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Food and Drug Administration

’ Public Health Servi
é DEPARTMENT OF HEALTH & HUMAN SERVICES ublic Health Service

JUN 39 2000 Memorandum
Date ' ;
From Acting Division Director, Division of Standards and Labeling Regulations, Office of
Nutritional Products, Labeling and Dietary Supplements, HFS-820
Subject 75-Dau Premarket Notification for New Dietary Ingredients
To

Dockets Management Branch, HFA-305

New Dietary Ingredient: Huperzine A
Firm: NOwW

Date Received by FDA May 23, 2000
90-Day Date: August 20, 2000

In accordance with the requirements of section 413(a) of the Federal Food, Drug, and
Cosmetic Act, The attached 75-day premarket notification for the aftermentioned

new dietary ingredient should be placed on public display in docket number

95S-0316 after August 20, 2000

f

Dl b bty

Felicia B. Satchell

Q055-C3/¢ RFT 7%
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Public Health Service

Food and Drug Administration

J.N 3 0 m : - Washington, DC 20204

Al Powers

Vice President

NOW Foods

395 S. Glenn Ellyn Road

Bloomingdale, Illinois 60108

Dear Mr. Powers:

This is to notify you that your submission pursuant to section 413(a)(2) of the Federal
Food, Drug, and Cosmetic Act dated April 26, 2000, concerning the marketing of a
substance that you assert is a new dietary ingredient (i.e., Huperzine A) was received by
the Food and Drug Administration on May 23, 2000. Your submission will be kept
confidential for 90 days from the date of receipt, and after August 20, 2000, your
submission will be placed on public display at Dockets Management Branch

(Docket No. 95S8-0316). Commercial and confidential information in the notification

will not be made available to the public.

Please contact us if you have any questions concerning this matter.

Sincerely yours,

Shiee B Aadedatt

Felicia B. Satchell

(Acting) Division Director

Division of Standards
and Labeling Regulations

Office of Nutritional Products, Labeling
and Dietary Supplements



7 The Future in Natural Foods

Office of Special Nutritionals (HFS-450)
Center for Food Safety and Applied Nutrition

Food and Drug Administration
200 C Street SW '7W f

Washington, DC 20204

RE: Notification of a New Dietary Ingredient

Dear Sir/Madam,

In comphance w1th the Dietary Supplement Health and Education Act of 1994, NOW Foods hereby makes
its Notification of a New Dletarv Ingredient, Huperzine A. Enclosed are two (2) copies of this Notification.

1. Name and Address of the Manufacturer
NOW Foods
395 S. Glen Ellyn Rd.
Bloomingdale, IL 60108 USA

2. Name of the new Dietary Ingredient
Huperzine A

3. Description of the Dietary Supplement containing the new Dietary Ingredient
Dietary supplement Brain Elevate contains Huperzine A, an alkaloid compound
extracted from the herb Huperzia serrata present in a vegetable capsule form.

(a) The level of the new dietary ingredient is:
25mcg per vegetable capsule

(b) The conditions of use suggested on the label are:
Suggested use: As a dietary supplement, take 1 Vcap™ 1 to 2 times daily.
Do not exceed dosage without the advice of a physician.

Enclosed please find documentation that establishes this dietary ingredient, Huperzine A, when used under
the conditions suggested on the label, will reasonably be expected to be safe. This documentation includes
a Certificate of Analysis, toxicity information, review articles and efficacy studies.

An original and two copies of this notice are being filed. Pursuant to 21 CFR 190.6(c), please confirm your
receipt of this notice.

Thank you for your time and attention to this matter. If you have any questions or comments, please do not
hesitate to contact the undersigned.

Sincerely,
NOW FOODS

7 i/

Enclosure - Al Powers
Vice President

395 S. GLEN ELLYN ROAD + BLOOMINGDALE, ILLINOIS 60108 + 630/545-9098 « FAX 630/545-0117
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THE PUTUIRE IN NATURAL FOODS Product Class: 995 £

roduct Name: Huperzine A' Powder—-Ol% ttituration on CaCOj

Description: Huperzine A [(-)-HupA] is a natural compound isolated in an extract of the club moss, Huperzia serrata,
(also known as Lycopodium serratum Thumb) which grows at high elevations and in cold climates. It is a Chinese folk
medicine, called Qian Ceng Ta and has been used for centuries traditionally to treat fever and inflammation, and
recently to improve memory, focus and concentration and helps alleviate memory problems among the elderly. Reports
from China, where it is used as a treatment, indicate that Huperzine A is safe and effective. It has other properties such
as protecting nerve cells from toxic substances including nerve gas poisons, and from damage produced by strokes and
epilepsy. Huperzia extract contains a wide variety of alkaloids, including lycodoline, lycoclavine, and serratinine, as
well as the huperzines. Based on the laboratory studies some researchers believe that Huperzine A- a Lycopodium
alkaloid may be more effective as a treatment of Alzheimer’s disease. Scientific research has shown Huperzine Atobe |
potent, selective and reversible inhibitor of AChE (Acetylcholinesterase) — the enzyme that breaks down acetylcholme—a
neurotransmitter, with longer duration of action and minimal side effects. In other words Huperzine A has a superior
safety and efficacy profile compared to other cholinesterase inhibitors. The chemical name of HupA is: (SR, 9R, 11E)-
5-amino-11-ethylidene-5, 6, 9, 10-tetrahydro-7-methyl-5, 9-methanocyclooctenofb]pyridin-2 (1H)-one. Molecular
weight is 242.32, (C,sH;sN,O) (Merck Index # 4791). Natuxal Huperzine A is 3 times more potent than the synthetic
forms, which is racemic mixture with 1:1 ratio of (-)-HupA, the natural existing compound, and (+)-HupA (38 fold less
potent by itself). Other components like Huperzine B, found in the herb has been suggested to be beneficial as well.
NOW Huperzine A is standardized to 0.1% trituration on Calcium Carbonate.

Vendor(s): Wilke Resources Vendor’s Code: N/A

Quantity: pending per drum/case

Color/Appearance: A White or slight yellow crystalline free flowing needle-like crystalline powder.
Taste/Odor: slight bitter taste, no odor

Mesh Size: NLT 100% through # 80 US Standard sieve, NLT 95% through #100 US Standard sieve.
Powder Density: Tap (Pack): 0.779 — 0.861g/ml Untap (Loose/Bulk): 0.437 — 0.483g/ml

Assay: 98.0%- 102.0% purified HupA from extract (Standardized to NLT 0.1% trituration on Calcium Carbonate)

Specific Gravity (@ 25°C, wiw): N/A Optical rotation ([a]p @24.5°C): -150.4° (¢=0.498 in MeOH)
pH: pending » UV Absorbance (Aws;): 231nm, 313nm (ethanol) :
3 Refractive Index (@ 20°C, np): N/A Melting point: 227 - 231°C (also reported at 214-215°C)
Flash point (Open/Closed cup): N/A Infrared Adsorption: __ %at ___ (pending)

Freezing point (10% aqu. Soln., w/w): N/A (solid) Boiling point (@ 760mm Hg): N/A (solid)

Solubility: Water: pending Alcohol: pending " Acetone: pending Other: pending
Pagelof2 §



“Ttem # 52400]

Product Class; 995 |
Solvent Used: For Extraction: pepding For Wash: N/A
Solvent Residue: pending Sterilization Residue: pending
Sterilization Method: N/Av Processing: Bleaching: N/A Bromating: N/A

Ash (Residue on Ignition): pending Moisture (Loss on drying)): NMT 5.0%

Expiration Date (from time of Mfg.)/ Shelf Life: (pending) Chemical stability of HupA is excellent. It is resistant to
structural changes at different temperatures when placed in acidic or alkaline solutions, thus indicating that HupA will [
persist longer in the body, and that tablets or capsules will have a longer shelf life. The terminal half-life of Hup A is 4.8 |
hours. Test Method for Shelf Life: pending

Storage: Store in a cool, dry, and dark environment in a tightly sealed original container.
Temperature for Storage: pending ~ Moisture Free: Y (very hygroscopic material) Low Oxygen: pending

Maximum Inventory Storage (Weeks):
Room Temperature: Pending Refrigeration: Pending Freezer: Pending
Retail Storage Temperature: Temp. pending

Packaging — Special Requirements (Inserts): 4 x 40z Desiccants for bulk. Incompatible with strong oxidizing agents.

Specifications- Ingredients by Reference Number, Weight per level teasgoon
Ref. Weight/ Tspn Ingredlents

52400 2250-2300mg/tspn Huperzine A® (0.1% trituration on CaCOs) powder (Wilke Resources)

Impurities (maximum permitted levels):
Chemical By-Products/ Deterioration Products: Not Known  Pesticides: None Alkaloid Impurities: Absent

Microbiological / Heavy Metals: Standard Plate Count: < 100 OOOIg, Yeast and Molds: < 2,000/g; Coliform: < 300/g,
E. coli & Salmonella: Negative

Heavy Metals: HM as Lead (Pb): <10ppm; Lead: <5ppm; Arsenic/ Cadmium/ Mercury/Aluminum: <lppm (each)

All bulk powder ingredients are GMO free (Not genetically engineered)- if available, Non-High Energy Processed
(ak.a. irradiation, Microwaving), contain no artificial flavors or colors, and are preservative free. Only solvents or
Manufacturing aids approved by NOW Foods may be used in its production.

Toxicity: LDs, in rats (ml/kg): 4.6 orally. Hup A is safe because it would take more than 20 times the therapeutic dose
(0.2mg/kg, oral) to reach the LDs,.

NOW QC Product Tests: BT, ME, HM, AS, RI, OR, SO, CO, PH, MP, PT
Assay Method (active ingredient u(s)): HPLC for Huperzine A
Approved Labs: American Analytical / Industrial/ NOW Foods/ Plant Bioactives

Distribution Rights (per Legal Counsel): No restrictions (pending)

Date Issued: 10-14-99 Supersedes: None Approved: Jim Roza
Nilesh Patel

© Pregnant women, and people with hypertension and pulmonary problems should not take it.

Page 2 of2
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WENLING PHARMAC | UTICAL FACTORY

LYSIS
L]
Porrem —— e — o e SENPO o---q
Sample name ig »

Packitg 250g

Deliverer Plaatextrs.workshop | Masufacturer | Wealing pharm factory

Batch No 990710 Rec date 99.07,10

- 'f-_- e ‘ sttty - 4
Critorion WS- 127(X107)-94 il Rep.date 9% |

RESULT
1. Cturncteﬁstica:
A white needle-tike crystailine powder,odortess,hydroscapic.
2. Muelting point: ‘
228.0-229.0C (should be 227-231TC) - .
o 27
3. ldentification: \)\ \) .

(1) Mmax; 23am, 3ISam

QN3 positive e
4. Loss on drying: ,
2.7% (ot more than 8.0%)
S. Related substances: (?
, Alkﬂoid tm \_purmes I a accord
LN IRl { ?
Alkaloid lmpnlﬂw 1 . in accord
“-Ofer im purum in accord
6. Assay: .
99.3% (should be 98.0-102.0%)
-1 Conclusion? -
This batch of product is conformity with the above criterion. |

. Insp. Manager: Chen Jianlong ’ “Tester: C}xen )’aping

RUTOUERA ISR SO
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FROM WILKE INTERNATIONAL O13 438 5554

HUPERZINE A

TYPICAL CERTIFICATE OF ANALYSIS

Sample Name Huperzine A Quantity 6.3g .
Packing Plastic Bottle Batch Size 350g
Batch No, 9711-01 “Receiving Date 1173057
Criteria WS-127(X107)-94 | Reporting Date 11/10/97
RESULTS
Analysis Specification | Actual

1. Characteristics White needie-like crystailine powder, odoriess & hydroscopic

2. Meiting Point 227 to 231 °C 2285 - 229.5 °C

3. ldentification (1) Aqax: 231 am, 313 nm Conforms
@), (3} positive

4. Loss on Drying 5.0% Max. 1.21%

3. Assay | 98.0 - 102.0% 101.3%

Conclusion: This batch of product is in conformity with the above criterion.

~insp. Manager: Checker: Tester:

[Note: The Certificate of Analysis that accompanies the actual shipment of product wiil
have the seal of the pharmaceutical manufacturer on if]

Wba Dacrmitranna Ten
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perzine A is a n,al:ﬁral compound isolaled from the club

%mﬁﬁ,‘gﬁ iperzia serraia. 1t is a Chinese folk medicine, called
J172'gian’ ceng ‘ta” and has been used for centuries to improve
- i%memory, focus and concentration and to help alleviate mem-

rj problems among the elderly. Reports from China, where
“an estimated. 100,000 people have been lrealed, indicate that
“Huperzine A is safe and effective. It has other properties
uch as prolecting nerve cells from toxic substances includ-
(ing nerve gas polsons, and from damage produced by
istrokes and epilepsy. 11 is also used to treat persons afflicted
Aviith Alzheimer's disease and myasthenia gravis. Based on
boratory studies some researchers believe that Huperzine

‘A'tnay. be.more effective than drugs presently available for
the, treatment of Alzheimer’s disease.
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Debasis Bagehi, Ph.D., B.ACN, reccived his doctorale in
; miedicinal chemisiry from the lndian Institute of Chemical
> $:Dlojogy: in India and is an Assodale Professor at Creighton

icUniversily :School of Pharmacy and Allied Health Proles-
jons,Omaha, NE. His research interests include mechanisms
f: toxitity induced by heavy melals and environmental pol-
Adutants; and- the design, synthesis and evaluation of novl
‘antioxidants/cliemoprotectants. Dr. Bagchi has over 81 pub-
Jications it peer-reviewed scientific journals. Ie is a Fellow
f the: American College of Nutrition, and a member of the
New . York Academy of Seiences, the Sociely of Toxicology

3 angd:the Anierican. Association (or the College of Pharmacles.

k1

*;ﬁfe‘?‘l‘ﬁ‘;’[){\tmi\, MS:: 1s a medical writer, editor and author of.

Sscientific Journals, medical-legal textbooks, magazines and

‘Egucst«She. edils a journal for physicians and other health
Sroféssionals who use nuiritional thernpies, and has also

B

£ lectiirer al the City University of New York and author of
nedieal education materials for physicians and other health

OCT 15 ’99 @3:11AM BVI TV RCCTE

<tbooks-on _health ‘and nuirition. She has been published in

Lynewspapers. Jean Jectures to groups and I8 a frequent radio

jeén & staff biologist for the Food and Drug Administralion, .
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EINTRODUCTION: ;

el e S At aet i fas

*'Thie aging process, physical and mental stress, and environ-
" mental-loxins induce deleterious effects in the humon brain.
. Initial symptoms can inchide short-termy memory Joss, fack
of focus and reduced concentration. More seriously, they can
tedd:lo degencrative diseases of the brain including long-
leriv ‘memory loss and Alzhelmer's dementia, the f(ourth
leading cause of death in the United Siates.

" ~The hasmful effects of eriviconmental toxins alone on the
-nétvous: system or brain are a major threal to the human
race. Many people will recall the case of Minamata disease
iri Japan in the 1950s and 1960s and in fraq in 1971-72 Those
who ate @ish and shellfish contaminated 1}' methylmercury
_ developed damage of the brain, spinal cord and peripheral
nerves (those coming from the brain and spinal cord). Symp-

sory nerve function, muscle uncoordinalion (ataxia) and
jmpairment of hearing, speech and gait. Chronic poisoning
{rom environmental toxins can also cause general weakness
‘of the extremities, memory loss, multi-Infarct dementia (re-
“sulting from small strokes) and various forms of memory
mpairment including Alzheimer’s dementia. Dementia 1s a
‘loss of intellectual function (thinking, remembering, reason-
‘ing).so0 severe that il interferes with an individual's daily
“ funclioning and eventually resulls in death. While the causes
of Alzheimer's disease are not known and are cusrenily un-
dergoing Intense scientific investigation, suspected causes in-
“clude defective genes or a genelic predisposition, abnormal
“protein build-up'in the brain (this will be explained fater)
-and environmental toxtns.

. While the liver and other osgans can regenerale and form

_ . HUPERZINE A: 800ST YOUR BRAIN POWER | 7

toms of the disease included disruption of visual and sen- .
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' mer's disease is a degeneralive disease. There js.a progres
 sive loss of nerve cells (neurons), and-the loss js,seledlive, ;

i . function independent of the state of atiention. Dementia. s

* new celis after a loxxcmsult, brain or xié&éfiqel-[sL, uchidi
as a result of irreversible damage are. nol replaced., Alzhel;

*meaning that it affects one or.more groups .ol neurons -'v'vhileA _A
1feaving others intact. Also, the disease arises without any =
" dear “inciting event” in a patient having no known. {previ-,
ous) neurologic deficits. Although most. cases_are;sporadic,,
at least 5 1o 10 pexcent of cases have a genetic (hereditary),
. component. For Alzheimer's, the desiruction ogcurs in; the,
cerebral cortex, which is the outer tissue of the braiti—the
ugsay matter.” This tissue is made up of netve.ﬁbexsin
volved in movement, sensalian, vislon, hearing ‘and -other
higher brain functions, The. main:symptom, of degeneration,

of these nerves is dementia, i.e, progressive Joss of cognitive..

ol part of nonmal aging and always represenls a disease
:r;cgsas. The best lhafca?\ be done for Alzhelmer's. patients..
is to help them use their remaining healthy brain tissue fully, <
and pratect their brains from the ravages.of the disease. One
characieristic that all degenerative brain diseases, indudmg .
Alzheimer’s, share is that oxidalllve stress increases the rale

hich the disease progresses. A
at(‘;xid?tive stress regma from (ree radical damage.. Free -
cadicals are destructive molecules that are produced in the -
body 2s a result of exposure to environmental {oxins or

* oceut as a vesull of normal body metabolism, Free radicals .
damage cells in every part of the body. Brain cells, however, .
are particutarly susceptible to oxidative stress for lwo rea-
sons. First, nerve cells do not divide, so no new cells are -
made. The brain thus has no means of escaping damage
through celfular replenishment. Second, neurons possess low .
Jevels of antioxidant defenses such as vitamins C and B and
beta carolene; it I8 thus difficult for these cells to protect
‘thernselves from free radical attack.’ LT
An ideal therapy for incurable degeneralive brain disease
would protect the brain from free radical Qam§ggf;'.mam§ai

8 | HUPERZINE A:BOOST YOUR BRAIN POWER -

A

(N

m enhance key neurotransmitter action and help the brain
" to function optimally. Huperzine A, a natural ‘product iso-

fated from the club moss Huperzin serrala, fulfills these re- -

~quirements. Huperzine A (HupA) has been shown to be a

‘promising agent for a wide range of memory and brain dis-

" “orders, including Alzhelmer’s disease. It works by the fol-

*lowing mechanisms.

. Acelylcholine is a neurotransmiller that is essentlal for
normal learning and memory funclion in vivs (in living or-

“ganisms). Neurotransmilters carry chemical messages. from
“one nerve cell (the presynaptic nerve) fo the next, causing
“the receiving neuron (the posisynaptic nerve) lo “fire” its

urptransmitters (see figure on page 16). Because nerve.
lis are close together (separated by a space called a “syn-

“aplic cleft”) the released neuroleansmilter {in this case, ace-

:lylchollne) will activale the next cell in the sequence. Tt will
‘bind to a “cholinergic” receptor (one that binds acetylcho-

_Hine) on the postsynaplic nerve. In the human and animal

“brain the enzyme “acetylcholinesterase” (AChE), normally
: breaks down acetylcholine, keeping it ftom repeatedly firing
- Ahe nerve and thus regulating the availability of this neuro-

fransmilter in the brain. Acetylcholine function is deficient in
atients with memory impairments or Alzhelmer’s dementia,
robably due lo selective degeneration of acetylcholine-produc-
g neurons in the brain. It has been demonstrated in Alzhei-

- “met’s disease patients that inhibitors of ACHE (also called

- acetylcholinesterase inhibitors) reduce the breakdown of ace-

. tylcholine, and thus increase its avallability. This can con-
; ceivably Jead to an improvement in the patient’s condition.

HupA is a potent inhibitor of AChE, and thus helps to in- -
crease levels of acetylcholine in the brain. '

Short- or long-term administration of Huperzine A has

:-been demonstraled to induce a polent inhibitory effect of
.. high affinity transport of choline in the brain.? Choline is the
. starling matecial for the synthesis of acetylcholine. Inhibiting
v.choline’s fransport allows more to be available for synthesis

;- of acelylcholine (see figure on page 16).

" HUPERZINE A: BOOST YOUR BRAIN POWER [ 9
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: h\hibituts and minimal side effects. HupA has been, idenﬁﬁed

i ]mproved short-lerm and long-term memory in. pat(ents-:

' 10 ) HUPERZINE A: BOOST YOUR BRAIN POWE

* An importanl property of HupA is Il\at there is no sig-
nificant development of tolerance to it; It can be used' contii-
vously.! Tolerance develops in- response to many- of the
effects of physostigmine, and in the case of tacrine, 4 second
dose results in a varied response 10’ thé. AChE inhibitor.
_ Scientific research has demonstrated the diverse therapeutic
potential of HupA: itis a potent, selecliveand reverdible inhib-
itor of AChE, witha loriger diiration of aétioil thin'otierACKE

sining and ‘memory retemlon IR

. Improve focus and concentration ;-

r-atment of cognitive and memory impmmenlxi

mpmved nerve transmission to tnuscles:” " ..

. !’cwerful and reversible long-tetm inhlbi’

" activity in the brain - v

o Dementia. resilting from strokes and
}ule dementia o i
F\pmved dlinical picture for paﬂenls with myasthe i

ravis

ith cerebral arteriosclerosis (hardening of arterles, lnf

i [tive function in Alzhelmer's patlents. = ... “#0:-; A
% | A superior safely and emcacy pmﬁle compared'io other :
V cholinesterase inhibitors *~. " -

HupA has neuroprotedlive abilily also itican swp;dnmage‘
to necve cells and can block the effects of glulamate toxdcity.s
Glutamate is an excitatory {stimulatory) neurotransmil
During a stroke or other brain injury,’ excess ghitamat
released in the brain, causing ina cmmpﬂau: Telease ‘of ‘en-
zymes inside cells that leads to death.; This:proteclive

ab:)lty of HupA may be Imlp[ul in trealing strok il
and other neurolog:cal disorders, g strokes, epilepsy

S WHAT 1S HUPERZINE A?
Huperzme A (Hupa) is.found in an exiract from the club

. moss Huperzia serrala, which grows at high elevations and
. In cold:climates, It has been used for centuries in Chinese
- folk medicine? and I3 alsa known as Qian Ceng Ta. In China

it was used to treat fever and inflammation, and for the past
sevex'al years has been a prescription medication for teeat-

_ment_of dementla. Researchers claim that it helps alleviate

“memory problems in the elderly, as well as in those individu-
_als with Alzheimer’s disease (AD). HupA, a Lycopodiuns alka-
loid,:waslirst iso!ated from Huperzia sermla (Thumb) Trev.
(also known as Lycopodivm sermlim Thumb) at the Zhefiang
Academy of Medicine and Shanghai Institute of Materia Med-
ica, Chinese Academy of Sciences, China.! Dr. Alan Kozikow-
ski, Professor of Chemistry in the Neurology Dgg_aﬂment in

mem
imglon, it extensively, and is the researcher

- -witofisCsynthesized HupA. As he veported in JAMA ITie

~Jouriial of The Atnerican Medical Assocition), HupA has béen-
~Gged o Treat at esvemated 100,000 people i Ching, suggesting

e it s sale (o tse. TheGse of AUAE inhibilors to alleviate ™

symptoms of Alzheimer’s disease has been the mos! promising

approach thus far in dealing with this condition.

"FA' a nalural, potent, and selective cholinesterase irhibilor -

has'proven supetior {0 other acetylcholinesterase inhibitors now ¢

: recofnnended for the management of Alzheimer’s disease; its .

neuroprotective action Is an added benefit. Scientists have thus
demonsirated that HupA holds tremendous promise for im- -
praving the quality of life for people with a wide range of mem-
ory impmrmems, induding Alzheimer's dementia. :

ALZHEIMER'S DISEASE DEFINED

Alﬂ\exmef‘ s disease (pronounced Alz-hi-merz) is a progres—f
sive, degenerahve disease that attacks the brain and results

- HUPERZINE' A: BOOST YOUR BRAIN POWER ! 1
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_ disease (AD) is the most common form of dementia.-1t i

women are affected. almoat equally;. .. . £k

, diagnosed with AD are clder than age 65; however; AD-can
.. occur in people in their forties:and fifiies. The course-of the
. disease varles from person tp‘pemm,_igs.;.,:dqe_s:.;i;e-gga!egpg i
. decline. On average, AD lasts. from four; o eighlyears aller,
diagnosis; however, it can continue. for-up:to. Meniyﬁyears.

 faulty judgement and personality changes. fn. the disease’s

" early stages, people with AD may forget hiow to do'siimple
‘ ‘lhin);;s s\gxch as washing theic hands. Often,_they. cansno

" cells and found in many organs of the body in a wide vaci
" normalities seen in the brains of patients with the disease ar

. amyloid core. Amylaid. consists df'f_ibxiljs{-(_s:'lxing-}li}:el?}:c.l?higjs
of protein) which represent 95 percent of the substance.. Tt

* 12 | HUPERZINE A: BOOST YOUR:BRAIN kéwsgf

§ ired memory, thinking and behavior. Damage-is:irs
:r';::i‘bﬁ:t';hde deiséag’w'a_é ﬂ:s!gd, scribed by Dr.Alois Alzhe
mer in 1906, This mental decline is related 10.a:loss:of nesd
cells and the links (synapses) between -tiem; Alzheimer’
nol part of the normal aging process and always represenls
a disease process. AD is-the fourth leading cause;of death
in adulis after heart disease, cancet.,and..fstrqlgg;.;jMen;s_@n

Researchers have developed a deepercunderstanding of
the changes that occur in the brain {plagues and tangles)
and behavioral changes that characlerize the; diseage:sIdenti~
fied risk factors are age and family -history. Mostpeople

POt |

The first symptoms of AD include loss of recentmemory.;

‘fonger think clearly or remember the words for familiar-ob-
“jects or people’s names. R

The causes of AD are-not known and are currently under-

_ going rigorous scientific investigation. Suspected causegln

clude multiple mini strokes, defed.lve(ggpga.gmj a -;g_ene,l_xg

predisposition, abnormal protein build-up itvthe brain {amy-

" loid—scee below) and environmental toxins. " - - i

arom
Amylold is a protein-fke substance deposited:between

ety of diseases. In Alzheimer’s disease, one of the main.ab-

.plaques made of tangled nerve cells surrounding a centra

other 5 percent ix glycoprotein (a sugar joined 16, protein)

A

o

These are several types of amyloid. Beta-amyloid protein
(AR).is the lype comprising the core of the plaques found .
in:the brains of people afflicted with AD. It is derived from a
much larger protein called amyloid precursor protein (APP).
Normally, APP is cleaved (broken), releasing a fragment
called APPsec. This fragment does not form amyloid. During
abnormal processing of APP, as is found in AD, the AR (also
called amyloid beta-protein) fragment is cleaved from APP.
This results in the accumulation of A8 which then forms
amyloid. Ii¥ cases: where AD runs In families, the genslic
defect can be found in the processing of APP. The [ibsiliar
amyloid bela-protein has been implicated in the develop-
ment of Alzheimer's discase due to its neurotoxicity and its
ability to activate an inflammalory response in the brain.

. The imporiance of decreasing the brain’s inflammalory
response Js demonstrated by Lhe fact that people with rhetima-
loid arthritis seemn to be protected from developing Alzhci-
mer's disease.’ The theory behind this finding is that patients
with arthritis are usually taking large amounis of anti-inflam-
matory medication. Although aspirin and non-steroidal anti-
inflammatory drugs are not the best way to control inflamma-
tion, the fact that the inflammation has been reduced does
make a difference in the incidence of AD. Any substance that
reduces inflammation, such as HupA, will decrease the level

of oxidative stress in the braln tissue.

WHY HUPERZINE A7

It has been demonstrated repealedly that memory loss or
impairmenis and cognitive dysfunctions are accompanied by
a drgmatic reduction in acetylcholine synthesis and/or re-
lease in the nerve cells.™ Interest in the functions of lhe
cenlral cholinergic system (the nerves in the brain that use
acetylcholine as a neurotransmitter) has been stimulated by
the finding that a decline in funclion in this area may under-
lie part of the cognitive deterioration seen in normal and

 pathologic (disease-related) aging. Postmortem (al autopsy)

analysis of the brains of palients with senile dementia of
T HUPERZINE A: BOOST YOUR BRAIN POWER / 13
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~ approach used in"Parkinson’s'disease) thérapeutic:trals s

" well as increasing the synthesis and release ofiacetyicholine” -

. cholinesterase inhibitor suitable for. SY?tomam;'!h:ealmél\t

14| HUPERZINE A: BOOST. YOUR BRAIN:-POVER:
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"

“the Alzheimer type has shown a decli el bkam
cholinergic aclivity that correfates -with " their‘riental {es

acores. As in the case of dopathine seplaceinent (4 treatmer

choftnomimetics (compounds similar to. acetylcholine)*ad ;
cholinesterase inhibitors have been’ used *witlixthe’ goal 'of
enhancing cerebral cholinergic’ nerve transrlssion Thedrid: -
ing of a severely damaged and underactive cholifiergle!gys-:
tem in the byain of palients with meniory-impaitinehlsian
Alzlieimer's dementia has éncouraged stich researclvy!

Acetylchofinesterase inhibitors have been repoitedto:
prove smemory in-a number of -patients sulfedngfrom Atz
helmer’'s dementla ‘I tits -early ‘stagesisit: KasZalso-been’
demonstrated that these inhibilors increase secretion of:the
deneficil amyloid precursor protein (APP) in: the:brajns
rals. APP, when processed normally, has been demonistrate
to enhance the working and-reference memory funclionss. .

n

|
|
B

in the brain, The two types of memory are; discussed; on-
page TK, in the Animal Studies section. Thits; Ihe fong-tesm
use of cholinesterase fnhibitors suchias HupA:not pirly Im-
proves cholinergic function, but an increase in normal APP
metabolism will further help patients suffering’ from mem-
ory impairments including Alzheimer’s ‘dementia. i
~ The main reason for ‘studying * cholinesterase:inhibitors
such as HupA, therefore, is that these compounds:wilk in-: ;
crease extracelfular acetylcholine levels: Based ontheavail-
- gble experimental and clinical. information, ¥ san#iideal = -

of memory and cognitive impairment in¢ uding Alzheimer’s
dementia should satisfy the following: requirementssissd: |
" a) Produce n long-term reversible acetylcholineste
hibition in the brain with increased synthes}
~ of acetylcholine in the brain; . © .o fualeea 7
b) Not inhibit acetylcholine sy thesis' or.release;in nerve -
endings; and O - v
¢) Produce only mild side effects at therapeutic

Y

, r Huperzisie A fulfills all of (hese requirements. It is an ex-

cellent psychotherapeutic agent, a i
it psych , & potent, selective and long-
term reversible Inhibitor of acetylcholinesterase™? and gil '

induces the synthesis and release of acetylcholine. It also ha

fong resident time of interaction with aceglcholhresterals? &3!2:‘5:;
may make it niore effective. s long half-life means that it can
be given at lower dosage and fewer times per day (han inhibi-
tars, with shorter half-lives. Half-lives are discussed furlher on
page TK. With the compound physostigmine, AChE is strongly

1 {80 percent) inhibited in the brain within a few minutes; but

the effect lasts only 60 minutes.” With HupA the inhibition is

- mainlained for six hours after one dase. HupA also possesses

unique: blood-brain barrier penetration (i i
adtion} with minimal side e!?ecls at the t(tl\le:}:::::cs: :::s:de o
.. Other AChE inhibitors range ftum some of the most toxic
agents to ever be synthesized (VX, Sarin, Soman) to thera-
peulic agents that are useful in the treatment of glaucoma
(physosligm{ne) and myasthenla gravis (neostigmine). Only
a-few chalinomimelic compounds, physostigmine (also
called eserine), tacrine and donepezil, have been evaluated
extensively in dementia on a large scale, although there are
more, therapeutic candidates in various states of study. So
far there have been problems with some of the compounds.
The therapeutic effect of physostigmine, for example, is lim-
ted by its short duration of action, narrow therapeutic win-
dow and peripheral cholinergic effects. The term “narrow
‘herapeutic window" means that the drug becomes toxic at
;dqses.abqve that needed to be effective. Drugs that have
peripheral cholinergic effects will act on nerves outside the
‘brain, caising side effects. For example, there may be fascic-

“ujations {involuntary contractions, or twitchings, of groups

‘ibf;muscle fibers in the muscles in the limbs). The most fre-

{queit and imporlant side effect of tacrine is hepatoloxicit
AQliver toxicity), which limits its clinical ‘value, "la’gcrine? doe.{»
ix;{ot ’;Pﬁe'-" lo alter the neurodegenerative disease; unlike
~HupA it is not neuroprolective. It also does no! provid
benefit in non-Alzheimer’s dementia. P. -

HUPERZINE A: BOOST YOUR ‘BRAIN POWER [ 15
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‘ Compnred lo physostigmine and. tacnne, HupA is more
; polent at inhibiting acetylcholinesterase both in vitro (in the
~ laboratory) and in vivo; it ig about three times more polent
than physostigmine® HupA also persisis In the body for a
longer perfod of lime than. physostigmine. At therapeutic
- doses, . the side effects of HupA were minimal when com-
.pared with those caused by physostigmine and tacrine.

MECHANISM OF ACTION

' _Huperzine A works by a unique mechanism that has been
sclentifically discovered and reported in many research jour-
" nels:Jt-Is a potent acetylcholineslerase inhibitor. Acetylcha-
_ e b N "5 fine is Ihe neurofransmilter in the brain that is responsible
 Acetyl L EER -for. carrying electrical nnpulses from one nerve to another
e © . (seeappendix). Jt is made in the end section of herve fibers
- and packaged into small vesicles _where it is slored until
" released (see figure). Once acetylcholine has been secreted
. by thenerve ending, it persists for a few seconds. In a nor-
"mal : brain, the enzyme acetylcholinesterase serves a
housekeeping function by breaking down the acetylcholine.
. It is split into an acetate molecule (from the “acetyl” par()
- and choline, The choline (a member of the B-vitainin family)
is then transmitted back into the nerve ending to be-used
again to make acetylcholine. The brains of people with Alz-
heimer’s demonstrate a deficiency of acelylcholine because
i of damage to the nerve cells that secrete it. Even with this
.. deficiency, the acetylcholinesterase enzyme keeps working
. to get rid of whatever acetylcholine is released from the
~ idamaged nerve cell. This creates a deficiency. Huperzine A
stops this enzyme from breakmg down acetyicholine, thus
. “preveiting deficiency and improving mental function. =~
- The ﬁndlng of a severely damaged and underactive choliner- -
* " gic system in the brains of patients with memory impairments
: .and Alzheimer's dementia has led to clinical trials of new choli--
: +*  nomimelics including cholinesterase inhibitors. It has been dem-
. onstrated repeatedly that memory loss or impairments and
cogniﬁve dysfunctions are accompanied by dramatic reduction

HUPERZINE A: BOOST YOUR BRAIN POWER I 17 -
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: lnacetyld\oline‘syntheslsi6r:i¢l¢‘1séféifhémgﬁtekéliszfm

.
.

L)

i inerelease is one way of testing the furictiowof cho-7 -
e ynapees eas:ransmlssizn of acetylcholirie ‘across dthe Lo
‘can be done with differentdrugs - -
to the next nerve cell). It can be done with differen 5
g%ompounds in animal or human autopsy l:ssuesllces‘ pslng: :
techaiques that mensure extraceltular: acelylchiolifie (smounls”
outside the cell’—an importani way (o assessdmgeﬂedsmnh; .
body. Acetylcholine release is governed by complexfactors such”

linergic synapses (the

Integrity and cholifergic receplor:blochemistey. -
mxzﬂ:l:g lhosety 'l’or’aceiy(me; will functionto «{dfer ‘
ent degroes depending o factors suclyas heredxly (ie., fewer in- .
sulin receptors iticrease the probability of getting ;!:abgtgg) gnd -
adverse conditions during esrly childhood wheit the brahris'still -

dmbping (somewpes of schizOphrex'ﬁa), e '.A.z-:’( »

All colis, including nerve cells, are surrounded’, y-atcell..

membrane. This membrane allows materials suchi as nutrients,
hormones and neurotransmittecs into the cgll ar\d;.aliow? cell
producis or waste matetial to leave the cell: 1fthe dntegrily,of,

e Is not maintained, nortnalfulictianavill be in:.
'.g;eﬁ?'é:mfembmnes can be degraded by free tadicals, or

iifen because of a deficiency in the Ae'ssen,tig'lf‘;;_f_g__ts, Cell
cna\:::gg:\nes contain good fats such as onyega-a ‘?‘.‘,t’_'“.cif"_““g :
oleic acid; without them cell walls hardewand transport in r:_&
out is decreased or stopped.!* Cells dieas a result. que.calse
A protects cell membranes from the effects of free radicals,

wilh the result that nerve cells do not:die as ’qtiig:kly brm as

' large numbers gs_wlﬂ\ th;e fal?sef\;ejqf-suéli?pr@}g_t:}p__

'_“The chemical name for Huperzine A s 5R, IR,
11-ethylidene-5,6,9, lﬁfyelmhydfo-z methy
18 | HUPERZINE A: BOOST YOUR DRAIN. FOWER.

_\':rasiigat’-;;.»f Ll éuyc;lé.(:"ftti;holblpyridin-Z (IH)-one. It is easy. to understand
. why-its name was shortened. The longer name describes the
- . chiemical structure of the malecule (see appendix). Although a’

o O A

.

lesson in chemistry is beyond the scope of this Guide, some of
the facts aboul its structure are warth mentioning. For HupA
ta inhibit ACKE, it must interact with it and prevent the en-
zyme from working. To accomplish this successfully, HupA

- ‘conlains various chemical groups and interactive abilities that

give ita high affinity for AChE.'" Thus, the chemical structure

of HupA allows it (0 maintain its unique ability to reversibly
inhibit acetylcholinesterases.”

~ “The chemical stability of Huperzine A is excellent, It is resis-

© tant to shructural changes when placed in acidic or alkaline

solutions.” Furthermore, long:-lerm incubation of HupA with

. acetylcholinesterases at 24°C (75°F) resulled in, no delectable

changes'in the chemical struclure of HupA ¢ The stability in

. .various solutions and the persistence of ils effectiveness
- against-ACUE at different temperatures indicates that HupA

will persist longer in the body and that tablets or capsules con-
taining HupA will have a longer shelf life. Sophisticated fabo-

-rafory techniques allow the determination of the exacl

quantily of HupA in an extract of Huperzia serrata (see
appendix). : ,
Regarding the structure and function of HupA, Joel Suss-
mah, Ph.D,, Professor of Structural Bialogy at the Weiznianu
Inslitule of Science in Relovot, Israe), says thal HupA can bind
to AChE better than other ACLE inhibitors® Dr. Sussman
stated.inan article published in the Joirmal of the Americnin Med-
ical Associntion (JAMA);® “It is as if this natural substance were

_ingeniously designed to fil into the exact spot in acetylcholin-

esterase where it will do most good.”
: The.three-dimensional structure of the complex between

‘HupA and AChE was worked out by a Weizmann Institute

graduate student, Mia Raves, along with her professors at

Weizmann and with Dr. Alan Kozikowski of Georgelown
Universily (formerly at the Mayo Clinic, Jacksonville, FL).1

HupA has a longer hnlf-life compared to the AChE inhibi-
BT HUl’ERZI_Ne A: BOOST YOUR BRAIN POWER [ 19
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longer haltlife means that the drug stays in‘ihe body Janige

L ine (Coghéx®) Th Ralflifels the:.
tars physostigmine, and tacrine (Cognex™): The hallliless | &
(ir:\se‘:iuydng vghid_\_hal_f of the dsug or compound hasbeen:me-y. .

tabolized (by breakdown and excretionfrom:{he body).Th
and that less of it has to be given (and less.often). thag:z simillat

>

compound with a shorter half-life. This éhamcteﬂ_s&’c’ffis"’iaspg;..;l

\ , e c15'as [n 1ha
jally beneficial if the cormpound has few side _e-‘:'?d?ga’ s he:
?aseylor HupA. The half-life for HupA: isZSS.Smir::xtes-JMB
hours), while for physostigmine it is twenty minules, Tactine:,
hall-life of 2.7 howurs.” . i PRV
hai:co:ding to Dr. Kozikowski the longerhalf-life ai d the fact 5
that the complex of HupA and AChE dissociates’ (breaks :
apart) slowly may indeed iake ita more elfective:lierapeutic: .

| ahent. Also, the strong selectivity of HupA for AChE sitggests... .~

‘ a facr ‘donepe- .-
that HupA will have fewer side effects than lacrlne ordanepe- .
‘zi'l. Acol:npound thatacis very specifically, a3 does FlupA will 5
do only the job it is intended to do. ;Cog;pqnndﬁitpa_!xg:r:g .no_lg .
as specific will bind with other proteins in-the celt {non-,.

. specificaly) as well—interfering with -various. cellular eac...

tions. This resulls in adverse side effects from {lheunwanled
interaction, i.e., nausea, vamiling, salivation and swealing.
HupA can produce some of these side effectsl»yyhngg_!ygnD‘gn
high doses, but at therapeutic doses It produces vexy[ew :;
nepezii (Aricept® or E2020) with a 72-hous l\ulf-llfa ma¥i cgu 3
bradycardia (slowing of the heart beat), Wl\idlm!ll 3 €2
problem for patients with heart disease. Tacrine catises e ‘;:v:‘t
tion in liver enzymes (an _i,_ndlca,ﬁoq:,of. ,9‘?“:,‘1393‘.‘"89) inal ’:‘O;OI A
half of treated patients, and ,_v\:_ge}:_'l,.y':-; blood -monitoring is
needed; donepezil does notappear to fectl ymes.

' Synthesisof Huperzine A . . .. _‘
gzauz Hdper't)ine A is difficult lo procure infarge gliantilies
from natural sources, atiempts -were .made, ynibesize

variety of its chemical structural analogs (moleculgs with simi-
lar structure and furiction) have bpm_syx;!l‘}e’glfggl
kowski and colleagues."™ A racemic mixlure mea
20 | HUPERZINE ;A: BOOST YQUR“BM!N POWER
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 Hupa In the laboratory. A racemic mixture of HupA and a

Kozk- - .
Shere . -

B

" ate two forms of the molecule—one active and ohe not. When

scienlists try to copy natural molecules In the laboratory, the
racemic mixture js easiest (0 synthesize, Separaling the two .

- moleculesn the racemic mixture Is difficult and expensive, so

the jnactive form is usually just left in as part of the finished

~ product. Such a product will not be as active as the original
* substance because of the presence of the inactive molecule. In

fact, the synthetic racemic mixture of HupA was found to be
three times less potent than natural HupA?' The Food and
Drug Administration (FDA), however, required (hat the inac-
live form be removed from the product. Dr. Kozikowski ac-

- cordingly synthesized an “optically pure” form of HupA—

one that contains only the active molecule. This optically pure
fonn canbe found in tablet forn.

Whenever a therapeulic compound is developed, research-

- ers always try lo improve il by adding different chemical

groups at various- places on the molecule. Sometimes this
‘works and a more effective compound (analog) is produced.

“In the case of HupA, however, none of the analogs proved as
 potent as lhe original, natural parent compound.

* ‘Both natural and synthetic HupA were shown lo be more
potent than physostigmine (a drug used to enhance memory
in patients with Alzheimer's disease) as inhibitors of acetyl-

~_cholinesterase /i vilro. Moreover, this inhibitory effect on ace-
_tylcholineslerase in vivo was of a longer duration (peak
-activity of 20 minutes for physostigmine versus 60 minutes for
_the Huperzine A variants), These results indicate 2 similar bio-
logical mechanism of action between the two, but that syn-

thelic racemic HupA exhibils a weaker biological activity than

|  the nalural product ®
L% PHARMACOKINETICS OF HUPERZINE A

The process by which a drug or other compound is absorbed,
distributed, metabolized and eliminated by the body is called”
_pharmacokinetics, Understanding the pharmacokinetics of a

-drug, nutritional supplement or food in the human body is
“very-important 1o understanding the characteristics of that |

: MUPERZINE A: BOOST YOUR BRAIN POWER [ 21
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cent as 1t acts In a biological system, An }d al

:g::‘lt will be absorbed rapidiy distributed: ut.gd.e‘y;, produce
ologicai or therapeulic efficacy, and be efiminated at A mod
ate rate, It will 2130 cauge minimal or fio toxicily in the b

The pharmacokinetics of! ‘HupA have been ;fggestggated sy
dents and human volunteers, !g.t}xﬁg,@@@" o a8
sorbed rapidly, distributed widely In the bady and eliminate
at a moderate rate. In mice, 15 minutes alter intraven : (X
administration of HupA labeled radioactive for ease,of detec-
tion, the HupA concenttation was highest in, l_h_g; ‘ dneyand
‘fiver, moderale in the spleen, lung nqqt;lleaggg@qg!ggenin:lhe
brain. In pregnant mice, a small amount of qgtg'c‘tgble',. edpne
tive) HupA was found in the fetus _?_fl_e_r admmislm’tlon. X
- majority (73 percent) of the vadioactivity. was excreted;in I
7 urine 24 hours after IV administration, while only 2.4 percent
7 was recovered from feces.”.In a similar glngygxangqmdgmh
leagues® have demonstrated that 60 miqg_l%sgl Igr}}l@gjggiqq
" the drug is present in all braln eglons bul is particuladly. con:
i cenirated in certain avens guch as fmqtpggxfietgl.;_axpad,s‘gﬁggg
reglons of the cerebral costex. It is thaeb:‘cor!,ncg_!.age&gs;ll}pwe
low i acetylcholine in the brains of patients with Alzhelmer’
" diseass, so (lis specifically may Indicate a therapeutic adyan
-~ tage of HupA use.[twas afso noted thallowerg!oses ntﬁup“
were « eeded in rats to produce inl\ibuionglAChExumnm {
other compounds. If this proves true in humans, 1t may ot be;
necessaty to give high doses to produce a'tl}:eggpeuﬁc:eﬂechl
The result would be fewer side effects. . - = -

#,CLINICAL AND CLINICAL STUDIES WITH

'gx“l‘:‘xg\sv;“g:ommry festing of HupA- hastbeen done.The
Ames mutation lest (done obacle'rla)-' was mn;ucm.i: ?swsl?‘;isl
od dosages of HupA, Whe Ulel';f-:?

* fectthe rate of growth of e Pacieria m@@"ﬁ:&t ab=7 3
stance is termed a “mutagen.” HilpA was compatet

22 | HUPERZINE A: UO_QST YUNR pMIN PO o)
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“cyclophosphamide (a known mutagen). The test results indi-
-cated no noliceable diflerences between Huperzine A and a

group of untreated bacteria thal spontaneousty mulate.

- Teratological tests that determine the effect of a compound
on offspring of animals given The substance were done in mice
'ﬁ'ﬁgﬁa :

bits. No external, infernal organ or skeleton deformi-

- igswere GbReived o BN of the dosages,

The therapeutic index of HupA was also delermined. This

~ properly is defined as the ratio of dose required to produce a

toxic effect versus the dose needed (o give the desired ther#-
peutic response. The therapeutic index of a drug is also an ap-
proximate siatement about (s refative safety. The larger the

_tatio, the greater ifs relative safety.

Dz. Yan and colleagues™ delermined the comparative thera-

.peutic’indices of (ive leading acetylcholinesterase inhibitors
. including Huperzine A, Huperzine B (also isolated from Hup-

erzin serraln), neostigmine, physostigmine and galanthamine

* :in mice and rats. HupA was compared for its biological effi-

cacy and potency in various tests using isolated animal muscle
tissues. The relative order of magnitude af the therapeuticin-
dices (and safely order) of these dilferent compounds was, in

= mice, Huperzine B (26.5) > Huperzine A (23.1) > neostigmine
(8.6) > physostigmine (3.8), and in rats, the relative magui-
. tudes were Huperzine B (294.8) > Huperzine A (72.9) > galan-

thamine: (36.0) > neostigmine (34.0) > physostigmine (7.2).

) - ~HupA was given in a lower dose than HupB. Based on these

findings the researchers recommended that Huperzine A and

‘Huperzine B should be of therapeutic value in the treatment
of various peripheral or central nervous system diseases mani- -
fested by a cholinergic hypofunction (fow acetylcholine lev-

els). HupA would be the choice over HupB because less is
nsed and side effects are thus fewer.

A similar foxicity comparison has also been teported by

Tang®™in mice using different cholinesterase inhibitors includ-

petzine A, tacrine, physostigmine and galanthamine
(table 1). In the table the therapeutic dose is compared with

A ﬂxe»L_D;.. The LDy, is the dose at which 50 percent of the experi-
L . HUPERZINE A: BOOST YOUR BRAIN POWER [ 23
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mental animals would die; The productsithatareihe saf

have a therapeutic dose thél is much (oWert{han the L

Table 1. Blcloglcal Etticacy and Safaly of Acelylcholl

LDyttt doso s which mmdmm“‘

.l.-lu A is safe because it wouldtak - mogelth
|l\efapeulic dose to reach’the LDy Thig
follows. ' . L

48 oo
ampeulcbose™ 02~ =2 -

As an example, for“lacdn_e;}ha_t.‘nux‘pbeﬁ\ggg 3
words, taking just 3 milligramns ghtsléqd:f of on Mg
would result in the death of 50 percent of the lest pof ulgtlo
A failed to cause liver toxicity in dogs-and rab

bits or any other side effecls such as nausea, y’_&ﬁfﬁng,i FagME
testinal upset, depression, eic,, which are common followingy
.plnmnm stigmine treatment, These data demosisiraledhe felalive ;
‘safety of HupA as compared (o ofhier cholinesteczse friibitors.

I most human clinical trials; HupA was used at low therapeu-
tic doses and na adverse side effects have been rggpg}gg!
The effect of Huperzirie A was shown to, :be;.quipgg, pot

improving memory jmpairments l_hﬁ’n wilbth ACh
24 | HUPERZINE A: BOOST YOUR BRAIN POWER-

tom,82020 j(arkepl or donepezil) and lacrine.® The memory
impairments induced by scopolamine, a dru

) g that praduces
amnesia similar to that in Alzheimer's disense, were evaluated

- using a maze task. Both warking and reference memory were
. affected by scolpolamine. Working memory refers lo lasks thal

were:firsl learned. Reference memory is the ability to recall a

task learned in the past. For example, if o rat was being tested

for its:ability: to cun.through a maze and find the bait, there
would be'a; deficit in working memory if the rat went back to
the same maze corridor where the bait had just been found. If
a rat:ean first into an unbaited maze, this would be an error

ity reference: memory. Re-entry into an unbaited maze would

represent a deficit in both types of memory. |
In this experiment, to compare the inhibition of AChE by,
HupA with the effects of E2020 and tacrine, the scopolamine’
dose {0.2 mg/kg) signilicantly impaired spatial memory’in:
rats: Huperzine A (0.1-0.4 mg/kg, orally), E2020 (0.5-1.0 mg/

~ kg, orally) and tacrine (1.0-2.0 mg/kg, orally) revessed these

scopolamine-induced memory deficits. Huperzine -A was
found to be the most seleclive acetylcholinesternse inhibitor.
Itimproved the working memary deficit and amnesia induced
by scopolamine significantly better than E2020 or tacrine. The
action of the three AChE inhibitors was also tested in isolated

- mouse muscle.? It is easler o measure the effects of these In-

hibitors al the neuromuscular junction (the place where nerve

. and muscle meet) than in the synapses between nerve cells in

Lhie brain. It was found that HupA was more effective in inhib- .
lting AChE than tacrine as shown by a decrease in muscle

movement. Although B2020 (aricept, donepezil) had a
stronger effect on the muscle than HupA, the E2020 was less
selective. Such a decrease in specific inhibition of AChE may
result in increased side effects. The researchers in both studies
stated thal the results confirm that HupA is a promising agent
to evaluale for clinical therapy of cognitive impairment in pa-

~ tients with Alzheimer’s dementia,

The effect of Huperzine A on maze performance in rats was
assessed by Drs. Xiong and Tang* in a comparison with phy-

IIUPERZINE A: BOOST YOUR BRAIN POWER | 25
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 sostigmine, The maze Is a valuable apparatiis:initlie.studyiok
i;tiglm;\emory.;,lt offers an alternative that closelyresembles .
the nalutal food“seeking behavior of species such as rals, The

3

vats were (rained 1o run in a spatial, radiakaym mazelusioga,

dure to determine the two memory.functions (works
s:nzmrefém nce memory), The rals were trained sotliatbaselin
etrot rates were low {they practiced beforehand);iwhich ps
mitted the deficit in reference memory to be. observed,:Bo
scopolamine and mecamylamine have.been :rgpgr_}ech_égeél

rupt both the working and reférence memory of rats.> Low.
doses of scopolamine (0,125, 0.15 and-02 mg/
neally or into the body.cavity, 30 n\!nulesébgfo :
" paired both working and -reference memory, & id)
‘maze. In contrast to scopolamine, mccam)(.l_ay_:mq&;(. an
15 mg/kg) did not cause any deficit in working and referen
memory. Huperzine A (0.1, 0.2 and 0.3.mg/ kg, intraperiion
ally, 20 minutes before testing) and : "hysqsﬂgmi_rgee(q.ggng /s
kg, Intraperitoneally, 20 minutes before. testing) could,t?vetse
scopolamine-induced deficits in the _,lasls.j'}_iggg;;%q com::
plefely veversed the scopolamine-induced . deficit of ;maze.
performance. The memory improvement achjeved with Hup-~.

2351051

A was comparable to that produced by phy,mstigmme i :
;lrtl:;:rzine A exhigrted a wide dose range (it syo(ked;g:(. many.”

memory impaicment. Long-term Lreatment. with-Huperzine A

kg, orally, once a day) for eight consecutive days . -
igfa? g{)le%t as hzmediale high ‘dose _lrealmcnl_'_l;}- reducing

lamine-jnduced amnesia. : e
“the study further indicated that there was no:significant:;

to the memory-improving effect of Huperzine: A This:
::mc:ﬁnt because rn);leram:e develops:when physostigine: .
is used. This finding was consistent witly: the shndymndudei:

Laganiere and colleagues, who _reported: Uliat. Hupérzine::

A-indu:ed inhibition of acetyldilinesterase activity was.as,po-

tent long-term as it was alter immédiate: treatment? These re-:.

searchers have further demonstrated “thal. following i viv
treatment with Huperzine'A there was no decrease by
26 | HUPERZINE A: BOOST YOUR BRAIN POWER - °
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of; cgty_ldibline in_the brain (it remained available for use).
HupA also maintained Jong-lasting levels of acetyicholine for

- neurotransmissiott in the brain. Laganiere and colleagues con-

cluded:thal HupA may be more effective and less toxic than

- physosligmine. This would be especially true in diseases where

long-term inhibition of AChE is required. This Is the case with
Alzlieimer’s disease. '

‘The effects of Huperzine A were assessed on the perfor-
mance.of. rats treated with a specific cholinergic neurotoxin,
AF64A This neurotoxin was used to treat rats before the

* animals entered the radial maze. AF64A is known (o disrupt’

the working memory processes by altering cholinergic brain
{unction. AF64A .caused significant impairment in a rat's
abllity: to perform the necessary spatially-oriented tasks
needed to.succeed in Ihe maze. The behavioral impairment -
was associated wilh a significant dectease in the activity of
mechanisms requiring acetylcholine in the hippocampus, -’
which is'a portion of the brain highly involved in neuro-
transmiission animals and humans. Huperzine A signifi-
cantly decreased the APF64A-Induced memory deficit and °
improved cholinergic function. There were no side effects.
These animal experiments demonstrate that Huperzine A
is a highly promising therspeutic agent in alleviating neuro- -

. logical. disorders including short- and long-term memory *

dysfunctions and Alzheimer’s dementia.

Human Studies :
Administration of acetylcholinesterase inhibitors is a major phar- -
macological approach- currently employed in the lceatment of
Alzheimer's disease. This siralegy is used wilh the purpose of
inhibiling acetylcholine degradation i vivo, and hence alleviat- -
ing the cholinergic deficiency, which has been shown to occur in
patients with Alzhelmer’s disease, Human studies (clinical) have
been couducted fo examine Ihe effects of HupA.

The pharmacokinetics of Huperzine A tahlets_were moni-

tored In both human male and female subjects aged 27 £ 6 ~
years and weighing 58 + 7 kg."* All volunteers were heaitlty.
T HUPERZINE A: BOOST YOUR BRAIN POWER [ 27 .
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‘.and not pregnan(-m :'menstrdaxing:;; “Thy

fore brenkfast. Huperzine A Tevels.in the blood plasmn .
: g:“ff:?eTomere?'e’m‘eu determined. by: sophisticated: .

gl ning mEanmzof’:éyj@K ohonrs.
_given a tablet containing 0.0 s o) BUpA DD, -

Jaborato retegores Tt was found that AChE was JRbibled”
T a0 e T pA-wh bl eted 20,

sles Tor {bitor, physostigmine. bese

onstrate thal Huperzine A “was  released: ‘and
absorbed in vivo, widely dlsltibutex_i lnlhebod " 1t
nated Al a moderate rale. Based onthese findings ihe
searchers indicated that it would be best.{o take' Hop
tablet form two to three limes a day.> " “yriivEar sofng
A recent clinical sludy was canducied By Dr. X and&

. leagues™ at Zhejlang Medical University, Shanghal,; Chilna,.

in patiets with Alzheimer's diseases;Using e iulticentérs

ve, double-blind, parallel, placebo-conlmﬂedrand

: far::onﬁied method, 50 patients were 'gdxn_xmste‘x_:gdle-{ype
zine A (200 micrograms in 4 tablets, orally) twice' ?.‘dy,: 'q“di‘{-
53 palients were given a placebo- (a “sugar pill") ,-!91:' elg:h.
" weeks. All subjecls were evaluated using'the -Wgchqlejrmem-;:
ory scale, the Hasegawa demeutia scale,theminl-mental
slate examination scale, the activity of daily hvin&s’caie and
the treatment emergency symplom scale;; These :are. theff
“gold standard” measurement lests for cognitive :'{ui.x,_;pl.ipg.;
About 58 percent of patients treated ‘:wn.ﬂt;ﬂqu@ Afevl:.

~ denced improvements in their memoty,mgnltive L
havioral functions. The efficacy of HupA outper
piacebo by 36 percent. Improvemeuts noled by }t ,
family members are shown ‘in,._‘!he. foﬂpw;gqg tab é../
cant difference was found. belween the two groups

BRI At
28 | HUPERZINE A: BOOST YOUR: BRAIN.POWER

famdlies. - -

\

‘ Tab p.'?meber_. of reports of Patlent’s Behavior from Family Members. .

Observaton

(samm ) HopA
e ! Nent
Conbonted ' e
Memsry knpvoring 8 6
Language beprning 2 8
Unchanged ' : u 21
Tolalchanges 57 n

No advetse side elfecls were observed and the overall efil-
cacy. of HupA was higher than the placebo.

~ These sludies are very significant because they demonstrate -
a dramatic improvenient in memory following administra-
tion ‘of Haperzine A to patients witly age-associated memory
impairments and disorders. Compared to other cholinester-
ase inhibitors, Huperzine A possesses a clearly superior

 safely ‘aid efficacy profile. Futthermore, the ‘comparatively

long duration of action of Huperzine A and minimal side
effects make it a potentially useful therapeutic agent.

HUPERZINE A AND HEALTH BENEFITS

Neuropsychiatiic Ilness and Alzheimer's Dementia i
The recognition of Alzheimer’s disease as the fourth leading’
cause of death in the United States in adults (after heart"
disease, .cancer. and stroke), combined with its profound *
morbidity (diseased state), has led to the development of
therapeutic strategies aimed at reducing the effects of, if not
preventing, this disorder. The cost of caring for Alzheimer's -
patients—including the cost of diagnosis, treatment, nursing
home care and formal or paid care—is estimaled to be more
than $100-billion per year. The federal goverument covers
$4.4 billion and the states $4.1 billion. Much of the remaining

| . costs.are. borne by patients and their families, A therapy that

could. prevent, or even slow the progression of this disease, .
would surely be welcomed by health professionals and

‘Cholinergic mechanisms play a major role in controlling |
cerebral blood circulation and cerebral blood flow. These

HUPERZINE A: BOOST YOUR BRAIN POWER 129
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Atthelmer's Bissass (AD) Is & skowly worsening,braln disezse. 2015 mitked;
by changes in behavior and personallty and by a docline in (hinking, abilles |
that canniot be reversed. This menial decline is related to a los :of narva collg -

and the fioks between them, The: courss of the disease varies i ). 9erss

whith AD lose aft reasoning abiilles and become:complately-dépetiden). on: oM

paired. this jmpalrment results i major- et

eases. Most commonly, AD palisnts dhe from phosmon. .

mechanisms depend on adequate amounl of acetylcholiie,
Acetylcholine can act to dialate or constrict’blood“vessels;
depending upon where in the brain it is released. ‘A deft-
clency ia acetylcholine will prevent: proper tegulatiory of
bloed vessel diameter and result .in impaimment of brain
fundtion. The destructive process' accurting in:the; brain:of
an Alzh-imer’s patient will worsen when aivadequate’blood
supply : o the area is not maintained.'As'the los§ of choliner-
gic fun ilon progresses, memory hecomeslilqggasiﬂgi}'.?'fi;t_l‘\-i

dysfunciion in the elderly. T
y’:‘he ¢agree and extent of chofinergic defici ﬂ@ﬁsm

of senil: dementia correlates with the severityZoffcogt
impairment: the more pronounced the acetylc

ciency, the worse the coghitive fitcion. Since # deficlency

in the cholinergic system is believed to constitute
hallmatks of Alzheimer’s :d?etner_jiyi_aii}'ey;@:r,s,iylg ' ‘of
acelylchalinesierase {the enzymé 'that breaks. down, acelyl-
choline) that make their way into the central nervous:

30 | HUPERZINE A: BOOST YOUR BRAIN POWER-V ' ;

one,of the

‘pecpls for Whelr carn. Pallenis often live tor years: The diséase-pignlialy, be|
“{ comas so debilltating, however, thal patients. arg Nxaly to develop;nihs
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may; serve:
diséase.
* Studies using cholinesterase inhibitors with (he goal of
alleviating cholinergic deficiency have shown the most en-
couraging results in Alzheimer’s dementia to date. Huper-
zine ‘A gained considerable interest because of ils unique

anti-acelylcholinesterase activity and biochemical properties.

- A discussed eatlier, its long half-life, unique blood-brain

barrier; penetration, minimal side effects, and high therapeu-
lic indices suggested that Huperzine A'may wortk beller than
existing drugs, including physostigmine and tacrine, for the
reatment of Alzheimer’s disease. ' '

- There is a considerable pharmacological evidence that the
ceniral (brain) cholinergic function plays an important role
i learning as well as.for the warking and reference mentory

functions. Postmortem (autopsy) analysis of the brains of

patients with genile dementia of the Alzheimer type has
identified a decline in central cholinergic activily that corre- -

lates with their previous mental test scores. Interest in. the

funclions of the central cholinergic system has been stimu-

Jated by the hypothesis that decline in this system may un-
derlie the part of the cognilive deterioration seen in the
normal as well as palhologic (disease-Induced) aging brain.
‘Haperzine A, considered one of the new generation of ace-
tylcholinesterase inhibitors, has gained considerable notice
because of its unique anti-acetylcholinesterase aclivity as
well as memory-enhancing effects in a broad range of behav-
joral models. Huperzine A exhibits significant inhibition of

:acetylcholinesterase activity in all brain regions tested in-

cluding hippocampus, strialum, hypothalamus and frontal
cortex. Structures in the hippocampus regulate behaviors
such as rage, passivily, learning and molivation. The stria-

‘s closely connected to the amygdala, a patt of the brain
- associated with fear, confusional states, disturbances of
.awareness and amnesia. The involvement of the amygdala
“in”émotional states has important bearing on several (orms
[of dementia. In Alzheimer’s, the amygdala suffers from se-

HUPERZINE A: BOOST YOUR BRAIN POWER [ 31
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yere neuronal loss;. this_part of ll:e ::n uk
~ accompanied by marked, memory impalrmenijatid;change
in emcﬁ?:nal behaviors, including &, loss ol spentaneity

" endocrine (hormonal) functions through

" Performar.ce .

~ models involving mice, rals atd rsonkey:

- learned lask when tested 24 hours late

" loss or memory tmpalrment including dementia. Huperzine,
" degradation in the brain. -~
tion of a passive avoidance response.t¥

* and memory function. The duration of improve effect

" zine A were longer than that obtained willy physastigmine;:’
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; lates sleep, food, and: drink inlake;iande;
hypothala:nus regu leep, food out. the body.. The,.

frontal co:tex is the area of higher mgniliye~(
ing and memory. Ca

Leamning sbility, Memory Bnkanceme

In a series of behavioral studies, Hupérzlr\e
improve cognitive performance. in.a; bro
nesia ™% HupA also markedly: improved:

hancement of learning and memuory performanceiincs

retention and faster retrieval jprocesses _\;\gete..gbggrfg:gqg; 9
loss of cholinergic neurons in the brain hasbeendemo:ve
strated to be part of the aging pxocaslitsellf.‘-_‘ TMslossrs
considered an important element in.the processzof ‘memory;

A improved cholinergic funciion by inhibmﬁg?fa'c‘e@jl_‘qhaﬁ.l@

In other behavioral experiments, Hupgrzhne@;h;as_;hgée .
shown lo improve mice and rats’. performance ‘int; rufining |
through mazes,”™ and to protect young and aged animals,
against sodium niteite, scopolamine, cyclohexjmide; carbo
dloxide-treated and electroconvulsive shock-induiced-disiy

I -alse: improv
accuracy of memory in squicrel monkeys:": T
impl;i{ml Hupcrzlr:{é.’A is effective in a:variety o
behavioral tests designed to test an animal’s learyir

learning and memory relention processes with.oraf; Huper

tacrine and galanthamine, the exisling acelglchdlmw',lerase?ff
inhibitois. . e »

i e
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Hu'pmme ‘A and Muscle Contraction _
Huperzine A, as discussed earlier, potentiates the skeletal
muscie contraction and inereased muscle tone in rats.® Clini-
cally;;in another study, Huperzine A was shown lo improve
muscle weakness significantly as well as memory in patieats
witli impaited memory.® Because Huperzine A prevents the
seleclive degeneration of acetylcholine-producing neurens in
the. brain and enhances the availabilily of acetylcholing in
the:brain of patients sufferiug from neurological disorders

" including -Alzheimet’s dementia, the conmections between

nerves and muscles function better. The improvement in
neuromuscular cholinergic transmission leads to an im-
provement of the patient’s condition.

Moare Memory Improvement .-

The study conducled in human subjects 1o assess improve-
ment In muscle function using Huperzine A, also showed
favorable effects in the treatment of age-related memory im- -
paitment.® In another comparative study with Hydergine®
(a vasodilator, 600 micrograms), 30 micrograms of Huper-
zine A (given intramuscularly) appeared to improve mem- -
ory for 14 hours after it was given to 100 aged individuals
(ranging in age from 46-82; sex: 54 males, 46 females) sulfer-
ing from memory impairment.® In this population of 100
subjects, 83 had no demonstrable brain disease but were suf-
fering from age-related amnesia or memory dysfunction,
and only 17 had probable Alzheimer's disease. Note that
Alzheimer's disease cannot be definitely diagnosed before

~death. It is only al autapsy that the delermination can be

made :with precision. The resulls of this experlment were
very encouraging. Minimal or no side effects were observed.
A more comprehensive study was later conducted b
Zhang and colleagues." The therapeulic effects of Huperzine
A wviere studied by the random, malched and double-blind
method (4 scientifically valid and accepted method) on 56
patients with multi-infarct dementia (resulting from.gre-
peated small strokes). The patients were age 64 & 7 years;

HUPERZINE A: BOOST YOUR BRAIN POWER [ 13
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: ;here were 52 'males;;4 l'emales.Also tadied

_The control groups were treated Inlramusc slagly itk onl

" form. The Weschler memory: scale’w;

‘transport of choline in the brain, this allows' more: tol

ted that HupA may be a better thecapeuticcsugsihans,
s :t:gegres AChE lnhlbi’;ora such as physoggg(gtin neostigmin
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ith senile dementia and 104 palients-af semle‘ ;
:vimpli memory disorders (age: 63 %.7;:sex:"58 males, 4
females). Each group was.divided into, two smaller.group

one given HupA with the other.sefving as a.controligeo

saline (salt) solution. The intramuscular’ dose ‘of :H

7

A for multi-infarct dementia was 50 micragrams \wice.a day,

for four weeks, whereas that for senile. a::li preseni}
memory disorders was 30 micrograms, twice:,
weeka.‘yﬁupA is also available and, effeclive

whether there was-improvement ;of;
these. patients. Huperzine . A. treatment isignitica N

proved the memory.of patietls in boihreattnentigss
(those that received the HupA) and ‘did wslgnmmn([r d

with minimal observed side effects. Only. 8 fg:sv,xp_;ag

Alleviation of Symploms Related to .Glaynco!nf ;
Glaucoma js a disease in-which there ls an:
gure within the eye. If the increase is*hight enougls and per-
sistent enough, there will be damage to 'he:.°§_.’“$5_2’-,!!'$'!“ :
irreversible blindness can resull. AChE inhibilors ‘are

to alleviate this condition, Since Huperzine A can inliiblt th

available for synthesis of acetylcholfne,lhene\m(mnsmme -
important in maintaining normal eye function:

or lacrine [or the ueaunemofglaucum

toms In M thenia G
Improvement of Symptoms in Myasthenia. (o
In a dinical trial, Huperzine A has been

significanily improve muscle weakness associated

asthenia gravis.” This Is a nevromuscular disease
34 | [IUPERZINE A: BOOST YOUR 'BRA.!N POWER_'.
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: mdby weakness and marked fatigability of skeletal muscle.

The defect caused by the disease involves nerve transmission
al'the neiromuscular junction, the area where nerve meets

. muscle. When a nerve “fires” and activates a muscle at the

neuromuscular junction, the muscle should comtracl or
move. ‘Although patients with myasthenia gravis can ini-
lially;move the muscle, repeated activalion causes a ditnin-
ished response and muscle movement cannol be maintained.

~ ACHE inlibitors, by keeping acetylcholine levels high, can
- Increase muscle response. The study, conducted by Cheng
~ and colleagues was done in 1986. The clinical effects of Hup-

erzine ‘A were compared wilh prostigmine, another AChE
inhibilor, In 128 patients with myasihenia gravis, 99 percent
demonsirated controlled or improved dlinical symploms of

. Ulié-igedse. The duration of aclion of Huperzine A was 7 +

6 hours. Side effects, except nausea, were minimal when
compared with those induced by prostigmine.

Protection Against Nerve Agents and Pesticide Taxiclty

Organophosphates, chemicals used as pesticides and nerve
gases during warlime, are well knawn to enter the nervous
system, react with cholineslerase, irreversibly inhibit It, and
Induce ipotential brain injury leading 10 coma and death.

When AChE is irreversibly inhibited, there is no control over

levels of acetylchofine. All the effects of acetyicholine will
become exaggerated and continuous. In the eyes, the pupil

- will markedly constrict with pain and spasm of muscles;
. effects on the lungs include “tightness” in the chest and
- wheezing due to constriclion of bronchial tubes, as well as

increased mucus. In the gastrointestinal tract, nausea, vom-

.ilng, cramps, diarshea and exireme salivation are produced.

Death usually occurs by respiratory (lung) failure, often ac-
companled by a heart attack.

-~ The remarkable selectivity for acetylcholinesterase and su-

perlor blood-brain bartler penetration ability of Huperzine
A, along with its chemical stability and reversibility, sug-
gests that il should provide a safe and long-lasting praphy-

e HUPERZINE A: BOOST YOUR BRAIN POWER / 35
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 Joctic lreatment againét nerve,

 the nerve agent soman, was conducted'in animals wiio wet

* (ACHE) by soman. As mentioned earlier, contint

. fivity than other AChE inhibitors used lrummaget‘li'smlﬂt‘-%:2 '
" whete there'is a deficiency- i cholinergic neurons

_ * kinetic properties. The preli
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comparative study against organophosphate: toxicity:-

ted with Huperzine A or physostigmine (which
l:u“::l;\‘:ly being usecll) to prev‘en,l‘ne:ygﬁagéﬁl;utnxlci‘gy}{ljheq
study was designed to determine prophylactic (preventalive
efficacy of Huperziné A In mice. Huperz A deamatical
prevented irreversible phosphorylation::

of the enzyme resulls in dangefous and even%uallyf
sequences. The effect of HupA against soman, toxicit
a long time; this was consistent witli:the {iqdin

t provide sl‘gniﬁcantly."lb;if'g erapeu
! gic neurons. T thisy.
in vivo model Huperzine A:démonstratésl;gigpgﬁg t;a‘at\gl .
r;otal efficicy. and much better protection: co parediton.
_physostigminett ' Lo

CONCLUSION © =~ =
rececing sections describe how' Huperzine . may ;"
"s‘:::epas a highly‘ promising therapeutic agent. Huperzine -
A has attracted copsldg:able_npﬂqg_lggcgtgg;qfxgggi: uniqu
' reversible anti-acetylcholinestetase potency and" pharma
minary evidence indicates its
fential clinical value in ‘he treatment of demen
myasthenia gravis and glaucoma. The potentially. superior
inhibition chacacteristics. of Huperzine 4, :955-:@{‘??5‘55?« ta
other chalinesterase inhibllors, have been attribuited fo; the
very slow rate of dissociation’of the’ acefylcholines

" Huperzine A complex in _solu.t_;on.ﬁ:;ﬁllsg,; : in
Huperzine A with acetylcholinesterase ‘appears,; reversibl

and does not result in any deteclable chemical l:iqd:iﬁgg
of the inhibitar, Reversibility is important; bec n}
zyme (AChE) will not be turned on permanen (as:

36 ] HUPERZINE A: BOOST YOUR BRAIN POWER
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. __miriules, physostigmine is cleared from plasma with a half-

case’ withi nerve gases). Because HupA (the Inhibitor) is not -
altered when it inactivates the enzyme, it can be released
and act again. Huperzine A produces a long-term inhibition

. of ‘acetylcholinesterase activity in the brain (up to 360 min-

utes) and increases acelylcholine levels up to 40 percent at
60 minutes.” ‘

Physdstigmine, another AChE inhibitor, produces a rapid
effect (15 iirute peak of 55 percent inhibition), but this-ef-
fect jg over within 120 miuutes. After altaining peak plasma
(blood)’ concenfration in humans at approximately 30-60

(" life of about thirty minutes.” The anticholinesterase action
| of Huperzine A in cholinergic synapses Js Strohger-than that -
of tactine {also Kn6Wn as tetrahydroaminoacridine).? The

terminal halFlife of Huperzine Als 4.8 hours. Wiiile the
potericy of Huperzine A is comparable to that of physostig-
mine:and tacrine (a classical acetykcholinesterase inhibitor),
its duration of action is 10- lo 12-fold longer in vivo (up to
8 hours), and the incidence of side effects induced by Huper-
zine A Is considerably less than that of physastigmine qr__!
tacrine, Tacrine has been approved by the FDA for the clini-

¢l treatment of patients with Alzheimer's dementia,” but

lhe therapeutic usefulness of tacrine is limited by its liver
toxicity. Huperzine A more significantly improved leatning
and memory in mice' with higher efficacy than tacrine. In
Phase I clinical trials, Huperzine A improved memory in
Alzligimer's disease patients with minimal side effects.” The
Phase Il clinical study wilh Huperzine A also showed that 99
percent of patients with myasthenia gravis were controlled
and/or improved following administration of Huperzine
A" Furthermore, its long half-life, high oral bioavailability,
unique blood-brain barrier penetration ability and safe thera-
peutic indices support the fact that Huperzine A is a poten-
tial candidate for trealment of memory deficits In patients
with Alzheimer's disease. Huperzine A slso has potential
for treating other nervous system-relaled dementias as well
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HPLC 'l‘eclmiques for Quanmallm of Huperzine A
Qian-'ei 4l has demonsirated a high performance liquid

‘chromatography technique (HPLC) for the quantitation of

Huperzine A.-HPLC Is a technique that uses a tube-like col-
umn filled with very small bead particles to separate- the
components.of a liquid mixture of a subsiance, in this case
the HupA extract. Depending on the molecular size of the
component, it will either pass through the column or be
irapped on the beads. By varying the size of the beads and
the type of liquid flowing through the column, individual
compoitents in complex mixtures can be identified. The
HPLC was equipped with an UV absorbance detector and a
Spherisorb ‘Cyy (150 mm x 5 mm 1D.; 5 pm particle size).
The mobile phase was methanol: water (45:55, vol/vol) at a
flow rate of 1 ml/min at 30°C column oven. The column -
effluént. was monitored at 313 nm.
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“ Double-b’lmd Trial of Puperzme-A (HUP) on '
- Cognitive Deterioration i in 314 Cases of Benign |
Senescent Forgetfulness, Vascular Dementla,
-and Alzhelmer s Disease

MA YONG-XII}{G ZH‘U m& U YUE-D! YU ZHEN

z’r'n-fr:r -

ax‘bJWCCn pre_ aﬂd bosttests‘“ofms \\“h A an 3 o4

b:_f*‘ s .?: A Y

g Thc second trial i mc uded 16 pauems of the HUP trcatment group: (0.03-0.05 mg im
B i.dfor 4. v.Ls) with lQ (WATS) < 105 (95.0 £ 7.6). The 1Q increased to 100. 712 (p<
0.01) after the weatment. The value of IQ increase is 5.7 + 0.68 as compared with 3.0 & s
0.36in the hyperboric oxygenation treatment group (2.5 ATA. 80' 4wks in 10 patients (p
<0. 01))

%nsr TREATED BY 0.1 MG E .:.d.

The clinical trials used the double blind methiod on 88 patients with cognitive deteriora-
tion. with MQ (WMS) < 100. The mean values of MQ of 44 wreated and 44 controls were
82.8 + 14.3 and 81.5 £ 14.4 (p > 0.0, respactively, The dosage was 0.1 mg po Q.i. d. The
mean values of MQ after the treatment (the interval between pre- and posttests of WMS
with A and B form, respectively, is 2 months) of treated and controls were 93.5+ 14.5 (p<

10.01) and 85.5 £ 16.5 (p < 0.01). The cffective rates were 68.18 and 34. 09% in the (wo

§
Payment has been made to the
Copyﬂght Clearance (‘enter for this afﬁ""’
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groups. No sxgmﬁcanc side effects were obsarved except gastric discomfort (2), dlzzmm
(l). insomniz (1), and mxld excitement (1) in the trea:cd group.

VASCULAR DEMENT[A AND ALZHEI\IER’S DISEASE
Dl A chmcal wial of vasculnr demenua (25) and Alzhc: er's dxsease (55) was conducted -
on 40 tr_eated and 40 control patierits with the same | ge'ds for BSF, The MQ of the
Bd group increased from 50.40 + 18.49 10 59.74 £ 18.73 (p.< 0.05): that of the control
 incredsed From 5395 £ 1 74“t05585i16..8,p>005) “The MQ increase of
10,3878 stgmﬁcantly higher than that of 1.90 £.10.36 (p < 0.01). The effective rate
trenred group was 60%. sxmxﬁcantly higher ¢ than that of 35% in the control gmup (p
Vo signihi _s:nm ide ettects were observed except gastric discomfort of 1 ]
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JIPERZINE A

9R, 1 1£€])-5-Amino- 11-ethylidene-5,6,9,10-tetrs-
vdro-7-methy!-5,9-methanocyclooctenolblpy-
din-2(14)-one

= 422-853

inesterase Inhibitor

of Myasthenia Gravis

ition Acrivaror

Vi
CHC"a

HuN;O ; Mol wt: 242.33
74.35%; H 7.49%; N 11.56%; O 6.60%

fation

wperzine A Is a new licopodium alkalold isolated
m the Chinese folk medicine Huperzia serrate
wmb} Trev. The powdared herb is extracted with
% ethanol. The phenolic alkaloids are separated
treatment with difute sodium hydroxide. The mix-
e is taken up on a basic silica gel column, and
duted with chloroform-methanol. Huperzine A is
stallized from acetone after evaporation of the
iron solution (2).

scription

slightly yeliow crystals, m.p. 229-30°;
#¥= 1504 (c = 0 498 MeOH). UV absorp-

" e ® 231 llog ¢ 4.01), 313 (log ¢ 3.893. IR VI
* 3180, 1650, 16815, 1550 (11

armacological Actions

“ne anticholinesterase activity of huperzing A, was
idied in vitre (3; Rat erytnrocyte membrane and
Jdate nuclei of pigs were used as sources of
2tyicholinesterase. anc ra: serum was chosen as
Jrce of butyrocnoiinesterase. The ply of huper-
€A ards erythrocyte membrane and caudate
ciei vous 1.2 and 7.9, respectively. The Inhibiting
ect was about 3 times as potent as that of
ysostigmine. Huperzine A was less potent than
ysostigmine towards rat serum. The alkaloid thus
tongs to the class of mixed and reversibie

531

cholmesterase inhibitors.

Rats wore placed on an electrified grid In a Y-maze
and learned fo run Into the fight arm (safe area). The
criterion of leaming or retrieval was met after they
had chosen the light arm 10 trials in succession,
Huperzine A 100 and 167 gg/kg i.p. administered
20 min before training caused a significant decrease
in the number of trials to criterion. Facifitation of
rotrieval was also dose-dependent at doses of
36-167 pg/kg i.p. Scopolamine 0.2 mglkg s.C.,
atropine 5 mglkg §.C. or hemicholinium 20 ug/10
ul Le.v. antagonized the positive effects of huper-
zine A 0.1 mg/kg on retrieval process, but methyl-
atropine 2 mglkg s.c. did not do so. Under the
same conditions, physostigmine 80-f 80 pg/kg Lp.
improved the learmning and retrieval process, but
neostigmine 30 pg/kg i.p. did not. The facilitating
actions of huperzine A were due to an effect on the
cantral cholinerglc system, especially on the
muscarinic system (4},

Clinical Studies

One hundred twenty eight cases of myasthenia
gravis were treated with huperzine A 0.4 mg i.m.
once dally. Clinical manifestations were controlled
or improved. Huperzine A showed a duration of ac-~

" tion of 7 = 6 h, whilst that of prostigmine was 4« 5

h {5).

The therapeutic effects of huperzine A and
hydergine were studied by a double-blind method
in 100 aged patients with memory impairment.
Momory was improved i-4 h after injection of
huperzine A, and the effect was sustained for about
8 h. The therapeutic vaius of huperzine A 30 ug was
superior to that of hydergine 600 ug (6).

Except nausea, the side-effects of huperzine A
such as fasciculation, dizziness, sweating, blurred
vision, etc., were less and miider than those of pro-
stigmine (5.

Manufacturer
Shanghai Inst. Materla Medica IChina!.

Reoferences
Pl S Zrw¥ . YuC Zhou Y. Hon Y. We F and O«
& The structres of huperzing A and B, two new 8koKIs
oxhibing Mmarkeg antichoinesterase activity Cer, 3 Chem
1984: 644l 837,
2 Wwsove C, 2000 Y., Hon, Y., Wu, F.. Qi B and Zhy,
Y Study on rhe chemistry of huperzing A snd B Acta Chirr
‘Sm 1984, 440108: 1038, .
3. Wang, Y. vue D. and Tang. x Anticholinesterase activity
of huperzing A. Acts Pharmacol Sin 3984; 7(2): 110.
4 Tang, X.. Hon, Y.. Chen, X. snd Ihu. X Mlechs of huper-
Zine A on leaming and retrievel process of diecrimination per




Ky

LORATADINE

Prop INN: USAN

Loratadino {Sp)

14 -{N-{Ethoxycarbonyi})-4-piperidylidene|-8-chioro-
6.1 1 -dihydro-5i-benzoi5,6]cycloheptall1,2-bi
pyridine

4.{8-Chioro-5.6-dihydro-1 14-benzo(S.6)cycichepta
{1 2-blpyndin- 11 -yligene!- 1 -piperidinecarboxylic
acig ethy! ester

Sch-2985 1
ICAS-79784-75-5)
EN = 90-791%
Antihistamine
: N 5 L1
K ’ 4 \;f"/\\\'/

C0,CHCHy

CyHuCINGG, , Mol wt: 382.89
C 69.01%; H 6.05%; CI 9.26%; N 7.32%;
0 8.35%

Synthesis ]

This compound can be obtained by two different
ways [(Scheme 1)

1) By carboxylation of 8-chloro-, 11 -dihydro-11-
{4-piperidylidene)-5H-benzol8,6lcycloheptal1,2-
blpyridine (I) with ethyl chioroformate (Il) in reflux-
ing benzene (1, 2.

2) By reaction of 8-chlorc-6, 11 -dihydro-5H-benzo
{5.6lcyciohepta{ 1, 2-bipyridin-11 .one {Iil) with the
Grignard reagent (V) to give the tertlary carbinot (V).
which s dehydrated with 85% H,SO, affording 8-
chloroazatadine (V!} (3). Finally compound (Vi) is
treated with ethy! chloroformate (ll} In toluene (4}.

Description
Crystals, m.p. 128-30°.

' (CES) I

Introduction

Antihistamines became widely used in the mid 1o
late 1940's. They quickly became established in the
treatment of various allergic disorders, particular)y,
thinitis, conjunctivitis and urticaria. The problem ¢
sedation limited the use of classical antihistamines
and the search for H,-antagorsts without sedative
potential has been a goal within the pharmaceuticyj
industry Several non-sedating H,-antihistamines
have been recontly introduced :n the clinic, others
are cinder .nvestigation and others are Continyoys-
ly emerging from patent literature (Table 1l. Recentty,
conversion of the basic tertfary amino function of
the potent antihistamine azatadine (Optimine?) (|
to a neutral carbamate function led to the prepars.
non of compounds which retained significant an-
tihistamine activity, with liftle or no CNS effects.
The most potent antihistamine. Sch-29851
{loratading), in this series was selected for further
evaluation in view of Its lack of CNS side-effects {4,

-

(1)

Pharmacoiogicat Actions

Loratadine has been shown to be a potent an-
tihrstamine in laboratory animals and to have no CNS
effects In a variety of animal species and test
paradigms (4-7). One explanation for these findings
is the weak affinity of loratadine for CNS receptors
involved in sedation, including histamine
H,-receptors, a,-adrenoceptors and acetyicholine
receptors (5). In a recent study displacement of [*H]-
mepyramine binding was studied in membranes
from guinea-plg lung vs. cerebral cortex as a
measure of affinity for paripheral vs. CNS histamine
receptors. Loratadine was selactive for lung vs. cor-
tex, white other antihistamines, including
terfenadine, astemizole, mequitazine and chior-
phenrramine, were not selective. From these results
it was concluded that the fack of significant sedative
effects shown by loratadine was due to its poor




HUPERZINE A - AN INTERESTING ANTICHOLINESTERASE COMPOUND
FROM THE CHINESE HERBAL MEDICINE

Jir{ Patotka
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Siunmvnary: Huperzine A. alkaloid from the Chinese herbal medicine Qian Ceng Ta, which is prepared from the moss
Huperzia serrata, has been used in China for centuries to treat fever and inflammation. Hupetzine A is a strong inhibitor
of cholinesterases with high selectivity to acetylcholinesterase and in China is developed as therapeutic against
Alzheimer’s disease. May be that huperzine A will be better than other centrally active anticholinesterases in treating this
neurodcgenerutive disorder. Huperzine A appears to have additional pharmacological properties that make it an attracn-

ve candidate therapy for clinical trials.

Key words: Huperzine A; Alkaloid; Inhibitor of Acetyicholinesterase; Alzheimer's Disease; ﬂtatm?nl

Introduction

The alkaloid compound, huperzine A. was discovered
in the Chinese herbal medicine called Qian Ceng Ta (14).
This traditional remedy, which is prepared from the moss
Huperzia serrara, has been used in China for centuries to
treat fever and inflammation,

Chemistry

Huperzine A is an unsaturated scsquiterpenic com-
pound with pyndonc moicty -and primary amino group
(Fig. I) CsHgN;0. MW = 24232, Chemically $-amino-
l3-ethylndenel?methyl—4—nutncyclol7 3.1.0(3.8))tridec a-
3(8),6.1 Itrien-5-one. Compound is optically active and in
the moss is present only its (-}enantiomer. The pyridone
ring is planar and the stereochemistry of the C( 11 XC( 12)
double bond is E. It is white solid soluble in aqueous acids
and CHCI, (3).

Fig. 1: Chemical structure of hupcrzine A

ACTA MEDIC 4 (Hradec Krélowé) 1998:41:155.157

Biochemistry

Huperzine A is a potent reversible inhibitor of choline-
sterases. i.e. acetylcholincsterase (AChE) and butyrylcholi-
nesterse (BuChE) with on- and offrates that depend on
both the type and the source of enzyme. A low dissociation
constants Ki was obtained for mammalian-AChE-huperzine
A (2040 M) compared to mammalian BuChEhupeczine
A (2040 uM) { I ). This indioates that the thermodynamic
stability of huperzinecholinesterase complex may depend
on the number and type of aromatic amino acid residues in
the catalytic pocket region of the enzyme meolecule. The
mechanism of the inhibition of acetylcholineaterase
{AChE) is stereoselective. {-)-Huperzine A, which is in
drug, was the more potent enantiomer with a Ki value of 8
nM. (+)-Huperzine A inhibited the enzyme 38-old less po-
tently with a Ki value of 300 naM. Racemic huperzins A was
about two-fold less potent than the more active enantiomor.

The mechanism of inhibition of rat cortical AChE for all th-

roe compounds was of tho mixed linear competitive type
{9). Very similar results were obtained with enzymes from
other sources ( 13). The crystal structure of the complex of
AChE with optically pure huperzine A at 2.5 A resolution
shows an unexpected orientation for the inhibitor with
surpriringly few strong direct interactions with protein resi-
dues to explain its high affinity. An analysis of the affiniti-
es of structura! analogues of hupemnc A. correlated with
their interactions with tho protein, shows the importann of
individual hydrophobic interactions between huperzine
A and aromatic residues in the active-site gorge of AChE
(12, 13). Based on docking studies and the phérmacologi-
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cal results reported for huperzine A and its analogues. it
was predicted that huperzine A binds to the bottom of the
binding cavity of AChE with its ammonium group inter-
acting with Trp84, Phe330 and Asp72 and to the opening
of the gorge with its ammonium group partially interacting
with Trp279. At the catalytic site. three partially overlap-
ping subsites of huperzine A were identified which might
provide a dynamic view of binding of huperzine A to the ca-
talytic site (7. 10).

Neurochemistry

AChE was assessed in rats after acute and chronic ad-
ministration of huperzine A. Forty-five min after a single in-
jection of huperzine A (0.5 mg/kg, ip.) the activity of
AChE was significantly decreased by 15 - 30 per cent in hip
pocampus. striatum and septum. The activity of cholinea-
cetyl transferase (ChAT) was not altered. In the
hippocampus high affinity choline transport (HACT) was
altered by 25 per cent, whereas no effect in the striatum was
observed. After 90 min. both inhibition of AChE and atte-
nuation of HACT had returned to control values, After 7
days chronic application of huperzine A (twice a day) at
0.5 mg/kg. the activity of AChE was significantly reduced
by 20 -30 per cent in every region of the brain studied.
HACT in the hippocampus was reduced by 28 per cent, 45
min after the last injection, but in the striatum there was no
effect. The activity of ChAT was not affected in any region
of the brain studied (8).

Tang et al. (IS) show that huperzine A can product
a long-term inhibition of AChE activity in the acetylcholi-
ne levels up to 40 per cent at 60 min, There is considerab
le regional variation in the degree of acetylcholint
clevation after huperzine A with maximal values seen in
frontal (125 per cent) and parietal (105 per cent) cortex
and smaller increases (22-65 per cent) in other brain regi-
ons. A comparable effect was also observed in studies, in
which. over a runge of 0.1-2.0 mg/kg of huperzine A admi-
nistered i.p.. significantly inhibits of AChE activity in all
brain region tested (hippocampus, hypothalamus. striatum
and frontal cortex) and decreases level of brain acetylcho-
line (16).

Pharmacology

Huperzinc A at concentrations I to 100 pM_dots not
significantly alter the electrically evoked release of *H-acetyl-
choline from cortical slices. With the exception of the hig-
hest concentrations (600 M) the displacement effect of
huperzine A for cholinergic lipands is -stronger for *Heni-
cotine than for JH-QNB. Autoradiographic study in the
mouse shows that 60 min after i.v. injection (183 pg/kg) hu-
perzine A is particularly concentrated in certain areas such
as frontoparietal cortex, nucleus accumbens. hippocampal,
and striatal cortex. Radioactivity is practically absent in the
whole body at 12 hr (15).
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Huperzint A in doses from 0.4 o 0.5 mg/kg, i.p., signi-
ficantly ameliorated the AF64A-induced memory deficit in
rats in the radial maze. These results suggest that dissrup
ting working memory induced by cholinotoxine AF64A can

" be effectively ameliorated by huperzint A (18). Very simi-

lar effects were obtained with huperzine A in doses from
0.1 to 0.4 mg/kg, p.o., on memory impairments induced by
scopolamine, The comparison with other AChE inhibitors
shows that huperzine A is the most selective AChE inhibi-
tor, and improved the working memory deficit significantly
better than did tacrine or dompezil (2).The results with na-
tural (-}-huperzine A and synthetic (+/-)}huperzine A indi-
cate a similar biological effects, but the racemic mixture of
(+/-huperzine A has a weaker biological activity than the
natural product (6).

Huperzine A in dose 0.1 mg/kg, in conscious rabbits

groduced, already 30 sec after i.v. administration, an alert

EG pattern, which showed decreases of lower frequency
components and the total EEG power in cortical area,
and the dominant frequency transferred from delta
thythm to theta rhythm in hippocampus and the same ef-
fects were obsereved with physostigmine in the dose of 0.1
mgl/kg. Intravenously administered huperzine A in dose
0.2 mg/kg as well as physostigmine in dose 0.3 mg/kg an-
tagonized the EEG effects of scopolamine (0.3 mg/kgi.v.).
That results indicate that the effects of huperzine A are clo-
sely related to the action on the central cholintrgic system
(5).

Huptrzint A appears to have additional pharmacologi-
cal properties that make it an attractive candidate therapy
for clinical trials. In studies using cell cultores from the
hippocampus and cerebellum of rat embryos, have been
shown that huperzine A decreases neuronal cell death can-
sed by toxic level of glutamate (14). In addition to the loss
of cholinergic function in patients with AD, glutamatergic
and GABAergic neurotransmitttr systems may also be
compromised. -Glutamate activates N-methyl-Daspartatt
receptors and increases the flux of calcium ions into the
neurons, which in sufficient concentration can kill the
cells.

Huperzine A has been also testing as a prophylactic
drug against soman and other merve gas poisoning with
very good effect (4).

Pharmacokinetics

Pharmacokinetic of huperzine A was studied in six vo-
lunteers after a single oral dose of 0.99 mg and drug con-
centrations were assayed by reverse phase HPLC from 0.5
to 10 hrs. The time course of plasma concentrations con-
formed to a one-compartment open model with a first or-
der absorption with To,, 5, = £2.6 min, Ty g1 = 288.5 min.
Trax ™ 79:6 min. Cppy = 8.4 pgllitre, AUC = 4.1 mg/lit-
re.min. From this result is clear that huperzine A is absor-
bed rapidly, distributed widely in the body, and eliminated
at a moderate rate (11).
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Medical use

Huperzine A has similar action to the drugs cumrently
approved to treat Alzheimer’s discase - tacrine (Cognex)
and donepezil (Aricept). i.e. inhibits brain AChE and
blocks the breakdown of acetylcholine. a chemical mes-
senger in the brain that is important to memory function
( 14. 19). Reports from China. where perhaps 100.000 peo-
ple have used huperzine A. suggest that it is at least as safe
as the two approved Alzheimer’s drugs. Not all informati-
ons from China are available and trustworthy. It is evident
that huperzinc A in China was not only clinically tested,
but this compound is used as remedy in the form of tablets
in Alzheimer’s disease (17). Nevertheless, huperzine A is
probably still a long way to medical use in Europe (14).

The ability of huperzine A to decrease neuronal cell de-
ath caused by toxic level of glutamate may make this com-
pound a potential drug for reducing neuronai injury from
strokes, epilepsy, and other disorders.

Huperzine A is a candidate drug against organophosp
hate nerve agent toxicity for its long-lasting antidotal effi-
cacy and low toxicity (4). Prophylactic study make this
drug promissing as a protective agent against chemical we-
apons.

References

1. Ashani Y, Peginns JO, Doctor BP. Mechanism of inhibi-
tion of cholincsterases by huperzine A. Biochem Biophys
Res Commun 1992:184:719-26.

2. Cheng DH. Ren H, Tang XC. Huperzine A. a novel pro-
mising  acetylcholinesterase  inhibitor. Neuroreport
1996:20:97-101.

3. Geib SJ. Tuckmantel W. Kozikowski AP, Huptrzine A -
a potent acetylcholinesterase inhibitor of use in the treat-
ment of Alzheimer’s disease. Acta Crystallogr C 1991
471:824.17.

4. Grunwald 1, Raveh L, Doctor BP, Ashani Y. Huperzine
A as a pretreatment candidate drug against nerve agent to
xicity. Life Sci 1994:54:991-7.

5. Guan LC, Chen SS, Lu WH. Tang XC, Effects of huper-
zine A on electroencephalography power spectrum in rab-
bits. Chung Kuo Yao Li Hsueh Pao 1989:10:496-500,

6. Hanin |. Tang XC, Kindel GL. Kozikowski AP. Natural
and synthetic huperzine A: effect on cholinergic function in
vitro and in vivo. Ann N Y Acad Sci 1993;695:304-6.

7. Kozikowski AP, Miller CP, Yamada F et al. Delineating
* the pharmacophoric elements of huperzine A: importance

of the unsaturated threecarbon bridge to its AChE inhibi-
tory activity. J Med Chem 1991;34:3399-402.

8. Laganiere S, Corey J. Tang XC, Wulfert E. Hanin I.
Acute and chronic studies with the anticholinesterase hu-
perzine A: effect on central nervous system cholinergic pa-
rametters. Neuropharmacology 1991:30:763-8.

9. McKinney M. Miller JH, Yamada F, Tuckmantel W,
Kozikowski AP. Potencies and stereoselectivities of enanti-
omers of huperzine A for inhibition of rat cortical acetyl
cholinesterase. Eur J Pharmacol 1991:203:303-5.

10. Pang YP. Kozikowski AP. Prediction of the binding site
of huperzine A in actylcholinesterase by docking studies.
J Comput Aided Mol Des 1994;8:669-81.

11. Qian BC, Wang M. Zhou ZF, Chen K, Zhou RR, Chen
GS. Pharmacokinetics of tablet huperzine A in six volunte-
ers. Chung Kuo Uao Li Hsuch Pac 1995;16:396-8.

12. Raves ML, Harel M. Pang YP, Silman {, Kozikowski AP,
Sussman JL. Structure of acetylcholinesterase complexed
with the nootropic alkaloid, (-)}huperzine A. Nat Struct
Biol 1997;1:57-63.

13, Saxens A, Qian N. Kovach IM et al. Identification of
amino acid residues involved in the binding of huperzine
A to cholinesterases. Protein Sci 1994;3:1770-8.

14. Skolnick AA. Traditional Chinese herbal medicine lo-
oks promissing. JAMA 1997,277.776.

15. Tang XC. De Sarno P, Sugaya K. Giacobini E. Effect of
huperzine A, a new cholinesterase inhibitor, on the central
cholinergic system of the rat. J Neurosci Res 1989;24:276-85.
16. Tang XC, Kindel GH. Kozikowski AP, Hanin 1.
Comparison of the effect of natural and synthetic huperzi-
ne A on rat brain cholinergic function in vitro and in vivo.
J Ethnopharmacol 1994:44:147.55,

17. Xu $8. Gao ZX, Weng Z ct al, Efficacy of tablet huperzi-
neh on memory, cognition, and behavior in Alzheimer’s di-
sease. Chung Kuo Yao Li Hsueh Pao 1995;16:391-5,

18. Zhi QX Yi FH. Xi CT. Huperzine A ameliorates the
spatial working memory impaiments induced by AF64A.,
Neuroreport 1995:13:22214.

19. Zhi QX. Yi FH, Xi CT. Huperzinc A -a novel promising
acetylcholinesterase inhibitor. Neuroreport 1996;8:97-101.

Submiitted September 1996
Accepted November 1998,

Doc, RND’- JiK P‘mho D’SC-I
Purkyné Milltary Medical Academy,
500 01 Himdec Krilove,

Czech Republic.

157



EFFICACY STUDIES




BIBLID, ISSN 0253-9756

Lu R

TE. vt

Shen
Sciences, Hangzhou 310013, China)

AIM: To study pharmacokinetics of tablet hu-
perzine A (Hup-A) in Chinese volunteers to
help establishing its drug administration
schedule. METHODS: For 6 volunteers after
a single oral dose of 0. 99 mg, drug concentra-
tions in plasma were assayed by reverse phase
high pressure liquid chromatography (HPLC)
at 0.5, 0.75, 1.0, 1.25, 1.5, 2, 4, 6, 8,
and 10 h. The pharmacokinetic parameters
were calculated with a 3P87 program by com-
puter. RESULTS: The time course of plasma
concentrations conformed to a one-compart-
ment open model with a first order absorp-
tion. The pharmacokinetic parameters were
as follows : T}y = 12.6 min, Ty = 288. 5
min, Teu = 79-6 min, Cuux = 8. 4 pg L™,
"t~ 'AUC = 4.1mg L™ min. CONCLUSION:
> z‘: f}db-A was absorbed rapidly, distributed
® '}- “sdidely in the body, and eliminated at a moder-
™ “ate rate.
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Huperzine A (Hup-A) , a new alkaloid
first isolated from Chinese herb Huperzia ser-
rata (Thunb) Trev®, exhibited a selective in-
hibition on acetylcholinesterase ( AChE )™,
It potentiated the skeletal muscle contraction
and increased muscie tones'?, and enhanced
rodent learning and memory™. Clinically,
Hup-A improved muscle weakness. of myas-
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thenia gravis® and memory in patients with
impaired memory or Alzheimer’s disease®.
The plasma level of Hup-A following iv or ig
[*H]Hup-A 13. 9 MBq kg™ in rats declined in
two phases, the distribution phase and the
elimination phase,-with half-lives of 6. 6, 149
min (iv) and 10, 203 min (ig) respectively”.
This paper was to study the pharmacokinetics
of Hup-A in healthy volunteers to help esta b-
lishing its drug administration schedule in
clinic.
MATERIALS AND METHODS

Drug  According to Chinese National Standard
tablet Hup-A (batch N2 940112) was prepared by the

Institute of Materia Medica, Zhejiang Academy of
Medical Sciences. The purity of Hup-A was 99.5 %4.

TR B ol ta L L

Bach tablet contains Hup-A 0. 09 mg. (x minor 4

Hup-A as internal standard was synthesized and pre-
sented kindly by Dr HE Xu-Chang , Shanghai Institute
of Materia Medica, Chinese Academy of Sciences, and
3 mg L™ was used for experiment.

Subjects Six Chinese volunteers (M 3, F 3 )
aged 27 £ 6 a and weighing 587 kg were all healthy »
not in pregnant or menstruation. Each volunteer was
told about the aim and process of the study. Agree-
ments were obtained from them before study. Each
subject was given a single oral dose of 0. 99 mg Hup-A
wablet at § am after an overnight fasting.
was served at 10 am, Blood (5 mL) was collected
from an indwelling catheter in antecubital vein before

" and at 0.25, 0.5, .75, 1.0, 1.25, 1.5, 2, 4, 6, 8,

and 10 h after po. Plasma (2 mL) was taken for
HPLC. Pharmacokinetic parameters were ‘obtained by
first calculating the parameters from cach person: and
then 1aking average of the 6 parameters, using a 3P87
program provided by Chinese Mathematic-Pharmaco-
logical Society on the computer.

Breakfast ;
3

¥

i

3
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HPLC Shimadzu LC-GA liquid chromatography
¥ was connected to SPD-6A uv spectrophotometric de-
. tector (Shimadzu) and Rheodyn 7125 sampler, record-

Guo- E «d on C-R3A integrator (Shimadzu ). The column
tdical PP was a Spherisorb CI8 (150 mmX $ mm inner diame-
; ter; 5 pm particle size ). The mobile phase was
; X methanol: water (45155, vol/vol), 1. 0 mL min™' at
with . i 30 C column oven. The column effluent was moni-
se®, BB tored at 313 nm.
rig @ Plasma sample  Add (£ -dinor Hup-A 100 L
ted in ' o plasma 2 mL, add Na,CO,-NaHCO; buffer } mL
ithe {using NaOH 1 mo! L™ to adjust pH to 11, 9). Thea
add chloroform 7.5 mL, shake 2 min, and centrifuge
; ](:9 at 1000X g for 10 min. The organic phase was blown
¥y to dryness by N; at 40 C. Dissolve the residue with
wetics HPLC mobile phase 50 gL, and 20 gl was applied to
stab- HPLC. Hup-A peak and ( & )-dinor Hup-A peak
le in were separated clearly. The retention times (Rt) of
(£ )-dinor Hup-A and Hup-A werc 3.5 and 8.3 min.
respectively (Fig 1).
ndary
sy the
ny of
5 %.
Dinor .
| pre-
titute 2
, and
*3)
lthy.
: was
gree-
Each
up-A — L\—«_
kiast - )
ected Fig 1. Chromatogram of blank plasma spiked with
efore internal standard (perk 1, retention time 3. 5§ min )
508, and Hup-A (peak 2, retention time 8.3 min).
2or Standard curve To the plasma costaiving ()-
«d by dinor Hup-A add Hup-A 2.20, 4.43, 7.08, 8.85, and
and 17.70 pg L™', according to the ratio of Hup-A peak
3pe7 area to ( = )~dinor Hup-A peak area in HPLC, a linear
taco equation ¥ == 0, 0188X — 0.0069 was obtained (r =
0. 9988). - The minimal doteet limit of plasma Hup-A
$:

was 1.60 pg L™'. The recovery of Hup-A was 95, 7 ‘

£+ 5.5 % (n=9) and coefficient of variation was
6.4 %. According to measurements of 3 standard
plasma Hup-A concentrations, intraday and interday
variances were 5.5 x-7.4 % (a=9) and 6.0 % —
9. 9 % (n= 9), respectively. c

RESULTS

The plasma concentrations of Hup-A af-
ter oral administration of 0. 99 mg within 10 h
were fitted well to a one-compartment open
model with a first-order absorption (Fig 2).
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Fig 2. Mean plasma concentration-time curve after

po tablet Hup-A 0. 99 mg in 6 adults,

Hup-A was absorbed quickly after po
with T*.. = 12. 6 min and time peak for plasma
averaged 79. 6 min. It indicated that Hup-A
was released and absorbed quite well i vive.
Plasma mean peak concentration after po was
8.4 pg L1, Vu/F was 0. 108 L kg-*, indicat-
ing that Hup-A was widely distributed in
vivo. Mecan climination half life Tis was
288.5 min, suggesting that Hup-A have a
mild elimination rate (Tab 1).

DISCUSSION

Hup-A showed some advantages, com-
pared with the first generation of ChE in.
hibitors such as physostigmine (Phy ) and
tetrahydroaminoacridine (THA )» LDs value
in mice for Hup-A ip was 1.8 mg kg-° and
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Tab 1. Pharmacokioetic paramcters of Hup-A after
po tablet 0. 99 mg in 6 healthy volunteers. Xks.

Parameter Tds
K, min™' = 0.061+ 0.017
K, mia™' 6. 06235 £ 0.0006
T}s, min 1345
T.}x. min 288463
Tas  wmin 80+9
Cou Bg L 8. 410.9
T min 25.4k1.8
Vo/F L kg-* 0.10810. o0s

AUC mg L™ min 4. 1E1.2

that for Phy was 0. 6 mg kg-““*. Hup-A at
optimal doses has a long term inhibition of
AChE in rat brain(up to 360 min) and only 60
min for Phy™, The results of this paper
showed that in human being T of Hup-A
was 288. S min. However, for bhy the T4,
was 20 min®™. Hup-A was absorbed rapidly,
distributed widely in the body and eliminated
at a middle rate”. Therefore it is better to

take tablet Hup-A orally 2-3 times a day.

As a new ChE inhibitor, Hup-A shows
some interesting cholinomimetic properties
and its effects satisfy more closely established
criteria for therapeutic use than effects of pre-
viously tested compounds. Hup-A is a new
promising ChE inhibitor.
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Summarp—=High affinity choline wanspare, chaline aceryltransfersse (CAAT) and acetylcholinestersse
(ACHE)} were assessed in racs after sowe and chronic administration of the ACKE inhibitor Huperzine A,
Aculs trexument: Forry-five min alter 3 single injeccion of Hupertine A (0.5 mgzkcg i) the activity of
ACRHE wus significantly decressed by 13-30% in hippocampus, suritius mad septum. The setivity of CRAT
wag aat ajtersd. I3 the hippocaimput high afflaity choline transpory wag suenuied by 15¥., wheress no
«ffcet ia the striatuem was observed. After 90 mia, bath inhibition of ACKE and agcenuatia of high affinity
choline ransport had recurned to control values, A dose of (), [ myrkg (ip.} did aor prodice significan:
effects. Similar cesults were cbtained with physastigmine (0.25 mg/kg), although the duaafiop of inhibition
al ACKE was sharter than that with Huperzine A, . e

Chronic cresumsenc: ‘Alter § days (twice a day). ai 0.3 mgikg, the activiey, of ACYE was signilcandy
reduced by 20-30% in every region of the brain studied High ‘alinity chduse wanspart in the
Rigpocimpus was reduced by 23%, 45 min after the last injoction, bul in the'siriduh thiers Wat a0 eifect,
The activity of ChAT was nat sffccted fn any region of tie brain studied. Thid, Jaite o chranic treatment
with Huperzne A: did not alter CAAT; reduced high sMaity chaliae trasispart in e Hippocampus in a

wwansieat maaner; and had a longer dusaton of action as 3a ACHE ishibilor (hin physostigmine.

Meorcaver. tolerance ta low-taxicity

dases of Huperaxine A was minimal, éonteary wo what has been
. observed with other inhibican of ACKE.

Key wordse~<heanic, Huperzine A, anticholinesierase. HACKT, ChAT, Alzheimer's disease.

Tbe new cholinesterase (AChE) inhibitor Huperdne
A (Fig. 1) is an afkaloid extracted {rom a Lycopodium
found in China. It was reported to ameliorate lcam-
ing and memory retention in rodents (Lu, Shou and
Tang. 1988; Tang. Han. Chen and Zhy, 1986; Zhu
and Tang. 1988). Moreover. improvements in mem-
ory, lasting for scveral hours after a single intramus-
cular injection, were reported in patients affected by
impairment of memory or Alzheimer’s dizease (AD)
(Thang, 1986).

Recently, the acute action of Huperzine A was
investigated in the CNS of the rat by Tang, De Sarna,
Sugayz and Gilacobini (1989). who showed s sus-
fained increase in fevels of scetylcholine {ACh) in
brain of severa! hours duration. At the doses used,
the inhibition of cholinesterase lfasted three times
longer than with physostigmine as well as producing
sighifcandy fewer side effects than physostigmine or

- tetrabiydroamincacyidine (THA) (Tang et al., 1989).

However, the cffect of Huperzine A on other
eemtnal cholinergic parameters, such as the high
affinity wansport of choline and activity of choline
seetyltransfersse (ChAT) was not astessed in wico.
Neither was it determined if Huperzine A would be
an effective cholincrgic moduiater during chronic

treatment. Here, it is reparted that the inhibitory
actian o« Huperzine A on AChE in vivo was effective
at smaller doscs than previously repocted and. more-
over, it persisted afier chronic treaument. in all areas
of the brain. Huperdne A also produced 3 traasient
inhibition ol the high affinity transpart of choline in
the hippocampus.

METHQOS
Animals

Male SpragueaDawley rats (Zvic Miller Labore-
tories. Allison Park. Pennsylvania) were used. At the
time of the experiment, the rats weighted between 27§

and 350 g For the duration of the experiment, the .

vats were housed ia gmups of 2 on a W-he light-dark
cycle. Food and water were available ad libirum.

Administration of Huperzine A

Huperzine A and the reference inhibitor of ACKE
physostigmine salicylate were solubilized i n  saline
and injected inraperitoncally (i.p.). The chronic
treatment consisted of 9 injections. over a period of
4 days (twice a day. hence). The 9th and last injection
wis administered 45 min prior to sacrifice,
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fig. L. Molecular cepresentation of Huperzine A.

Dizsection of dssue

Alter dezapitation, the brain was quickly removed
and the various regions of the brain studied wete
dissected fim each bemisphere, on 3 chilled @metallic
plate, according ta Glowinski and Iverser (1966).

Activicy of ChAT

Dissected areas of the beain wers homogenized in
19 volumes of sodium phosphate buller (75 mM,
PH 74, 4°C) a n d the bomagenste was frazen ac
~70°C, until subscquent analysis of enzyme. Afier
thawing, homogenate (10 pl, 6 mg protein per mi)
was added in duplisic to 10 at of buffer-substrate
mixeure (McCamza and Hune, 1965; Spyku. Gold-
berg and Spacber, 1972) comprising: sodium phos-
phate. 75 mM (pH 7.4): NaCl, 600 mM: MgCl,.
40 mM; physostigmine, 2.0 mM: bovine serum albu-

min. 0.08%; choline (Ch) iodide. 10 mM aad

(*Hlacztylcoenzyme A. 0.57 mM. After 30 min of
incubation at I7°C, the tubes were placed on ice and
1 30 ul of J-heptanone, containing 73 mg/ml sodivm
tetraphenylboron, were added to ach tube to extract
the ACh (Fonaum, 1969 ). After vortexing, the
samples were centrifuged and a 100 u! aliquet of the
top (organic) layer was assayed for radicactvity,
usieg liquid scincillation spectromerry.

Activity of acetylcholinesterase (ACKE)

Dissected areas of the brain were homogenized in
19 volumes of sodium phosphate buffer (7S mM,
pH 7.4, 4°C) and the homogenate was (cozen at
~70°C unul subsequent analysis of enzyme. Afler
thawing, the hamogenate (10 ul, 6 myg protein per mi)
was added in dupliatc to 40 ul of buffer~substrate
mixture, whick contained: sodium phosphate
(7S mM, pH 7.0. 4°C) and ["HJACh iodide (10 mM),
Alter20min of incubation at I7°C, the tubes were
placed on ice and 150 gl of sodium tetrapbeayle
baron/3-heptanaae were added to each tube to separ-
ate ACh from the acclate (Foanum, 1969). The
sampler me vortexed, centrifuged and placed at
«70°C, until the bottom (aqueous) layer was lrozen:
the top (organic) layer was then removed by aspirz-
tion. Subsequently, the aqueous layer was thawed
and a 28 u! aliquot was assayed for radioacuvity,
using liquid sciniiliation spectrometry.

High affinity sransport of choline

Dissected areas of the braia were homogenized in
19 volumes of sucrose (0.32 M. 4°C) and centrifuged

S. LaGaNGRE ¢ ol

(10004, 10 mia, 4°C). The supernataat was .
reczauifuged (20,0007, 20 min. 4°C) and the :.:
rat pellet wag resuspended in 19 volumesof sucrose
(0.32 M, £°C). Duplicate aliquots (SO &) of the sus-
pension were then added to 500 ul of buffer (pH 7.4)
comprising: Ch, 1.0 xM: (H]Ch 0.28 xCi; NaQy,
12§ aM; KCL 9.6 mM: MgSO,, 42aM; CaCy,,
L mM: dextrase, 10.0 M and Tris base, 40.0 mM.
lo Na~-free buffer, 252 mM sucrose was stbstituted
For sodium. After 8 min of incubation at 30°C,
1 ml of buffer (4°C) were added to etch sample and
tissue was collected onto GF/F filters (Whatman), by
nacgu Gltration. After washing with 10 ml of cold
buifes, the flters were placed in scintillation vials and
wers assayed for cadiosedvity by liquid sciatilladon
speztromerry. The Na*-dependent high sffinity wans-
pore of choline was defined as the amount of chofine
transpocted intg tissue, in the presencs of Na-, minus
that accumulated in the absetce of Na® (Yamamura
sad Sayder, 1973). Protein was assayed according ta
Lowry, Rascbrough, Farr and Raadall (1951).

Staciscical analysis PR
Differences were comipared by multiple analysis

of vasianés and posi-hoe amalysis, dsing the SYSTAT
Sudstical Systern (Evanstan, linsis, U.S.A)
RESULTS

Figure 2 ifllustrates the effects of a single injection
of small’ doses of Huperzine A on the acuvity of
JACHE In various regions of the brain. The data
indicate that the inhibition of esterase was dose- and
time-dependent in hippoapus. - striatum and septum.
AC 43 min alker the injection. the dose of 0.1 mglk,
(i.p.) induced a slight but non-significant reducdon in
specific activity of ACRE. A1 0.3 mg/kg G.p)s the
activity of’ ACBE was more strongly ceduced
(# <001, x0.001. <0.005 in hippocampus, stria-
tum and septum. respestively), Ac these small do3es,

S5t 0.t mg/lkg

g X3 0.3 mg/Mg

= m] Mppecampus stristum septum
§ 1

g o

T

Y

g «20

3

- =30 4

- .

4 a5 30 a5 oq 45 %
g -30 TINE (min}

[
Fig. 1. Effect of acute injoction of Huperzine A oa activity

ot ACRE in various regions of the brain. Valucs represent

man &SEM. Two-way ANOVA (repeated

# < 0.001, Mulripk contrans analysis {or dosc-cffect 8

43 min: 0.0 mg/kg. # = 0,52 0.5 mykg. *F <08 L At
90 mia: acn-significant (N.S.). N w 4=8 cuts/graup.
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the inhibition of ACBE was mostly reversed by
90 min after the injection in all regions of the brain
astudied.

By comparison. & single injection of physastigmine
(as the salicylate, 0.25 mg/kg 1.p.) resulted in 2 mores
pufound reduction in activity of ACHE than char
seea with Huperzine A (Fig. 1), cangiag from 30 co
350% in pacietal conex, septum. hippocampus and
striatum at 15 min after the injecdon {results not
shown) . However. the actvity of ACRE had reverted
ta coawral levels by 30 min after injection of
phiysostigmine.

The specificicy of Huperzine A an the metabalism
of ACh was assessed by determining, in parailel the
acdvity of ChAT in exch sample The ACh-{forming
earymatic activity was aot indueaced in cf0 in the
hippocampus or in the stristum by Huperzine A
(results act shown) . The specificity of Huperzine A
on this cholinergic parameter, ChAT, was (urther
compared 00 that of physostigmine (0.3 mgikg i.p-.
IS min after the injection) in cartex, septum.. striatum
and bippocampus. Physostigmine had esseduilly no
effees on the activity of ChAT in viga (results aot
show).

As shewn in Fig. 5. a single injection of Huperzine
A produced a transiént inhibition of e high afiaity
-traasport of choline in hippocampal synapeosomes.
The transport aetivity was sigaificaily (P < 0.01)
reducad 2t 45 min. at the dose of 0.5 mg/kg (i.p.).
whereas thers was essentially no effect at 0.1 mg/kg
{dacx not shown). By 9¢ min. the transport had
recumed 3 control values. High affiaity transport of
chofine in the stristum was measured in pacallet in the
same animals 3t 45 and 90 mia after the injection. The
daca in Fig. 3 show dearly that no inhibition of the
uptake of choline took place at 0.5 mg/kg (i.p.), or ac
0.1 mg/kg (i.p.) (data gov shown).

The high affinity wanspork of choline was also
assessed i n  various regions o £ the brain of rats
injected with physestigmine (0.25 mg/kg i.p.). At

.CS trot
195 mg/yg

. 8
“
-2

Aippeasempus

riatum

z 8

HACHT (pmal Chellne/my
a

o »

TIIE {min)

Fig. 3. Efext of acule injection of Huperzine A (0.5 mg/kg)

on high affinity choline transpon (HACRT) ia hippocampus

and striatum, Values represent meza : SEM. Two-way

ANQVA thippocampus), # < 0.001. Siagle contrast sasly-

3i3 for dasc—eflect: a1 45 min, *# < 0.01: at 90 min. non-sic-

pificanl. Suistum: n o signilcanat differonces. ¥ w 710
eatslgroup.
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&
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Fig. &, Efecx of 9 chiranic injections of Hupersine A (4.3

days) on activity of ACKE in various eegious of the beain.

Valuer represent metn & SEM. Two.way ANGOVA (re-

peated measures). F < 0.001. Multiplc contrasts anatysis for

dasc—cllcc: 21 0.1 gk NS 4.5 mg/kg.*F < 001N = 6
ntygroup,

15 min. the wanpaet was reduced significindy
in hippocampus and parictal conex by 34% ‘and
37%. respectively, but a0t in the striatum (resules
not shown), By 30 min after the injection. the inhi-
bition pertisted significancly in the cones and hippo-
campis. . .

The data in Figt £ and § relaté ta the chronic
teatment (twies a day for 3.5 days) with Huperzine
A on thic same parameters which were studied
acutely. As shown in Fig. 4. the reduction in acxivity
of AChE In the various regions of the brain. 3t the
dose of 0.1 mgskg (i.p.), did not reach significance,
Howaever. at 0.5 mp/kg. the results showed that ac-
tivity of ACHE was significsatly roduced by 20-30%,
in every region of the brain stdied.

The high affinicy wansport of choline was similarly
influenced by chronic treatment with Huperzine A, as
is shown in Fig. 3. The slight reduction in transport
ol choline in the hippocimpus was not significant at

=] esarel
~3a 6.1 mg/kg
- 3 6.3 mg/fug
- 93 =2 0.9 ecule
£
20
i,

hippocompus

Fig. $. Effect of 9 chronic injoctians of Huperdine A (4.8
days) on high affinity choline transport (HACKT) ia hippo-

and suiatum. Values represeat man & SEM, Que-
way ANOYA (hippocampus), £ < 0.004, Siagic contrast
analysis for dosc~effect: 2¢ 0.9 mglke: NS5 a 0.5 mp/kg.
-P < 0.01. Swiswm: no significant differences. The
0.3 myfig group (crosshatch) was injected acutdy and used

ay control. .V w $-7 rats; group.
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Q. I mgikg. However. at 0.5 mg/kg, high affinity trans-
port of choline was reduced by 28% (P <0.01),
45 min alter the fast injection of Huperzine A ap-
proximalely 0 the same extent as in the acute
controls included in this experimeat. The high affinity
twaaspert of choline in striztal synaptosomes (Fig. 5),
was not influenced by chronic trestnent with Hu-
perzine A, a¢ either dosc. The activity of ChAT was
not affected in vivg in the hippocumpus, striatum,
cortex and seprum afier chronic treatment with
Huperzine A (0.1 or 0.5 emg/kg i.p.) (resuits nat
shown).

Huperzine A-induced inbibition of the high affinicy
transpore of choline was further invesdgated in oitre.
Hippocampal synaptomes were incubated with
Huperdne A, at concentrations tanging from 10" M
ta 10~ M, for periods of $, IS and. 45 mid. No
consistent effect of the inhibitor of chelinesterase on

high affinity wranspact of choline could be detected in
witra,

DISCUSSTON

From the present daca it is clear that Huperzine
A-induced inhibition of AChE activity was as potent
afier chronic as it was alter acute treatment. These
cesults indicate that minimal tolerance ta the drug
occurred. This is impartane, sincs it is well established
that tolerance develops co many of the effects of
physostigmine (Costa. Schwab and Murphy. 198X

Genovese, Elsmore and King, 1988). It has also been

shown that the response to Various inhibitors of
ACRKE varies considerably after a second injection
{360 min), cspecially in the ease of THA (Hallak and
Giacobini. 1989).

In their receat study with Huperzine A. Tang e¢ al.
(1989) used dosa of 2 mg/kg (.m.). with maximum
inhibition of ACRE ocourring a1 60 min and reported
side effeets, such as- {asciculatoas, Inhibition of
ACHhE was alsa studied at 30 min using smaller dora
(ranging from 0.1 to 2 mg/kg i.p.) and maximum
inhibition of AChE with minimal side effects oc-
curred between 0.50 and | mgikg G.p.) (Tang =t af.,
1989). In the present study, using two small doses
of Huperzrine A. administered intraperitoneally, at
45 min. it was observed that inhibitoa of AChE was
not very effective at 0.1 mg/kg (i.p.). However,
although inhibition of ACKE attained 0-~-50% with
physostigmine {0.25 mg/kg i.p.). as compared to
15-25% with Huperzine A (0.5 mg/kg i.p.) in various
regions of the brain, it was aobserved that the duration
of inhibition of AChE was longer than -that with
physostigmine.' Thesc results agree with previous
findings (Tang e el., 1989). Furthermore, at the
small dose of 0.5 wmgfkg (i.p.}. no mortality or
any side effects were observed. cven after cheoaic
treatment.

The action of Hupersine A on the activity Of ChAT
was also investigated i vive, Acute or chronic treat-

ment with Huperzine 4 did not alter the activity of
CBAT in any region of the brain studied. This Sading
complements the study of Hallak and Giacobing
(1989), who reported no effect of various inhibitory of
ACRKE in vitro (other than Huperzine A) on purified
ChHAT. Therelore, the reported it oo increase i
levels of ACh by Huperzine A (Tang et L, 1989) was
likely not 1o be mediated through an increase in the
e of syathesis of ACh.

In the same swdy, Tang and his coinvestigators
showed (hat electrically-evoked celease of ACh was
ect influenced by Huperzine A in sliess of hippo-
campus. Neicher was the release of ACh influcuced by
physastigmine, unless large conczntrations were wsed
(Hallak% and Giacobini, 1989). Thus. it appears that

_welease of ACh. in wipo also may aot-be influcnced by

Huperzine A.

Anather irzpartant effector of metabolism of ACh
is the high affinicy eranspace of choline (Tu=k, 1985).
Accarding to the present studies, acwe or chronic
administradan of Huperzine A was a potent inhibitor
of nigh affinicy transpert of choline in the hippo-
campus in siwo. Physostigmine (Acweh, Simon 1ad
Kubae, 1975; Sherman and Messamore, 1988) and
THA  (Sherman and Messamoare, 1988) were also
found to ‘have a similar effect on transport of choline
in '‘sfwa. However. in those. studies, large doses of
inhibitors of AChE, often acéompanied by toxic
effeets, were used. Atweb et al. (1975) clearly shawed
that drugs affecting the tummover Of ACR in vive
influenczd the high affinity wanspoet of choline.
accardingly. For instance. physgstigmine was shown
ta reduce tumover of ACh (Saelens, Simake, Schuman
and Allen, 1974; Teabuechi, Cheney, Hanin and
Cosua, 1975) and muscarinie agonists. which increase
tumover of ACH. increased high affinity traasport of
choline (Atweh e aof., 1975). The effect of inhibition
of AChE on uptake of choline is believed (o be
mediated through a regulatory presymaptic coatcol
of nion affinity traasport of choline in response o -
the increase in content of ACh following inhibitdon
Or esterase (Yamamura and Sayder, 1973; Jope
1979; Tamaru a n d Roberts, 1988; Breer and
Knipper, 1990). The present results suppo® this
contention, tince the effect o f Huperzine A was
completely ceversible with time (Fig. Z) and 8%
mediated through a direct interaction with the tranie
porter (results Aot shown). Physastigmine also did
vot show any ditect cffect in witro on Synaplasooncs
In brain (Yamamura and Sayder, 1973), coatrary ta
neostigmiae (Yamamura and Sayder, 1973; “Simot.

Mittag, and Kuhar, 1975). These results indicate that

inhibition of ACKE may infiusuce the igh ».8d

" twranspott of choline through a fecdback-type =gu"

latien, rather than by operating directly on the
transpocter. .
Hallak and Giacobini (1987) have bypothesized
that in ofea weawment with am inhibitor of ACBE
“which would not decrease turnover of ACh, wO
maintain long-lasting levels of the neurotransmatier
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in the brain”. Such may indrd be the case with
Huperzine A. Although the present results could be
interpeted as an indication that Huperzine. A operates
in the CNS acsordiag to the same mechanisms as
thoge pastulated for physosdgmine, only the specific
determinaton of the turnover of ACh will resalve the
issue.

Aangther Sading of this study that remains o be
addressed is why the high alfinity traaspart of choline
was not desrzased in the sriamum, despite a patent
reduczion in he activity of ACRE by both Huperzine
A and physoscigmine in <his region of the brain. The
striatum cgndaing die graaest cancentradan of AChH
in che brain (Sethy, Rath, Kuhar 30d Van Woer,
1973). Nevestheless, inhibition of AChE may not be
accompanied by a significant cevation of ACh in
striztum (Tang ef of., 1989). Dc Sama, Pemponi.
Giasobini. Tang and Williams (1989) have 3o
shawn chat. alter injecticn of a long-lasting derivative
of physastgmine, incrzases in levels of ACh showed
owsrked regignal differeaces. Moreover. it has been
appreciated far some time thac regianal variations
exist among the effes:s of drugs on the high affinity

wansport of chaline (Jope, 1975) and that the stria-

. tum often differs from other areas of the brain in its

_ chalineryic responses (9 phacmacalogical chillenges
(Wezker and Dettbarn, 1979; Sherman, Zigmond and
Hanin. 1979).

... In conclusion. it has been demonscraced that low-
taxicity dosa of Huperzdine A could be used for
severaf consecutive davs and sull exhibit fulf patency:
hence. tolerance lo Huperzine A, if & occurred.
wix minimal. Funhermore, the differences that
have been shown in inhibition of AChE induced by
Huperzine A and physostigmine ace further indi-
cations thae Huperzine A muy be mare effective
and las toxic than physostigmine when a tong
term inhibition of ACKE is required. e.g. in clinical
treaument of diseases manifesting a cholinergic hypo-
function,
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