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MEDIUM-CHAIN LENGTH FATTY ALCOHOLS AS STIMULATORS OF
HEMATOPOIESIS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of provisional U.S. Appln. No. 60/614,478,

filed October 1, 2004; the contents of which are incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates to the treatment of myelosuppression. In parti-
cular, this includes the treatment of anemia and/or neutropenia associated with the use
of chemotherapy and/or radiotherapy. The present invention may also find use for the
treatment of anemia arising from chronic renal failure or treatment of HIV-infected
patients with AZT (zidovudine) and/or for the treatment of neutropenia arising from
infections, hematologic diseases, or nutritional deficiencies. The present invention also
relates to reducing drug toxicity and enhancing drug efficiency. In particular, the
present invention relates to the use of medium-chain length fatty alcohols such as
octanol, decanol, dodecanol, or analogues thereof as a stimulator of hematopoiesis,
hematopoietic stem cell proliferation, and/or proliferation of one or more of the
progenitors of red or white blood cells (e.g., erythrocyte, leukocyte, neutrophil, granu-

locyte, megakaryocyte, or any combination thereof).

BACKGROUND OF THE INVENTION

Chemotherapy refers to the use of cytotoxic agents such as, but not limited to,
cyclophosphamide, doxorubicin, daunorubicin, vinblastine, vincristine, bleomycin,
etoposide, topotecan, irinotecan, taxotere, taxol, 5-fluorouracil, methotrexate, gemcita-
bine, cisplatin, carboplatin, and chlorambucil to eradicate cancer cells and tumors.
However, these agents are non-specific and, particularly at high doses, they are toxic to
normal, rapidly dividing cells. Ionizing radiation is also toxic to normal, rapidly
dividing cells. This often leads to various side effects in patients undergoing chemo-
therapy and radiotherapy. Myelosuppression, a severe reduction of blood cell produc-
tion in bone marrow, is one such side effect. It is characterized by anemia, leukopenia,

neutropenia, agranulocytosis, and thrombocytopenia. Severe chronic neutropenia is
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also characterized by a selective decrease in the number of circulating neutrophils and

an enhanced susceptibility to bacterial infections.

The essence of treating cancer with chemotherapeutic drugs is to combine a
mechanism of cytotoxicity with a mechanism of selectivity for highly proliferating
tumor cells over host cells. However, it is rare for chemotherapeutic drugs to have such
selectivity. The cytotoxicity of chemotherapeutic agents limits administrable doses,
affects treatment cycles, and seriously jeopardizes the quality of life for the cancer

patient. Similar drawbacks affect the treatment of cancer with radiotherapy.

Although other normal tissues may also be adversely affected, bone marrow is
particularly sensitive to proliferation-specific treatments such as chemotherapy or
radiotherapy. Acute and chronic bone marrow toxicity, which is a common side effect
of cancer therapies, leads to decreases in blood cell counts and anemia, leukopenia,
neutropenia, agranulocytosis, and/or thrombocytopenia. One cause of such effects is a
decrease in the number of replicating hematopoietic cells (e.g., pluripotent stem cells
and other progenitor cells) caused by both a lethal effect of cytotoxic agents or
radiation on these cells and by differentiation of stem cells provoked by a feedback
mechanism induced by the depletion of more mature marrow compartments. The
second cause is a reduction in self-renewal capacity of stem cells, which is also related
to both direct (mutation) and indirect (aging of stem cell population) effects (Tubiana,
M, et al., Radiotherapy and Oncology 29:1-17, 1993). Thus, cancer treatments often
result in a decrease in red blood cells or erythrocytes and white blood cells or

leukocytes (which consist predominantly of neutrophils) in the general circulation.

Erythrocytes are non-nucleated biconcave disk-like cells which contain hemo-
globin and are essential for the transport of oxygen. Hemoglobin is a tetrapeptide
which contains four binding sites for oxygen. Anemia refers to that condition which
exists when there is a reduction below normal in the number of erythrocytes, the quan-
tity of hemoglobin, or the volume of packed red blood cells in the blood as charac-
terized by a determination of the hematocrit. The hematocrit or "red blood cell

volume" is considered to be a particularly reliable indicator of anemia. Typically, in
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normal adults, average values for red blood cell count (10%mm?), hemoglobin (g/100
mL), and hematocrit (the volume of packed red blood cells in mL/100 mL) for females
and males (at sea level) are 4.8 £0.6 and 54 £0.9, 14.0+2.0 and 16.0+2.0, and
420+50 and 47.0%5.0, respectively, as described in Harrison’s Principles of
Internal Medicine, 8™ Edition, Appendix-Table A-5, McGraw Hill (1977). In normal
humans, erythrocytes are produced by the bone marrow and released in the circulation,
where they survive approximately 120 days. They are subsequently removed by the

monocyte-phagocyte system.

Anemia is a symptom of various diseases and disorders. Therefore, anemia may
be classified in terms of its etiology. For example, aplastic anemia is characterized by
absence of regeneration of erythrocytes and is resistant to therapy. In such patients,
there is a marked decrease in the population of myeloid, erythroid, and thrombopoietic
stem cells, which results in pancytopenia. Hemolytic anemia arises from shortened
survival of erythrocytes and the inability of the bone marrow to compensate for their
decreased life span. It may be hereditary or may result from chemotherapy, infection,
or an autoimmune process. Iron deficiency anemia refers to a form of anemia charac-
terized by low or absent iron stores, low serum iron concentration, low hemoglobin
concentration, or low hematocrit, etc. Iron deficiency is the most common cause of
anemia. Pernicious anemia, which most commonly affects adults, arises from a failure
of the gastric mucosa to secrete adequate intrinsic factor, resulting in malabsorption of
vitamin B12. Sickle cell anemia arises from a genetically determined defect in hemo-
globin synthesis. It is characterized by the presence of sickle-shaped erythrocytes in
the blood. The above are only exemplary of the many different anemias known to
medicine. However, within the context of this invention, it is of particular interest to
address anemia associated with the use of chemotherapy or radiotherapy in the treat-
ment of cancer. According to a statement published in BioWorld Today (page 4; July
23, 2002), approximately 1.2 million cancer patients will undergo cytotoxic chemo-
therapy in the United States this year and about 800,000 or 67% of them will become
anemic. Additionally, anemia is also associated with end-stage renal disease as is the

case for patients who require regular dialysis or kidney transplantation for survival.
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This falls under the umbrella of chronic renal failure or the clinical situation in which

there is a progressive and usually irreversible decline in kidney function.

Erythropoietin (EPO) is a glycoprotein with a molecular weight of 34,000
which is produced in the kidney. EPO stimulates the division and differentiation of
committed erythroid progenitors in the bone marrow (BFU-E cells) and maintains cell
viability (inhibition of apoptosis of BFU-E and CFU-E cells). The biological effects of
EPO are receptor mediated. Amino acid identity amongst different animals is 92%
between human EPO and monkey EPO and 80% between human EPO and mouse EPO.
The primary stimulus for the biosynthesis of EPO is tissue hypoxia. However, as may
be seen from the above, EPO has significant therapeutic potential for the treatment of
certain anemias. For example, EPO can be used to treat anemia arising from a dimi-
nished endogenous production of EPO, which may result from a damaged or non-
functional kidney (e.g., chronic renal failure as discussed above). Alternatively, EPO
can be used to treat anemia arising from damaged bone marrow and subsequently dimi-
nished proliferation of erythrocyte progenitors (e.g., BFU-E cells) which results from
treatment of cancer patients with cytotoxic chemotherapy or radiotherapy (as also
discussed above). Various forms of recombinant EPO are available on the market.
They differ by their expression system used for their manufacture and by their sites and
degree of glycosylation of the protein. Epoetin alpha is expressed in CHO cells and is
available under the trade name of PROCRIT®, EPOGEN®, or EPREX®. Like EPO,
Epoetin alpha has three N-linked glycosylation sites at asparagine (Asn) residues; Asn
19, Asn 33, and Asn 78. Epoetin beta is also N-glycosylated at three sites. Epoetin
omega is N-glycosylated at Asn 24, Asn 28, and Asn 83 and partially O-glycosylated at
serine (Ser 126). Recently, a hyperglycosylated version of EPO has been approved
which contains five N-linked glycosylation sites. It is a slow or extended release form
of epoetin alpha available under the trade name of ARANESP®. This protein displays
enhanced biological activity compared to the natural form, due to its approximately
three-fold longer serum half-life. However, the use of these glycosylated proteins is

expensive and restricted since they have to be produced by recombinant technology.
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In individuals with normal blood cell counts, neutrophils constitute
approximately 60% of the total leukocytes (SI Units Conversion Guide, 66-67, 1992, N.
Engl. J. Med. Books). However, as many as one in three patients receiving chemo-
therapy treatment for cancer may suffer from neutropenia. Mean normal neutrophil
counts for healthy human adults are on the order of 4400 cells/iuL, with a range of
1800-7700 cells/uL. A count of 1,000 cells/uL to 500 cells/UL is moderate neutropenia
and a count of 500 cells/uL or less is severe neutropenia. Patients in myelosuppressive
states are prone to infection and frequently suffer from blood-clotting disorders,
requiring hospitalization. Lack of neutrophils and platelets is the leading cause of
morbidity and mortality following cancer treatments and contributes to the high cost of

cancer therapy. In these above-mentioned conditions, the use of any agent capable of

inhibiting neutrophil apoptosis or stimulating neutrophil activation and mobilization

can be of therapeutic value. Efforts to restore the patient’s immune system after chemo-
therapy involve the use of hematopoietic growth factors to stimulate remaining stem

cells to proliferate and differentiate into mature infection fighting cells.

In bone marrow transplantation, a phenomenon known as "mobilization" has
also been exploited to harvest greater numbers of stem/progenitor cells from peripheral
blood. This method is currently used for autologous or allogeneic bone marrow trans-
plantation. Growth factors are used to increase the number of peripheral progenitor
stem cells to be harvested before myeloablative therapy and infusion of progenitor stem

cells.

Post-therapy bone marrow transplantation can also counter neutropenia.
However, these treatments require 10-15 days of treatment which leaves patients
vulnerable to infection. Agents capable of stimulating bone marrow stem cells can
facilitate and accelerate stem cells engraftment thus shortening the neutropenic window

following bone marrow transplantation.

Although hematopoietic growth factors such as granulocyte-macrophage colony
stimulating factor (GM-CSF) and granulocyte colony stimulating factor (G-CSF) can

exert such actions, their use is expensive since they have to be produced by recombi-
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nant technology. Such post-therapeutic ameliorative treatments are unnecessary if

patients are "chemoprotected” from immune suppression.

Therefore, there is a need for novel compositions and methods to reduce the
undesirable side effects of myelosuppressive states induced by chemotherapy and/or

radiotherapy.

SUMMARY OF THE INVENTION
The present invention satisfies the need for chemoprotective agents by
providing a novel method for the stimulation of the hematopoietic system in a patient.
The present invention also provides a novel method for treating the myelosuppressive
effects of chemotherapy, radiotherapy, or any other situation in which the stimulation
of the hematopoietic system can be of therapeutic value such as, but not limited to,
anemia, leukopenia, neutropenia, agranulocytosis, thrombocytopenia, and/or bone

marrow transplantation.

In accordance with this method, a composition comprising one or more
medium-chain fatty alcohols (e.g., octanol, decanol, dodecanol) or alkyl esters thereof
in a pharmaceutically acceptable carrier is administered to a patient in an amount
effective to stimulate hematopoiesis. This may significantly reduce the adverse effects

of chemotherapy and radiotherapy (e.g., myelosuppression).

It is an objective of the present invention relates to the use of medium-chain
fatty alcohols (e.g., octanol, decanol, dodecanol) or alkyl esters thereof as

hematopoiesis stimulating factors or chemoprotective agents.

Another object of the present invention relates to the use of medium-chain fatty
alcohols (e.g., octanol, decanol, dodecanol) or alkyl esters thereof for the treatment of

myelosuppression arising from chemotherapy and/or radiotherapy.

It is an object of the present invention to provide a method effective for

providing chemoprotection of a patient.
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Another object of the present invention is to provide a method effective for

increasing the efficacy of chemotherapy and radiotherapy in a patient.

Still another object of the present invention is to provide a method effective for
reducing or eliminating chemotherapy- or radiotherapy-induced anemia or neutropenia

in a patient.

Another object of the present invention is to provide a method for treating
neutropenia arising from a hematologic disease, or infection, or a nutritional deficiency,

or drug-induced neutropenia.

Yet another object of the present invention is to provide a method for treating
anemia arising from chronic renal failure, or end-stage renal disease, or arising from a

medical or surgical procedure, or drug-induced anemia.

Finally, another object of the present invention is to provide a method that

causes minimal or no adverse effects to the patient.

These and other objects, features and advantages of the present invention will
become apparent after a review of the following detailed description and the appended

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the effect of octanol or decanol on bone marrow white cell

count.

Figure 2 shows the effect of octanol, decanol, or dodecanol on peripheral white

blood cell count.
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Figure 3 shows the effect of octanol, decanol, or dodecanol on spleen red cell
count. Fig. 3A shows octanol and dodecanol effects and Fig. 3B shows octanol and

decanol effects.

DETAILED DESCRIPTION OF THE INVENTION
Chemotherapy and radiotherapy destroy hematopoietic cells in bone marrow.
Subsequently, the patient can be severely depleted in erythrocytes, platelets, and neu-
trophils. Anemia results in fatigue, a lack of energy and shortness of breath. Thrombo-
cytopenia leads to prolonged clotting time and bleeding disorders. Neutropenia places
the patient at increased risk of infection. Myelosuppression is a dose-limiting factor in

cancer treatment.

The present invention relates to a method of restoring the patient’s hemato-
poietic system. Current methods employed to do the same make use of cytokines or
glycoprotein growth factors. For example, erythropoietin can be used to stimulate the
proliferation and maturation of responsive bone marrow erythroid cells. Erythropoietin
is approved for human use for the treatment of anemia where appropriate: e.g., anemia
arising from the inability to produce a sufficient number of erythrocytes. However,
there are limitations which restrict the use of erythropoietin. Indeed, many of these
limitations are common to the medical use of recombinant glycoprotein cytokines —
availability, toxicity, and efficacy, especially with chronic use. For example, some
patients treated with recombinant human erythropoietin develop an immune response to
the glycoprotein which results in pure red cell aplasia. When the latter occurs, the
antibody developed to the recombinant protein also attacks the patient’s equivalent or
endogenous protein. Subsequently, the patient develops a worst anemia than before

drug treatment.

Other hematopoietic growth factors can also be used to restore the patient’s
hematopoietic system which include granulocyte-colony stimulating factor (G-CSF),
stem cell factor (SCF), and granulocyte macrophage-colony stimulating factor (GM-
CSF). G-CSF and GM-CSF can shorten the total period of neutropenia and thrombo-
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cytopenia but there still remains a significant window during which the patient is

susceptible to infection and is deficient in blood clotting capabilities.

Medium-chain fatty alcohols refer to aliphatic alkyl alcohols having carbon
chain lengths of eight (C8, octanol or octadecyl alcohol), ten (C10, decanol or decyl
alcohol), or twelve (C12, dodecanol or dodecyl alcohol). Unlike shorter chain alcohols,
these alcohols are poorly soluble in water. Nonetheless, medium-chain fatty alcohols
enjoy widespread industrial use and are found in an array of products which include
plasticizers, solvents, herbicides, perfumes, and surface active agents. More impor-
tantly, medium-chain fatty alcohols are nontoxic materials. For example, according to
part 172 of the Code of Federal Regulations, the U.S. Food and Drug Administration
recognizes that octanol, decanol, and dodecanol are safe additives for use in food. The
Registry of Toxic Effects of Chemical Substances (National Institute for Occupational
Safety and Health) reports an LDsq (oral, rats) of 3.2 g/kg body weight for octanol and
4.7 g/kg body weight for decanol, which is essentially nontoxic.

Until the unexpected findings described herein, the effectiveness of medium-
chain fatty alcohols such as octanol, decanol, dodecanol, or alkyl esters thereof for the
stimulation of hematopoiesis and the subsequent production of erythrocytes and
neutrophils from erythroid and myeloid progenitor cells was unknown. A similar acti-
vity was described in our international applications PCT/CA02/00535 and PCT/GB04/
00457 in which it was disclosed that medium-chain fatty acids and triglycerides are
able to stimulate hematopoiesis and the subsequent production of erythrocytes and
neutrophils. The present discovery is unexpected because, unlike the prior art, it is the
ten and twelve carbon chain length alcohols which have consistently significant
biological activity whereas in the prior art, it was the eight and ten carbon chain length
carboxylic acids which have consistently significant biological activity. Therefore,
significant biological activity is determined by more than the ability to tolerate a polar
head group (e.g., hydroxyl, carboxylate) at the end of a hydrocarbon chain. In fact,
another polar head group, an aldehyde moiety, resulted in compounds which were not

able to stimulate hematopoiesis.



10

15

20

25

30

10

The present invention may stimulate hematopoiesis in a mammal, including a
human using one or more medium-chain fatty alcohols of formula H;C(CH,),OH,
wherein n is an integer from 7 to 11, and alkyl esters thereof. It can be used to treat the
myelosuppressive effects of chemotherapy, radiotherapy, or any other situation in
which the stimulation of the hematopoietic system can be of therapeutic value such as,
but not limited to, anemia, leukopenia, neutropenia, agranulocytosis, thrombocytopenia,

and/or bone marrow transplantation.

A pharmacologically effective amount of the medium-chain fatty alcohols and
alkyl esters thereof is used. Such an effective amount may be determined by varying its
dose to achieve the desired therapeutic affect(s) such as, for example, reducing the
adverse effects of chemotherapy and/or radiotherapy. Medium-chain fatty alcohols and
alkyl esters thereof as the active pharmaceutical ingredient(s) can be formulated in a

pharmaceutical composition with a pharmaceutically acceptable carrier.

Examples of pathological conditions which may be treated include, but are not
limited to: myelosuppression arising from chemotherapy and/or radiotherapy, and
subsequent anemia and immunosuppression; chronic or transient neutropenia arising
from hematologic diseases such as chronic idiopathic neutropenias, or from bacterial or
viral infections, or a nutritional deficiency, or drug-induced neutropenia; anemia arising
from chronic renal failure, especially in those patients with end-stage renal disease, or
from medical procedures such as orthopedic surgery or the use of antiretroviral drugs.
Chemotherapy- and/or radiotherapy-induced anemia or neutropenia may be reduced or

eliminated.

Chemoprotection of a mammal, including a human, may also be provided. The
efficacy of chemotherapy and radiotherapy in a mammal, including a human, may be
increased thereby and side effects avoided. Chemotherapy and/or radiotherapy, in
combination with chemoprotection, may achieve a better therapeutic benefit for its

recipient.

Treatment preferably causes minimal or no adverse effects to its recipient.
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In a preferred embodiment of the present invention, it is decanol (the ten carbon
chain length alcohol) and/or dodecanol (the twelve carbon chain length alcohol) which
are employed as the active pharmaceutical ingredient or medicament. Additionally,
where appropriate for preparation of a drug with desired physical chemical properties
or in a prodrug format (e.g., susceptible to nonspecific esterases), short chain alkyl
esters (one to four carbon atoms) may also be prepared for use as the medicament.
However, this does not preclude the use of the less biologically active eight carbon
chain length alcohol either as octanol or a short chain alkyl ester wherein the acid com-
ponent is acetic, propionic, or butyric acid. Alternatively, it is even possible to make an
alkyl ester which is derived from the condensation of a medium-chain fatty alcohol
with a medium-chain fatty acid. Similarly, other obvious chemical modifications to
anyone skilled in the art falls within the scope of this invention. Such obvious modifi-
cations include other prodrug formats including derivitization of the alcohol by attach-
ment to sugars, amino acids, and peptides which may also serve to improve water
solubility of the alcohol. In the opposite direction, a more active agent with decreased
water solubility might be obtained by esterification of caprylic or capric acid with

medium-chain fatty alcohols of this invention.

The present invention relates to the use of medium-chain fatty alcohols or alkyl
esters thereof as a hematopoiesis activation or growth factor and, more particularly, as a
stimulator of the production of erythrocyte and neutrophil progenitor cells. When used
in chemotherapy and radiotherapy, medium-chain fatty alcohols are administered
before, during and/or after the treatment in order to shorten the period of anemia and/or
neutropenia and to accelerate the replenishment of the hematopoietic system. Further-
more, it is possible to use a combination of medium-chain fatty alcohols along with
their alkyl esters thereof or other analogues at multiple points relative to treatment with
chemotherapy and/or radiotherapy. Alternatively, it is possible to administer the
combination simultaneously: before, during and/or after treatment with chemotherapy
and/or radiotherapy. In severe anemia or neutropenia, the medium-chain fatty alcohol

is used as the therapeutic agent. Medium-chain fatty alcohols can also be used after
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bone marrow transplantation in order to stimulate bone marrow stem cells thus

shortening the time period for recovery from anemia and neutropenia.

As used herein, medium-chain fatty alcohols such as octanol, decanol or
dodecanol refers to a composition comprising said active ingredient and one or more

pharmaceutically acceptable carriers.

As used herein, the term "pharmaceutically acceptable carrier" refers to a
substance that does not interfere with the physiological effects of medium-chain fatty
alcohols such as octanol, decanol or dodecanol and that is not toxic to mammals,

including humans.

The octanol, decanol or dodecanol of the present invention may be formulated
using octanol, decanol or dodecanol and pharmaceutically acceptable carriers by
methods known to those skilled in the art (Merck Index, Merck & Co., Rahway, NI).
These compositions include, but are not limited to, solids, liquids, oils, emulsions, gels,

aerosols, inhalants, sprays, capsules, pills, patches, and suppositories.

All methods may include the step of bringing the active ingredient(s) into asso-

ciation with the carrier which constitutes one or more accessory ingredients.

As used herein, the term "chemotherapy" refers to a process of killing prolifera-
ting cells using a cytotoxic agent. The phrase "after chemotherapy" is meant to cover
all situations in which a composition is administered after the administration of a
cytotoxic agent regardless of any prior administration of the same and also regardless

of the persistence of the effect of the administered cytotoxic agent.

When the method of this invention is applied to chemotherapy, octanol,
decanol, or dodecanol can be administered prior to, during, or subsequent to the chemo-

therapy (i.e., prior to, during, or subsequent to the administration of a cytotoxic agent).
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By "cytotoxic agent" is meant an agent which kills highly proliferating cells:
e.g., tumors cells, virally infected cells, or hematopoietic cells. Examples of a cyto-
toxic agent which can be used to practice the invention include, but are not limited to,
cyclophosphamide, doxorubicin, daunorubicin, vinblastine, vincristine, bleomycin,
etoposide, topotecan, irinotecan, taxotere, taxol, 5-fluorouracil, methotrexate, gemcita-
bine, cisplatin, carboplatin, chlorambucil, and an agonist of any of the above
compounds. A cytotoxic agent can also be an antiviral agent: e.g., AZT/zidovudine

(i.e., 3-azido-3’-deoxythymidine) or 3TC/lamivudine (i.e., 3-thiacytidine).

As used herein, the term "chemoprotection” refers to protection provided to a
mammal, including a human, from the toxic effects arising from treatment of the
mammal with a chemotherapeutic agent. Most often, the latter is a cytotoxic agent
whose therapeutic effect arises from its ability to interfere with or inhibit some aspect
of DNA replication, RNA transcription, or subsequent translation of protein.
Therefore, a chemoprotective agent refers to any compound administered to a mammal
which would protect the mammal, or facilitate the recovery of the mammal, from the

toxic effects resulting from treatment of the mammal with a chemotherapeutic agent.

Anemia can be diagnosed and its severity can be determined by a person skilled
in the art. The term "anemia" may refer to that condition which exists when there is a
reduction below normal in the number of erythrocytes, the quantity of hemoglobin, or
the volume of packed red blood cells. Such clinical criteria are subject to variability.
Without limitation, anemia may be the result of a reduction in the mass of circulating
red blood cells. Efficacy of treatment can also be determined by a person skilled in the

art. It may provide a palliative effect.

Neutropenia can be diagnosed and its severity can be determined by a person
skilled in the art. The term "neutropenia" may refer to that condition which exists when
there is a reduction below normal in the number of neutrophils. Such clinical criteria
are subject to variability. Efficacy of treatment can also be determined by a person

skilled in the art. It may provide a palliative effect.
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In one preferred embodiment, the pharmaceutical composition is in a form
suitable for oral, sublingual, rectal, topical inhalation (nasal spray), intramuscular,

intradermal, subcutaneous, or intravenous administration.

It will be appreciated that the amount of a composition of the invention required
for use in the treatment will vary with the route of administration, the nature of the
condition being treated, the age and condition of the patient, and will ultimately be at
the discretion of the attending physician. The desired dose may be conveniently
presented in a single dose or as divided doses taken at appropriate intervals, for
example as two, three or more doses per day as necessary to effect or bring about
treatment. The term "treatment” or "treating” includes any therapy of existing disease
or condition and prophylaxis of the disease or condition (e.g., anemia, neutropenia) in a
mammal, including a human. This includes (a) preventing the disease or condition
from occurring in a patient which may be predisposed to the disease but has not yet
been diagnosed as having it, (b) inhibiting or arresting the development of the disease
or condition and (c) relieving the disease or condition by causing its regression or the

amelioration of one or more symptoms.

While it is possible that, for use in medical treatment, medium-chain fatty
alcohols such as octanol, decanol, or dodecanol may be administered as the pure
chemical, it is preferable to present the active pharmaceutical ingredient as a
pharmaceutical formulation or composition. A nontoxic composition is formed by the
incorporation of any of the normally employed excipients such as, for example but not
limited to, mannitol, lactose, trehalose, starch, magnesium stearate, talcum, cellulose,
carboxymethyl cellulose, glucose, gelatin, sucrose, glycerol, magnesium carbonate,

sodium citrate, sodium acetate, sodium chloride, sodium phosphate, and glycine.

In a preferred embodiment of the invention, the amount of active ingredient
administered is such that the concentration in the blood (free and/or bound to serum
albumin) is greater than 1 pM. In other embodiments, the concentration in the blood
may be greater than 1 mM. In another preferred embodiment of the invention, it might

be necessary to achieve a sufficient local concentration of an active pharmaceutical
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ingredient to obtain a biologically or medically significant effect in a target tissue (e.g.,
bone marrow). Such a relatively high concentration of active pharmaceutical ingredient
may be required, at least at the target tissue, as it may be necessary for the octanol,
decanol, or dodecanol of the present invention to form a micelle or aggregate structure
in order to elicit a biological response. A single dose may be comprised of a total
amount from about 1 g to about 10 g of active ingredient (and any intermediate ranges

thereof).

In another embodiment, the pharmaceutical composition is in a form suitable for
enteral, mucosal (including sublingual, pulmonary, and rectal), parenteral (including
intramuscular, intradermal, subcutaneous, and intravenous), or topical administration.
The formulations may, where appropriate, be conveniently presented in discrete dosage
units and may be prepared by any of the methods well known in the art of pharmacy.
All methods include the step of bringing into association the active pharmaceutical
ingredient with liquid carriers or finely divided solid carriers or both and then, if neces-
sary, shaping the product into the desired form. When desired, the above-described
formulations adapted to give sustained release of the active pharmaceutical ingredient
may be employed. Sustained release formulations well known to the art include the use

of liposomes, biocompatible polymers, bolus injection, or continuous infusion.

Medium-chain fatty alcohols can also be used in combination with other
therapeutically active agents such as cytotoxic anticancer agents or other anticancer
agents (immune modulating or regulating drugs or therapeutic vaccines or anti-
angiogenesis drugs, medium-chain fatty acids or triglycerides thereof, etc.) or immune
suppressive drugs (including anti-inflammatory drugs). The individual components of
such combinations may be administered either sequentially or simultaneously in
separate or combined pharmaceutical formulations. The combination referred to above
may conveniently be presented for use in the form of a pharmaceutical formulation and
thus pharmaceutical formulations comprising a combination defined above together
with a pharmaceutically acceptable carrier thereof comprise a further aspect of the

invention.



10

15

20

25

30

16

Alternatively, at least a pharmacologically effective amount of a human colony
stimulating factor (e.g., G-CSF or GM-CSF) or a human erythropoietin may be simulta-
neously or separately administered with the medium-chain fatty alcohol or alkyl ester
thereof. Simultaneous administration may reduce the amount of colony stimulating
factor or erythropoietin needed to stimulate hematopoiesis or another affect of the
colony stimulating factor or erythropoietin. Separate administration of the colony
stimulating factor or erythropoietin may be before and/or after administration of the

medium-chain fatty alcohol or alkyl ester thereof.

EXAMPLE

The following further illustrates the practice of this invention but is not intended

to be limiting thereof.

Chemoprotection studies: In vivo induction of immune cell proliferation or protection

by medium-chain fatty alcohol.

Female C57BL/6 mice, 6 to 8 weeks old, were immunosuppressed by treatment
with 200 mg/kg of cyclophosphamide (CY) administered intravenously at day 0. To
examine the immunoprotective effect of the medium-chain fatty alcohol, mice were
pre-treated at day -3, -2 and -1 by oral administration of the compound. Mice were
sacrificed at day +5 by cardiac puncture and cervical dislocation. After the sacrifice,

tissues were crushed in PBS buffer and cells were counted on a hemacytometer.

A significant increase in bone marrow white cell count was observed with oral
pre-treatment with decanol (Fig. 1). Further, some treated animals return to a "baseline
level" in terms of the bone marrow white cell count as compared to non-

immunosuppressed animals (control).

Also, a nonsignificant increase in peripheral white blood cell count was

observed with octanol, decanol, or dodecanol (Fig. 2).
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Furthermore, a significant increase in spleen red cell count was observed with

oral pre-treatment with octanol, decanol, or dodecanol (Fig. 3).

Patents, patent applications, and other publications cited herein are incorporated

by reference in their entirety.

All modifications and substitutions that come within the meaning of the claims
and the range of their legal equivalents are to be embraced within their scope. A claim
using the transition "comprising" allows the inclusion of other elements to be within the
scope of the claim; the invention is also described by such claims using the transitional
phrase "consisting essentially of" (i.e., allowing the inclusion of other elements to be
within the scope of the claim if they do not materially affect operation of the invention)
and the transition "consisting” (i.e., allowing only the elements listed in the claim other
than impurities or inconsequential activities which are ordinarily associated with the
invention) instead of the "comprising” term. Any of the three transitions can be used to

claim the invention.

It should be understood that an element described in this specification should
not be construed as a limitation of the claimed invention unless it is explicitly recited in
the claims. Thus, the claims are the basis for determining the scope of legal protection
granted instead of a limitation from the specification which is read into the claims. In
contradistinction, the prior art is explicitly excluded from the invention to the extent of

specific embodiments that would anticipate the claimed invention or destroy novelty.

Moreover, no particular relationship between or among limitations of a claim is
intended unless such relationship is explicitly recited in the claim (e.g., the arrangement
of components in a product claim or order of steps in a method claim is not a limitation
of the claim unless explicitly stated to be so). All possible combinations and permuta-
tions of the individual elements disclosed herein are considered to be aspects of the
invention; similarly, generalizations of the invention’s description are considered to be

part of the invention.
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From the foregoing, it would be apparent to a person of skill in this art that the
invention can be embodied in other specific forms without departing from its spirit or
essential characteristics. The described embodiments should be considered only as
illustrative, not restrictive, because the scope of the legal protection provided for the

invention will be indicated by the appended claims rather than by this specification.
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CLAIMS:

1. Use of a composition comprising one or more compounds described by formula 1:
H;C(CH,),OH ¢))
wherein n = 7-11, for the manufacture of a medicament for stimulating

hematopoiesis in a patient in need of treatment.

2. The use of claim 1, wherein said composition comprises at least decanol.
3. The use of claim 1, wherein said composition comprises at least dodecanol.
4. The use of any one of claims 1-3, wherein at least one compound of said

composition is administered to achieve a concentration greater than 1 pM in blood.

5. The use of any one of claims 1-4, wherein said composition stimulates

hematopoiesis in patients with myelosuppression arising from chemotherapy.

6. The use of any one of claims 1-4, wherein said composition stimulates

hematopoiesis in patients with myelosuppression arising from radiotherapy.

7. The use of any one of claims 1-4, wherein said composition stimulates

hematopoiesis in patients with neutropenia arising from chemotherapy.

8. The use of any one of claims 1-4, wherein said composition stimulates

hematopoiesis in patients with neutropenia arising from radiotherapy.

9, The use of any one of claims 1-4, wherein said composition stimulates

hematopoiesis in patients with anemia arising from chemotherapy.

10. The use of any one of claims 1-4, wherein said composition stimulates

hematopoiesis in patients with anemia arising from radiotherapy.
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I1. The use of any one of claims 1-4, wherein said composition stimulates
hematopoiesis in patients with neutropenia arising from a hematologic disease, or

infection, or a nutritional deficiency, or drug-induced neutropenia.

12. The use of any one of claims 1-4, wherein said composition stimulates
hematopoiesis in patients with anemia arising from chronic renal failure, or end-stage

renal disease, or arising from a medical or surgical procedure, or drug-induced anemia.

13. The use of any one of claims 1-12, wherein said composition is administered
simultaneously with a pharmacologically effective amount of a human colony stimulating
factor, and wherein the pharmacologically effective amount of colony stimulating factor

is reduced in the presence of said composition.

14. The use of any one of claims 1-12, wherein said composition is administered
separately from a pharmacologically effective amount of a human colony stimulating
factor, and wherein administration may be before and/or after administration of said

composition but not simultaneously administration.

15. The use of any one of claims 1-12, wherein said composition is administered
simultaneously with a pharmacologically effective amount of a erythropoietin, wherein
the pharmacologically effective amount of erythropoietin is reduced in the presence of

said composition.

16. The use of any one of claims 1-12, wherein said composition is administered
separately from a pharmacologically effective amount of a human erythropoietin, wherein
administration may be before and/or after administration of said composition but not

simultaneously administration.

17. A composition comprising a pharmacologically effective amount of one or more
compounds described by formula 1:
H;C(CH,),OH (H
wherein n = 7-11 for use in stimulating hematopoiesis in a patient in need of

treatment.
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18. The composition of claim 17, wherein said composition comprises at least

decanol.

19. The composition of claim 17, wherein said composition comprises at least

dodecanol.

20. The composition of any one of claims 17-19, wherein said composition further

comprises a pharmacologically effective amount of a human colony stimulating factor.

21. The composition of any one of claims 17-19, wherein said composition further

comprises a pharmacologically effective amount of a human erythropoietin.

22. One or more compounds selected from the group consisting of compounds

described by formula 1:
H;C(CH,).OH )
wherein n = 7-11, for use in increasing the number of red and/or white blood cells

in a patient in need of treatment.

23. The use of claim 22, wherein the compound consists of decanol.



