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20  U.S. Patent No. 5,716,959 issued to Theodore and Van Zandt (1998) discloses a substituted
piperazine zwitterion composition containing, for example, as an active ingredient, HEPES (N-2
Hydroxyethylpiperazine-N'-2 Ethane Sulfonic Acid), and method useful for treatment of cancer,

autoimmune, arthritis and other mammalian diseascs

U.S. Patent Application No. 20090149464 (Sergeant et al., 2009) describes the use of 1,4-bis(3-
25  aminoalkyl)piperazine derivatives for the manufacture of a pharmaceutical composition intended
for the treatment of neurodegenerative diseases, related neurodegenerative diseases,
developmental diseases or cancer. The instant invention is also directed to some specific 1,4-

bis(3-aminoalkyl)piperazine derivatives and pharmaceutical composition including them.
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25 aspects the denyelinating disease is Miultiple Sclerosis and the
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In yet another embodiment the present invention describes a method of treating one or more
neurodegenerative diseases, treating one or more demyelination diseases or both in a human

subject comprising the steps of: (i) identifying a subject in need for treatment against the one or
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100 mg/kg of body weight, wherein the pharmaceutical composition is administered orally,

subcutaneously, parenterally, intravenously, peritoneally, or intramuscularly. In one aspect of the
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t er m " MIPtRisiraiogand ipadramisieregprcetd3ily oggripdy i%h%swsl& Hmg#ket he central
nervous system characteri zed, anatom cally, by 10sclerotic plaques in the
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" ef erimph@mantdorsieals & & amineg sébject comprising the steps of: (i) identifying a subject in need

for treatment against the pain associated with the cancer, side-effects following cancer treatment

including post-chemotherapy cognitive impairment or both and (ii)) administering a

pharmaceutical composition comprising N-2-hydroxy-ethyl-piperazine-N’-2-ethane sulfonic

acid (HEPES) and derivatives thereof dissolved in sterile water, buffer, saline or other

25  pharmaceutically acceptable carriers once daily at a dosage of 10-100 mg/kg of body weight,

wherein the pharmaceutical composition is administered orally, subcutancously, parenterally,

intravenously, peritoneally, or intramuscularly. In specific aspects the composition is used to

pain associated with a pancreatic cancer and to treat post-chemotherapy cognitive impairment

following a breast cancer treatment.

30 In one embodiment the present invention describes a pharmaceutical composition for treating
pancreatic cancer in a subject comprising: N-2-hydroxy-ethyl-piperazine-N’-2-ethane sulfonic
acid (HEPES) and derivatives thereof dissolved in sterile water, buffer, saline or other

pharmaceutically acceptable carriers in an amount sufficient to treat the pancreatic cancer and
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del et erTieusroh owithérahat bjgh@binst Betgdfherein is intended to include those symptoms known

to those skilled in the art attendant upon forced discontinuation of ingestion of a narcotic
substance or a drug, and includes vomiting, severe muscle spasms, agitation, lacramation from
the nose and eyes, uncontrollable urination, nausea, and, in severe cases, convulsions, respiratory

30 failure, and cardiac arrest.
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i ndi vidualized. dinical Cases of Various Neurological D sorders
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formed byniphe S BN BisERictsS iRRIde PREIBphXniaP WIzIRLEY's discase, autism, depression,
15  Dbenign forgetfulness, childhood learning disorders, closed head injury, and attention deficit

disorder.

The term “cancer” as used herein refers to a cellular disorder characterized by uncontrolled or
disregulated cell proliferation, decreased cellular differentiation, inappropriate ability to invade
surrounding tissue, and/or ability to establish new growth at ectopic sites. The term also
20  includes, but is not limited to, solid tumors and blood borne tumors. The term “cancer”
encompasses diseases of skin, tissues, organs, bone, cartilage, blood, and vessels and includes
primary and metastatic cancers. The term “chemotherapy” as used herein is defined as the
treatment of disease with chemical substances. Used herein chemotherapy refers to application
of anti-neoplastic chemicals to an individual with cancer. The goal of chemotherapy is selective

25  toxicity to cancer cells.

As used herein the terms “administration of”” or “administering a” compound refers to providing
a compound of the invention to the individual in need of treatment in a form that can be
introduced into that individual's body in a therapeutically useful form and therapeutically useful
amount, including, but not limited to: oral dosage forms, such as tablets, capsules, syrups,
30  suspensions, and the like; injectable dosage forms, such as IV, IM, or IP, and the like;
transdermal dosage forms, including creams, jellies, powders, or patches; buccal dosage forms;

inhalation powders, sprays, suspensions, and the like; and rectal suppositories.
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30 include the following:

(1) Analgesic activity, possibly related to prolonged anti-anandamide action, without the

significant side-effects in contrast to the opiates;

(i)  Anti-tumor activity possibly related to mechanisms previously found with promethazine;
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physiological functioning. Central demyelination (i.c., of the spinal cord, brain, or optic nerves)
25  is the predominant finding in the primary demyelinating diseases, for which there is no known
etiology. The most well-known condition is Multiple Sclerosis (MS). The exacerbations and
remissions of symptoms of MS serve as the prime example of injury and recovery. Symptoms of
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30  and 6™ cranial nerve problems often associated with mild nystagmus with fatigue, (iii) Sensory
Neural Function — diminished position sense, multiple paresthesias especially involving the

extremities, lateral trunk, and sides of the face, (iv) Motor Neural Function — diminished
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30  causes have been difficult to uncover but prematurity, in- utero disorders, neonatal jaundice and
perinatal asphyxia are thought to play a role with birth trauma and perinatal asphyxia or

kernicterus of special interest. CP syndromes are grouped into four main categories, spastic,
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walking and manual skills have improved to 85% of normal. He became devoted to spending

several hours daily on the computer and the amount of knowledge he has acquired and retained
25  is, indeed, phenomenal. The change in this young man has been outstanding and truly gratifying

to his parents, his siblings, and especially his physicians.

3. Post Chemotherapy Cognitive Impairment (PCCI): Post chemotherapy cognitive impairment
(also known as chemotherapy-induced cognitive dysfunction, chemo brain or chemo brain fog
describes the cognitive impairment, which can result from chemotherapy treatment.
30  Approximately 30-40% of persons who undergo chemotherapy experience some level of PCCI.
The phenomenon initially came to light because of the large number of breast cancer survivors
who complained of memory, fluency, and other cognitive liabilities that impeded their ability to

function as they had prior to chemotherapy. In most cases there is no known way of reducing the
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exact same things the day before. We forget friends’ names. We stop in mid-conversation
because we’ve forgotten what we were talking about. We start using gadgets and date books in
order to keep track of our normal to-do list. If we handle our own checkbook, we gradually have
more and more trouble with it. Even taking a shower is a major effort because we don’t
25  remember whether we’ve rinsed the shampoo out of our hair — we lose the washcloth — we drop
everything — we forget whether we rinsed all those hard-to-reach areas. What were once
functions we handled without thought, we now need to consciously review every aspect of the
process before it occurs. We laugh about it. We learn to “cover” the errors with laughter. But
we’re embarrassed and silently questioning our own sanity. We worry about brain tumors and
30  Alzheimer’s because we know the problem is far more extensive than other people are seeing.

"’

As one colleague said, “I can no longer rely on me!” So we joke about it with each other. This is
not everyday forgetfulness that everyone experiences from time to time. This is a 24-hour,
seven days-a-week continual struggle to appear and act normally. It’s been proven by SPECT

and PET scans of the brain. It really IS all in our heads — and it’s real.” The multiplicity of
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Symptomatically, in 50-80% of patients, the disease begins insidiously with a resting 4-8 Hz

pill-rolling tremor of one hand. The tremor is maximal at rest, diminishes with movement, and
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1. Side-effects of Opiate Anal gesics

Levo-dopa, the metabolic precursor of dopamine crosses the blood-brain barrier into the basal

ganglia where it is decarboxylated to form dopamine, replacing the deficient neurotransmitter.
After 2-5 years of treatment with this medication, more than 50% of patients begin to experience
15  fluctuations in their response to levodopa. Amantadine may augment the effects of levodopa
and dopamine agonists (bromocriptine and pergolide) directly stimulate dopamine receptors in
the basal ganglia. The ominous triad of the disease, side-effects of the anti-parkinsonian drugs,
and inactivity result in a significant degree of obstipation, which is unrelenting despite high fiber

intake, psyllium, and stool softeners.
20 EXAMPLE 4

F.S. is a 45-year old landscape technician, who has had Parkinsonian symptoms since his late
30’s. The family history is positive. He has been tried on a variety of Parkinsonian medications,

the beneficial actions of which seem to disappear within a few months.

His major complaint was significant muscle weakness and stiffness which was present to the
25  degree that it significantly interfered with his nursery/gardening activities. The hand tremor was
present only to a small degree, but the head tremors and tics were very prominent to the degree

that he would become nauseated if he kept his vision pinpointed.

He was placed on 5,000 mg of HEPES daily, in divided doses, and his muscular fatigue,
stiffness, and tics all disappeared within a three-week period. After another couple of weeks he
30  said he felt like he was before the diagnosis was made and was able to complete all of his

lawn/garden service to clients in a timely manner.
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Miscul %.Sy\%aak&e-?resar old male who has had Parkinsonian symptoms since he was 75 years old. He
was placed on levo-dopa with gradual increases to six per day along with large doses of Mirapex
and polyethylene glycol for his problem with constipation. His constipation was really quite
5  intractable with abdominal distention and protrusion, nausea and vomiting. Also very
worrisome was his diminished deglutitionary activity and tongue biting with oral bleeding. He
was unable to stand without assistance and his hesitant walk favored the festinative aspects.
Owing to the significance of his disease, he was placed on 6,000 mg of HEPES daily in divided
doses, which within three days obviated his swallowing difficulties and abrogated his tongue
10  biting. Over time the daily dosage of levodopa was reduced from the prescribed 6 per day to 2
per day to which a small dose of the dopamine agonist, bromocriptine, was added with
singularly beneficial results. His condition improved to the extent that he was again able to

drive himself to the store, buy gasoline, and eat out. Most, most gratifying, indeed!

He was placed on an active bowel treatment program with good results which, when required
15  was supplemented with an enema q.0.d. He continued to be monitored closely. His energy level
has improved significantly, his facial mask has completely disappeared, and his quality of life

vastly improved.

Clinical Cases Based Upon Mechanism of Action of HEPES. Analgesic and Anti-tumor
Activities of HEPES-Cancer of the Pancreas

20 EXAMPLE 6

JWH, a 68-year old white male, who owned and operated a commercial heating and air-
conditioning business, had enjoyed good health until September, 2005, when he developed
symptoms of fatiguability and intermittent episodes of pain in the upper abdomen with referral
through to the back, suggestive of a pancreatic problem. The pain was not relieved by passing
25  bowel movements or any other manecuver. He was seen by his personal physician, who
diagnosed Type II diabetes mellitus. He was placed on anti-diabetic medication and diet. No
additional studies related to the abdominal pain were carried out, even though they were peculiar
in a patient with diabetes. His diabetic state was under satisfactory control with a few weeks,

but the abdominal pain problem persisted.

30  The abdominal pains increased in intensity with new severe pains in the mid-dorsal thoracic
spine. In late December, 2005, he suffered an episode of sudden, very intense pain in the spinal

arca, was seen in the emergency room, where the origin of his spinal pain was found to be
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pancreatic cancer with metastases to the liver, lungs, shoulders and thoracic spinal column. He
underwent radiation treatments for the thoracic lesions which eased, to a limited extent, the pain

in this area.

5 In consultation with the patient ombudsmen group at M. D. Anderson Hospital in Houston,
Texas, the family was told that none of the current study protocols were appropriate for his
current condition of cancer of the pancreas with wide-spread metastases and such advanced
disease. He was given 2-4 months to live. It was recommended that he be treated with pain
protocols by the local institutions in the Dallas-Fort Worth area. He was treated by his personal

10 physician who placed him on opiate analgesics for pain control.

In February, 2006, his personal physician contacted the present inventors concerning the
possible addition of HEPES as he was receiving the maximal level of opiate medication, which
was not controlling the pain the patient was experiencing. In March, 2006, he was placed on a
daily dosage of the product administered by intravenous infusion, while continuing his
15 maximum opiate analgesic medication. After 5 days of adding the HEPES, his pain was
completely controlled. During April, May, and June, 2006, his narcotic medication was slowly
reduced owing to the plethora of narcotic-related side-effects (Table 1), with good pain control

using about 25% of the maximum dosage of the opiate analgesics.

His quality of life improved significantly at this time. In July, 2006, he developed significant
20  anorexia, probably secondary to the increasing levels of endogenous TNF-alpha (cachectic
factor). Dronabinol was recommended, but refused by the patient owing to the medication being
derived from marijuana. Thereafter, natural source inhibitors of cachectic factor (Table 2) were
recommended, but the patient refused to take any of these as he felt these might interfere with
the pain control, which was acceptable. He was then offered parenteral nutritional support,

25  which he declined.

His quality of life was reasonably good, and his condition was such that he was able to take daily
30-minute walks in the mall, was able to attend his 50 year high school reunion in September,
2006, attended in October, 2006, a VIP high school parking lot dedicated to him, went to a dance
with his wife in early November, 2006, as well as a high school football game, and celebrated

30 his 69" birthday with the entire family.

From mid-November, 2006, he developed weakness associated with continued weight loss, and
from late November became bed-ridden. He continued to suffer from cyctokine- induced

(cachectic factor/TNF-alpha) anorexia, which resulted in almost complete inanition, with death



Table 2: Natural Source Inhibitors of Cachectic Factor (TNF-al pha) (Partial
Listing) 1. Aspirin 13. Colchicine 2. Salicylic Acid 14. Anandam de 3.
Docosahexwionoiiwismed (DHA) 15. Morphi ne 4. Ei cosahenaen®Ct/tAcild/o¢HPR) 16.
Resveratrol 5. Quercetin 17

ensuing on 19 December 2006. While the death certificate lists the cause of death as cancer of
the pancreas, in truth the cause of death was terminal anorexia, inanition, and malnutrition, with

more than 65 pound weigh loss.

HEPES administration, however, was associated with improved pain control, reduction in the
5 amount of opiate narcotic analgesia required, elimination of opiate side-effects, a significant
anti-tumor effect with several additional months of quality living, which was very much

appreciated by the family constellation.

Stabilization of Neural Membranes. Pediatric Autoimmune Neurological Disease Associated

with Strep (PANDAS)
10 EXAMPLE 7

HSW is an 8-year old boy referred to the present inventors by one of our pediatric neurologists.
Historically, at the age of three years, this young boy contracted an infection caused by a very
virulent streptococcal micro-organism. It required three courses of antibiotic therapy before the
symptoms abated, and apparent recovery took place. About 6-weeks later, he began having
15  involuntary tics involving his head, neck, and shoulders often with flailing arms. Initially, these
movements were 10-15 per day. Over the next three months, the athetotic movements increased

to 1,300-1,500 per day.
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Table 1: Side-effects of Opiate Analgesics

Cardiovascular System Integumentary System Visual Disturbances
Hypotension Facial Flushing Blurred Vision
Hypertension Primary Urticaria Diplopia
Bradycardia Rashes Nystagamus
Tachycardia Miosis
5 Palpitations Musculoskeletal System
Pedal Edema Muscle Rigidity
Syncope Uncoordinated Muscular
Movements

Central Nervous System  Muscular Weakness
Agitation
Sedation Psyche
Lightheadedness Mood Alteration
Dizziness Euphoria
Tremors Dreams

10 .
Seizures
Paresthesias Respiratory System

Drug-induced Respiratory

Gastrointestinal System depression leading CO;
Xerostomia retention resulting in
Anorexia increased CSF pressure &
Nausea increased ICP
Vomiting Dysphonia
Biliary Tract Spasm Laryngeal Spasms

15 Constipation
Diarrhea Sleep Patterns
lleus Insomnia 2° 4 ICP
Intestinal Obstruction
Elevated Liver Enzyme Systemic Effects

Levels Drug Dependency
Anaphylaxis
Genitourinary System
Hesitation in Starting Temperature Regulation
Urinary Stream Diaphoresis

20 Urinary retention Chills
Antidiuretic Effect
Decreased Libido
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stabilization induced by the HEPES noiety will have a permanent curative

effect. This response tqQ HEPES has been copsidered to be t han 30
mi r acul Hifs PS§IaHICs NSHIOAORINS adfd NYMFERST grﬁdrcgp ERIFET sYeiRi Sonuftesr PG various

neur ol agiftatiodts pY‘@sHlb&{? @Iﬂﬁl,pite&@ﬂtdebfé\é&'at ' & minimal degree the frequency of the
movements, but which were accompanied by a number of undesirable side-effects. Over the

next 5 years, the parents consulted physicians at various famed medical centers in Scandinavia,

15  Germany, Switzerland, Israel and England, all without any significant improvement. Just prior

to his referral to us, he was seen at the NIH, where a very thorough work-up was accomplished,

but where the recommendation given the parents was that little could be done or expected as

most of the medications available world-wide had been tried without success.

HEPES was cautiously given daily to the youngster in graded intravenous doses owing to the
20  bewildering 1,300-1,500 athetotic movements present. At the end of the first week, having
achieved the 70-75 mg/kg level of HEPES administration, the frequency of athetotic movements
had been reduced to 10-15 per day. At the end of the second week on the IV product, there was

a further reduction in the athetosis with 2-3 movements per day.

The lad was then placed on oral medication at the same daily dosage. During the next three
25  weeks, there were infrequent involuntary athetoid movements triggered by emotional or stressful
circumstances. The product was then decreased gradually, with the boy now tic-free without any
product being given. It remains moot whether or not there will be a recurrence of the problem,
but we are hopeful that the membrane stabilization induced by the HEPES moiety will have a
permanent curative effect. This response to HEPES has been considered to be more than
30  miraculous by his parents and other family members, his referring neurologist, as well as the

present inventors.
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examination should normal dorsiflexion of his left foot, equal to that of the right foot, a truly
25  amazing observation. With continued daily product at the 75 mg/kg dosage, he has shown slow
improvement manifest by a significant reduction in his athetoid movements, improved gait,
more cogent ideation, and significant relief of his pain, which consisted of intense pain in his
jaws and teeth, shoulder joints and muscles, precordial chest pain, and sharp pains in the temples

bilaterally. He will be closely monitored as to his condition with additional treatment.

30 In the United States it is estimated that there are between 5 — 6 million persons with similar
histories, and another 2 million in the United Kingdom. If the use of HEPES can ameliorate

these dreadful withdrawal symptoms, it will prove to be a significant contribution to easing the
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Table 3: Pain Syndrome Sites Associated With Benzodiazepine withdrawal

1. Aching Jaws
5 2. Aching Joints

3. Aching Muscles
4. Back Pain
5. DBreasts
6.  Burning Pain of Scalp, Neck, and Shoulders
7. Ear Aches, frequently recurring
8. Headaches, often severe
9. Intense Jaw Pain
10. Muscular Cramps and Spasms
11. Neuralgias

10 12. Paresthesias of the Scalp
13. Very Painful Teeth
14. Chest Pain
15. Pain with breathing
16. Sharp Throbbing Pains in Temples
17. Throbbing Pains in Wrists
18. Severe Abdominal Cramping Pain

15  Reversal of Demyelination Processes
Chronic Inflammatory Demyelinating Polyradiculoneuropathy (CIDP)

CIDP is an autoimmune neuropathy that affects the peripheral motor and sensory nerves. The
symptoms are of a slowly progressive numbness and tingling that usually starts in the feet, but
later spreads to the legs and hands. The patients also complain of some weakness, again usually
20  starting in the lower extremities, but soon involving the upper extremities as well. With further
involvement of the sensory system, other modalities of sensations, such as balance, are affected
and the patients complain of inability to walk or maintain balance in the dark. There usually is
not bowel or bladder involvement. On rare occasions, cranial nerves are involved and then the
symptoms range from difficulty in deglutition to double vision with numbness involving the

25  face. Cognitive skills are not affected by CIDP.

The diagnosis of CIDP is suspected with a history of progressive sensorimotor neuropathy.
Physical examination consistent with distal sensory loss in the upper and lower extremities, in
conjunction with motor weakness that can be more proximal than distal supports the clinical

diagnosis.
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respect to any method, kit, reagent, or composition of the invention, and vice versa. Furthermore,

compositions of the invention can be used to achieve methods of the invention.

It will be understood that particular embodiments described herein are shown by way of
30  illustration and not as limitations of the invention. The principal features of this invention can
be employed in various embodiments without departing from the scope of the invention. Those

skilled in the art will recognize, or be able to ascertain using no more than routine
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and exeguhedisQ Wrh{ PHtceiRg URe XRETHITERLAWOMA, B €IBE cBhbiMBoR BRERE" is

di sclosure. Wile the conpositions and nmethods of this invention have been
descri badnded tbanetsdoit lprsebre o\, drifo Bk sBCi or ABC aykif apgeaiemparent mos e

of skill in.the ar hat ,var,j atl o e pljed to.the conmpasiti.gng.

and or MELIScaRa 1 he Srbasb o B e AEBEHEE SroaBEseRtRitRa feiiva

desgeri hedmbRY ekfteiMy helided are combinations that contain repeats of one or more item or term,
such as BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so forth. The skilled
artisan will understand that typically there is no limit on the number of items or terms in any

combination, unless otherwise apparent from the context.

All of the compositions and/or methods disclosed and claimed herein can be made and executed
30  without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the compositions and/or

methods and in the steps or in the sequence of steps of the method described herein without



WO 2011/ 035212PCT/ US2010/ 049405 24 departing fromthe concept, spirit and
scope of the invention. Al such simlar substitutes and nodifications
apparent wo22heos&i1gkilled in the art are deenmed to be wpChius2eat®4sipiri t,
scope and concept of the invention as défined by the appended cl ai ns.
REFERENCES 5 U.S. Patent No. 5,248,680: Zwitterionic Conpounds and Their
N- Hal o dopaitivatfioneshd @mctigtespitit hidescbipe aff mieninveitidd. | Allcath Goithr tsuieisuted Jarfsl
Pat ent No, 5,716,959: Method of Treating D sease with Piperazine Zwitterion
ConpourfBedifigiitigns pRpaspat tgﬁgfrsec@ifﬂlleéﬁnr%e. a'%@e@agqewéat&:beu%hlaftﬁq SDiTijsgope an
(3-Am Ri i I i R reat ment of Neurodegenerative
Di seasgga&é%&}%ﬁiﬁﬁ%gé%%§$%§%u gg%%%%ﬁg%%%h%gEVhat is claimed is: 1. A
pharmaceutical conposition for treating wthdrawal synptons, side-effects
or both followi ng treatnent with aREFEREN(CéESsants, sel ective serotonin
inhibitors (SSRI), or other neurol ogical agents in a subject conprising:
5N- 32- hyldSoRyteat Nyl 5 3#R68&zwigreibri2 -(etyameds akd Gheic Natlalb DeERESESs andUse in

[ dis§§$%gd in sterile water, buffer, saline or other

derivatév S therggf.
phar madBaf {4941y AL EEisE “Priers in an amount sufficient to treat

wi t hdrawal symptons, side-effects or both following treatnent with one or
more art - BEBNENS ant1€,958n Metod op  seadisg diitaaye vk F iR RiiRe £RHiCHPT $1081P08SR: ) |
or other neurol ogical agents; and 10one or nore optional excipients,

di | uent'é.S. Batertntielicationsbat 30D P1681 Eesef layéit(s:AndisbdfiihGiraeeitesDerivarives
preser%%%%yﬁ%ﬁgkggQ%M%ﬂga%g%&gggnggg&gpf 2. The conposition of claim1
t he I”s di ssol've

wherein Insterile water for injection



for oral, subcutaneous, parenteral, intravenous, peritoneal, or

i ntramuscul ar adm nistration. 3. The conposition of claim1l1, wherein the

conposi t iwo 20s/@Mni st ered once daily on a 15body wei girCTh®3019/0894030- 100

nmg/ kg. 4. The conposition of claim 1, 2@dherein the anti-depressants are

selected fromthe group consisting of benzodi azepi nes, SSRI s,

Seroto nor phrine reuptake inhibitors (SNRI's), Noradrenergic and
gt

speci f ar § ]ﬁl c antidepressants (NaSSAs), Norepl nephri ne
(nor adrenal i reupt ake inhihi.tors (NR's i nephri ne-, m ne
reupt akle i e B RN PSItiag R B bR B‘Flék%} Stie &F doth

( SSREs )follé\@ﬁl%t ARARKILE VAEPInBLE reﬁdn?sy CAe!&tl@@tée%&{lﬁ SSRMiRr{ Tﬁ@ﬁf) cﬁmgther
Monoam ne oxidase i nhibitor I\/R . The conposition of claim1

wher ei meuhzéoﬁﬁmagermmsmctmmpmmgm esm tal opram fl uoxeti ne,
fl uvoxam ne, paroxetine, sertraline, zinmelidine or any conbinations
t heseof . 6.NA- hmﬂrdnqdetble pipﬁazihngl vni ethaiteavmﬂlfoﬁiycmbtalrm(HEﬂliE&;Q- efid ed¢rsvativedot h

fol | owi t. 25w th ant. - ssant sel ective serotonjn inhibitors
(SSRI) ! ﬂ%rw%f Vel by et taﬁ taling opods Gbprmasetigalfy aceaptablsicagiers n

conpri sinnghdudestieRs: t@ftreat withdraW 3Bl fdh SiR- e?}%teis%tboﬂpfo'ﬂg%gf tatrhERENT

agai nst the w thdrawal synptons, sid -eff'ects or both followng treatment
Wi t h artinic- oie progs satitdepressingse tangeors erost oalentivanhérotanor sSniiS8RE ) (SS81), airhether
neur ol o | .agents; agd WO 2011/ 035212PCT/ US2010/ 049405 26 saline or

ot her d% Qi%%‘éag %‘ﬁi; 1%%cceptabl e carriers once daily at a dosage of 10-100

g of body wei ght, wherein the armaceutjcal conposit I'S .
ad rﬁl(()nl st er ed§ roam%re ORtIR EXFRISHSH @1 UChigy @ﬁ@@lﬁ%qryonﬁr%feﬁ&sféwg}ts coloring

peri toggg}, re&'i’vdtlQEer@\ggé?%hﬁMaYmnst?lereghe met hod of claim#6, wherein the

anti-d nt conpr benzodi azepi nes or 5derivatives thereof
2. The composition of claim 1, wherein the HEPES is dissolved in sterile water for injection

for oral, subcutancous, parenteral, intravenous, peritoneal, or intramuscular administration.

3. The composition of claim 1, wherein the composition is administered once daily on a

15  body weight basis at 10-100 mg/kg.

4. The composition of claim 1, wherein the anti-depressants are selected from the group
consisting of benzodiazepines, SSRIs, Serotonin-norepinephrine reuptake inhibitors (SNRIs),
Noradrenergic and specific  serotonergic antidepressants (NaSSAs), Norepinephrine
(noradrenaline) reuptake inhibitors (NRIs), Norepinephrine-dopamine reuptake inhibitors

20  (NDRIs), Seclective serotonin reuptake enhancers (SSREs), Melatonergic agonists, Tricyclic
antidepressants (TCAs), and Monoamine oxidase inhibitor (MAQOIs).

5. The composition of claim 1, wherein the SSRIs comprise citalopram, escitalopram,

fluoxetine, fluvoxamine, paroxetine, sertraline, zimelidine or any combinations thereof.

6. A method of treating withdrawal symptoms, side-effects or both following treatment
25  with anti-depressants, selective serotonin inhibitors (SSRI), or other neurological agents in a

subject in a human subject comprising the steps of:

identifying a subject in need for treatment against the withdrawal symptoms, side-effects
or both following treatment with anti-depressants, selective serotonin inhibitors (SSRI), or other

neurological agents; and

30 administering a pharmaceutical composition comprising N-2-hydroxy-ethyl-piperazine-

N’-2-ethane sulfonic acid (HEPES) and derivatives thercof dissolved in sterile water, buffer,



8. A pharmaceutical conposition for treating one or nore neurodegenerative
di seases, treating one or nore denyelination diseases or both in a subject
conpri si YO0 2011/03521BF 2- hydr oxy- et hyl - pi per azi ne- N - 2- et haoe/tsad howd405 aci d
(HEPES) and derivatives thereof dissolvéed in sterile water, buffer, saline
or other pharmaceutically acceptable carriers in 10 an anount sufficient to
td r eat I tshﬁne)aleougelr Mamﬂbﬁlﬁeﬁ@ep&gbm&idﬂ@ srasesly dthedag: of l(llrmO(e mg/kg of
enyel i nati on di seases or both; an .one or. nore qgptional excipients,
di | uenttody exgighigadersin dsnphasmpesyticd| ayosKiga s @fi%ﬁ%ﬁdr@alivgewbgl}taneously,

preser i I I I The conposition of claim8,
wher ei ﬁﬁ%ﬁl\é&gﬂe’ 1%@%%@%%2%?%% ?gﬁ&ﬁ@gse%@ag?conpri se 15 multiple
sclerosjs, tgansyv e Litks | Gy i rogar [ I1ifoca
eukoeneephel ot eb R bRl e s ERRFpRi AR, Yl tr
syndr orderivélinas clodrddr | e- Tooth Di sease or any conbinations thereof 10. The
conposition of claim@8, wherein the one or nore neurodegenerative di seases
conpri s Parkipsaiaceulta eastosifoRfor Sredtif€ e, orAhbRE nBRIdSgclbBERS Qlischy,
CGehrig's Disease 20 Corticobasal degeneration, Creutzfeldt-Jakob disease,
Fr ont ottesgfibg anc ¢rgbaic dgatysheaton dbyeasqs or baditio v subigbtsoaweisingt abbe' s di sease,
Mul tiple System Atrophy, Miltiple sclerosis, Pick's disease, Primry

| at eral scl e¥-@shyslrodrabylegpireanSiNirlacthaice aqulfpaics ycidReaIPHSS  dind edsrevatives

Sandhof f di seas Schi | der’ i sease,. Spinal muscul ar. at roph .

St el o-RorEpE SoBiedcn Spsie Ratie: SRR RA) Do Mk At Mhiedl ABFUple sarieryipe
COMPOSidni Aot RiIFAiBALSo WORIBE dnbhe MEFY BburbdideRdath S 8RS S, Sthtnkl ¢ Bore
Sclerosis. 12. The conposition of claim8, wherein the neurodegenerative
di seasalcmycpagtionriispases ofbgdaged 13. The conposition of claim8, wherein
the HEPES is dissolved in sterile water for injection for oral,

subcut aneousnepamsnt epadnal exdipiavsndilisntspextended ealcontosllddnt leaseepeuts agoloring
adm ni stration. 2011/ 03'5“t2b12PCT/ 8202.0/ 049405 27 15. The conposition of
cl ai m S8R EIHANE YHPSIMPIBHOLT ©5t°8Tt he one or more denyelination

di seases by restoring, repairing, and/or regenerating a nyelin sheath. 16.
A metholl of theesom: g}@ﬁ@fﬁal%&ewl%f‘éﬁpég%@%& Ror¢ demydmalen diseasss cPmgrighe
or 130" GnfiRgke! ORISR dhARASES OyBRID | BeRcQUTBRCSED] Gbo QTR | Shidrddhe
steps of: bidentifying a subject in need for treatnent ag%u nst the one or
nor e ndeulodegphaopithy.e ogiic emsass, Leelaidysmomes, dbuiflemeBdasmpsghdmaiei drharcot-

di seas or _bot h;. and dm ni stering a pharnmaceutical conposition
conpri %G'N-O?t&lng/‘a?aé?&t %t{yh“gﬂm%d’ilaﬁ’émég]e f‘é’Er -2-ethane sul fonic acid (HEPES)
and derjvatives thereof di s?ql ved in sterile water, buffer, saljne or other
phar mac¥ut i cHIS §oBRiRmaBF ¢lday 8 ayheradndle el 9r &org neyEodgeensratvg- disersey/ kg

of comprise Parkinson’s disease, Alper's discase, Alzheimer's disease, Lou Gehrig's Discase
20  Corticobasal degeneration, Creutzfeldt-Jakob discase, Frontotemporal lobar degeneration
Huntington's disease, Krabbe's disease, Multiple System Atrophy, Multiple sclerosis, Pick's

disease, Primary lateral sclerosis, Progressive Supranuclear Palsy, Refsum's disease, Sandhoff

disease, Schilder's disease, Spinal muscular atrophy, Steele-Richardson-Olszewski disease or

any combinations thereof.

25 11.  The composition of claim 8§, wherein the demyelinating disease is Multiple Sclerosis.
12. The composition of claim 8, wherein the neurodegenerative disease is Parkinson’s
disease.
13.  The composition of claim 8, wherein the HEPES is dissolved in sterile water for injection

for oral, subcutancous, parenteral, intravenous, peritoneal, or intramuscular administration.

30 14.  The composition of claim 8, wherein the composition is administered once daily on a

body weight basis at 10-100 mg/kg.



10 body wei ght, wherein the pharnmaceutical conposition is adm nistered
orally, subcutaneously, parenterally, intravenously, peritoneally, or

i ntranuscwbanine3s2127. The met hod of claim 16, wherein tireTadSapelokmat i ng
disease is Multiple Sclerosis. 18. Thé7nethod of claim 16, wherein the
neur odegenerati ve di sease is Parkinson's disease. 19. The nmethod of claim
16, whelsei n THee comppsigon | ¢h claimags wiecianehcorconpositicie ny&lts nad i @ bodinseases
by restoring, repairing, and/or regenerating a nyelin sheath. 20. A

phar nacdémxeg%frtw@cﬁﬁ?a%fiSt SRSIPIHRE, {1 HTN S KPS ESIRY et h one or
nor e neurol ogi cal di seases, one or nore neuropsychiatric disorders or both
in a sul§ ectAdeethed of fepating one ag motgy ruERdegerdigilvepiisedsas i tRatiNg -OncQThERES
sul f oni B HEF eri ' ther . di Ss0 ddn sterile water,
bufferfﬁgﬁﬁpﬁg&ggﬁgﬁ%ggﬁgﬂ%ﬁﬁgggﬁk¥§EWF§cgggiggggﬁ%&gEV#}ers in 20 an
anngnt suff% ient. to trea&.the(gge or nore neuga%g%§nerative di&eases.

th
one’or nore EPE O i LEEE AT EraipBhtAsaly © YR8 P HB eegeB?{f"i%%aF

exci pi efifcasesdirtd#idBlone of¥lotNglesy Dinaeandis@kéest voel;@age agents, col oring
agents, preservatives or any conbi nations thereof 21. The conposition of

claim 20, whghehtchiig aoé}%nﬂﬁceﬁm&ﬁ Q3BHR18E! R prifingCW-RREY SR I-Diberazine-
25di sorders conprise cerebral palsy, Tourette"s syndrone, chorela,
at het osS\’s?-ethiapolisalford¢ sodddiEPIEYhimlogdrnenie thercahyissolvbd matsicoihs wateer edfer,

22. The conmposition of cl.aim 20, erein the HEPES is, disso in sterile
vater rap By giet SerPas Rl ShmilE bt i, woefner IEinb et
periigt ongal, waghtl RheARM SeUpiddrmactinitithISéondidsRidn is Wministered orally, subcutancously,
2011/ 035212PCT/ US2010/ 049405 28 24. A nethod for treating synptons

associ drehteii lefreycaeushb periivacalyl oyingamustudslses, one or nore

neur opsychi atric disorders or both in a human subject conprising the steps
of : 17. i dértméthodgfl daisubg,edterdin theedethyfcbnatingehsaasnis Miglaplesicldarbes.synpt ons
associated with the one or nore neurol ogi cal di seases, the one or nore
neur opsi8chi akitei maettod of cleins 1 @rwheedih theamddrodegenerative disease is Parkinson’s disease.

19. The method of claim 16, wherein the composition treats the one or more demyelination

15  discases by restoring, repairing, and/or regenerating a myelin sheath.

20. A pharmaceutical composition for treating symptoms associated with one or more

neurological diseases, one or more neuropsychiatric disorders or both in a subject comprising:

N-2-hydroxy-ethyl-piperazine-N’-2-cthane sulfonic acid (HEPES) and derivatives
thereof dissolved in sterile water, buffer, saline or other pharmaceutically acceptable carriers in
20 an amount sufficient to treat the one or more neurodegenerative discases, the one or more

demyelination diseases or both; and

one or more optional excipients, diluents, extended or controlled release agents, coloring

agents, preservatives or any combinations thereof.

21.  The composition of claim 20, wherein the one or more neurological or neuropsychiatric
25  disorders comprise cerebral palsy, Tourette’s syndrome, choreia, athetosis, bipolar disorder,

schizophrenia or any combinations thereof.

22. The composition of claim 20, wherein the HEPES is dissolved in sterile water for
injection for oral, subcutancous, parenteral, intravenous, peritoneal, or intramuscular

administration.

30  23.  The composition of claim 20, wherein the composition is administered once daily on a

body weight basis at 10-100 mg/kg.



5 adm ni stering a pharmaceutical conposition conprising

N- 2- hydr oxy- et hyl - pi perazi neN - 2-et hane sul fonic acid (HEPES) and

derivati wee 20hw3enp di ssolved in sterile water, buffer, pealtise@oouo40s her
pharmaceutical ly acceptable carriers oA8e daily at a dosage of 10-100 ng/kg
of body wei ght, wherein the pharmaceutical conposition is adm nistered

or al | y,24s ubcAnasienifel yreatiay amipesmb hisociatedrvaideomsst yorepesurdlogieasl diseasedr one

i ntranmuscul arly. 10%5. The net hod, of .cl ai m 24, wherein the neurol ogi cal

di seas&Ti0re BFEBPRICh3HIsdsorders oppath ipp hymaa selypg comprisigg theensetthod of
claim 24, wherein the neuropsychiatric disorder is Tourette's syndrone.

27. A phar ndé@ityiegla subiepbisi noed dor eratment pepingt thasympwswcissacercdvith the one
cancer o, Sh e el bagian Aol QMG B e hEFRDIR Rl NELAALNG, BYR ahemot her apy
cognitive 1 fpairment or both in a lbsubject ’conprising:

N- 2_hydr oxy- et hyl - pi pergzi ne- N .- 2-et hane. sul foni c id EPE nd .

ter Puat | vos “Ehi ERh Aot Dis i <OGHor Ho o g st e by rby B Peerar
phar maaeut efhahd ¥uldsi6ie RERIDIFEERES) ARY Serivatiody MBRMNUisSoIvEd ¢h 8Rtild Water eBiffdrhe
pai n associated with the cancer, side-effects follow ng the cancer

t r eat meating pchtel PeprpestuticHbnetchiieblsycatringh Proovdeiiyngsai davess oloF0-bOR me/lenefl
20one gf, 4ol & ﬁptw'h%{‘éﬂlf ﬂ?exéﬂa?%n%@etu?i alanEi i%hﬁ;gﬁ{?tg SO ”,tJuB&'n?ﬁ’eohgl' case
agents, ol or%ng agent s, FeSerVaE T SRS any co I Mat1 ons Yhereof. g

The comaesitdrildy) istfaveh@ishy, péritonbedlye bninthgusamgtsi tion is used to treat pain
associated wth pancreatic cancer, breast cancer, colorectal cancer,

ovapi arnscancife mtHbd of ARGARM4, GREMIE e KARAEEicaldASald & &aeArpaldyl YRIrcBaBeer ,
mel anomas, brain tunmors, nultiple nyeloma, prostate 25cancer, and bl adder
cancer .athe?@is. The conposition of claim27, wherein the conposition is used
to treat post-chenotherapy cognitive inpairnent follow ng a breast cancer
treat mgdft . The30¢thdhel dampdsiviliconn dfe relueipsy difgtrivkd speien ist FrairdtiERES ndsome.
dissolved in sterile water for injection for oral, subcutaneous,

par ent @7al , A nphaaveootis cpeipbsidoedds troatingnpdiarnvscidtal walad ohntestdidd-¢ffsets WO
2011/ 035212PCT/ US2010/ 049405 29 31. The conposition of claim 27, wherein
the corfBBRVIEoFICE HEHMENG (sl iing Red-FSMOINCEHRY aCOFsHy CwERAEMsL G otk 1B 100

Mo/ k9. g bisét tfaod of treating pain associated with a cancer,
Si c}e- efS e%t sccég{;ﬁor%ong cancer treatnent including post-chenotherapy

dent fyi ng 2 oenhrne by bR IR WL, EPTIHITIRD, WAE BLFaRE

W t h t hkereafhdisdolvedliidateefld eates, Budfer,a3Ming ot atheephdrimaadutieslly adveptablicngrriers in
post - chenot her apy._cogni tive jnpajrnent. or both; and adm ni stering a
phar macButheut i 107 B37t CBEPRINs PHIRCIACS - WY sk gansehyAidseh Sa£qlP%éV-mg the

cancer treatment including post-chemotherapy cognitive impairment or both; and
20  one or more optional excipients, diluents, extended or controlled release agents, coloring agents,

preservatives or any combinations thereof.

28.  The composition of claim 27, wherein the composition is used to treat pain associated
with pancreatic cancer, breast cancer, colorectal cancer, ovarian cancer, lung cancer, cervical
cancer, gastric cancer, liver cancer, melanomas, brain tumors, multiple myeloma, prostate

25  cancer, and bladder cancer.

29.  The composition of claim 27, wherein the composition is used to treat post-

chemotherapy cognitive impairment following a breast cancer treatment.

30. The composition of claim 27, wherein the HEPES is dissolved in sterile water for
injection for oral, subcutancous, parenteral, intravenous, peritoneal, or intramuscular

30  administration.



10 N -2-ethane sulfonic acid (HEPES) and derivatives thereof dissolved in
sterile water, buffer, saline or other pharnaceutically acceptable carriers
once dai Iwoantia3sngage of 10- 100 ng/ kg of body wei ght, WROEMS2eL00ME0S

phar maceuti cal conposition is adm nistéPed orally, subcutaneously,
parenterally, intravenously, peritoneally, or intranuscularly. 33. The

met hod Adf clBlieneodahositloardi daiinhZ7, caigpeisithd oompasitissed ddmipisicreda@rociady @d aMm t h
a 15pag$reatlc gancer. 34. &ge met hod of claim 32, wherein the conposition
i s usedody wegybaynat L0 Hepetk&r apy cognitive inpairment fol | owing a breast
cancer treatnment. 35. A pharmaceutical conposition for treating pancreatic
cancer 32n a Aubjtied dolpHingi pyn NSOCiHYd ruitl -ae carder, psigercEesth doNpwmge cangpe

sul f oni ' RES) C i Lves h i,ssol ved. | il er
put 1 o, g LR, oSSR ARY Bl RSl SO 1l 3 FRAR et
suf 6i cieniprisingttheatpddfe pancreatic cancer; and one or nore optiona

exci pients, diluents, extended or controlled rel ease agents, coloring

agents, pr eseéxﬁﬁ;ihg%smg]ecaﬁwnm RetatrXe abMasedt padbasséeiy Rath Bt dah€dt i ng
pancreatic cancer 1n a human subject conprising the steps of: 25identifying

a subj etde-¢ifectretodlofarg cansgr theptmeay dichyling pestrhpmpdigrapy @andee ; iImpadment or

adm ni %ﬁ;%ﬂ a pharnmaceutical conposition conprising

N- 2- hydroxy- et hyl - pi perazi ne-N -2- ethane sul fonic acid (HEPES) and

derivatives thereof. di ssol ved Lnlsterilﬁ.mater,.buff%%%ggaliqgrgr.other

phar maceut i CAMTYSEERE 5t IR OLPORERN FQMRISHE T e By I0PT86 g/ kg

of 1podNWRicthahe sWHEHiSiaBidl HEEMIRI JFRICEMHVaEMs HORIBOidsdIOBd 1S sREME Makch ehEthr,

oral ly, subcutaneously, 30parenterally, intravenously, peritoneally, or

i nt r ampebing ar piacr pharmaceutically acceptable carriers once daily at a dosage of 10-100 mg/kg of
body weight, wherein the pharmaceutical composition is administered orally, subcutanecously,

parenterally, intravenously, peritoneally, or intramuscularly.

33.  The method of claim 32, wherein the composition is used to pain associated with a

15  pancreatic cancer.

34.  The method of claim 32, wherein the composition is used to treat post-chemotherapy

cognitive impairment following a breast cancer treatment.
35. A pharmaceutical composition for treating pancreatic cancer in a subject comprising:

N-2-hydroxy-ethyl-piperazine-N’-2-cthane sulfonic acid (HEPES) and derivatives
20  thereof dissolved in sterile water, buffer, saline or other pharmaceutically acceptable carriers in

an amount sufficient to treat the pancreatic cancer; and

one or more optional excipients, diluents, extended or controlled release agents, coloring

agents, preservatives or any combinations thereof.
36. A method of treating pancreatic cancer in a human subject comprising the steps of:
25 identifying a subject in need for treatment against the pancreatic cancer; and

administering a pharmaceutical composition comprising N-2-hydroxy-ethyl-piperazine-N’-2-
ethane sulfonic acid (HEPES) and derivatives thereof dissolved in sterile water, buffer, saline or
other pharmaceutically acceptable carriers once daily at a dosage of 10-100 mg/kg of body
weight, wherein the pharmaceutical composition is administered orally, subcutaneously,

30  parenterally, intravenously, peritoneally, or intramuscularly.



