 2-
and the like, where R* is independently a hydrocarbyl
or halocarbyl radical provided that at least one
halogen atom remains on the original halocarbyl
radical. Additionally, two or more R* may join
together to form a substituted or unsubstituted
saturated, partially unsaturated or aromatic cyclic or
polycyclic ring structure. [00105] Silylcarbyl
radicals (also called silylcarbyls) are groups in
which the silyl functionality is bonded directly to
the indicated atom or atoms. Examples include SiH3,
SiH2R*, SiHR*2, SiR*3, SiH2(OR*), SiH(OR*) 2, Si(OR*)
3, SiH2(NR*2), SiH(NR* 2)2, Si(NR*2)3, and the like
where R* is independently a hydrocarbyl or halocarbyl
radical and two or more R* may join together to form a
substituted or unsubstituted saturated, partially
unsaturated or aromatic cyclic or polycyclic ring
structure. [00106] Germylcarbyl radicals (also called
germylcarbyls) are groups in which the germyl
functionality is bonded directly to the indicated atom
or atoms. Examples include GeH3, GeH2R*, GeHR*2, GeR5
3, GeH2(OR*), GeH(OR*) 2, Ge(OR*) 3, GeH2(NR*2),
GeH(NR* 2)2, Ge(NR* 2)3, and the like where R* is
independently a hydrocarbyl or halocarbyl radical and
two or more R* may join together to form a substituted
or unsubstituted saturated, partially unsaturated or
aromatic cyclic or polycyclic ring structure. [00107]
Polar radicals or polar groups are groups in which a
heteroatom functionality is bonded directly to the
indicated atom or atoms. They include heteroatoms of
groups 1-17 of the periodic table (except carbon and
hydrogen) either alone or connected to other elements
by covalent bonds or other interactions such as ionic
bonds, van der Waals forces, or hydrogen bonding.
Examples offunctional heteroatom containing groups
include carboxylic acids, acid halides, carboxylic
esters, carboxylic salts, carboxylic anhydrides,
aldehydes and their chalcogen (Group 14) analogues,
alcohols and phenols, ethers, peroxides and
hydroperoxides, carboxylic amides, hydrazides and
imides, amidines and other nitrogen analogues of
amides, nitriles, amines and imines, azos, nitros,
other nitrogen compounds, sulfur acids, selenium
acids, thiols, sulfides, sulfoxides, 



sulfones, phosphines, phosphates, other phosphorus
compounds, silanes, boranes, borates, alanes,
aluminates. Functional groups may also be taken
broadly to include organic polymer supports or
inorganic support material such as alumina, and
silica. Preferred examples of polar groups include
NR*2, OR*, SeR*, TeR*, PR*2, AsR*2, SbR*2, SR*, BR*2,
SnR*3, PbR* 3 and the like where R* is independently a
hydrocarbyl, substituted hydrocarbyl, halocarbyl or
substituted halocarbyl radical as defined above and
two R* may join together to form a substituted or
unsubstituted saturated, partially unsaturated or
aromatic cyclic or polycyclic ring structure. [00108]
In using the terms "substituted or unsubstituted
cyclopentadienyl ligand", "substituted or
unsubstituted indenyl ligand", "substituted or
unsubstituted fluorenyl ligand" and "substituted or
unsubstituted tetrahydroindenyl ligand", the
substitution to the aforementioned ligand may be
hydrocarbyl, substituted hydrocarbyl, halocarbyl,
substituted halocarbyl, silylcarbyl, or germylcarbyl.
The substitution may also be within the ring giving
heterocyclopentadienyl ligands, heteroindenyl ligands,
heterofluorenyl ligands, or heterotetrahydoindenyl
ligands, each of which can additionally be substituted
or unsubstituted. [00109] In some embodiments, the
hydrocarbyl radical is independently selected from
methyl, ethyl, ethenyl, and isomers of propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, octadecyl, nonadecyl, eicosyl, heneicosyl,
docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl,
heptacosyl, octacosyl, nonacosyl,triacontyl, propenyl,
butenyl, pentenyl, hexenyl, heptenyl, octenyl, noneyl,
decenyl, undecenyl, dodecenyl, tridecenyl,
tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,
octadecenyl, nonadecenyl, eicosenyl, heneicosenyl,
docosenyl, tricosenyl, tetracosenyl, pentacosenyl,
hexacosenyl, heptacosenyl, octacosenyl, nonacosenyl,
triacontenyl, propynyl, butynyl, pentynyl, hexynyl,
heptynyl, octynyl, nonynyl, decynyl, undecynyl,
dodecynyl, tridecynyl, tetradecynyl, pentadecynyl,
hexadecynyl, heptadecynyl, octadecynyl, nonadecynyl,
eicosynyl, heneicosynyl, docosynyl, tricosynyl,
tetracosynyl, pentacosynyl, hexacosynyl, heptacosynyl,
octacosynyl, nonacosynyl, triacontynyl, butadienyl,
pentadienyl, hexadienyl, heptadienyl, octadienyl,
nonadienyl, and decadienyl. Also included are isomers
of saturated, partially unsaturated and aromatic
cyclic and polycyclic structures wherein the radical
may additionally be subjected to the types of
substitutions described above. Examples include
phenyl, methylphenyl, dimethylphenyl, ethylphenyl,
diethylphenyl, propylphenyl, dipropylphenyl, benzyl,
methylbenzyl, naphthyl, anthracenyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl,
methylcyclohexyl, cycloheptyl, cycloheptenyl,
norbornyl, norbornenyl, adamantyl and the like. For
this disclosure, when a radical is listed, it
indicates that radical type and all other radicals
formed when that radical type is subjected to the
substitutions defined above. Alkyl, alkenyl and
alkynyl radicals listed include all isomers including
where appropriate cyclic isomers, for example, butyl
includes "-butyl, 2-methylpropyl, 1-methylpropyl,
tert-buty\, and cyclobutyl (and analogous substituted
cyclopropyls); pentyl includes n-pentyl, cyclopentyl,
1-methylbutyl, 2-methylbutyl, 3-methylbutyl,
1-ethylpropyl, and neopentyl (and analogous
substituted cyclobutyls and cyclopropyls); butenyl
includes E and Z forms of 1-butenyl, 2-butenyl,
3-butenyl, 1-methyl- 1-propenyl, l-methyl-2-propenyl,
2-methyl- 1-propenyl and 2-methyl-2-propenyl (and
cyclobutenyls and cyclopropenyls). Cyclic compound
having substitutions include all isomer forms, for
example, methylphenyl would include
ortho-methylphenyl, metamethylphenyl 



and para-methylphenyl; dimethylphenyl would include- -
2,3-dimethylphenyl, 2,4-dimethylphenyl,
2,5-dimethylphenyl, 2,6-diphenylmethyl,
3,4-dimethylphenyl, and 3,5-dimethylphenyl. [00110]
Examples of cyclopentadienyl and indenyl ligands are
illustrated below as part of the ligands. [00111] A
"ring carbon atom" is a carbon atom that is part of a
cyclic ring structure. By this definition, an indenyl
ligand has nine ring carbon atoms; a cyclopentadienyl
ligand has five ring carbon atoms and a flourenyl
ligand has 13 carbon atoms. Thus an indene is
equivalent to a Cp ring with two alkyl radical
substituents and a fluorene is equivalent to a Cp ring
with four alkyl radical substituents. In addition, the
cyclic ring can also be hydrogenated, for example,
di-hydro- or tetra-hydro-indenyl ligand, di-hydro,
tetra-hydro or octa-hydroflurorenyl ligands are
suitable. [00112] The metallocene compounds
(pre-catalysts), useful herein are preferably
cyclopentadienyl derivatives of titanium, zirconium
and hafnium. In general, useful titanocenes,
zirconocenes and hafnocenes may be represented by the
following formulae: (CpCp=OMX1X2 (2) wherein: M is the
metal center, and is a Group 4 metal, preferably
titanium, zirconium or hafnium, e.g., zirconium or
hafnium; Cp and Cp* are the same or different
cyclopentadienyl rings that are each bonded to M, and
1) both Cp and Cp* are substituted with at least one
nonisoalkyl substituent, or 2) Cp is substituted with
from two to five substituents "R", preferably both Cp
and Cp* are substituted with from two to five
substituents "R", each substituent group R being,
independently, a radical group which is a hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl or germylcarbyl, or Cp and Cp*
are the same or different cyclopentadienyl rings in
which any two adjacent R groups are optionally joined-
- to form a substituted or unsubstituted, saturated,
partially unsaturated, or aromatic cyclic or
polycyclic substituent; X and X2 are, independently,
hydrogen, halogen, hydride radicals, hydrocarbyl
radicals, substituted hydrocarbyl radicals, halocarbyl
radicals, substituted halocarbyl radicals, silylcarbyl
radicals, substituted silylcarbyl radicals,
germylcarbyl radicals, or substituted germylcarbyl
radicals; or both X are joined and bound to the metal
atom to form a metallacycle ring containing from about
3 to about 20 carbon atoms; or both together can be an
olefin, diolefin or aryne ligand. [00113] Table A
depicts representative constituent moieties for the
metallocene components of formula 2. The list is for
illustrative purposes only and should not be construed
to be limiting in any way. A number of final
components may be formed by permuting all possible
combinations of the constituent moieties with each
other. When hydrocarbyl radicals including alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkynyl and aromatic radicals are disclosed in
this application the term includes all isomers. For
example, butyl includes n-butyl, 2-methylpropyl,
tert-butyl, and cyclobutyl; pentyl includes n-pentyl,
1-methylbutyl, 2-methylbutyl, 3-methylbutyl,
1-ethylpropyl, neopentyl, cyclopentyl and
methylcyclobutyl; butenyl includes E and Z forms of
1-butenyl, 2-butenyl, 3-butenyl, 1-methyl- 1-propenyl,
l-methyl-2-propenyl, 2-methyl- 1-propenyl and
2-methyl-2-propenyl. This includes when a radical is
bonded to another group, for example,
propylcyclopentadienyl include 



n-propylcyclopentadienyl, isopropylcyclopentadienyl
and cyclopropy Icyclopentadieny 1. [00114] In general,
the ligands or groups illustrated in Table A include
all isomeric forms. For example,
dimethylcyclopentadienyl includes
1,2-dimethylcyclopentadieny 1 and 1,3
-dimethylcyclopentadienyl; methylindenyl includes
1-methylindenyl, 2-methylindenyl, 3-methylindenyl,
4-methylindenyl, 5-methylindenyl, 6-methylindenyl and
7-methylindenyl; methylethylphenyl- - includes
ortho-methylethylphenyl, meta-methylethylphenyl and
paramethylethylphenyl. To illustrate members of the
transition metal component, select any combination of
the species listed in Table A. TABLE A -- -- -- -- --
-- - [00115] In an embodiment of the disclosure, when
used with an NCA, Cp is the same as Cp* and is a
substituted cyclopentadienyl, indenyl or
tetrahydroindenyl ligand.[00116] Preferred metallocene
compounds (pre-catalysts) which, according to the
present invention, provide catalyst systems which are
specific to the production of PAO of greater than 8
cSt include: bis(cyclopentadienyl)zirconium dichloride
bis(methylcyclopentadienyl)zirconium dichloride
bis(ethylcyclopentadienyl)zirconium dichloride
bis(n-propylcyclopentadienyl)zirconium dichloride
bis(iso-propylcyclopentadienyl)zirconium dichloride
bis(n-butylcyclopentadienyl)zirconium dichloride
bis(iso-butylcyclopentadienyl)zirconium dichloride
bis(tertiary-butylcyclopentadienyl)zirconium
dichloride bis(n-pentylcyclopentadienyl)zirconium
dichloride bis(n-octylcyclopentadienyl)zirconium
dichloride bis(n-dodecylcyclopentadienyl)zirconium
dichloride bis( 1,2-dimethy
lcyclopentadienyl)zirconium dichloride bis(
1,3-dimethylcyclopentadienyl)zirconium dichloride bis(
1,2,3-trimethylcyclopentadienyl)zirconium dichloride
bis( 1,2,4-trimethylcyclopentadienyl)zirconium
dichloride bis(
1^^^-tetramethylcyclopentadienytyzirconium dichloride
bis(l,2,3,4,5-pentamethylcyclopentadienyl)zirconium
dichloride bis( 1-methy
l-2-ethylcyclopentadienyl)zirconium dichloride bis(
1-methyl-2-n-propylcyclopentadienyl)zirconium
dichloride bis(
1-methyl-2-n-butyllcyclopentadienyl)zirconium
dichloride bis( 1-methy 1-3-ethy
Icyclopentadienyl)zirconium dichloride
bis(l-methyl-3-n-propylcyclopentadienyl)zirconium
dichloride
bis(l-methyl-3-n-butylcyclopentadienyl)zirconium
dichloride bis(l -methy 1-3
-n-pentylcyclopentadienyl)zirconium dichloride bis(
1,2-dimethy l-4-ethylcyclopentadienyl)zirconium
dichloride bis( 1,2-dimethy
1-4-n-propylcyclopentadieny l)zirconium dichloride
bis( 1,2-dimethy l-4-n-butylcyclopentadienyl)zirconium
dichloridebis( 1,2-diethylcyclopentadienyl)zirconium
dichloride bis(l,3-diethylcyclopentadienyl)zirconium
dichloride bis(
1,2-di-n-propylcyclopentadienyl)zirconium dichloride
bis( 1,2-di-n-butylcyclopentadienyl)zirconium
dichloride bis(
1-methyl-2,4-diethylcyclopentadienyl)zirconium
dichloride bis(
1,2-diethyl-4-n-propylcyclopentadienyl)zirconium
dichloride bis(
1^-diethyl^-n-butylcyclopentadienyOzirconium
dichloride bis(
1-methyl-S-i-propylcyclopentadienyOzirconium
dichloride bis( 1-ethy1-3
-i-propylcyclopentadienyl)zirconium dichloride 



(1,2-dimethylcyclopentadienyl)(cyclopentadienyl)zircon
ium dichloride
(1,3-dimethyIcyclopentadienyl)(cyclopentadienyl)zircon
ium dichloride
(1,2-dimethylcyclopentadienyl)(methylcyclopentadienyl)
zirconium dichloride
(1,2-dimethylcyclopentadienyl)(ethylcyclopentadienyl)z
irconium dichloride (1,2-dimethylcyclopentadienyl)(
1,2-di-n-butylcyclopentadienyl)zirconium dichloride
(1,3-dimethylcyclopentadienyl)(cyclopentadienyl)zircon
ium dichloride
(l,3-dimethylcyclopentadienyl)(l,2-dimethylcyclopentad
ienyl)zirconium dichloride
(1,3-dimethyIcyclopentadieny1)(
1,3-diethylcyclopentadienyl)zirconium dichloride
bis(indenyl)zirconium dichloride bis(
1-methylindenyl)zirconium dichloride
bis(2-methylindenyl)zirconium dichloride
bis(4-methylindenyl)zirconium dichloride
bis(4,7-dimethylindenyl)zirconium dichloride
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride
bis(4,5,6,7-tetrahydro-2-methylindenyl)zirconium
dichloride
bis(4,5,6,7-tetrahydro-4,7-dimethylindenyl)zirconium
dichloride
(cyclopentadienyl)(4,5,6,7-tetrahydroindenyl)zirconium
dichloride[00117] The catalysts also include the
zirconium dihalides, di-methyl, di-isobutyl,
di-n-octyl or other di-alkyl analogs of the above
compounds, and the hafnium dichloride, dihalides, or
the hafnium di-methyl or di-alkyl analogs of the above
compounds. [00118] Advantageous catalyst compounds
also include bis(cyclopentadienyl)zirconium
dichloride, bis(methylcyclopentadienyl)zirconium
dichloride, bis(n-butylcyclopentadienyl)zirconium
dichloride, bis(l,2-
dimethylcyclopentadienyl)zirconium dichloride,
bis(l,3- dimethylcyclopentadienyl)zirconium
dichloride, bis( 1,2,3-
trimethylcyclopentadienyl)zirconium dichloride, bis(
1,2,4- trimethylcyclopentadienyl)zirconium dichloride
and bis(tetramethy lcyclopentadieny l)zirconium
dichloride, bis( 1-methy 1-
2-ethylcyclopentadienyl)zirconium dichloride, bis(l
-methy 1- 3-ethy lcyclopentadieny l)zirconium
dichloride, bis( 1-methy 1-
3-n-propylcyclopentadienyl)zirconium dichloride, bis(
1-methy 1- 3-n-butylclopentadienyl)zirconium
dichloride, bis(4,5,6,7-tetrahydro indenyl)zirconium
dichloride, bis(indenyl)zirconium dichloride, bis(
1,2-dimethylcyclopentadienyl)zirconium dimethyl, bis(
1,3-dimethylcyclopentadienyl)zirconium dimethyl,
bis(l,2,3-trimethylcyclopentadienyl)zirconium
dimethyl,
bis(l,2,4-trimethylcyclopentadienyl)zirconium dimethyl
and bis(tetramethylcyclopentadienyl)zirconium
dimethyl, bis( 1-methy
l-2-ethylcyclopentadienyl)zirconium dimethyl, bis(
1-methyl-3-ethylcyclopentadienyl)zirconium dimethyl,
bis( 1-methyl-3-n-propylcyclopentadienyl)zirconium
dimethyl, bis(l -methy
1-3-n-butylclopentadienyl)zirconium dimethyl,
bis(4,5,6,7-tetrahydro indenyl)zirconium dichloride,
bis(indenyl)zirconium dimethyl, or their diisobutyl
analogs These metallocene dialkyl components maybe
present in the catalyst system by using the preformed
metallocene as the starting material. Sometimes,they
are present as reaction products from metallocene
dihalides with trialkylaluminum compounds
(co-activators/scavengers). [00119] In an alternate
embodiment, the metallocene compound is not racemic.
In an alternate embodiment, a wide variety of
fluorenyl-containing species that can also produced
atactic polyalpha-olefins for this invention include 



following groups: non-bridged
fluorenyl/cyclopentadienyl species, such as (Cp,
Fluorenyl)ZrC12, non-bridged fluorenyl/indenyl
species, such as (In, Fluorenyl)ZrC12, non-bridged
fluorenyl/fluorenyl species such as (fluorenyl)2ZrC12,
or bridged bluorenyl/fluorenyl C2v-symmetry species
such as Me2Si(Fluroenyl)ZrC12, or bridged Cl-symmtric
species containing one fluorenyl ligand and another
bulky ligand, etc. as described in page 38, section
2.1 .2 of the book, Stereoselective Polymerization
with Single-Site Catalysts, Ed. by L. S. Baugh & J .
A. M. Canich, CRC Press, Taylor & Francis Group, Boca
Raton, FL, 2008. Activators and Catalyst Activation
[00120] The catalyst precursors, when activated by an
activator such as non-coordinating anion activator,
form active catalysts for the polymerization or
oligomerization of olefins. Activators that may be
used include Lewis acid activators such as
triphenylboron, tris-perfluorophenylboron,
trisperfluorophenylaluminum and the like and or ionic
activators such as dimethylanilinium
tetrakisperfluorophenylborate,
triphenylcarboniumtetrakis perfluorophenylborate,
dimethylaniliniumtetrakisperfluorophenylaluminate, and
the like. [00121] A co-activator is a compound capable
of alkylating the transition metal complex, such that
when used in combination with an activator, an active
catalyst is formed. Co-activators include alumoxanes
such as methylalumoxane, modified alumoxanes such as
modified methylalumoxane, and aluminum alkyls such
trimethylaluminum, tri-isobutylaluminum,
triethylaluminum, and- - tri-isopropylaluminum,
tri-n-hexylaluminum, tri-n-octylaluminum, trin-
decylaluminum or tri-n-dodecylaluminum. Co-activators
are typically used in combination with Lewis acid
activators and ionic activators when the pre-catalyst
is not a dihydrocarbyl or dihydride complex. Sometimes
co-activators are also used and added to the feed
streams or to the catalyst stream or to the reactor in
single or multiple streams as scavengers to deactivate
impurities in feed or reactors. In many cases, even
when the dialkyl form of the metallocene component is
used, small amounts of co-activator is also added to
the catalyst system or to the reactor system for a
further promoting effect or to scavenge an impurity of
the reactor system. [00122] Particularly useful
co-activators include alkylaluminum compounds
represented by the formula: R3AI, where each R is,
independently, a C to C18 alkyl group, preferably each
R is independently, selected from the group consisting
of methyl, ethyl, n-propyl, iso-propyl, iso-butyl,
n-butyl, t-butyl, n-pentyl, iso-pentyl, neopentyl,
n-hexyl, iso-hexyl, n-heptyl, iso-heptyl, n-octyl,
iso-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl,
n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl,
n-heptadecyl, n-octadecyl, and their iso-analogs.
[00123] Ionic activators (at times used in combination
with a co-activator) may be used in the practice of
this invention. Preferably, discrete ionic activators
such as [Me2PhNH][B(C 6Fs)4], [Ph3C][B(C6Fs)4],
[Me2PhNH] [B((C6H3-3,5- (CF3)2))4], [Ph3C][B((C
6H3-3,5-(CF 3)2))4], [NH4][B(C6Hs)4] or Lewis acidic
activators such as B(C 6F5)3 or B(C6H5)3 can be used,
where Ph is phenyl and Me is methyl. Preferred
co-activators, when used, are alumoxanes such as
methylalumoxane, modified alumoxanes such as modified
methylalumoxane, and aluminum alkyls such as
tri-isobutylaluminum, and trimethylaluminum,
triethylaluminum, and tri-isopropylaluminum,
tri-n-hexylaluminum, trin- octylaluminum,
tri-n-decylaluminum or tri-n-dodecylaluminum.[00124]
It is within the scope of this disclosure to use an
ionizing or stoichiometric activator, neutral or
ionic, such as 



tri(n-butyl)ammoniumtetrakis(pentafluorophenyl)
borate, a trisperfluorophenyl boron metalloid
precursor or a trisperfluoronaphthyl boron metalloid
precursor, polyhalogenated heteroborane anions (WO
98/43983), boric acid (U.S. Patent No. 5,942,459) or a
combination thereof. WO 98/43983 and U.S. Patent No.
5,942,459 are incorporated herein by reference.
[00125] Examples of neutral stoichiometric activators
include tri-substituted boron, tellurium, aluminum,
gallium and indium or mixtures thereof. The three
substituent groups are each independently selected
from alkyls, alkenyls, halogen, substituted alkyls,
aryls, arylhalides, alkoxy and halides. Preferably,
the three groups are independently selected from
halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds
and mixtures thereof, preferred are alkenyl groups
having 1 to 20 carbon atoms, alkyl groups having 1 to
20 carbon atoms, alkoxy groups having 1 to 20 carbon
atoms and aryl groups having 3 to 20 carbon atoms
(including substituted aryls). More preferably, the
three groups are alkyls having 1 to 4 carbon groups,
phenyl, naphthyl or mixtures thereof. Even more
preferably, the three groups are halogenated,
preferably fluorinated, aryl groups. Most preferably,
the neutral stoichiometric activator is
trisperfluorophenyl boron or trisperfluoronaphthyl
boron. [00126] Ionic stoichiometric activator
compounds may contain an active proton, or some other
cation associated with, but not coordinated to, or
only loosely coordinated to, the remaining ion of the
ionizing compound. Such compounds and the like are
described in European publications EP-A-O 570 982,
EP-A-O 520 732, EP-A-O 495 375, EP-Bl-O 500 944,
EP-A-O 277 003 and EP-A-O 277 004, and U.S. Patent
Nos. 5,153,157, 5,198,401, 5,066,741, 5,206,197,
5,241,025, 5,384,299 and 5,502,124 and U.S. Patent
Application Serial No. 08/285,380, filed August 3,
1994, all of which are herein fully incorporated by
reference.- J D - [00127] Ionic catalysts can be
prepared by reacting a transition metal compound with
an activator, such as B(C F )3, which upon reaction
with the hydrolyzable ligand (X') of the transition
metal compound forms an anion, such as ([B(C6F5)3(X')]
), which stabilizes the cationic transition metal
species generated by the reaction. The catalysts can
be, and preferably are, prepared with activator
components which are ionic compounds or compositions.
However preparation of activators utilizing neutral
compounds is also contemplated by this invention.
[00128] Compounds useful as an activator component in
the preparation of the ionic catalyst systems used in
the process of this invention comprise a cation, which
is preferably a Brnsted acid capable of donating a
proton, and a compatible non-coordinating anion which
anion is relatively large (bulky), capable of
stabilizing the active catalyst species which is
formed when the two compounds are combined and said
anion will be sufficiently labile to be displaced by
olefinic, diolefinic, and acetylenically unsaturated
substrates or other neutral Lewis bases such as
ethers, nitriles, and the like. Two classes of
compatible noncoordinating anions have been disclosed
in EPA 277,003 and EPA 277,004 published 1988: 1)
anionic coordination complexes comprising a plurality
of lipophilic radicals covalently coordinated to and
shielding a central chargebearing metal or metalloid
core, and 2) anions comprising a plurality of boron
atoms such as carboranes, metallacarboranes and
boranes. Any of these noncoordinating anions may be
used in processes described herein. The disclosures of
EPA 277,003 and EPA 277,004 are incorporated herein by
reference. In a preferred embodiment, the
stoichiometric activators include a cation and an
anion 



component, and may be represented by the following
formula: (L**-H)d+ ( d ) wherein L** is a neutral
Lewis base; H is hydrogen; (L**-H)d+ is a Brnsted
acid, Ad ~ is a non-coordinating anion having the
charge d-, d is an integer from 1 to 3.[00129] The
cation component, (L**-H) d+ may include Brnsted acids
such as protons or protonated Lewis bases or reducible
Lewis acids capable of protonating or abstracting a
moiety, such as an alkyl or aryl, from the precatalyst
after alkylation. [00130] The activating cation
(L**-H) d+ may be a Brnsted acid, capable of donating
a proton to the alkylated transition metal catalytic
precursor resulting in a transition metal cation,
including ammoniums, oxoniums, phosphoniums,
silyliums, and mixtures thereof, preferably ammoniums
of methylamine, aniline, dimethylamine, diethylamine,
N-methylaniline, diphenylamine, trimethylamine,
triethylamine, N,N-dimethylaniline,
methyldiphenylamine, pyridine, p-bromo -
N,N-dimethylaniline, p-nitro-N,N-dimethylaniline,
phosphoniums from triethylphosphine,
triphenylphosphine, and diphenylphosphine, oxoniums
from ethers such as dimethyl ether, diethyl ether,
tetrahydrofuran and dioxane, sulfoniums from
thioethers, such as diethyl thioethers and
tetrahydrothiophene, and mixtures thereof. The
activating cation (L**-H) d+ may also be a moiety such
as silver, tropylium, carbeniums, ferroceniums and
mixtures, preferably carboniums and ferroceniums; most
preferably triphenyl carbonium. [00131] The anion
component Ad~ includes those having the formula [A
+Qn] wherein k is an integer from 1 to 3; n is an
integer from 2-6; n - k = d; is an element selected
from Group 13 of the Periodic Table of the Elements,
preferably boron or aluminum, and Q is independently a
hydride, bridged or unbridged dialkylamido, halide,
alkoxide, aryloxide, hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl, and
halosubstituted-hydrocarbyl radicals, said Q having up
to 20 carbon atoms with the proviso that in not more
than one occurrence is Q a halide. Preferably, each Q
is a fluorinated hydrocarbyl group having 1 to 20
carbon atoms, more preferably each Q is a fluorinated
aryl group, and most preferably each Q is a
pentafluoryl aryl group. Examples of suitable Ad~ also
include diboron compounds as disclosed in U.S. Pat.
No. 5,447,895, which is fully incorporated herein by
reference.- o - [00132] Illustrative, but not
limiting, examples of boron compounds which may be
used as an activating cocatalyst in combination with a
co-activator in the preparation of the catalysts used
herein are tri- substituted ammonium salts such as:
trimethylammonium tetraphenylborate, triethylammonium
tetraphenylborate, tripropylammonium
tetraphenylborate, tri(rc-butyl)ammonium
tetraphenylborate, tri(ter?-butyl)ammonium
tetraphenylborate, N,N-dimethylanilinium
tetraphenylborate, N,N-diethylanilinium
tetraphenylborate,
N,N-dimethyl-(2,4,6-trimethylanilinium)
tetraphenylborate, trimethylammonium
tetrakis(pentafluorophenyl)borate, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate,
tri(n-butyl)arnmonium
tetrakis(pentafluorophenyl)borate,
tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl)borate,
N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate,
N,N-diethylanilinium
tetrakis(pentafluorophenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(pentafluorophenyl)borate, trimethylammonium
tetrakis-(2,3,4,6-tetrafluorophenyl) borate,
triethylammonium tetrakis-(2,3
,4,6-tetrafluorophenyl)borate, tripropylammonium
tetrakis-(2,3 ,4,6-tetrafluorophenyl)borate,
tri("-butyl)ammonium 



tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
dimethyl(te/-r-butyl)ammonium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
N,N-dimethylanilinium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
N,N-diethylanilinium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3
,4,6-tetrafluorophenyl)borate, trimethylammonium
tetrakis(perfluoronaphthyl)borate, triethylammonium
tetrakis(perfluoronaphthyl)borate, tripropylammonium
tetrakis(perfluoronaphthyl)borate,
tri("-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, tri(ter
-butyl)ammonium tetrakis(perfluoronaphthyl)borate,
N,N-dimethylaniliniumtetrakis(perfluoronaphthyl)borate
, N,N-diethylanilinium
tetrakis(perfluoronaphthyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluoronaphthyl)borate, trimethylammonium
tetrakis(perfluorobiphenyl)borate, triethylammonium
tetrakis(perfluorobiphenyl)borate, tripropylammonium
tetrakis(perfluorobiphenyl)borate,
tri("-butyl)ammonium
tetrakis(perfluorobiphenyl)borate,
tri(tert-butyl)ammonium
tetrakis(perfluorobiphenyl)borate,
N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate,
N,N-diethylanilinium
tetrakis(perfluorobiphenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, trimethylammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
triethylammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
tripropylammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
tri("-butyl)ammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
tri(tert-butyl)ammonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
N,N-dimethylanilinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
N,N-diethylanilinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and
dialkyl ammonium salts such as: di-(w-propyl)ammonium
tetrakis(pentafluorophenyl)borate, and
dicyclohexylammonium
tetrakis(pentafluorophenyl)borate; and other salts
such as tri(o-tolyl)phosphonium
tetrakis(pentafluorophenyl)borate,
tri(2,6-dimethylphenyl)phosphonium
tetrakis(pentafluorophenyl)borate, tropylium
tetraphenylborate, triphenylcarbenium
tetraphenylborate, triphenylphosphonium
tetraphenylborate, triethylsilylium tetraphenylborate,
benzene(diazonium)tetraphenylborate, tropylium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate,
triphenylphosphonium
tetrakis(pentafluorophenyl)borate, triethylsilylium- -
tetrakis(pentafluorophenyl)borate, benzene(diazonium)
tetrakis(pentafluorophenyl)borate, tropylium
tetrakis-(2,3 ,4,6-tetrafluorophenyl)borate,
triphenylcarbenium
tetrakis-(2,3,4,6-tetraf.uorophenyl)borate,
triphenylphosphonium
tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
triethylsilylium tetrakis-(2,3
,4,6-tetrafluorophenyl)borate, benzene(diazonium)
tetrakis-(2,3 ,4,6-tetrafluoropheny l)borate,
tropylium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate,
triphenylphosphonium
tetrakis(perfluoronaphthyl)borate, triethylsilylium
tetrakis(perfluoronaphthyl)borate, benzene(diazonium) 



tetrakis(perfluoronaphthyl)borate, tropylium
tetrakis(perfluorobiphenyl)borate, triphenylcarbenium
tetrakis(perfluorobiphenyl)borate,
triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium
tetrakis(perfluorobiphenyl)borate, benzene(diazonium)
tetrakis(perfluoFrobiphenyl)borate, tropylium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
triphenylcarbenium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
triphenylphosphonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
triethylsilylium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and
benzene(diazonium)
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate.
[00133] Suitale ionic stoichiometric activators
(L**-H) d + (Ad ~) include N,N-dimethylanilinium
tetrakis(perfluorophenyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate,
N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate,
N,N-dimethylanilinium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium- O i -
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, or
triphenylcarbenium tetra(perfluorophenyl)borate.
[00134] The catalyst precursors can also be activated
with cocatalysts or activators that comprise
non-coordinating anions containing metalloid-free
cyclopentadienide ions. These are described in U.S.
Patent Publication 2002/0058765 Al, published on 16
May 2002 (incorporated herein by reference), and for
the process described herein, require the addition of
a co-activator to the catalyst pre-cursor.
"Compatible" non-coordinating anions are those which
are not degraded to neutrality when the initially
formed complex decomposes. Further, the anion will not
transfer an anionic substituent or fragment to the
cation so as to cause it to form a neutral transition
metal compound and a neutral by product from the
anion. Preferred non-coordinating anions useful in
accordance with this disclosure are those that are
compatible, stabilize the transition metal complex
cation in the sense of balancing its ionic charge at
+1, yet retain sufficient lability to permit
displacement by an ethylenically or acetylenically
unsaturated monomer during polymerization. These types
of cocatalysts are sometimes used with scavengers such
as but not limited to tri-wo-butylaluminum,
tri-n-octylaluminum, tri-"-hexylaluminum,
triethylaluminum or trimethy laluminum . [00135] The
processes described herein also can employ cocatalyst
compounds or activator compounds that are initially
neutral Lewis acids but form a cationic metal complex
and a noncoordinating anion, or a zwitterionic complex
upon reaction with the alkylated transition metal
compounds. The alkylated metallocene compound is
formed from the reaction of the catalyst pre-cursor
and the co-activator. For example,
tris(pentafluorophenyl) boron or aluminum act to
abstract a hydrocarbyl ligand to yield a cationic
transition metal complex and stabilizing
noncoordinating anion, see EP-A-O 427 697 and EP-A-O
520 732 for illustrations of analogous Group 4
metallocene compounds. Also, see the methods and
compounds of EP-A-O 495 375. For formation of
zwitterionic- OZ - complexes using analogous Group 4
compounds, see U.S. Patents 5,624,878; 5,486,632; and
5,527,929, which, along with EP-A-O 427 697, EP-A-O
495 375 are incorporated herein by reference. [00136]
Additional neutral Lewis-acids are known in the art
and are suitable 



for abstracting formal anionic ligands. See in
particular the review article by E. Y.-X. Chen and T.
J. Marks, "Cocatalysts for Metal-Catalyzed Olefin
Polymerization: Activators, Activation Processes, and
Structure-Activity Relationships", Chem. Rev., 100,
1391-1434 (2000). [00137] When the cations of
noncoordinating anion precursors are Brnsted acids
such as protons or protonated Lewis bases (excluding
water), or reducible Lewis acids such as ferrocenium
or silver cations, or alkali or alkaline earth metal
cations such as those of sodium, magnesium or lithium,
the catalyst-precursor-toactivator molar ratio may be
any ratio. Combinations of the described activator
compounds may also be used for activation. [00138]
When an ionic or neutral stoichiometric activator
(such as an NCA) is used, the
catalyst-precursor-to-activator molar ratio is from
1:10 to 1:1; 1:10 to 10:1; 1:10 to 2:l; 1:10 to 3:1; l
:10 to 5:1; 1:2 to 1.2:1; 1:2 to 10: 1; 1:2 to 2:1 ;
1:2 to 3:1; 1:2 to 5:1; 1:3 to 1.2:1; 1:3 to 10:1; 1:3
to 2:1; 1:3 to 3:1; 1:3 to 5 :1; 1:5 to 1:1; 1:5 to
10:1; 1:5 to 2:1; 1:5 to 3:1; 1:5 to 5:1; 1:1 to
1:1.2. The catalyst-precursor-to-co-activator molar
ratio is from 1:500 to 1:1, 1:100 to 100:1; 1:75 to
75:1; 1:50 to 50:1; 1:25 to 25:1; 1:15 to 15:1; 1:10
to 10:1; 1:5 to 5:1, 1:2 to 2:1; 1:100 to 1:1; 1:75 to
1:1; 1:50 to 1:1; 1:25 to 1:1; 1:15 to 1:1; 1:10 to
1:1; 1:5 to 1:1; 1:2 to 1:1; I:10 to 2:l. [00139]
Advantageous activators and activator/co-activator
combinations include trialkylaluminum including
trimethyl, triethyl, tri-n-propyl, tri-n-hexyl,
tri-n-butyl, tri-n-octyl, tri-n-dodecyl,
tri-isopropyl, tri-isobutyl, or tri-isopentyl, etc.
with dimethylanilinium
tetrakis(pentafluorophenyl)borate or
tris(pentafluorophenyl)boron, and mixtures of
trimethyl aluminum with- - dimethylanilinium
tetrakis(pentafluorophenyl)borate or
tris(pentafluorophenyl)boron. [00140] In some
embodiments, methylalumoxane, modified
methylalumoxane, or mixtures of alkylalumoxanes are
also used by themselves or as one of the many
co-activator components. However, it is often not
necessary and less desirable to use alumoxanes because
alumoxane compounds are generally more expensive than
trialkylaluminum or trialkylboron compounds. [00141]
In some embodiments, scavenging compounds are used
with stoichiometric activators. Typical aluminum or
boron alkyl components useful as scavengers are
represented by the general formula RXJZ2 where J is
aluminum or boron, Rx selected from C1 to C2o alkyl
radicals and can be the same or different; and each Z
is independently Rx or a different univalent anionic
ligand such as halogen (Cl, Br, I), alkoxide (ORX) and
the like. Desirable aluminum alkyls include
triethylaluminum, diethylaluminum chloride,
tri-wo-butylaluminum, tri-"-octylaluminum.
tri-n-hexylaluminum, trimethylaluminum and the like.
Desirable boron alkyls include triethylboron.
Scavenging compounds may also be alumoxanes and
modified alumoxanes including methylalumoxane and
modified methylalumoxane. [00142] In an alternate
embodiment, alkylalumoxane compounds (such as methyl
alumoxane, and modified methylalumoxane) are present
in the reaction zone at less than 3 milligrams (mg) of
alumoxane/gram of olefin feed, preferably less than 1
mg of alumoxane/gram of olefin feed, preferably less
than 0.5 mg of alumoxane/g of olefin feed. Supported
Catalysts [00143] Supported catalysts and/or supported
catalyst systems may be used to prepare PAOs. To
prepare uniform supported catalysts, the catalyst
precursor preferably dissolves in the chosen solvent.
The term "uniform supported catalyst" 



means that the catalyst precursor, the activator,
and/or the activated catalyst- - approach uniform
distribution upon the support's accessible surface
area, including the interior pore surfaces of porous
supports. Some embodiments of supported catalysts
include uniform supported catalysts; other embodiments
can use supported or non-supported catalysts. [00144]
Useful supported catalyst systems may be prepared by
any method effective to support other coordination
catalyst systems, "effective" meaning that the
catalyst so prepared can be used for oligomerizing or
polymerizing olefins in a heterogeneous process. The
catalyst precursor, activator, co-activator (if
present), suitable solvent, and support may be added
in any order or simultaneously. [00145] By one method,
the activator, dissolved in an appropriate solvent
such as toluene, may be stirred with the support
material for 1 minute to 10 hours to prepare the
supported catalyst. The total solution volume (of the
catalyst solution, the activator solution or both) may
be greater than the pore volume of the support, but
some embodiments limit the total solution volume below
that needed to form a gel or slurry (about 90% to
400%, preferably about 100-200%, of the pore volume).
The mixture is optionally heated from 30 to 200 C
during this time. The catalyst precursor may be added
to this mixture as a solid, if a suitable solvent is
employed in the previous step, or as a solution.
Alternatively, the mixture can be filtered, and the
resulting solid mixed with a catalyst precursor
solution. Similarly, the mixture may be vacuum dried
and mixed with a catalyst precursor solution. The
resulting catalyst mixture is then stirred for 1
minute to 10 hours, and the supported catalyst is
either filtered from the solution and vacuum dried or
subjected to evaporation to remove the solvent.
[00146] Alternatively, the catalyst precursor and
activator may be combined in solvent to form a
solution. The support is then added to the solution,
and the resulting mixture is stirred, typically for 1
minute to 10 hours. The total
activator/catalyst-precursor solution volume may be
greater than the pore volume of the support, but some
embodiments limit the total solution volume below
that- OJ - needed to form a gel or slurry (about 90%
to 400 %, preferably about 100-200% of the pore
volume). After stirring, the residual solvent is
removed under vacuum, typically at ambient temperature
and typically over 10-16 hours; however, greater or
lesser times and temperatures may be used. [00147] The
catalyst precursor may also be supported absent the
activator; in this case, the activator (and optionally
co-activator) is added to the liquid phase of a slurry
process. For example, a solution of catalyst precursor
may be mixed with a support material for a period of
about 1 minute to 10 hours. The resulting precatalyst
mixture may be filtered from the solution and dried
under vacuum or treated with evaporation to remove the
solvent. The total catalyst-precursorsolution volume
may be greater than the support's pore volume, but
some embodiments limit the total solution volume below
that needed to form a gel or slurry (about 90% to
400%, preferably about 100-200% of the pore volume).
[00148] Additionally, two or more different catalyst
precursors may be placed on the same support using any
of the support methods disclosed above. Likewise, two
or more activators or an activator and a co-activator,
may be placed on the same support. [00149] Suitable
solid particle supports are typically comprised of
polymeric or refractory oxide materials, each being
preferably porous. Any support material that has an
average particle size greater than 10 mm may be used
in this invention. Various embodiments select a porous
support material, such as for example, talc, inorganic
oxides, inorganic chlorides, for example magnesium
chloride and 



resinous support materials such as polystyrene
polyolefin or polymeric compounds or any other organic
support material and the like. Some embodiments select
inorganic oxide materials as the support material
including Group-2, -3, -4, -5, -13, or -14 metal or
metalloid oxides. Some embodiments select the catalyst
support materials to include silica, alumina,
silica-alumina, and their mixtures. Other inorganic
oxides may serve either alone or in combination- -
with the silica, alumina, or silica-alumina. These are
magnesia, titania, zirconia, and the like. Lewis
acidic materials such as montmorillonite and similar
clays may also serve as a support. In this case, the
support can optionally double as an activator
component. But additional activator may also be used.
In some cases, a special family of solid support
commonly known as MCM-41 can also be used. MCM-41 is a
new class of unique crystalline support and can be
prepared with tunable pore size and tunable acidity
when modified with a second component. A detailed
description of this class of materials and their
modification can be found in US 5,264,203. [00150] The
support material may be pretreated by any number of
methods. For example, inorganic oxides may be
calcined, chemically treated with dehydroxylating
agents such as aluminum alkyls or alumoxanes, such as
methylalumoxane, and the like, or both. [00151] As
stated above, polymeric carriers will also be suitable
in accordance with this disclosure, see for example
the descriptions in WO 95/15815 and U.S. patent
5,427,991. The methods disclosed may be used with the
catalyst compounds, activators or catalyst systems of
this disclosure to adsorb or absorb them on the
polymeric supports, particularly if made up of porous
particles, or may be chemically bound through
functional groups bound to or in the polymer chains.
[00152] Useful catalyst carriers may have a surface
area of from 10-700 m2/g, and/or a pore volume of
0.1-4.0 cc/g and/or an average particle size of 10-
500 mm. Some embodiments select a surface area of
50-500 m2/g, and or a pore volume of 0.5-3.5 cc/g, and
or an average particle size of 20-200 mm. Other
embodiments select a surface area of 100-400 m2/g, and
or a pore volume of 0.8- 3.0 cc/g, and or an average
particle size of 30-100 mm. Useful carriers typically
have a pore size of 10-1000 Angstroms, alternatively
50-500 Angstroms, or 75- 350 Angstroms. The
metallocenes and or the metallocene/activator
combinations- O - are generally deposited on the
support at a loading level of 10-100 micromoles of
catalyst precursor per gram of solid support;
alternatively 20-80 micromoles of catalyst precursor
per gram of solid support; or 40-60 micromoles of
catalyst precursor per gram of support. But greater or
lesser values may be used provided that the total
amount of solid catalyst precursor does not exceed the
support's pore volume. [00153] The metallocenes and or
the metallocene/activator combinations can be
supported for bulk, or slurry polymerization, or
otherwise as needed. Numerous support methods are
known for catalysts in the olefin polymerization art,
particularly alumoxane-activated catalysts; all are
suitable for use herein. See, for example, U.S.
Patents 5,057,475 and 5,227,440. An example of
supported ionic catalysts appears in WO 94/03056. U.S.
Patent 5,643,847 and WO 96/043 19A which describe a
particularly effective method. Both polymers and
inorganic oxides may serve as supports, see U.S.
Patents 5,422,325, 5,427,991, 5,498,582 and 5,466,649,
and international publications WO 93/1 1172 and WO
94/07928. All of these patent documents are
incorporated herein by reference. [00154] In another
embodiment, the metallocene and/or activator (with or 



without a support) are combined with an alkylaluminum
compound, preferably a trialkylaluminum compound,
prior to entering the reactor. Preferably the
alkylaluminum compound is represented by the formula:
R3AI, where each R is independently a C to C2oalkyl
group; preferably the R groups are independently
selected from the group consisting of methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, n-butyl, pentyl,
isopentyl, n-pentyl, hexyl, isohexyl, n-hexyl, heptyl,
octyl, isooctyl, n-octyl, nonyl, isononyl, n-nonyl,
decyl, isodecyl, n-decyl, undecyl, isoundecyl,
n-undecyl, dodecyl, isododecyl, and n-dodecyl,
preferably isobutyl, n-octyl, n-hexyl, and n-dodecyl.
Preferably the alkylaluminum compound is selected from
tri-isobutyl aluminum, tri n-octyl aluminum, trin-
hexyl aluminum, and tri-n-dodecyl aluminum.- -
Monomers [00155] In one embodiment, the catalyst
compounds described herein are used to polymerize or
oligomerize propylene, 1-butene or 1-pentene or any
combination thereof. [00156] In an embodiment, the
polymers and compostions comprising the polymers may
include homo-oligomers or co-oligomers (for the
purposes of this disclosure and the claims, a
co-oligomer may comprise two or three different
monomer units), homo-polymers or co-polymers.
Preferred oligomers produced herein include
homo-oligomers or co-oligomers of any of the monomers
of C3 to C5 alpha-olefins. In one embodiment, the
oligomer is a homo-oligomer of propylene, 1-butene or
1-pentene. In another embodiment, the oligomer is a
cooligomer comprising two or three monomers selected
from C3 to C5 alpha-olefins. For more information on
the use of mixed feeds to prepare PAOs please see PCT
US2006/027591, particularly page 8, paragraph [0029]
to page 16, paragraph [044], incorporated herein by
reference. [00157] The alpha-olefins used to make the
PAOs include C3 to C5 alpha-olefins. [00158] Useful
PAOs are oligomers or polymers with carbon numbers
starting from C2o and higher made from C3 to C5
alpha-olefins. Suitable olefins for such useful PAOs
include propylene, 1-butene and/or 1-pentene. In one
embodiment, the olefin is propylene, and the polymer
product is a mixture of pentamer and higher oligomers
or polymers of propylene. In another embodiment, the
olefin is 1-butene, and the PAO is a mixture of
pentamers and higher oligomers of 1-butenes. In yet
another embodiment, the olefin is 1- pentene, and the
PAO is a mixture of tetramers and pentamers and higher
of 1-pentene. [00159] In another embodiment, the
monomers comprise propylene and/or 1-butene, or a
combination of propylene and/or 1-butene with
1-pentene. Thecopolymers usually have excellent
viscosity range, low temperature fluidity, including
low pour point, high VI, excellent volatility,
excellent thermal and oxidative stability by itself,
and other good lubricating properties, such as high
degree of shear stability by sonic shear test or by
TRB test. These fluids are also superior blending
stock. When they are used as blend stocks with other
low viscosity base stocks (such as Gr I to VI base
stocks or GTL base stocks), the PAOs of this
disclosure have much better thickening efficiency to
increase the viscosity of other low viscosity fluid,
This thickening efficiency is much better than that of
the known stocks. For example, the poly-1-butene (POB)
produced according to this disclosure has much better
thickening efficiency than PIB of comparable viscosity
in increasing the viscosities of the blends, and in
increasing the VI of the blends. The POB blends,
compared to the similar PIB blends, also have much
better low temperature viscometrics, especially the
Brookfield 



viscosity measured at -400C or -55 0C, and better
volatility, as measured by the Noack volatility. In
many cases, the POB blends also have better shear
stability, by Sonic Shear Test or by TRB test. These
improvements are illustrated in the examples. [00160]
In one embodiment, the PAO comprises, i.e., is made
from two or three monomers, for example, propylene and
1-butene, propylene and 1-pentene, 1-butene and
1-pentene, or propylene, 1-butene and 1-pentene, or
any mixtures thereof. [00161] The C3 to C5
alpha-olefins used herein can be obtained from any
suitable source. Polymer grade or chemical grade
propylene or 1-butene or 1-pentene are certainly
suitable. Other impure feed streams containing 5 mole%
or more of these olefins are also suitable. Examples
of the feed streams from refinery streams, are C
Raffinate 1 or Raffinate 2 stream, which contain mixed
n-butane, iso-butane, 1-butene, cis- and trans-
2-butenes, and isobutenes. Other refinery streams are
known to contain propylene and 1-pentenes, e.g.,
typical refinery PP stream which contains propylene
and propane, or pyrolysis gasolinestream which
contains a mixture of C4 and C5 components containing
1-butene and 1-pentene. Alternatively, the olefins
which are starting materials for the production of the
polymers of this disclosure, can be produced from
Fischer-Tropsch hydrocarbon synthesis from CO/H2
syngas, or from metathesis of internal olefins with
ethylene, or from cracking of petroleum or
Fischer-Tropsch synthetic wax at high temperature, or
any other alpha-olefin synthesis routes. In one
embodiment, a feed for this disclosure includes at
least 10 weight % alphaolefin, such as at least 20 wt%
alpha-olefin, at least 50 wt% alpha-olefin, at least
70 wt% alpha-olefin, at least 80 wt% alpha-olefin
(such as linear alpha -olefin), at least 90 wt%
alpha-olefin (e.g., linear alpha-olefin), or 100%
alpha-olefin (such as linear alpha-olefin). [00162]
The olefins for the feed can be very dilute. For
example, a suitable feed from a wax cracking reaction
contains anywhere from 10 to 90 wt% alphaolefins to
make the PAOs described herein. Additionally, a feed
stream from a Fischer-Tropsch synthesis process
provides an alpha-olefin content that may range from 2
to 50 wt%. These are all suitable as feed olefins.
However, alphaolefin- containing mixtures can also be
used as feeds in this invention, even if the other
components are internal-olefins, branched olefins,
paraffins, cyclic paraffins, aromatics (such as
toluene and or xylenes). These components have diluent
effects and are believed not to have a substantial
detrimental effect on the polymerization of
alpha-olefins. In other words, the processes described
herein can substantially selectively convert C3-C5
alpha-olefins in a mixture and leave the other
components unreacted. When mixed olefin stream or
dilute olefin stream is used as feed, adjustments of
reaction conditions are needed. The major change
usually occurs during the polymerization stage. For
example, reaction temperature, residence time and
catalyst concentration need to be readjusted to obtain
desirable product viscosity compared to pure
alpha-olefin feed. Usually, slightly lower reaction
temperature or long residence time or slightly higher
catalyst concentration is used to produce similar
product or conversion level as thepure feed.
Sometimes, one or two or several variables are changed
at the same time to produce desired product with most
economical operation. Appropriate adjustments to
achieve desired results discussed herein will be
apparent to those skilled in the art. This technology
can be used to separate out alpha-olefins from a
mixture by selectively reacting them with
polymerization or oligomerization catalyst systems,
thereby completely eliminating the need to separate
alphaolefins from the remainder of the components in a
mixed feedstream. This is economically advantageous,
for example, in a process utilizing Raffinate stream 



or Fischer-Tropsch synthesis olefin product streams
containing alpha-olefins, internal-olefins, branched
olefins and corresponding alkanes. Such a mixture can
be utilized in concordance with the oligomerization
technology as described herein and can selectively
react with the alpha-olefin. No separate step to
isolate the alpha-olefin is needed. [00163] Another
example of the utility of this process involves
alpha-olefins produced by the metathesis of internal
olefins with ethylene, which may contain some internal
olefins. This mixed olefin feed can be reacted as is
in the polymerization/oligomerization process of this
disclosure, which selectively converts the
alpha-olefins into lube products. Thus one can use the
alpha-olefin for the base stock synthesis without
having to separate the alpha-olefin from internal
olefin or other types of hydrocarbons. This can bring
a significant improvement in process economics. The
feed olefins can be a mixture of olefins produced from
other linear alpha-olefin processes containing C to C
O alphaolefins as described in Chapter 3 "Routes to
Alpha-Olefins" of the book Alpha Olefins Applications
Handbook, Edited by G. R. Lappin and J. D. Sauer,
published by Marcel Dekker, Inc. N. Y. 1989. [00164]
In one embodiment, when 1-butene is used as the feed
or one of the feed olefins with other alpha-olefins,
1-butene can be pure 1-butene prepared from any of the
commercial processes. Alternatively, the 1-butene can
be present as one of the components in a mixed C
stream that is readily available from apetrochemical
complex or oil refinery operation. US patent 5,859,159
A (incorporated herein by reference) has a more
detailed discussion of such C4 streams, such as BB
streams (butane- butene stream), or Raffinate 1 or
Raffinate 2 streams. These mixed C4 streams are
available from steam cracking of light naphtha in the
ethylene/propylene production processes, from MTBE
processes where most of the iso-butene is removed,
from the FCC- operation to produce C4 streams, and/or
from other petroleum refining processes. When these
mixed C4 streams are used as feed, only 1-butene will
be reacted by the catalyst system. Other C4
components, cis-, trans-2-butenes, iso-butene,
n-butane and iso-butane will only act as diluent, but
will not react or interfere with the polymerization
catalyst. These mixed C4 streams are of interest and
an economical source for 1-butene to produce poly-
1-butene, or a copolymer of 1-butene with propylene or
1-pentene. [00165] In another embodiment, when
propylene is used as the feed, or as one of the feed
olefins with other alpha-olefins, pure propylene from
a chemical plant can be used. Alternatively, mixed
propylene and propane streams (PP stream) can be used
in the same manner. The propylene will selectively
polymerize and the propane will act as a diluent and
will not participate in the reaction. This PP stream
may contain propylene in any amount from 10 wt% to 95
wt%. In another embodiment, mixture of PP and C4
stream can be used as starting olefin or one of the
starting olefin feeds. Polvmerization/Oligomerization
Process [00166] Many polymerization/oligomerization
processes and reactor types used for
metallocene-catalyzed polymerizations or
oligomerizations such as solution, slurry, and bulk
polymerization or oligomerization processes can be
used in this disclosure. In some embodiments, if a
solid or supported catalyst is used, a slurry or
continuous fixed bed or plug flow process is suitable.
In one embodiment, the monomers are contacted with the
metallocene compound and theactivator and/or
co-activator/scavenger in the solution phase, bulk
phase, or slurry phase, preferably in a continuous
stirred tank reactor or a continuous tubular reactor.
In one embodiment, the temperature in any reactor used
herein is from -1O0C to 2500C, such as from 100C to
2200C, from 100C to 18O0C, or from 1O0C to 



1700C. In an embodiment, the pressure in any reactor
used herein is from 0.1 to 100 atmospheres, such as
from 0.5 to 75 atmospheres or from 1 to 50
atmospheres. In another embodiment, the monomer(s),
metallocene and activator are contacted for a
residence time of between 1 minute to 30 hours, such
as 5 minutes to 16 hours, or 10 minutes to 10 hours.
[00167] In another embodiment, solvent or diluent is
present in the reactor and is selected from the group
consisting of butanes, pentanes, hexanes, heptanes,
octanes, nonanes, decanes, undecanes, dodecanes,
tridecanes, tetradecanes, pentadecanes, hexadecanes,
toluene, o-xylene, m-xylene, p-xylene, mixed xylenes,
ethylbenzene, isopropylbenzene, and n-butylbenzene;
toluene and/or xylenes and/or ethylbenzene, normal
paraffins (such as Norpar(tm) solvents available from
ExxonMobil Chemical Company in Houston, Texas), or
isoparaffin solvents ( such as Isopar(tm) solvents
available for ExxonMobil Chemical Company in Houston,
Texas). These solvents or diluents are usually
pre-treated (e.g. to remove polar impurities) in the
same manner as the feed olefins. These solvents do not
generally actively participate in the polymerization
reaction. However, they offer diluent effect for
polymerization reaction. High concentration of solvent
usually has the effect of reducing product viscosity.
The concentration of solvent usually ranges from 0 wt%
to 80 wt%, alternatively from 10 wt% to 60 wt% and in
yet another alternative, from 20 wt% to 40 wt%.. For
commercial production, it is preferably to use as
little solvent as possible. However, if the diluent
comes from the feed stock, it is more economical to
produce polymer without any prior separation of the
diluent in the feed stock. [00168] Typically, in the
processes of this invention, one catalyst containing a
transition metal compound, discussed herein, one or
more activators, coactivators or scavengers, and one
or more monomers are contacted to produce a polymer or
oligomer. These catalysts may be supported and as such
will be particularly useful in the known slurry,
solution, or bulk operating modes conducted in single,
series, or parallel reactors. If the catalyst,
activator or coactivator is a soluble compound, the
reaction can be carried out in a solution mode. Even
if one of the components is not completely soluble in
the reaction medium or in the feed solution, either at
the beginning of the reaction or during or at the
later stages of the reaction, a solution or slurry
type operation is still applicable. In any instance,
the catalyst components, dissolved or suspended in
solvents, such as toluene or other conveniently
available aromatic solvents, or in aliphatic solvent,
or in the feed alpha-olefm stream, are fed into the
reactor under inert atmosphere (usually nitrogen or
argon blanketed atmosphere) to allow the
polymerization or oligomerization to take place.
[00169] The polymerization or oligomerization can be
run in a batch mode, where all the components are
added into a reactor and allowed to react to a pre
designed degree of conversion, either to partial
conversion or full conversion. Subsequently, the
catalyst is deactivated by any possible means, such as
exposure to air or water, or by addition of alcohols
or solvents containing deactivating agents, or by
addition of solid sorbents. The catalyst components
can then be separated by conventional aqueous wash or
by filtration as in the case when a solid sorbent is
used. [00170] The polymerization or oligomerization
can also be carried out in a semi-continuous
operation, where feeds and catalyst system components
are continuously and simultaneously added to the
reactor so as to maintain a constant ratio of catalyst
system components to feed olefin(s). When all feeds
and catalyst components are added, the reaction is
allowed to proceed to a pre-determined stage. The
reaction is then discontinued by catalyst deactivation
in the same 



manner as described for the batch operation.[00171]
The polymerization or oligomerization can also be
carried out in a continuous operation, where feeds and
catalyst system components are continuously and
simultaneously added to the reactor so to maintain a
constant ratio of catalyst system and feed olefins.
The reaction product is continuously withdrawn from
the reactor, as in a typical continuous stirred tank
reactor (CSTR) operation. The residence times of the
reactants are controlled by a pre-determined degree of
conversion and catalyst concentration. The withdrawn
product is then typically quenched, e.g., in a
separate reactor, and the catalyst is removed in a
similar manner as in other operations, i.e., batch or
semi-continuous operation as described herein, e.g.,
in paragraphs [0099] [00100] and [00101]. [00172] In
one embodiment, any of the processes to prepare PAOs
described herein are continuous processes. Preferably,
the continuous process comprises the steps of a)
continuously introducing a feed stream comprising at
least 10 mole % of the one or more C3 to C5
alpha-olefins into a reactor, b) continuously
introducing the metallocene compound and the activator
into the reactor, and c) continuously withdrawing the
polyalpha-olefin from the reactor. [00173] In another
embodiment, the continuous process comprises the step
of maintaining a partial pressure of hydrogen in the
reactor of 0.1 to 300 psi (2068 kPa), based upon the
total pressure of the reactor, such as 0.5 to 200 psi
(1379 kPa), 1.0 to 150 psi (1034 kPa), 2.0 to 100 psi
(690 kPa), 3 to 50 psi (345 kPa) or less, 5 to 25 psi
(173 kPa), or 1 to 10 psi (69 kPa). Alternatively the
hydrogen, if present, is present in the reactor at 1
to 30,000 ppm by weight, such as at 3,000 ppm or less,
150 ppm or less, 750 ppm or less, 500 ppm or less, 250
ppm or less, 100 ppm or less, 50 ppm or less, 25 ppm
or less, 10 ppm or less, or 5 ppm or less. During the
oligomerization or polymerization reaction, little or
no hydrogen is consumed. Therefore the excess hydrogen
gas can be recycled after the reaction is completed.-
O - [00174] In another embodiment, if propylene, PP
stream, C4 stream, 1-butene, or 1-pentene is present
in the reactor, the total partial pressure of these
components is usually maintained at below 1000 psi,
such as below 500 psi, below 200 psi, below 50 psi,
below 30 psi, or preferably below 10 psi. As discussed
above, the total reactor pressure may be higher than
the total partial pressure of the gaseous feeds due to
the presence of other inert gas, such as nitrogen or
argon. [00175] Reactors range in size from 2 ml and
up. Usually, it is preferable to use reactors larger
than one liter in volume for commercial production.
The production facility may have one single reactor or
several reactors arranged in series or in parallel or
in both to maximize productivity, product properties
and general process efficiency. The reactors and
associated equipment are usually pre-treated to ensure
good reaction rates and catalyst performance. The
reaction is usually conducted under inert atmosphere,
where the catalyst system and feed components will not
be in contact with any catalyst deactivator or poison
which is usually polar oxygen, nitrogen, sulfur or
acetylenic compounds. [00176] One or more reactors in
series or in parallel may be used in the present
invention. The transition metal compound, activator
and when required, co-activator, may be delivered as a
solution or slurry in a solvent or in the alphaolefin
feed stream, either separately to the reactor,
activated in-line just prior to the reactor, or
preactivated and pumped as an activated solution or
slurry to the reactor.
Polymerizations/oligomerizations are carried out in
either single reactor operation, in which monomer, or
several monomers, catalyst/activator/coactivator,
optional scavenger, and optional modifiers are added
continuously to a 



single reactor or in series reactor operation, in
which the above components are added to each of two or
more reactors connected in series. The catalyst
components can be added to the first reactor in the
series. The catalyst components may also be added to
two or all reactors, with one component being added to
a first reactor or reaction and another component to
other reactors.[00177] In one embodiment, the
precatalyst is activated in the reactor in the
presence of an olefin. In another embodiment, the
precatalyst, such as the dichloride form of the
metallocenes, is pre-treated with alkylaluminum
reagents, especially, triisobutylaluminum,
tri-n-hexylaluminum and/or tri-n-octylaluminum, etc.,
followed by charging into the reactor containing other
catalyst component and the feed olefins, or followed
by pre-activation with the other catalyst component to
give the fully activated catalyst, which is then fed
into the reactor containing feed olefins. [00178] In
another alternative, the pre-catalyst metallocene is
mixed with the activator and/or the co-activator and
this activated catalyst is then charged into the
reactor, together with feed olefin stream containing
some scavenger or coactivator. In another alternative,
the whole or part of the co-activator is pre-mixed
with the feed olefins and charged into the reactor at
the same time as the other catalyst solution
containing metallocene and activators and/or
co-activator. [00179] In some embodiments, a small
amount of poison scavenger, such as trialkylaluminum
(trimethylaluminum, triethylaluminum,
triisopropylaluminum, triisobutylaluminum,
tri-n-hexylaluminum, tri-n-octylaluminum) or
methylalumoxane is added to the feed olefin stream to
further improve catalyst activity. In one embodiment,
the monomers are contacted with an alkylaluminum
compound, preferably a trialkylaluminum compound,
prior to being introduced into the reactor. In another
preferred embodiment, the metallocene and/or activator
are combined with an alkylaluminum compound,
preferably a trialkylaluminum compound, prior to
entering the reactor. In an embodiment, the
alkylaluminum compound is represented by the formula:
R3AI, where each R is independently a C1 to C20 alkyl
group, preferably the R groups are independently
selected from the group consisting of methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, n-butyl, pentyl,
isopentyl, n-pentyl, hexyl, isohexyl, n-hexyl, heptyl,
octyl, isoocotyl, n-octyl, nonyl, isononyl, n-nonyl,
decyl, isodecyl, n-cecyl, undecyl, isoundecyl,
n-undecyl, dodecyl, isododecyl, and n-dodecyl,
preferably- - isobutyl, n-octyl, n-hexyl, and
n-dodecyl. In another embodiment, the alkylaluminum
compound is selected from tri-isobutylaluminum, trin-
octylaluminum, tri-n-hexylaluminum, and
tri-n-dodecylaluminum. [00180] In one embodiment of
any of the processes described herein the feed olefins
and/or solvents are treated to remove catalyst
poisons, such as peroxides, oxygen- or
nitrogen-containing organic compounds or acetylenic
compounds. The feed olefins, the solvents if used, or
the purge gas (usually nitrogen) are purified by
typical feed purification techniques. In the case of a
liquid feed, the liquid is usually degassed under a
vacuum for a period of 1 to 60 minutes to remove any
dissolved gases. Alternatively, the feed olefins,
solvents or purging gases are purified by passing
through an activated molecular sieve (3A, 4A, 5A or
13X molecular sieve) or commercial absorbing beds made
of activated alumina, silica or other purifying
solids. These purifying solids can remove trace water,
alcohols, nitrogen compounds, or any other polar
impurities. Alternatively, the feed olefins, solvents
or purging gas are purified by passing through an
activated oxygenate-removal solid catalyst (de-ox
catalyst), which usually contains copper, chromium
and/or other metal oxides in reduced oxidation states.
US Patent 6,987,152 describes examples of the feed
purification. Depending on the feed 



quality and the desired feed purity, one or two or all
methods described above can be used in combination to
obtain best results. [00181] Typically, in the
embodiments of this disclosure, such treatment will
increase catalyst productivity at least 20% to 1000%
or more as compared to systems absent such treatment.
The improved process also includes special treatment
of the feed olefins to remove catalyst poisons, such
as peroxides, oxygen-, sulfur- or nitrogen-containing
organic compounds or other trace impurities. This
treatment can increase catalyst productivity
substantially (typically more than 10-fold). In one
embodiment, the feed olefins are contacted with a
molecular sieve, activated alumina, silica gel,
oxygen-removing catalyst,and/or purifying clays to
reduce the heteroatom-containing compounds in the
feed, below 50 ppm, such as below 10 ppm. [00182] The
catalyst compositions can be used individually, or can
be mixed with other known polymerization catalysts to
prepare polymer or oligomer blends. Monomer and
catalyst selection allows polymer or oligomer blend
preparation under conditions analogous to those using
individual catalysts. Polymers having increased MWD
can be made with mixed catalyst systems. Sometimes it
is advantageous to produce fluids with increased MWD,
which may improve the fluid blending properties. Mixed
catalyst can comprise two or more catalyst precursors
and two or more activators. When narrow MWD is needed,
it is advantageous to use single catalyst component,
especially a single type of metallocene. [00183]
Generally, when using metallocene catalysts, after
pre-treatment of feed olefins, solvents, diluents and
after precautions to keep the catalyst component
stream(s) and reactor free of impurities, the reaction
should proceed well. In some embodiments, when using
metallocene catalysts, particularly when they are
immobilized on a support, the complete catalyst system
will additionally comprise one or more scavenging
compounds. Here, the term scavenging compound means a
compound that removes polar impurities from the
reaction environment. These impurities adversely
affect catalyst activity and stability. Typically,
purifying steps are usually used before introducing
reaction components to a reaction vessel. But such
steps will rarely allow polymerization or
oligomerization without using some scavenging
compounds. Normally, the polymerization process will
still use at least small amounts of scavenging
compounds (such as those described above). [00184]
Typically, the scavenging compound will be an
organometallic compound, such as the Group- 13
organometallic compounds of U.S. Patents 5,153,157,
5,241,025 and WO-A-91/09882, WO-A-94/03506,
WO-A-93/14132,- b - and that of WO 95/07941, all being
incorporated herein by reference. Exemplary compounds
include triethylaluminum, triethylborane,
tri-wo-butylaluminum, diisobutylaluminum hydride,
methylalumoxane, zso-butylalumoxane, and trin-
octylaluminum. Those scavenging compounds having bulky
or C6-C2O linear hydrocarbyl substituents connected to
the metal or metalloid center usually minimize adverse
interaction with the active catalyst. Examples include
triethylaluminum, but more preferably, bulky compounds
such as tri-wo-butyl aluminum, tri-wo-prenyl aluminum
and long-chain linear alkyl-substituted aluminum
compounds, such as tri-n-hexyl aluminum, tri-n-octyl
aluminum, or tri-n-dodecyl aluminum. Alumoxanes also
may be added in scavenging quantities with other
activators, e.g., methylalumoxane, [Me2HNPh]+[B(pfp)4]
or B(pfp)3 where pfp is perfluorophenyl (C Fs), e is
methyl and Ph is phenyl. [00185] The PAOs described
herein can also be produced in homogeneous solution
processes. Generally this involves polymerization or
oligomerization in a 



continuous reactor in which the polymer formed and the
starting monomer and catalyst materials supplied, are
agitated to reduce or avoid concentration or
temperature gradients. Temperature control in the
reactor is generally obtained by balancing the heat of
polymerization and with reactor cooling by reactor
jackets or cooling coils or a cooled side-stream of
reactant to cool the contents of the reactor, auto
refrigeration, pre-chilled feeds, vaporization of
liquid medium (diluent, monomers or solvent) or
combinations of the above. Adiabatic reactors with
pre-chilled feeds may also be used. The reactor
temperature depends on the catalyst used and the
product desired. Higher temperatures tend to give
lower molecular weights and lower temperatures tend to
give higher molecular weights. In general, the reactor
temperature can vary between -100C to 2500C, such as
from 1O0C to 2200C, from 1O0C to 1800C, or from 1O0C
to 1700C. [00186] Generally, it is of interest to
control the reaction temperature as tightly as
possible within a pre-determined band. In order to
produce fluids with a narrow molecular weight
distribution, such as to promote the highest possible-
o - shear stability, it is useful to control the
reaction temperature to obtain minimum temperature
fluctuation throughout the reactor with minimal
variation over the course of the reaction time. If
multiple reactors are used in series or in parallel,
it is useful to keep the temperature constant within a
pre-determined value band to minimize any broadening
of the molecular weight distribution. In order to
produce fluids with a broad molecular weight
distribution, one can adjust the reaction temperature,
swing profile, or fluctuation; or as in series
operation, the second reactor temperature is
preferably higher than the first reactor temperature.
In parallel reactor operation, the temperatures of the
two reactors are independent. Alternatively, the MWD
can also be intentionally broadened by using multiple
types of metallocene catalysts. [00187] The pressure
in any reactor used herein can vary from about 0.1
atmosphere to 100 atmospheres (1.5 psi to 1500 psi),
such as from 0.5 bar atm to 75 atm (8 psi-1 125 psi),
or from 1.0 to 50 atm (15 psi to 750 psi). The
reaction can be carried out under an atmosphere of
nitrogen, or with some hydrogen or sometimes with a
partial pressure from other volatile components, such
as propylene, PP stream, 1-butene, C4 streams,
1-pentene, etc. Sometimes a small amount of hydrogen
is added to the reactor to improve the catalyst
productivity. The amount of hydrogen is preferably
kept at a level sufficient to improve catalyst
productivity, but not high enough to induce any
hydrogenation of olefins, especially the feed
alpha-olef ns because the conversion of alpha-olefins
into saturated paraffins is very detrimental to the
efficiency of the process. The amount of hydrogen
partial pressure is advantageously kept low, such as
less than 300 psi, less thanlOO psi, less than 50 psi,
less than 25 psi, or less than 10 psi. In one
embodiment, in any of the processes described herein,
the concentration of hydrogen in the reactor is less
than 30,000 ppm, such as less than 5,000 ppm, less
than 1,000 ppm, less than 500 ppm, less than 100 ppm,
less than 50 ppm, or less than 10 ppm.[00188] The
reaction time or reactor residence time is usually
dependent on the type of catalyst used, the amount of
catalyst used, and the desired conversion level.
Different metallocenes have different activities.
Usually, a higher degree of alkyl substitution on the
cyclopentadienyl ring improves catalyst productivity.
The following exemplary catalysts or their dialkyl
analogs have desirable high productivity and stability
as compared to unsubstituted metallocenes: bis(
1,2-dimethy lcyclopentadieny l)zirconium dichloride,
bis( 1,3-dimethylcyclopentadienyl)zirconium
dichloride, bis( 1-methy 1-3-n-buty lcyclopentadieny
l)zirconium dichloride, 



bis( 1-methy1-3-n-propy Icyclopentadienyl)zirconium
dichloride, bis( 1-ethy 1-3-n-buty
Icyclopentadienyl)zirconium dichloride, bis( 1-methy
1-3-n-hexy Icyclopentadienyl)zirconium dichloride,
bis( 1,2-diethy lcyclopentadienyl)zirconium
dichloride, bis(l,3-diethylcyclopentadienyl)zirconium
dichloride,
bis(l,2,3,4-tetramethylcyclopentadienyl)zirconium
dichloride or
bis(l,2,4-trimethylcyclopentadienyl)zirconium
dichloride, or bis(
1,2,3-trimethylcyclopentadienyl)zirconium dichloride,
(l,2,3,4-tetramethylcyclopentadienyl)(l,3-dimethylcycl
opentadienyl)zirconium dichloride or
(l,2,4-trimethylcyclopentadienyl)(l,3-dimethylcyclopen
tadienyl)zirconium dichloride , or
bis(indenyl)zirconium dichloride, or
bis(l-methylindenyl)zirconium dichloride, or
bis(2-methylindenyl)zirconium dichloride, or
bis(l,2-dimethylindenyl)zirconium dichloride, or
bis(4-methylindenyl)zirconium dichloride, or
bis(4,7-dimethylindenyl)zirconium dichloride or
bis(tetrahydroindenyl)zirconium dichloride,
bis(2-methyl-tetrahydroindenyl)zirconium dichloride,
or bis(l,2-dimethyl-tetrahydroindenyl)zirconium
dichloride, or bis( 1-methyl-tetrahydroindeny
l)zirconium dichloride, or
bis(4-methyl-tetrahydroindenyl)zirconium dichloride,
bis(4,7-dimethyl-tetrahydroindenyl)zirconium
dichloride.- o - [00189] Usually the amount of
catalyst components used is determinative. High
amounts of catalyst loading tend to give high
conversion at short reaction time. However, high
amount of catalyst usage makes the production process
uneconomical and difficult to manage the reaction heat
and to control the reaction temperature. Therefore, it
is useful to choose a catalyst with maximum catalyst
productivity to minimize the amount of metallocene and
the amount of activators needed. When the catalyst
system is metallocene plus a Lewis acid or an ionic
promoter with NCA component, the metallocene used is
typically in the range of 0.01 microgram to 500
micrograms (or 0.5 milligram) of metallocene
component/gram of alpha-olefin feed. Usually the
preferred range is from 0.1 microgram to 100 microgram
of metallocene component per gram of alpha-olefin
feed. Furthermore, the molar ratio of the NCA
activator to metallocene is in the range from 0.1 to
10, such as 0.5 to 5, or 0.5 to 3. If a co-activator
of alkylaluminum compound is used, the molar ratio of
the Al to metallocene is in the range from 1 to 1000,
such as 2 to 500, or 4 to 400. [00190] Typically one
prefers to have the highest possible conversion (close
to 100%) of feed alpha-olefin in the shortest possible
reaction time. However, in a CSTR operation, it is
sometimes beneficial to run the reaction at an optimum
conversion, which is less than 100% conversion. There
are also occasions, when partial conversion is more
desirable or when the narrowest possible MWD of the
product is desired, because partial conversion can
avoid a broadening of the MWD. If the reaction is
conducted to less than 100% conversion of the
alphaolefin, the unreacted starting material after
separation from other product and solvents/diluents
can be recycled to increase the total process
efficiency. [00191] Desirable residence times for any
process described herein are in the range between 1
minute to 30 hours, such as from 5 minutes to 16
hours, or from 10 minutes to 10 hours.- - [00192] Each
of these processes may also be employed in a single
reactor, parallel, or series reactor configurations.
The liquid processes comprise contacting olefin
monomers with the above-described catalyst system(s)
in a 



suitable diluent or solvent and allowing said monomers
to react for a sufficient time to produce the desired
polymers or oligomers. Both aliphatic and aromatic
hydrocarbon solvents are suitable. Aromatics such as
toluene, xylenes, ethylbenzene, propylbenzene, cumene,
and t-butylbenzene are suitable. Alkanes, such as
hexane, heptane, pentane, isopentane, and octane,
Norpar or Isopar solvents (from ExxonMobil Chemical
Company in Houston, Texas) are also suitable.
Generally, toluene is best suited to dissolve the
catalyst components. Norpar, Isopar or hexanes are
preferred as reaction diluents. Oftentimes, a mixture
of toluene and Norpar, or toluene and Isopar, is used
as a diluent or solvent. For process simplicity and
high reactor efficiency, it is preferred to add as
little as possible solvent or diluent into the
reactor. Sometimes for high viscosity fluid production
at low temperature, a solvent or diluent is added to
facilitate reaction heat transfer, stirring, product
handling, filtration, etc. Usually, less than 50 wt%
extra solvent or diluent is added in the reactor, such
as less than 30 wt%, less than 20 wt%, or less than 10
wt%. In one embodiment, no solvent is added to the
reactor system. The reaction systems usually have a
small amount of solvent or diluent carried over from
the catalyst, activator or coactivator/ scavenger
solutions. [00193] The process can be carried out in a
continuous stirred tank reactor or plug flow reactor,
or more than one reactor operated in series or
parallel. These reactors may have or may not have
internal cooling and the monomer feed may or may not
be refrigerated. See the general disclosure of U.S.
patent 5,705,577 for general process conditions.
[00194] When a solid-supported catalyst is used for
the conversion, a slurry
polymerization/oligomerization process generally
operates in the similar temperature, pressure and
residence time range as described previously. In a- o
- slurry polymerization or oligomerization, a
suspension of solid catalyst, promoters, monomer and
comonomers is added. The suspension including diluent
is intermittently or continuously removed from the
reactor. The catalyst is then separated from the
product by filtration, centrifugation or settlement.
The fluid is then subsequently distilled to remove
solvent, any unreacted components, and light product.
A portion of, or all of, the solvent and unreacted
component or light components can be recycled for
reuse. [00195] If an un-supported solution catalyst is
used, upon completion of the reaction or when the
product is withdrawn from the reactor (such as in a
CSTR), the product may still contain soluble,
suspended or mixed catalyst components. These
components are preferably deactivated or removed. Any
of the usual catalyst deactivation methods or aqueous
wash methods can be used to remove the catalyst
component. Typically, the reaction is deactivated by
addition of stoichiometric amount or excess of air,
moisture, alcohol, isopropanol, etc. The mixture is
then washed with dilute sodium hydroxide or with water
to remove catalyst components. The residual organic
layer is then subjected to distillation to remove
solvent, which can be recycled for reuse. The
distillation can further remove any light reaction
products from and less. These light components can be
used as a diluent for further reaction. Alternatively,
they can be used as olefinic raw material for other
chemical synthesis, as these light olefin products
have vinylidene unsaturation, most suitable for
further functionalization and for conversion to high
performance fluids. Alternatively, these light olefin
products can be hydrogenated for use as high quality
paraffinic solvents. [00196] Polymerization or
oligomerization in the presence of a very small amount
of hydrogen is also advantageous to provide polymers
or oligomers with a 



high degree of unsaturated double bonds. These double
bonds can be easily converted into functionalized
fluids with multiple performance features. Examples of
converting these polymers with MW greater than 300
include the preparation of ashless dispersants, where
the polymers are reacted with maleic- - anhydride to
give PAO-succinic anhydride which can then be reacted
with amines, alcohols, poly ether alcohols and
converted into dispersants. Examples of such
conversion can be found in the book "Lubricant
Additives: Chemistry and Application," ed. by Leslie
R. Rudnick, Marcel Dekker, Inc. 2003, p. 143-170,
incorporated herein by reference. [00197] In another
embodiment, any of polyalphaolefins produced herein
can be hydrogenated. In particular, the
polyalpha-olefin is preferably treated as described
above to reduce heteroatom containing compounds to
less than 600 ppm, and then contacted with hydrogen
and a hydrogenation catalyst to produce a
polyalpha-olefin having a bromine number less than 2.
In one embodiment, the treated polyalpha-olefin
comprises 100 ppm of heteroatom containing compounds
or less, such as 10 ppm of heteroatom containing
compounds or less. (A heteroatom containing compound
is a compound containing at least one atom other than
carbon and hydrogen.) Preferably the hydrogenation
catalyst is selected from the group consisting of
supported Group 7, 8, 9, and 10 metals, such as the
hydrogenation catalyst selected from the group
consisting of one or more of Ni, Pd, Pt, Co, Rh, Fe,
Ru, Os, Cr, Mo, and W, supported on silica, alumina,
clay, titania, zirconia, or mixed metal oxide supports
or a mesoporous material, typically known as MCM-41
material or related material (as described in US
patent 5,264,203). A preferred hydrogenation catalyst
is nickel supported on kieselguhr, or platinum or
palladium supported on alumina or MCM-4 1, or
cobaltmolydenum supported on alumina. Usually, a high
nickel content catalyst, such as 60% Ni on Keiselguhr
catalyst is used, or a supported catalyst with a high
amount of Co-Mo loading. Alternatively, the
hydrogenation catalyst is nickel supported on
keisleghur, silica, alumina, clay or silica-alumina.
Alternatively, the catalyst is Pd or Pt supported on
MCM-41 or a related material. [00198] In one
embodiment the polyalpha-olefin is contacted with
hydrogen and a hydrogenation catalyst at a temperature
from 25C to 3500C, preferably 1000C to 3000C. In
another embodiment the polyalpha-olefin is contacted
withhydrogen and a hydrogenation catalyst for a time
period from 5 minutes to 100 hours, preferably from 5
minutes to 24 hours. In yet another embodiment the
polyalpha-olefin is contacted with hydrogen and a
hydrogenation catalyst at a hydrogen pressure of from
25 psi to 2500 psi, preferably from 100 to 2000 psi.
In another embodiment the hydrogenation process
reduces the number of mm triad groups in a
polyalpha-olefin by 1 to 80%. For further information
on hydrogenation of PAOs, see US Patent 5,573,657 and
"Lubricant Base Oil Hydrogen Refining Processes"
(pages 119 to 152 of Lubricant Base Oil and Wax
Processing, by Avilino Sequeira, Jr., Marcel Dekker,
Inc., NY, 1994), incorporated herein by references,
which disclose more information on hydrogenation of
PAOs. [00199] This hydrogenation process can be
accomplished in a slurry reactor in a batch operation,
or in a continuous stirred tank reactor (CSTR), where
the hydrogenation catalyst is at a level of 0.001 wt%
to 20 wt% of the PAO feed, or preferably 0.01 wt% to
10 wt% of the PAO feed. Hydrogen and the
polyalphaolefins are continuously added to the reactor
to allow for a certain chosen residence time, usually
5 minutes to 10 hours, to allow for complete
hydrogenation of the unsaturated olefins. The amount
of catalyst added is usually very small, yet is high
enough to compensate for the catalyst deactivation.
The 



catalyst and the hydrogenated PAO are continuously
withdrawn from the reactor. The product mixture is
then filtered, centrifuged or settled to remove the
solid hydrogenation catalyst. The catalyst can be
regenerated and reused. The hydrogenated PAO can be
used as is, or further distilled or fractionated to a
particular component composition if necessary. In some
cases, when the hydrogenation catalyst shows no
catalyst deactivation over long term operation, a stir
tank hydrogenation process can be carried out in a
manner where a fixed amount of catalyst is maintained
in the reactor, usually 0.1 wt% to 10% of the total
reactants, and only hydrogen and PAO feed need to be
continuously added at a suitable feed rate and only
hydrogenated PAO is withdrawn from the reactor.- oo -
[00200] The hydrogenation process can also be
accomplished by a fixed bed process, in which the
solid catalyst is packed inside a tubular reactor and
heated to reactor temperature. Hydrogen and PAO feed
can be fed through the reactor simultaneously from the
top or bottom or countercurrently to maximize the
contact between hydrogen, the PAO and the catalyst and
to allow best heat management. The feed rates of the
PAO and hydrogen are adjusted to give appropriate
residence to allow complete hydrogenation of the
unsaturated olefins in the feed and/or to allow a
desirable conversion of mm triads in the process. The
hydrogenated PAO fluid can be used as is or further
distilled or fractionated to give the right component,
if necessary. Usually, the finished hydrocarbon PAO
fluids have bromine number less than 2. [00201] The
new poly-alpha-olefins of this disclosure, when used
alone or blended with other fluids have unique
lubrication properties. [00202] In another embodiment,
a novel lubricant of the present disclosure comprises
a lubricant blend composition which includes the PAOs
produced as described herein, together with one or
more other base stocks (which also may be referred to
as "second base stock"), including Group I to Group VI
base stocks, a lube base stock produced from
gas-to-liquid conversion process (GTL lube) or any
combination thereof. Suitable combinations of such
other base stocks include, without limitation, Group
III and Group IV base stocks, Group IV and Group V
base stocks, Group II and Group III base stocks, Group
III and Group V base stocks, Group I and Group II base
stocks, Group I and Group III base stocks, and at
least one of Groups I - VI base stocks and the GTL
lube. The lubricant blend composition comprises about
0.1 to about 90 wt% of the poly-alpha olefins of this
disclosure, which may be substantially atactic POAs,
and about 10 to about 99.9% wt % of the second base
stock. The lubricant blend composition has unique
lubrication properties, including Kv iOoof about 3 cSt
to about 1000 cSt, Kv 40 of about 6 cSt to about
30,000 cSt, VI of about 100 to about 400, such as
about 100 or greater than about 100. The lubricant
blend composition has pour point of- - less than about
00C, such as less than about -100C, less than about
-200C, less than about -300C, or less than about
-4O0C. The Noack volatility of the lubricant blend
composition is less than about 30 wt%, such as less
than about 20%, less than about 15%, less than about
10%, less than about 5%, or less than about 1%. In an
embodiment, the second base stock has Kv ioo of about
15 cSt or less. Alternatively, the second base stock
has Kv iOo of about 4 cS or less, as available in Gr
I, II, III, IV (PAO) base stocks or GTL lubes.
Sometimes, it is desirable to blend with lowest
viscosity base stock to achieve maximum increase in VI
and/or maximum decrease in pour point for the final
blend product. In special applications when very high
viscosity is needed, such as in heavy gear lubricants
or cylinder oils, it is beneficial to blend a high
viscosity PAO made in this invention with another oil
of 15 to 100 cS (measured at 1000C), such as 



conventional heavy neutral base stocks or bright stock
or PAO (such as SpectraSyn 20, SpectraSyn 40 or
Spectra Syn 100) to give optimized finished
lubricants. In addition, additives of one or more of:
thickeners, VI improvers, antioxidants, anti-wear
additives, detergent/dispersant/inhibitor (DDI)
packages, and/or anti-rust additives may be added. In
one embodiment, the PAOs produced herein are combined
with one or more of dispersants, detergents, friction
modifiers, traction improving additives, demulsifiers,
defoamants, chromophores (dyes), and/or haze
inhibitors. These fully formulated lubricants can be
used in automotive crank case oil (engine oil),
industrial oil, grease, hydraulic, gear oils, heat
transfer fluids or gas turbine engine oils. These are
non-limiting examples of additives used in finished
lubricant formulations. Additional information on the
use of the PAOs and Gr. I to VI and GTL base stocks of
this disclosure in the formulations of full synthetic,
semi-synthetic or part synthetic lubricant or
functional fluids can be found in "Synthetic
Lubricants, Mineral Oils and Bio- Based Lubricants",
Ed. by L. R. Rudnick. CRC Press, Taylor & Francis
Group, 2006, incorporated herein by reference.
Additional information on GTL lube can be found in
U.S. Patent 6,420,618 and U.S. Patent 7,132,042, both
being incorporated herein by reference. Additional
information on additives used inproduct formulation
can be found in "Lubricants and Lubrications, Ed. by
T. Mang and W. Dresel, by Wiley-VCH GmbH, Weinheim
2001, incorporated herein by reference. EXAMPLES Test
Methods: [00203] Fluid properties were measured by
following standard methods and their commonly
recognized equivalent methods, except when described
otherwise: kinematic viscosity at 40 and 1000C in cSt
by ASTM D 445 method; pour point by ASTM D 97 method;
and viscosity index (VI) according to ASTM D 2270.
[00204] TGA Noack volatility was measured according to
the following procedures summarized below: [00205] A
HTE volatility test was developed using
thermogravimetric analysis (TGA) equipment. The test
procedure comprises several stage heating and a final
isothermal period at or near 25O0C to mimic Noack
volatility test (ASTM D5800). The actual TGA test time
per sample is kept at 15 minutes or less. With rapid
cooling and equilibrium, the total test run time per
sample is less than 33 minutes. The use of autosampler
(carousel to handle multiple samples, e.g., from 16 up
to 64 samples) is highly desirable. TGA is known to
correlate to Noack volatility measurements as
described in ASTM method D6375. Using this method, one
calculates the Noack value by determining the
evaporative weight loss in the TGA at a specified time
determined by running a reference oil. In the present
disclosure, a different approach was used to generate
a set of TGA data to correlate with Noack volatility
as described in the procedure below: [00206] The test
equipment is a Model Q-5000 available from TA
Instruments, U.S.A., although other TGA units (for
example, TA's Model Q-500 and 2950, Netzsch 209C and
209Fl, etc.) may be used if an autosampler isattached.
The gas flow rates are regulated inside the equipment
to ensure sufficient amounts of carrier gases (air,
oxygen, nitrogen, argon, or other inert gases) used to
protect the furnace and micro-balance from being
contaminated, as well as maintaining constant flow
rates for the proper control of evaporation rate,
respectively. Calibration: [00207] The normal
calibration procedure as recommended by the
manufacturer is utilized. In addition to temperature
calibration to ensure the 



proper furnace temperature control, internal standards
can be established to verify run-to-run repeatability
and reproducibility. At least one sample per every 15
samples is used as an internal standard. The
repeatability of the internal standard is monitored
and recorded periodically. Procedure: [00208] In order
to avoid temperature overshoot, multi-stage ramping is
used in combination with an isothermal period as
described in the example below: a. Stage 1: ramp
@100C/minute from ambient temperature to 22O0C b.
Stage 2: ramp @10C/minute from 22O0C to 2490C c. Stage
3: maintain an isothermal mode for 10 minutes d. Stage
4: cool down to temperature <40C. Other temperature
ramping profiles can also be utilized. Autosampler:
[00209] An autosampler is used to generate data in a
high throughput experimentation mode. The general
procedure requires (a) tare the 25 empty pans in
sequence, (b) inject and weigh 25 samples into each
sample pan, and (c) run 25 samples in sequence.[00210]
Sample size can range from 10 mg to 50 mg if 100 ml_
sample pan is used. For comparison purpose, it is
important to maintain as close to a constant sample
size as possible and also keep the air flow rates
constant. Sample can be injected into sample pans
through pipettes. Automated dispensing system may also
be used to accelerate dispensing rate. However, the
special geometry of sample pans (with V-shape hook on
top) makes designing the automation system difficult.
There are a number of sample pans available. Platinum
or aluminum pans can be used due to their inertness
and ease of cleaning. Data Analysis: [00211] Data can
be plotted by measuring weight (loss or retention) of
sample versus temperature or time. Since multi-stage
heating and isotherm are involved, a plot of %weight
loss (by every 5 wt% increment) or 5 %weight retention
(by every 5 wt% decrement) versus time can be graphed.
In other words, the generation of a set of data based
on 5 or more data points (X, Y) is sufficient, where X
is the %weight retention to the original weight (i.e.
95%, 90%, 85%, 80%, 75% . . .) and Y is the time in
minutes. Once the %weight versus time plots are
available, possible correlations can be established by
analyzing the sample data set against the actual Noack
measurements (ASTM D5800-B method). Simple linear
equations can be derived based on a group of oils of
similar formulation chemistry. The wt% Noack
volatility can be calculated from the TGA data
according to the following equation: Wt% Noack
volatility = (6.815 - TGA time in minutes at 15%
weight loss)/0.1621 Clean-up: [00212] Frequent
cleaning is needed to keep the system clean and to
avoid condensation/contamination carried from sample
to sample. A visual inspection of the hang-down wire
and surrounding area is an effective way to determine
whether a clean-up is needed. The general clean-up
procedure includes a quickramping to 700 or 75O0C and
the maintaining at that temperature for 30-45 minutes
to burn off all residues. [00213] The following
non-limiting examples are included to illustrate
various embodiments of the disclosure. [00214] The
1-butene or C4 mixture used for all of the experiments
summarized in the examples was purified by passing the
liquefied gas through an activated oxygen-removal
catalyst and a 5 A molecular sieve, both available
from Supelco Chromatograph Co., at a rate of 1 ml to
10 ml liquid per gram of oxygen 



removal catalyst and molecular sieve per hour.
Preparation of >20 cSt poly-alpha-olefins from
1-butenes : [00215] 100 grams of pure 1-butene or
1-butene in mixed butenes were charged into a 600-ml
autoclave at room temperature, followed by hydrogen
when hydrogen was present. The reactor was then heated
to reaction temperature. At reaction temperature, the
catalyst solution containing all catalyst components
(metallocene, activator and triisobutylaluminum
scavenger) was added in two to three stages to
reactors, so that the reaction temperature was
maintained as constant as possible. The reaction was
quenched after 16 hours. The crude product was then
treated with trace water to deactivate the catalyst.
The catalyst residual was removed by addition of a
small amount of solid absorbing alumina and removal of
the solid alumina by filtration. [00216] The crude
product with a known amount of n-hexadecane as
internal standard was then analyzed by a gas
chromatograph HP5890 model equipped with a 30 meter,
DBl column which separates hydrocarbons according to
their boiling points. Column conditions; initial
temperature 70C/0 minutes, programmed at 10C/minute to
3000C and hold for 30 minutes. The wt% of 1-butene
conversion, and wt% selectivities to light fraction
(<C2gfraction) and lube fractions of C2gandhigher
hydrocarbons, were than calculated from the gas
chromatograph data using an internal standard method.
[00217] The crude product was then fractionated under
vacuum to remove light solvents such as toluene or
hexanes and light fractions, and further fractionated
under high vacuum of 0.1 millitorr or lower at 1500C
to remove any light fraction. The conversion and
selectivities to lube fraction were reported. The 400C
and 1000C kinematic viscosities, VI, pour points and
GPC of the lube fractions were measured according to
standard methods as described earlier. The catalyst
productivity was calculated based on the weight of the
total product or lube product per gram of metallocene
and catalyst used. [00218] The results of
poly-1-butene (POB) synthesis are summarized in Table
1. The data demonstrates that the catalyst activities
are much greater than 1,200 g product/g of catalyst.-
- Analytical Methods : Catalyst A was ( 1-methyl,
3-n-propyl cyclopentadienyl) 2 Zr (methyl)2 and
catalyst B was ((methyl)4 cyclopentadienyl)2 Zr (Cl)2.
In a similar manner, mixed butene streams, which
simulate the composition of mixed C raffinate streams,
such as the C4 Raffinate 1 or Raffinate 2 stream and
contain 1-butene, cis- and tran-2-butenes, isobutenes,
were used as feed. The synthesis and product
properties are summarized in Table 2.- - Catalyst A
was ( 1-methyl, 3-n-propyl cyclopentadienyl) 2 Zr
(methyl)2 and catalyst B ((methyl)4 cyclopentadienyl)
2 Zr (Cl)2. [00219] Samples from Examples 13-19 were
used to blend with 4 to 6 S low viscosity GTL fluids
or with other low viscosity Group I to Gr V base
stocks. The blend properties and comparison with
competitive fluids, bright stock, polyiso- butylene
(PIB) or other base stocks are summarized and
discussed below. The PIB sample was available
commercially from Ineos Company. [00220] Table 3
summarizes the blend compositions and properties made
from poly- 1-butene (POB) with low viscosity PAO and
ester fluids (Blend Examples 20-24) versus blends from
PIB (Blend Examples 25-29). Key points are: 1. Blend
Examples 20 and 2 1 are made from POB of viscosity
>1000 cS and have VI close to or higher than 200.
These types of fluidsare truly high performance fluids
and these high VI properties are unexpected from such
a blend composition. 



2. Blend Example 22 and Blend Example 29 are made from
POB and PIB, respectively, of comparable 100C
viscosity (623.5 cS vs. 634.3 cS). From comparison of
these two blends, we draw the following conclusions:
a. Blends made from POB have better VI than from PIB.
Blend Example 22 has VI of 187, which is significantly
higher than the 165 VI of comparative Blend Example
29. Higher VI is a desirable property for lube
application. Higher VI can translate into better wear
protection and better energy efficiency. b. Blends
made from POB have better low temperature Brookfield
viscosity (BV) than blends from comparable PIB. The
low temperature Brookfield viscosities (BV) at -40 and
-550C for Blend Example 22 is much lower than those
for Blend Example 29. Lower BV at low temperature
translates into better pumpability, better
low-temperature protection and lower energy needed to
overcome viscous drag and, thus, potential better
energy efficiency. c. POB has higher viscosity
boosting efficiency than PIB. Lower amount of POB is
needed to boost the viscosity of low viscosity base
stocks than PIB. In Blend Example 22, 36.8 wt% of POB
is needed to blend into a 8.7 cS blend, whereas 41.1
wt% PIB of comparable viscosity is needed to boost
viscosity to 8.5 cS, as in Example 29. These data
(comparing Example 22 to 29) show that POB is 11.7%
more effective than PIB in increasing fluid viscosity.
Thus, POB is a more economical base stock option to
increase fluid viscosity. 3. Similar conclusion can be
drawn from comparing Blend Example 23 made from POB
versus Blend Examples 26, 27, or 28 from PIB.- y o -
The Blend Example 23 has higher VI (169 vs. 137-148),
lower BV at -40 and -55C at comparable 1000C blend
viscosity, and better viscosity boosting effect (43%
POB needed to boost viscosity to 8.24 cS vs. 49.6 wt%
PIB needed to achieve the same viscosity). 4. Similar
results are observed by comparing viscosity properties
of the blend of Example 20, prepared with POB, to
those of Example 27, prepared with PIB. Both blends
have substantially the same kinematic viscosity at
1000C (10.67 and 10.29, respectively). Nonetheless,
the blend of Example 20 has Brookfield viscosity
substantially lower than that of comparative Example
27, i.e., at -400C, Brookfield viscosity of the blend
of Example 20 is 11, 977 cP as compared to Brookfield
viscosity of 51,789 cP for the blend of Example 27,
and at -550C Brookfield viscosity of Example 20 is
102,178 cP versus 545,884 cP for that of Example 27.
As is known to those skilled in the art, it is
important for a lubricant to have lower viscosity at
such extremely low temperatures to enable it to
provide effective lubrication at low temperature. It
is also notable that VI of the blend of Example 20 is
207, as compared to 137.VI for Example 27.- - Table 3.
Blends from POB with low vis PAO and ester vs. similar
blends from PIB. [00221] Table 4 summarizes the blend
composition and properties of different amounts of a
630 cS POB in a 4 cS GTL lube and the comparative
blend 



compositions of PIB H300 with 4 cS GTL lube. The base
stock, GTL4 had relatively low viscosity, and VI of
138. As indicated In this table the POB and PIB have
comparable 1000C viscosity. The data in this table
demonstrate the following un-expected advantages of
POB vs. PIB: 1. When the same amount of POB or PIB was
blended with the GTL4, the POB blends (blend Examples
30 and 33) consistently have higher kinematic
viscosities at both 1000C and 400C than the PIB blends
(blend Examples 34 to 37).- - Figures 1 and 2 compare
the VI vs. 1000C viscosity and 400C viscosity,
respectively, for the POB and PIB blends. These graphs
show that the VI values of the POB blends up to 35 cS
at 1000C viscosity or 300 cS viscosity at 400C
viscosity are higher than the VI values of PIB blends.
For instance, the blend made with POB having Kv at
1000C of 10 cSt has VI about 165, as compared to VI of
less than 160 for the blend made with PIB of the same
Kv at 100 0C. This is very unexpected, as the VI of
the pure PIB, 171, is significantly higher than the VI
of the pure POB, 117of comparable 1000C viscosity.
Figures 3 and 4 compare the Noack volatility versus
1000C kinematic viscosity of the blends as predicted
from TGA volatility measurement for the POB and PIB
blends. These two graphs show that, for blends of same
viscosities, the volatilities of POB blends were lower
than PIB blends throughout the viscosity range. Lower
volatility is more desirable for better performance.
Table 4. Blends of GTL4 with POB vs. PIB of comparable
1000C viscosity [00222] Table 5 summarizes properties
of the blends of a high quality 4 cS Group III base
stock with POB and PIB of comparable viscosity at
1000C.- - Consistent with previous examples, the blend
with POB has higher blend viscosity, indicating higher
viscosity boosting efficiency or thickening
efficiency, slightly higher VI and better pour point
than the blend with PIB. When these two blends were
subjected to sonic shear stability test, as in ASTM
D2603 method, with different test lengths, the blend
with POB had lower viscosity loss than the blend with
PIB for both 1000C and 400C viscosity and at 30 or 120
minute test duration. This test data demonstrated that
for both fluids made from C4 olefins, the blend
containing POB of comparable viscosity as PIB has
better shear stability. Table 5 [00223] The samples
prepared in Examples 1 to 19 all have substantial
amount of atactic stereo-sequence of monomers in the
polymer structure. This is confirmed by Cl 3 NMR of
the sample as compared to an iso-tactic poly-1-butene.
A typical C13 NMR of Example No. 11 is shown in Figure
5a. This spectra is significantly different from a C13
NMR spectra in Figure 5b of an isotactic poly-
1-butene, prepared in Comparative Example A as
reported below. This C13 NMRof an isotactic
poly-1-butene is also similar to the spectra reported
in literature [page 4500, Figure 2c of the paper,
"Syntheses of Multi-stereoblock Polybuntene-1 Using
Novel Monocyclopentadienyl Titanium and Modified
Methylaluminoxane Catalysts" Journal of Polymer
Science: Part A: Polymer Chemistry Vol. 37, page
4497-4501 (1999)]. The sharp peaks in Figure 5b are
due to the high degree of isotacticity. The broad
peaks of Figure 5a, especially the Carbon 3 peak
clearly indicate that they are high in % of mr
stereo-sequence (>30%) and low in mm and rr sequence.
[00224] In particular, it is notable that the broad
peak for Carbon-3 in Fig. 5a indicates the high degree
of atactic composition in the polymer. For an
isotactic 



poly-1-butene or poly-1-butene of any high degree of
tacticity, this Carbon-3 peak is a very sharp and
narrow peak, as shown in 5b. Comparative Example A.
[00225] In this experiment, a poly-1-butene with
substantial amount of isotactic stereo-sequence was
prepared by polymerizing 270 gram of pure 1-butene
with a catalyst solution containing 5.274 gram of
methylaluminoxane (MAO) solution (10 wt% MAO in
toluene), 20 gram toluene and 0.00834 gram of a
metallocene
racemic-dimethylsilyl(tetrahydroindenyl)zirconium
dichloride. The catalyst system was similar to the
catalyst system used in prior art. The reaction was
carried out at 35C for 16 hours. The product was
isolated by stripping off solvent. When cooled down to
room temperature, a solid poly-1-butene was obtained.
This poly- 1-butene contained a substantial amount of
mm diad in the molecular structure. It is not suitable
for a lube base stock application. This example
clearly demonstrated that poly-1-butenes with
substantially isotactic stereo sequence are not
suitable as a lubricant base stock. [00226] Applicants
have attempted to disclose all embodiments and
applications of the disclosed subject matter that
could be reasonably foreseen. However, there may be
unforeseeable, insubstantial modifications that remain
asequivalents. While the present invention has been
described in conjunction with specific, exemplary
embodiments thereof, it is evident that many
alterations, modifications, and variations will be
apparent to those skilled in the art in light of the
foregoing description without departing from the
spirit or scope of the present disclosure.
Accordingly, the present disclosure is intended to
embrace all such alterations, modifications, and
variations of the above detailed description. [00227]
All patents, test procedures, and other documents
cited herein, including priority documents, are fully
incorporated by reference to the extent such
disclosure is not inconsistent with this invention and
for all jurisdictions in which such incorporation is
permitted. [00228] When numerical lower limits and
numerical upper limits are listed herein, ranges from
any lower limit to any upper limit are contemplated.-
- WHAT IS CLAIMED IS: 1. A substantially atactic
poly-alpha- olefin polymer made of at least one of
propylene, 1-butene or 1-pentene monomer, the polymer
having viscosity index (VI) of 50 to 250, Kv 100 of 8
to 5,000 cSt, Kv 40 of 60 to 80,000 cSt and pour point
of less than 100C. 2. A substantially atactic polymer
of claim 1, which comprises an atactic component of at
least 30 mole% mr triads in the polymer. 3. A
substantially atactic polymer of claim 1, which is a
polymer of 1-butene. 4. A substantially atactic
polymer of claim 1, which includes at least 50 mole%
mr triads in the polymer. 5. A substantially atactic
polymer of claim 1, which includes at least 70 mole %
mr triads in the polymer. 6. A substantially atactic
polymer of claim 1, which is a polymer of propylene.
7. A substantially atactic polymer of claim 1, which
is a polymer of 1-pentene. 8. A substantially atactic
polymer of claim 1, which is a copolymer of propylene
and 1-butene. 9. A substantially atactic polymer of
claim 1, which is a copolymer of propylene and
1-pentene.10. A substantially atactic polymer of claim
1, which is a copolymer of 1-butene and 1-pentene. 



11. A substantially atactic polymer of claim 1, which
is a copolymer of propylene, 1-butene and 1-pentene.
12. A blend composition comprising: (a) a
substantially atactic poly-alpha-olefin polymer made
of at least one of propylene, 1-butene or 1-pentene
monomer, having viscosity index (VI) of 50 to 250, Kv
1Ooof 8 to 5,000 cSt, and Kv 40 of 60 to 80,000 cSt,
pour point of less than 100C, and (b) a second base
stock which has Kv 1Ooof less than 20 cSt. 13. A blend
composition of claim 12, wherein the substantially
atactic polymer includes an atactic component of at
least 30 mole% mr triads in the polymer. 14. A blend
composition of claim 12, wherein the substantially
atactic polymer includes an atactic component of at
least 50 mole% mr triads. 15. A blend composition of
claim 12, wherein the substantially atactic polymer
has an atactic component of at least 70 mole% mr
triads. 16. A blend composition of claim 12, wherein
the substantially atactic polymer is a polymer of
1-butene. 17. A blend composition of claim 12, wherein
the lubricant base stock has Kv ioo of 20 cSt or less.
18. A blend composition of claim 12, which includes
0.1 to 90% by weight of the substantially atactic
polymer.- o - 19. A blend composition of claim 12,
which has Noack volatility of less than 30 wt%. 20. A
blend composition of claim 12, wherein the
substantially atactic polymer is a polymer of
propylene. 21. A blend composition of claim 12,
wherein the substantially atactic polymer is a polymer
of 1-pentene. 22. A blend composition of claim 12,
wherein the substantially atactic polymer is a
copolymer of propylene and 1-butene. 23. A blend
composition of claim 12, wherein the substantially
atactic polymer is a copolymer of propylene and
1-pentene. 24. A blend composition of claim 12,
wherein the substantially atactic polymer is a
copolymer of 1-butene and 1-pentene. 25. A blend
composition of claim 12, wherein the substantially
atactic polymer is a copolymer of propylene, 1-butene
and 1-pentene. 26. A lubricant blend composition of
claim 12 comprising 0.1 to 90 wt% of the substantially
atactic polymer of claim 1. 27. A lubricant blend
composition of claim 12 comprising 10 to 99.9% wt% of
the second base stock. 28. A lubricant blend
composition of claim 12 which has Kv ioo of 3 cSt to
1000 cSt.29. A lubricant blend composition of claim 12
which has Kv 40 of 6 cSt to 30,000 cSt. 30. A
lubricant blend composition of claim 12, which has VI
of 100 to 400. 31. A lubricant blend composition of
claim 12, which has VI of 100 or greater than 100. 32.
A lubricant blend composition of claim 12, which has
pour point of less than 00C. 33. A lubricant blend
composition of claim 12, which has pour point of less
than -100C. 34. A lubricant blend composition of claim
12, which has pour point of less than -200C. 



35. A lubricant blend composition of claim 12, which
has pour point of less than -300C. 36. A lubricant
blend composition of claim 12, which has pour point of
less than -400C. 37. A lubricant blend composition of
claim 12, which has Noack volatility of less than 30
wt%. 38. A lubricant blend composition of claim 12,
which has Noack volatility of less than 20 wt%.- o -
39. A lubricant blend composition of claim 12, which
has Noack volatility of less than 15 wt%. 40. A
lubricant blend composition of claim 12, which has
Noack volatility of less than 10 wt%. 41. A lubricant
blend composition of claim 12, which has Noack
volatility of less than 5 wt%. 42. A lubricant blend
composition of claim 12, which has Noack volatility of
less than 1 wt%. 43. A lubricant blend composition of
claim 12, wherein the second base stock has Kv 1Oo of
15 cSt or less. 44. A lubricant blend composition of
claim 12, wherein the second base stock comprises at
least one of Group I to VI base stocks or a lube base
stock produced from gas-to-liquid conversion process
(GTL lube) or any combination thereof. 


