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Memorandum
.NOV 19 1999 |
Date
From  Senior Regulatory Scientist, Regulatory Branch, Division of Programs & Enforcement Policy
(DPEP), Office of Special Nutritionals, HFS-456
Subject

75-day Premarket Notification for New Dietary Ingredient

To Dockets Management Branch, HFA-305

New Dietary Ingredient:  Huperzine A

Firm: Pharmavite Corporation
Date Received by FDA: November 17, 1999
90-day Date:

February 14, 2000
In accordance with the requirements of section 413(a)(2) of the Federal Food, Drug, and

Cosmetic Act, the attached 75-day premarket notification for the aforementioned new
dietary ingredient should be placed on public display in docket number 95S-0316 after

February 14, 2000.
VK Ph.D.
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{ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
‘\»., ' Food and Drug Administration

Washington, DC 20204

v 19 1999
3413 9 v 23 P22

Mr. David Kropp

Acting Director

Regulatory and Consumer Affairs
Pharmavite Corporation

15451 San Fernando Mission Boulevard
P.O. Box 9696

Mission Hills, California 91346-9606

Dear Mr. Kropp:

This is to notify you that your submission pursuant to section 413(a)(2) of the Federal Food,
Drug, and Cosmetic Act (the Act) dated November 15, 1999, 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 (FDA) on November 17, 1999. Your submission will be kept
confidential for 90 days from the date of receipt, and after February 14, 2000, your
submission will be placed on public display at Dockets Management Branch (Docket No.
95S-0316). Commercial and confidential information in the notification will not be made
available to the public.

Please contact us if you have questions concerning this matter.

Sincerely,

AT

Robert J. Mob6re, Ph.D.

Senior Regulatory Scientist

Division of Programs and Enforcement Policy
Office of Special Nutritionals




PHARMAVITE

November 15, 1999

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

200 C St. SW.

Washington, DC 20204

Dear Sir or Madam:

In accordance with 21 CFR 190.6, Pharmavite Corporation is hereby notifying the Food and
Drug Administration that we intend to market a dietary supplement contammg anew dietary
ingredient. .

1. The name and complete address of the manufacturer or distributor of the dietary .
~ supplement that contains a new dietary ingredient: ,
Pharmavite Corporation
15451 San Fernando Mission Blvd.
Mission Hills, CA 91345

2. The name of the new dietary ingredient that is the subject of the premarket notification:
huperzine A '

3. A description of the dietary supplement or dietary supplements that contain the new
dietary ingredient including:
(i) - The level of the new dietary ingredient in the dietary supplement:
Maximum daily intake of 5 mcg huperzine A
(i)  The conditions of use recommended or suggested in the labeling of the dietary
supplement:
Maximum daily intake of 5 mcg huperzine A

4. The history of use or other evidence of safety establishing that the dietary ingredient,
when used under the conditions recommended or suggested in the labeling of the dietary
supplement, will reasonably be expected to be safe:

See attached articles:
Double-blind trial of Huperzine-A (HUP) on Cognitive Deterioration in 314
Cases of Benign Senescent Forgetfulness, Vascular Dementia, and Alzheimer's

\0b

Pharmavite Corporatien e 15451 San Fernando Mission Boulevard ¢ P.O. Box 9606  Mission Hills, CA 91346-9606 « 818/837-3633 213/875-0948




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

November 15, 1999

Page 2
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Efficacy of tablet huperzine-A on memory, cognition, and behavior in
Alzheimer's disease

Huperzine A: Boost Your Brain Power

Cognition Improvement by Oral Huperzine A: A Novel Acetylcholinesterase
Inhibitor :

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. We also request that this information be kept confidential for
90 days under the provisions of 21 CFR 190.6(¢).

Sincerely,

Acting Director, Regulatory and Consumer Affairs f |

DK/FDA/huperzine notice 1
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Double-blind Trial of Huperzine-A (HUP) on |
Cognitive Deterioration in 314 Cases of Benign
Senescent Forgetfulness, Vascular Dementia,

and Alzhelmer s Disease

" MA YONG-XING. ZHU,YUE GU YUE-DI. YU ZHEN YAN, YU SAI MEI
AND YE YONG-ZHEN i

Research Du;x.ﬂon af Agmg and Annagmg, Shanghaz Gertamc Insmute,

respecuvely. is 1=2
‘ntrols were 91 85 £13.73 (p < OOI) and 8224 £15.10(p>
E ise of 15.82 £ 10.02 and 4.40 £8.72, res e’cuvexy (p<0.01). The
- effective rates were 68 33 and ’6 37% in the wo aroups No :wmf cam sxdc eﬁ’ects were
observed. '
The second trial included 16 patients of the HUP treatment group (0 03-0 05 mg im
B.i.d for 4 wks) with 1Q (WAIS) < 105 (95.0 £ 7.6). The 1Q increased to 100. T+12(p<
0.01) after the wreatment. The value of IQ increase is 5.7 & 0.68 as compared with 3.0 + P
0.36 in the hyperboric oxygenation treatment group (2.5 ATA. 80°, 4wks in 10 patients (p
<0.00)).

%BSF TREATED BY 0.1 MG HUR(pojg.i.d.

e

The clinical trials used the double blind method on 88 patients with cogpitive deteriora-
tion, with MQ (WMS) < 100. The mean values of MQ of 44 treated and 44 controls were
82.8 + 14.3 and 81.5 + 14.4 (p > 0.05), respectively. 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+145(p<
0.01) and 85.5 + 16.5 (p < 0.01). The effective rates were 68.18 and 34.09% in the two

506 . '
Payment has been made to the
CDpYﬂght Clearance Center for this 'nﬂ"!P
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MA etal: HUP o : 507

groups. No significant side effects were observed except g gastric discomfort (2), dizziness
(1), insomnia (1), and mild excitement (1) in the treated group.

VASCULAR DEMENTIA AND ALZHEIMER'S DISEASE

. A clinical wial of vascular dementia (25) and Alzheimer's disease (55) was conducted
on 40 treated and 40 control patients with the same dosage as for BSE, The MQ of the
. treated group increased from 50.40 * 18.49 10 59.74 1. 8. 73 (p < 0.05); that of the control
group increased from 53.95 % 14.74 to 55.85 + 16.28 (p > 0.05). The MQ increase of

,of the trg;}ted group was 60%. swmﬁcantly hxgher than .that of 35% in the control group (p
< 0.05). No swmﬁcant sude effeus wcre observed except gastri dlscomfon or nausea (3)

R4

function in the dged and preas_;d”‘ ‘

©9.37£10.38 is significantly higher than that of 1.90 * 10.36 (p < 0.01). The effective rate. )
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f BIBLID. ISSN 0253-5756 Acts Pharmacologics Sinica THEHRFR 1985 Sep; 16 (5); 291—395
v 3
f Efficacy of tablet huperzine-A on memory, cognition. and behavior in
Alzheimer’s disease v -
o~ 3 :
ey XU Si-Sun, GAO Zhi-Xu!, WENG Zheng®, DU Zun-Ming*, XU Wei-An*, YANG Jian-Shen’,
) ZHANG Ming-Lian®, TONG Zhen-Hua, FANG Yong-Sheng', CHAI Xin-Sheng*, LI Shu-Lexn’
b { (Zhejiang Supervision and Detsction Stetion of Drug Abuse, Zhejiang Medical University,
e Hangzhou 310009; ‘Shanghati Mental Health Centor, Shanghas 200030; 3*Shandong Mental
® Health Center, Ji-nan 250014; SHangzhow Central Hospital of Railway, Hangzhou 310009;
‘Shanghai 3rd Mental Hospital, Shanghat 201905; s.S'u.z.vhou Pu]z Hospztal ’ Suzhou 215008;
S uzhore Guaugjt Hospttal .S'uzhon 215008‘ Ckma) S . e
2d

AIM: To evalu‘ate‘thc cfficacy and eafaty of The loss of cholinergic neurons of. the
e z‘ix“lefA"k(Hﬂp7 in patients with brain obaezvcd in . zhkxmer’a dlse&be is_con-

s b
. { wreated th Hup showed improve-

o ® meats in their memory (P<0- 01), cogmtwe a T:-Le“p reserit :tuc}y‘: W?Hto confirm the ‘
11 . to
0 . (P </ 0.01), an i behavioral (P <0.01 func- c fumclmhc: xcacy dan safety of Hup in 'creacment
L tions. The efficacy of Hup was better than of Alzheimer’s 1se§se
n placebo (36 %, 19/53) (P<<0.05). No se-

al ' vere side effect was found. CONCLUSION:
Hup is a promising drug for symptomatic
treaumeny of Alzheimer’s disease.

3= ; KEY WORDS huperzine-A; cholinesterase

inhibitors; Alzhcimers’s disesse; muhicenter

studies; double-blind method; randomized .

controlled trials; Wechsler scales; memory; ' . : .
. , .. . .. Fig 1. Molecular represantarion of Huperzine-A.

cognition disordets; activity of daily living ,

MATERIALS AND METHODS

~ Raceived 1994-12-26 Accepred 1985-06-23 Patients  Parienrs {(n=103) who met AD crireria
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Hup treatment (P <C0.01), but not in the
placebo group except the MQ score (P <
0. 01): resulring in a significant differcnce on
MQ, MMS, and HDS between 2 groups (P<
0.01) (Tab 2). Rark sum test of WMS and
MMS between 2 groups showed a significant
improvement in ‘number of recitation’ itera of
WMS and 'time orientntiéxi’ item of MMS3.

Tab 2. eompansou "ol MQ. M\IS, HDS and ADL'k

betweon 2 groups of AD.
P>0.08, 'P<0. 05, *P~<<0- 01 vs before treatment;

- P=>0.08, “P<0- 05, *P<0. 01 5 placebo.

Tab 4 Compnrison of all measured data between 2 graupy of AD

’pl'aéel‘ao group” was increased,

Tab 3.

Subjective evaluation According to the
reports of patients’ intimate relatives, the 3
peositive resulrs ( 'clear headed’,
proving’ , and ‘language improving’ ) of Hup
group were increased, whereas the negative
result (complaint of ‘uachanged') of the
‘ A sxgmﬁcant
difference was found between two groupu'

(P<0.01) (Tab 3).

‘memory im.

'Tab L,5).

)/!, 71,/_ A ,,M

“P>0 os. lrv 24
UP 4’# /‘/n -’éﬁ /A&

mg{%ss /e
VIU U’ i Pla (»=53) Hup (n—SO) 4
feem baseline B-weck trial baseline 8-week trial
_BP/kPa . .
systolic 17-4+2.1 17-5+£2. 4 17.642. 9 17.1#2.5
diasrolic 11. 0= 1 11.0+1.2* 11-0£1. 6 10.9%1.3
HR/min 749 748 72&9 47LY
Hb/g Lt 12818 129+15" 128+18 12913
WBC/1X10° L™ 6. 1%+1.2 6.13=1.¢* 6. 0%1. 4 8-2%£1. 5
BUN/mmol L 5.110.8 5.1+0.9* 5.1%+1.0 5.1£1.1*
Cr/pmol L} 103321 1024=21" 04190 9419
AXP/U L 19,6x2.8 2043 1024 1914
ALT/U L™t 29+6 28+ 6" 207 294-6°

 Complahts of the patient’s legal reprosemts-
tives between 2 groups of AD. “P<<0. 01. :
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’ of DSM-IIR™ were selecced for this study.  Their en- Tab 1. Background data between the 2 groups: of
: trancc ericeria were age over 50 a; memory quotient All data showed no sratistical significabep bel

(MQ) <<90: Hasegawa dementia scale (FIDS) <15 Hup and Pla group.
Cllliteracy) . <20 (primasy), <24 (middle); mini-
mental state examination scale (MMS) score 13~ 23; Pla Hup

activity of daily living scale (ADL) >16: Hachinski (a=:53) (m=~50
i ischemie scale (HI§) scose << 4. Depresaicas severe Sex: 3 39, 28
physical or psychotic dizoedera, aad non-AD dementia L 24 22
were ruled our. Their procurators agreed with the Age: ‘57:11 66=11
Patients to portitipace in this study.. rage T 55—s8y 53—2%0
Moethods Patients were abstained from any CNS' X
. Qccupation : :
stimulants, steroids, and nootropics for 1 wk. They worker 30 - 21
. were randowmly divided inre .2 groups given 4 tablers peasent 3 2
(0-2 mg of Hup or 70 mg of placebo) orally wwice & “gdministracor R & R 15
. day for 8 wk. The tablers, same in shaps. color, - yechnician BT 6

‘ M"wexghr, taste and the packaging. wers pmudcd by : V_"""“f‘m“k" ~ ?;‘_3 e 5

of Shunghal Medxcal’
: :be pmencs wexe

Culture '

Céuéseg (vear)

R s Severity:

_RESULTS B , . mild IR ¢ 33

B0 moderete .23 . 17

" The blind Was declassxfxed on 1994—05 05 . severe - ‘ 0

in Shanghai: 50 patients were in Hup grou <

d 53 g laceb Thp MQ baseline 48321 56k21
and 53 patients were in placeho group. e MMS baseline 1a+5 165
pretreatment dara herween the 2Z groups HDS bascline 16£5 16+6
showed no significant difference (Tab 1). ADL bascline 31Ls 3310
& , TESS baseline N 1%3

The intraclass correlation (JCC) ICCon
MMS, HDS, and ADL from 4 districte (Zhe- Tdentified ccrebral 25 (47 %> 22 (44 ¥
jlang. Shanghai, and Shendong, Suzhou) strophy by CT or MR.
were 0.98, 0. 87, and 0. 96, respectively CP> ‘ .

0. Q05). significant differences on MMS, HDS, =

Psychological assessment There were ADL between ‘beforc’ and ‘afrter’ the 8-t

g
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Tab 5. Comparison of cbolinergic side effects thors 19,
vetween 2 groups of AD.  “F>0.05. Throughout 8-wk study, no patient
- value exceeded the upper limit of normal
Cholinergic Pla (n=53)  Hup (x=59) | toxicity in bech 1 li
side effects neal toxicity 1n both groups, only a slg
‘ crease in some wild peripheral cholinergt
Exciting ‘ 3 (5.7 :A) 3 (6 ?)‘ effects such as nausca or vomiting and di:
B o s Goasy 4 Gy e occumed bn Hup group. Bue ther
Nausea or vomiting 1 1.9 %) 4 (B %Y no statistical significance in comparison
Diarches z (3.8 5 Q10 %) . placebo group. This clinical finding is s
Inaomnia 4 (7.5 50 %Y 1o the results of several experimental
Anorexis : (iig ?’g; : i,<tg i,f;. joatt-8-7 B je Hup produced less peris

- Drzxiness

memory (P<<0-01), cognitive (Z<T0. 01) and
behavioral (P <0.01) functions. The efficacy
of Hup was becter than placebo (36 %, 19/
53) (P<0.05). According 1o the MMS-eval-
uation, an average improvement of 2. 88 pbints
~vas noted for patients treated with Hup. and
with 54 % of these patientz improviag by 3.0
points or more. Bur the placebo group in-
creased an average of 0.43 points, only with
30.2 % of them improving by 3.0 points or
more {(P<0.05).

As to the findings of significant improve-
ment in ‘number of recitation’ item of WMS
and ‘timo orientation’ item of MMS, it was

similarity to the discovery of some au-

,_(THA, tacrme)approved by FDA m 19<

ibout 38 % (ZS/SQYJ of pa.tlems treated.‘wnh"

showed clinical improvements in their

‘bntter th:m ‘THA .

side effects at optimal doses, it indicate:
. vHup‘x., o safe drug and suitable for’ tr;atu
'uents' W(th 'Alzhexmex s dxseaae-. T

- Both I—Iup “and  tetrahyd oammo»

we. conszder that Hu‘
promising ‘¢andidate drug for Sympic
treatment in patients with Alzeimer’s dis

Although the results of this study a:
couraging, there is no extensive. long
and high-dose observation, especially th
no direct clinical comparison with THA.
the same time, we think the presant et
not nufficient, so we hope thar further s
will be undertzken to develop method
identifying the efficacy and safery of Hug
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Huperzine A is a natural compound isolaled from the club
moss, Huperzia serrala. 1 is a Chinese folk medicine, called
‘gian ceng ta’” and has been used for centuries to improve
memory, focus and concentration and to help alleviate mem-
ory problems among the elderly. Reports from China, where
an estimated 100,000 people have been treated, indicate that
Huperzine A is safe and effective. It has otlier properties
such as protecting nerve cells from toxic substances includ-
ing nerve pas poisons, and from damage produced by
strokes and epilepsy. 1t is also used to treat persons afflicted
with ‘Alzheimer's disease and myasthenia gravis. Based on
{aboratory studies some researchers believe that Huperzine
may be more effective than drugs presently available for
the treatment of Alzheimer's disease.
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Huperzine A Is intended solely for informalionalvand‘educalional purposes,
and not as medical advice. Please consull a medical or healthcare profes-
sional if you have questions about your health. :
HUPERZINE A: BOOST YOUR BRAIN POWER
Copyright © 1998 by Debasis Bagchi and Jean Barilla
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The aging process, physical and mental stress, and environ-
mental loxins induce deleterious effects in the human brain.
Initial symptoms can include short-term memory loss, lack
of focus and reduced concentralion. More seriously, they can
fead 1o degenerative diseases of the brain including long-
lerm memory loss and Alzheimer's demenlia, the fourth
leading cause of death in the United Slates.

The hasmful effects of environmental toxins alone on the

‘nervous system or brain are a major threat to the human

race. Many people will recall the case of Minamata disease
in Japan in the 1950s and 1960s and in Iraq in 1971-72. Those
who ate fish and shellfish contaminated by methylmercury
developed damage of the brain, spinal cord and peripheral
nerves (those coming [rom the brain and spinal cord). Symp-
toms of the disease included disruption of visual and sen-
sory nerve funclion, muscle uncoordination (ataxia) and
jmpairment of hearing, speech and gait. Chronic poisoning
from 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
impairment including Alzheimer’s dementia. Dementia is a

‘loss of intellectual function (thinking, remembering, reason-

ing). so severe (hat it interferes with an individual's daily
functioning and eventually resulls in death. While the causes
ol Alzheimer's disease are not known and are currently un-
dergoing intense scientific invesligation, suspected causes in-

“clude defective genes or a genelic predisposilion, abnormal

protein build-up in the brain (this will be explained later)
and environmental toxins.
While the liver and other organs can regenerate and form

HUPERZINE A: BOOST YOUR BRAIN POWER | 7
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new cells after a toxic insult, brain or nerve cells. which die

as a result of irreversible damage are nol ‘replaced.;,Alzhei-, :
mer's disease is a degeneralive diseasc. There is a progres-.
sive loss of nerve cells (neurons), and the loss is selective, . -
meaning that it affects one or more groups of neurons while
leaving others intacl. Also, the disease arises without any
clear “inciting event” in 2 patient having no known (previ- .-
ous) neurologic deficits. Although mosl cases aré, sporadic,,_;;t
at least 5 to 10 percent of cases have a genetic (heredilary). -
component. For Alzheimer's, the destruction occuys _,‘i_i_n,jhc;;_]
cerebral corlex, which is the ouler tissue of the braiu—glhe j
ngray matter.”” This tissue is made up of ‘nerve_(ibers_in-
volved in movement, sensalion, vision, hearing ‘and other .

higher brain functions. The main symptom. of degeneralion..

of these nerves is dementia, i.e., progressive,}oss of cognilive :
funclion independent of the state of attention., Dementia-is -
not part of normal aging and always represenls a disease

rocess. The best that can be done for Alzheimer's. patients -
is to help them use their remaining healthy brain lissue fully, .

and protect their brains from the ravages. of the disease. One

characteristic that all degeneralive brain diseases, induding .

Alzheimer's, share is that oxidalive stress increases the rale
at which the disease progresses.' ' :

Oxidative stress results from free radical damage. Free

radicals are destructive molecules that are produced in the
body as a result of exposure to environmental {oxins or

* oceur as a resull of normal body metabolism. Free radicals
damage cells in every part of the body. Brain cells, however,
are particularly susceplible 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 cellular replenishment. Second, neurons possess low ..

levels of antioxidant defenses such as vitamins C and E and

beta carotene; it is thus difficult for these cells fo protect -

themselves from free radical attack.'

An ideal therapy for incurable degeneralive brain diseases
would protect the brain from free radical damage, maintain -

8 | HUPERZINE A: BOOST YOUR BRAIN POWER
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or enhance key neurotransmiller aclion and help the brain
lo {unction optimally. Huperzine A, a nalural product iso-
lated from the club moss Huperzin serrala, fulfills these re-
quirements. Huperzine A (HupA) has been shown to be a
rpromising agent for a wide range of memory and brain dis-
orders, including Alzheimer’s disease. It works by the fol-
lowing mechanisms.

Acelylcholine is a neurotransmiller that is essential for

normal learning and memory funclion in vivo (in living or-
panisms). Neurotransmilters carry chemical messages from
one nerve cell (the presynaptic nerve) lo the next, causing
the receiving neuron (the posisynaptic nerve) to “fire” ils

‘jneurotransmitlers (see figure on page 16). Because nerve
,icells are close together (separated by a space called a "syn-
“aplic cleft”) the released neurotransmiltey (in this case, ace-

tylcholine) will activale the next cell in the sequence. Tt will

,{b'ind to a “cholinergic’’ receptor (one that binds acetylcho-
;jlme.) on the postsynaplic nerve. In the human and animal
“brain the enzyme “acetylcholinesterase”’ (AChE), normally

" breaks down acetylcholine, keeping it from repeatedly firing
the nerve and thus regulating the availability of this neuro-
 transmitter in the brain. Acetylcholine function is deficient in
_ patients with memory impairments or Alzheimer's dementia,
probably due lo selective degeneration of acetylcholine-produc-
ing neurons in the brain. It has been demonstrated in Alzhei-
“mer’s disease patients that inhibitors of ACKE (also called
_ acetylcholinesterase inhibitors) reduce the breakdown of ace-
tylcholine, and thus increase its availability. This can con-
_ ceivably lead to an improvement in the patient’s condition.

HupA s a potent inhibitor of AChE, and thus helps to in-

- crease Jevels of acetylcholine in the brain.
i - Short- or long-term administrafion of Huperzine A has
“been demonstraled to induce a polent inhibitory effect of

high affinity transport of chaline in the brain.? Choline is the
starling material for the synthesis of acetylcholine. Inhibiting

. choline’s transport allows more lo be available for synthesis
_of acelylcholine (see figure on page 16).

HUPERZINE A: BOOST YOUR BRAIN POWER [ 2
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* An important property of HupA is that there is no sig-;
nificant development of tolerance to it; it can be used conlit
uously.? Tolerance develops in response to many of the
effects of physostigmine, and in the case of lacrine, a second
dose results in a varied response 1o the AChE jnhibitor.

Scienlific research has demonstrated the diverse therapeutic
potential of HupA: itis a potent, seleclive and reversible inhib-
itor of AChE, with a longer duration of action than other AChE
inhibitors and minimal side effects. HupA has been identified
to_have profound beneficial effects in the following areas: - =

Learning and memory retention
Improve focus and concentration ,
. Tteatment of cognitive and memory impairmen
!mpmved nerve transmission to muscles -
t’owerful and reversible long-term inhibitor’
" activity in the brain ' SR
Dementia resulting from ‘slrokes and'senile or ‘pres
hile dementia BRI
}mpmved clinical picture for patients with myasthenia

ravis

With cerebral arteriosclerosis (hardening of arteries in
he brain) ) :

lleviation of symplioms related o glaucoma
revenlion of organophosphate peslicide toxicity - -
{* Prevents nerve gas toxicity EEDGI
\* {A novel psychotherapeutic agent for improving cogni-
i (tive function in Alzhelmer’s patients. -~ CORRE R
's | A superior safely and efficacy profile compared to other
u cholinesterase inhibitors SIS A R

HupA has neuroprotective abilily also: it can stop damage
to nerve cells and can block the effects of glutamate toxicity
Glutamate is an excitatory (stimulatory) neurotransmitler
During a siroke or other brain injury, excess glutamate i

released in the brain, causing inappropriate release of en-
zymes inside cells that leads to cell death. This proteclive

10 | HUPERZINE A: BOOST YOUR BRAIN POWER .-

Improved short-lerm and long-term memory in pdlients

-\

ability of HupA may be helpful in trealing strokes, epilepsy
and other neurological disorders.

WHAT 1S HUPERZINE A7

Huperzine A (HupA) is found in an extract from ihe club
moss Huperzia serrala, which grows at high elevations and
in cold climales, It has been used for centuries in Chinese
folk medicine,” and is also known as Qian Ceng Ta. In China
it was used to treat fever and inflammation, and for the past
several years has been a prescription medication for treat-
ment of dementia. 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 Lycopodium alka-
loid, was first isolated from Huperzia serrala (Thumb) Trev.
(also known as Lycopodium serrafim Thumb) at the Zhejiang
Academy of Medicine ‘and Shanghai Institute of Materia Med-
ica, Chinese Academy of Sciences, China.! Dr. Alan Kozikow-

. e P

- ski, Professor of Chemistry in the Neurology Depariment in

Ceorgetown Universify's Drug Discovery Program, in Wash- —
inglon, DC, has studied it extensively, and is the researcher
-whofirsC synthesized HupA. As he reported in JAMA (TTe”
~Jourrial of Thé Atmerican Medical  Associafioit), HupA "has been- -
~uised o Feat an estithated 100,000 people in China, suggesting ™
tiE 7S Safe 15 Use” The Gse of AChE inhibitors to alleviate ™
symptoms of Alzheimer’s disease has been the most promising
approach thus far in dealing with this unresponsive condition.
HupA, a natural, potent, and selective cholinesterase inhibitor
has proven superior to other acetylcholinesterase inhibitors now .
recominended for the management of Alzheimer’s disease; its
neuroprolective action is an added benelit. Scientists have thus
demonsirated that HupA holds tremendous promise for im-
proving the quality of life for people with a wide range of mem-
ory impairments, including Alzheimer's dementin.

ALZHEIMER’S DISEASE DEFINED

Alzheimer’s disease (pronounced Alz-hi-merz) is a progres-
sive, degenerative disease that attacks the brain and results

HUPERZINE A: BOOST YOUR BRAIN POWER [ 11
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-in impaired memory, thinking and behavior. Damégé bi.,sg'lrr‘

versible. The disease was flrst described by Dr. Alois Alzhei-:
mer in 1906. This mental decline is related to a loss of nerve:
cells and the links (synapses) between them. Alzheimer's. . -
disease (AD) is the most common form of dementia. It is. :
nol part of the normal aging process and always represents L
a disease process. AD is the fourth leading cause. of death.. =~
in adulls after heart disease, cancer and stroke. Men and . o
women are affected. almost equally. ..~ . . -
Researchers have developed a deeper. understanding -of
the changes that occur in the brain (plagues and tangles) -
and behavioral changes that characlerize the disease.:Identi-
fied risk factors are age and family history. Mostipeople

~ diagnosed with AD are older than age 65; however, AD-can . L

occur in people in their forties-and fifties. T he course of the =
disease varies from person to person, as does.the rate of: ;
decline. On average, AD lasts from four fo eight years aller. -
diagnosis; however, it can continue. for up.to twenly. years. .
The first symptoms of AD include loss of recent. memory,. -
faully judgement and personality changes. In the disease’s
early stages, people with AD may forgel how to do simple
things such as washing their hands. Often, they can:ino
longer think clearly or remember the words for familiar ob- - .
jects or people’s names. SR
The causes of AD are not known and are currently under-
going rigorous scienlific investigalion. Suspected causes in- .
clude mulliple mini strokes, defeclive genes or a genelic . .
predisposition, abnormal protein build-up in the brain (amy- -
loid—see below) and environmental toxins. oo
Amyloid is a protein-like substance deposited between
cells and found in many organs of the body in a wide vati-
ely of diseases. In Alzheimer’s disease, one of the main ab- ...
normalities seen in the brains of patienls wilh the disease are .

-plaques made of tangled nerve cells surrounding a central:

amyloid core. Amyloid consists of fibrils (string-like chains .
of protein) which represent 95 percent of the substance. The. .

other 5 percent is glycoprotein (a sugar joined lo protein).
12 | HUPERZINE A: BOOST YOUR BRAIN POWER ‘
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~ Therse 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 [ragment
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. In cases where AD runs in families, the genetic
defect can be found in the processing of APP. The fibrillac
amyloid bela-protein has been hmplicated in the develop-
ment of Alzheimer’s discase due to its neurotoxicity and its
ability to aclivale an inflammatory response in the brain.

. The importance of decreasing the brain's inflammalory
response js demonstrated by the facl that people with rheiima-
loid arthritis seetn to be protecled from developing Alzhei-
mer’s disease.! The theory behind this finding is that patients
with arthritis are vsually taking large amounls of anti-inflam-
malory 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 brain tissue,

WHY HUPERZINE A?

It has been demonstrated repealedly that memory loss or
impairmenls and cognitive dysfunctions are accompanied by
a dramalic reduction in acetylcholine synthesis and/or re-
lease in the nerve cells.*” Interest in the functions of 1he
central cholinergic system (the nerves in the brain that use
acetylcholine as a neurotransmitter) has been slimulated 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-relaled) aging. Postmortem (al autopsy)
analysis of the brains of patients with senile dementia of

HUPERZINE A: BOOST YOUR BRAIN POWER [ 13
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“the Alzheimer type has shown a fdeclilie:;i,in”tenltal:‘f(:braium):'r’

cholinergic activity that correlates -with their mental ‘fest"
scores. As in the case of dopamine replacement (a treatment

approach used in Parkinson’s disease) therapeutic trials of

cholinomimetics (compounds similar fo acetylcholine) and
cholinesterase inhibitors have been used ‘witli*the goal of
enhancing cerebral cholinergic necve ransmissian; Theilind-+
ing of a severely damaged and underactive cholinergle'sys-

temn in the brain of palients with memory impaitments-and b

Alzheimer's dementia has encouraged such research. £ % -
Acetylcholinesterase inhibitors have been reported‘lo qm-

ellent psychotherapeutic agent, a potent, selective and long-

{/ Huperzine A fulfills all of these requirements. It is an ex-
C

]
Lo

prove memory in a number of patienls'suﬂering?_fmfmf“Alz‘“—‘f:

heimer's dementia inits early ‘»s‘tagesf..ff;-lt"f«hasf:fa'l‘sofbe“en
demonstrated that these inhibitors increase secretion of the

peneficial amyloid precursor protein (APP) in the brajns of - -
rals. APP, when processed normally, has been demonstrated
to enhance the working and reference memory funclion as.

well as increasing the synthesis and release of acetyicholine
in the brain. The two types of memory are discussed on

page TK, in the Animal Studies section. Thus, the long-term
use of cholinesterase inhibitors such’ as ‘HupA not only im-

proves cholinergic function, but an increase in normal APP
metabolism will further help patients suffering from mem-

ory impairsnents including Alzheimer’s demenlia.
The main reason for studying cholinesterase” inhibilors

such as HupA, therelore, is that these compounds willin-

crease exlvaceliular acetylcholine'levels. Based on the avail- -

able experimental and clinical information,“".*;an‘?;,‘ideal

cholinesterase inhibitor suitable for symptomatic ‘treatment
of memory and cognitive impairment including Alzheimer’s

dementia should salisfy the following requirements::

a) Produce a long-term reversible acetylcholinesterase, in-
hibition in the brain with increased synthesis or release

of acetylcholine in the brain;

b) Not inhibit acetylcholine synthesis or releése;’inmr\;e:gyeﬁ

endings; and IR e
¢) Produce only mild side effects at therapeutic doses..
14 | HUPERZINE A: BOOST YOUR BRAIN.POW '

term reversible inhibitor of acetylcholinesterase’® and it
induces the synthesis and release of acetylcholine. It also has a
long resident time of inferaction with acetylcholinesterase which
may make it more effective. lis long half-life means that jt can
be given at lower dosage and fewer times per day than inhibi-
tors with shorter half-lives. Half-lives are discussed further on
page TK. With the compound physostigmine, AChE is strongly

~i__{(80 percent) inhibited in the brain within a few minutes, but

the effect lasts only 60 ininules.” With HupA the inhibition is
maintained Jfor six hours after one dose. HupA also possesses
unique blood-brain barrier penetration (it reaches ils site of
action) wilh minimal side effecls at the therapeutic dose.
Olher AChE inhibitors range {rom some of the most toxic
agents to ever be synll\esized (VX, Sarin, Soman) to thera-
peutic agents thal are useful in the treatment of glaucoma
(physostigmine) and myasthenia gravis (neosligmine). Only
a few cholinomimelic 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. S0
far there have been problems with some of the compounds.
The therapeutic effect of physostigmine, lor example, is lim-
ited by its short duration of action, natrow therapeutic win-
dow and peripheral cholinergic effects. The term “‘patrow
therapeutic window” means that the drug becomes toxic at
doses above that needed to be effective. Drugs that have
peripheral cholinergic elfects will act on nerves outside the

‘brain, causing side effects. For example, there may be fascic-
“ulations (involuntary contractions, or lwitchings, of groups
.of muscle fibers in the muscles in the limbs). The most fre-
‘quent and imporlant side effect of tacrine is hepatotoxicity
(liver toxicity), which limits ils clinical value. Tacrine does

nol appear to alter the neurodegenerative disease; unlike
HupA itis not neuroprolective. It also does nol provide any
benefit in non-Alzheimet’s dementia.

HUPERZINE A: BOOST YOUR BRAIN POWER [ 15
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. Compared lo physostigmine and tacrine, HupA is more
potent at inhibiling acetylcholinesterase both in vitro (in the
laboratory) and in wvivo; it is about three limes more polent
than physostigmine.' HupA also persisis in the body for a
Jonger period 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
scientifically discovered and reported in many research jour-
nals. It is a potent acetylcholineslerase inhibitor. Acetylcho-
line is the neurofransmitter in the brain that is responsible
for_carrying electrical impulses from one nerve to another

(see appendix)..Jt is made in the end section of nerve fibers

and packaged into small vesicles where it is slored until
released (see figure). Once acetylcholine has been secreled
by the nerve 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’” part)
and choline. The choline (a member of the B-vitamnin family)
is then transmitted back into the nerve ending to be -used
again to make acetylcholine. The brains of people with Alz-
heimer’s demonslrate a deficiency of acelylcholine because
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

‘damaged nerve cell. This creates a deficiency. Huperzine A

stops this enzyme from breaking down acetylcholine, thus
preventing deficiency and improving mental funclion.

The finding of a severely damaged and underactive choliner-
gic system in the brains of patients with metnory impairmeints
and Alzheimer’s dementia las led to clinical trials of new choli-
nomimelics including cholinesterase inhibitors. It has been dem-
onstrated repeatedly that memory loss or impairments and
cognitive dysfunclions are accompanied by dramalic recluction

HUPERZINE A: BOOST YOUR BRAIN POWER | 17
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* in acetylcholine sy nthesis or release in the nierve-cells. lxv@vésl?i’gal:-{

ing acetylcholine release is one way of testing the function of cho-
linergic synapses (the transmission of acetylcholine across the
gap to the next nerve cell). Tt can be done with different drugs"
or compounds in animal or human aulopsy lissue slices® using
techniques that measure extracellular acetylcholine (amounis

outside the celly—an im portant way to assess drug effects on the
body. Acetylcholine release is governed by complexifactors such

as membrane inlegrity and cholinergic receplor: biochemistry.

Receptors, such as those for acetylchoine, will { unction lo differ-

ent degrees depending on factors such as heredity (i.e,, fewer in-

sulin receptors increase the probability of getting diabetes) and

adverse conditions during early childhood when the brainisstill

developing (some types of schizophrenia). SR e

Al cells, including nerve cells, are surrounded’ by a‘cell .

membrane. This membrane allows materials such as nutrients,
hormones and neurotransmitters into the cell and allows cell
products or waste material to leave the cell, 1 the integrity,of.
this membrane is not maintained, 'nnrmjafffuhclfi’d;f;Wiﬂ be -
paired. Cell membranes can be degraded by free radicals, or
can stiffen because of a deficiency in the essential fats. Cell
membranes contain good fats such as omega-3 fatty acid and
oleic acid; without them cell walls harden and transport inand
out is decreased or stopped.” Cells die as a result. Huperzine
A protects cell membranes (rom the effects of :free radicals,
wilh the result that nerve cells do not die as quickly, or in as
large numbers as with the absence of such protection..

Y ST RIRAREATS Tk
i CHEMISTRY:OF HUPERZINE X
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The chemical na me'for Huperzine A is GR, Q‘R,v;];‘lﬁi);f,_ig}iiino_
11-ethylidene- 5,6,9, 10-tetrahydro- 7-‘m,etliy1'-5 ’—njethano—

18 | HUPERZINE A: BOOST YOUR DRAIN POWER -
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cyclogcteno[b]pyridin—Z (1H)-one. It is easy to understand
why its name was shortened. The longer name describes the
chemical structure of the molecule (see appendix). Althougha
lesson in chemistry is beyond the scope of this Guide, some of
tl\e. facts about its structure are worth mentioning. F(')r HupA
to inhibit AChE, it must inleract with it and prevent the (}z)n-
zyme from w:vorking. To accomplish this successfully, HupA
contains various chemical groups and inleractive abili;ies that
g;v}e; it .'aAhi%h affinity for ACKE.'® Thus, the chemical structure
of HupA allows it o maintain i i ili i
inhibiFacelylcholineslera:el:.l‘;1 s uniqe abilty to reversibly
The chemical stabilily of Huperzine A is excellent. It is resis-
tant to structural changes when placed in acidic or alkaline
solutions.® Furthermore, long-lerm incubation of HupA with
acetylcholinesterases al 24°C (75°F) resulled in, no detectable
chalnges in the chemical struclure of HupA ® The stability in
various solutions and the persistence of its effectiveness
ng.amsr ACUE at different tempcratures indicates that HupA
w't,llt-persist tonger in the body and that tablets or capsules con-
taining FlupA will have a longer shelf life. Sophisticated tabo-
ratory techniques allow the determination of the exact
quantity of HupA in an extract of Huperzin serrata (see
appendix). '
Regarding the structure and {unction of HupA, Joel Suss-
man, Ph.D., Professor of Structural Biology at the Weiznwann
Institute of Science in Rehovot, Israel, says that HupA can bind
to AChE better than other AChLE inhibitors® Dr. Sussman

stated inan article published in the Journal of the Americnn Meil-

{'cal As.socinliou (JAMA)S “Itis 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 Inslitute
grafiuate student, Mia Raves, along with her professors at
Weizmann and with Dr. Alan Kozikowski of Georgetown
UAmvarsily (formerly at the Mayo Clinic, Jacksonville, FL).1

- HupA has a longer half-life compared to the AChE inhibi-
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tors physostigmine, and tacrine (Cogx;ex®$; The halféiife is 't,he;:; ‘
time during W hich half of the dsug of compound has been me-::
tabolized (by breakd own and excretion from the body). The .

longer half-life means \hat the drug stays in the body longer -
and that less of ithasto be given (and less often) thana similar

compound with a shoster half-life. This characteristic is espe-

cially beneficial if the compound has few side effects as is'the
case for HupA. The half-life for HupA is 286.5 minutes:{4.8.
hours), while for physostigmine it is twenty minutes.® Tactine: .

has a hall-life of 2.7 hours.

According to Dr. Kozikowski the ‘lo:ng;r? half—hle and :llie::,‘lv"actj V »

that the complex of HupA and AChE dissociates (breaks
apart) slowly may indeed nake it a more elfective therapeutic

agent. Also, the strong selectivity of HupA for 'AChE suggests.-.
that HupA will have fewer side effects than tacrine or donepe- -
zil. A compound thatacls very specifically, as does HupA, will -
do only the job it is intended lo do. Compoundsthat are not:.

as specific will bind with other proteins in the cell (non-:

specifically) as well—interfering with -various cellular reac- .

tions. This resulls in adverse side effects from the unwanted
inleraction, i.e., nausea, vomiling,,,salivatiop“"\avnd' swea’ling.
HupA can produce some of these side effecls when given in
high doses, but at therapeutic doses it produces very few. Do-
nepezil (Aricept® or E2020) with a72-hour half-life may cause
bradycardia (slowing of the heart beat), which could be a
problem for patients will heart disease. Tacrine causes eleva-
tion in liver enzymes (an indication of liver damage) in about

half of irealed patients, ‘and weekly. blood monitoring is
needed; donepezil does not appear to affect liver enzymes.

Synlhesis of Hupexzin_e_A e

Because Huperzine A is difficult lo procure in large quantities
from nalural sources, atlempts were ‘made ‘lo_synthesize
HupA in the laboratory. A racemic mixture of HupA and a
variety of its chemical structural analogs (molecules with simi-
lar structure and function) have been synthesized by Kozi-
kowski and colleagues.’™ A racemic mixlure mea that there

20 | HUPERZINE A BOOST YOUR BRAIN PO.WER

are two forms of the molecule—one active and one not. When
scnenli.sts try to copy natural molecules in the laboratory, the
racemic mixture is easiest lo synthesize. Separating the two
molfacules in the racemic mixture is difficult and expensive, SO
the inactive form is usually just left in as parl of the finished
product. Such a product will not be as aclive 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
I?rug Administration (FDA), however, required that the inac-
live form be removed from he product. Dr. Kozikowski ac-
cordingly synthesized an »optically pure” form of HupA—
one that contains only the aclive molecule. This optically pure
forin can be found in tablet forn.

Whenever a therapeulic compound is developed, research-
ers always try lo improve il by adding differem 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 the original, natural parent compound.

Both natural and synthetic HupA were shown lo be more
?olem than physostigmine (a drug used to enhance memory
in patients with Alzheimer’s disease) as inhibitors of acetyl-
cho’li’ueslerase in vitro. Moreover, this inhibitory effect on ace-
tylcholineslerase it vivo was of a longer duration (peak
activity of 20 minutes for physostigmine versus 60 minutes for
the Huperzine A variants). These results indicate a similar bio-

logical mechanism of action between the two, but that syn-

thelic racemic HupA exhibils a weaker biological activity than
the natural product ?

PHARMACOKINETICS OF HUPERZINE A

The process by which a drug or other compound is absorbed,

dislributed,. metabolized and eliminated by the body is called
pharmacokinetics. Understanding the pharmacokinetics of a

:drug,lnmrilional supplement or food in the human body is
very important lo understanding the characteristics of that
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" urine 24 hours after IV administration, while only 2.4 percent
* was recovered from feces.” In a similar study, Tang and:col-
~ leagues® have demonstrated (hat 60 minutesafter1V.injection
© the drug is present in all brain regions bul is particularly con-
~ cenlrated in certain areas such as frontoparietal and. siriata
* regions of the cerebral cortex. It is these cortical areas that are -
low in acetylcholine in the brains of patients with Alzheimer’s:,

Sy

-~

agent as it acts in a biological system. Au ideal therapeuti
agent will be absorbed rapidly distributed widely, produce bi-.
ological or therapeulic efficacy, and be eliminated at a moder-.
ate rate. It will also cause minimal or no toxicity in the body.
The pharmacokinetics of HupA have been investigated in r
dents and human volunteers. In these studies, HopA. was a
sorbed rapidly, distributed widely in the body and eliminated,
at 2 moderale rate. In mice, 15 minules after intravenous (IV)
administration of HupA labeled radioactive for ease of detec-
tion, the HupA concentration was highest in the kidney and
liver, moderale in the spleen, lung and heart, andlowerin:the
brain. In pregnant mice, a small amount of detectable (radioac-
tive) HupA was found in the fetus afler administration. The
majority (73 percent) of the radioactivity was excreted.in the

0 »

disease, so this specifically may indicate a therapeutic advan

tage of HupA use. It was also noted that lower doses of HupA

were needed in rats to produce inhibition of AChE- than: witl
other compounds. If this proves true in humans, it maynot b
necessary to give high doses to produce a therapeutic.effect
The result would be fewer side effects. PR

PRECLINICAL AND CLINICAL smmzéwxm’;uurauﬂﬂf A

Animal Studies

- lies were obséiVed for aity of the dosages.

cyclophosphamide (a known mutagen). The test results indi-
cated no noliceable dilferences belween Huperzine A and a
group of untreated bacteria thal sponlaneously mutate.
Teratological tests that determine the effect of a compound :
on offspring of animals given The substance were done in mice
and rabbits. No external, internal organ or skeflgl_o‘nﬁ—g.fz)afmi-' '

The therapeulic index of HupA was also delermined. This
property is defined as the ratio of dose required to produce a
toxic‘ effect versus the dose needed lo give the desired thera-
peut{c response. The therapeutic index of a drug is also an ap-
proximate slatement about ils refative safety. The larger the
ratio, the greater its relative safety.

Dr. Yan and colleagues™ delermined the comparalive Lhera-

pentic indices of (ive leading acelylcholinesterase inhibitors

mc!udingHuperzine A, Huperzine B (also isolated from Hup-
erzia serratn), 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
lissues. The relative order of magnitude af the therapeulic in-
di-ces (and safely order) of these different 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 ihe 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
used and side effects are thus fewer.
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F Extensive laboratory lesting of HupA has “b‘eeﬁédoi\e._; The .
] Ames mutation tesl (done on bacleria) was conducted using, -

i increased dosages of HugA, When a compound Is toxic iEwill .
{~ cause abnormalities or mulations in bacleria which eitheral- ~
feck the rate.of growt of fie Bacieria or Kill them. Suclia sub-""

stance is termed a “mutagen.” HupA was compared with
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A similar toxicity comparison has also been reported by
Tang® in mice using different cholinesterase inhibitors includ-
ing Huperzine A, tacrine, physostigmine and galanthamine
(table 1). In the table the therapeutic dose is compared with
the LD;,,. The LDs,is the dose at which 50 percent of the experi-
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tors in Mice
ounds TherapeulicDose o LD,,;

o (weykg, oral) (mg/kg, oral
;*( Huperzine A 0.2 ;.- 4.8:

Tacrine . 6.0

Physostigmina ' 0.3

Galanthamine 20

ntg=mi|ligmins

mental animals would die. The products that are the safe
have a therapeulic dose thal is much ‘lower:‘trh_an the LDsﬂ

Table 1. Blological Efticacy and Safely nI;A,cefyh;hnIl_zies}_efasre{:l»ph.ibl-‘“’ o

kg = kilograms ol body welght - iy
LD.=the dose st which 50 parcent of recipienis are dead,‘

HupA is safe because it would take more han 20 liides the - -
therapeutic dose to reach the LDg 2 »This smdﬁgklg\xf_m‘_{ne{d as -
follows. S ' : :

Example: If the ' therapeul
dose was one miligram, ,,
vould \ake 23 milligrams .fo..

reach toxicily. b

E-N

':Qﬂ.—_._—._ - —'—6- = 23
Therapeulic Dose™ 0.2

As an example, for lactine, that number W"-u,‘d{bﬁ:}?f!,‘“‘_Dﬁ‘;?f*’ ,
words, taking just 3 milligrams kinsleadi of ‘one ml‘lh‘gfa"m
would result in the death of 50 percent of the lest pqpulgtxon. :
Huperzine A failed lo cause liver toxicity in El‘&g‘s;ipi rab-i--i«
bits or any other side effects such as nausea, vommnfg,,“gavs‘%:\_og-f v
: inal) ,depression, etc,, which are common following.
,p!wlkf;;p's‘(igmj’ifgm.gmem. These data den}onsua&?'ll.)e r.el-avh'ye*;: :
safety of [HupA as compared lo other cholineslerase inhibitors. %
In most human clinical trials, HupA was used at low tlnerap,eu- e
tic doses and no.adverse side effects have been reported. . -
The effect of Huperzine A was shawn .to_ be more P»()t}(;)’y‘lv!“lf]b o
improving memory jmpairments than with the :}AC‘h’E, ilj!fl]}];bl-
24 | HUPERZINE A: BOOST YOUR BRAIN POWER - o
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tors -E2020 (aricept or donepezil) and tacrine.® The memory
impairments induced by scopolamine, a drug that produces
amnesia similar to that in Alzheimer’s disense, were evaluated
using a maze task. Both working and reference memory were
affected by scolpolamine. Working memory refers lo tasks thal
were [irst learned. Reference memory is the ability to recall a
task learned in the past. For example, if a rat was being tested
for its ability to cun through a maze and find the bait, there
would bea deficit in working memory if the ral went back to
the same maze corridor where the bail had just been found. If
a rat ran first into an unbaited maze, this would be an error
it reference memory. Re-entry into an unbaited maze would
represent a deficil in both types of memory.

In this experimenl, to compare the inhibition of AChE by
HupA with the effects of E2020 and tacrine, the scopolamine
dose (0.2 mg/kg) signiflicantly impaired spatial memory ‘in
rats. Huperzive A (0.1-0.4 mg/kg, orally), 2020 (0.5-1.0 mg/
kg, orally) and tacrine (1.0-2.0 mg/kg, orally) reversed these
scopolamine-induced memory deficits. Huperzine A was
found to be the most selective acetylcholinesterase inhibitor.
Itimproved the working memory delicit and amnesia induced
by scopolamiine significantly better than E2020 or tacrine. The
action of the three AChE inhibitors was also tested in isolated
mouse muscle.” [l is easier to 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
the brain. It was found that HupA was more effective in inhib-
iling AChE than tacrine as shown by a decrease in muscle
movement. Although E2020 (aricept, donepezil) had a
stronger effect on the muscle than HupA, the E2020 was less
seleclive. Such a decrease in specific inhibition of AChE may
result in increased side effects. The researchers in both studics
stated thal the results confirm that HupA is a promising agenl
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-
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; sosligmine. The maze is a valuable apparatus in the study of _

spatial memory. It offers an alternative that ¢ losely resembles
the natural food-seeking behavior of species such as rals. The .
rats were (rained 1o run in a spalial, radial arm maze using.a
procedure to delermine the two memory-functions (wor;ki:n_g;
and reference memory). The rats were trained so that baseline :
etror rates were Jow (they practiced beforehand), which per-.
mitted the deficit in reference memory to be observed. Both.
scopolamine and mecamylamine have been reporled o dis--
rupt both the working and reference memory of rfats.”Jo Low
doses of scopolamine (0.125, 0.15 and 0.2 »mg/,lgg,;_,tnlvrf\p;ex‘jfto;:;;»
neally or into the body cavity, 30 minut’es;ébefore;;3.553,3510;1;)312'“
paired both working and reference memory. in: the radia
maze. In conlrast to scopolamine, mecamylamine(S; 10.and

15 mg/kg) did not cause any deficit in working and reference; -

memory. Huperzine A (0.1,0.2 and 0.3 mg/kg: intraperilqn_:e-.g,
ally, 20 minules before testing) and physostigmine (0.3 mg/..

kg, intraperitoneally, 20 minutes before testing) could.reverse.

scopolamine-induced deficits in the task. Huperzi'ne’ A com-.
plefely veversed the scopolamine—induccdv.deﬂclt .OI maze
performance. The memory improvement achieved wn.h H'up—; ‘
erzine A was comparable to that produced by physostigmine.
Huperzine A exhibited a wide dose range (it worked at many -
different doses) for decreasing the scopolamine-induced -
memory impaitment. Long-lerm lreatment with Huperzine A -

(0.25 mg/kg, orally, once a day) for eight consecutive days

was as polent as immediate high dose treatmenl in reducing
scopolamine-induced amnesia. :

The study further indicated that there was no significant .
tolerance to the memory-improving effect of Huperzine A. This. -

is imporlant because tolerance develops when ;physosl'igﬁ\:ine{f
is used. This finding was consistent with the study conducted: -

by Laganiere and colieagues, who reported Lhat Hupérzive :
A-induced inhibition of acetylcholinesterase activity was as.po-.

tent long-term as it was alter immediate freatment.? These re-

searchers have further demonstrated thal following in vivo .

treatment with Huperzine A there was no d‘e_c:réas}eﬂin tumqyerg
26 | HUPERZINE A: BOOST YOUR BRAIN POWER Y
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of acetylcholine in the brain (it remained available for use).
HupA also maintained long-lasting levels of acetylcholine for

- neurotransmission in the brain. Laganiere and colleagues con-
cluded: that HupA may be more effective and less toxic than
physostigmine. This would be especially true in diseases where
long-term inhibition of AChE is required. This is the case with
Alzheimer's disease.

The effects of Huperzine A were assessed on the perfor-
mance of rats treated with a specific cholinergic neurotoxin,
AF64A2 This neurotoxin was used fo treat rats before the
animals entered the radial maze. AF64A is known to disrupl
the working memory processes by allering cholinergic brain
function, AF64A caused significant impairment in a ral's
abilily. to perform the necessary spatially-oriented tasks
needed to.succeed in the maze. The behavioral impairment
was associated with a significant decrease in the activity of
mechanisms requiring acetylcholine in the hippocampus,
which is a portion of the brain highly invalved in neuro-
transmission animals and humans. Huperzine A signifi-
cantly decreased the AF64A-induced memory deficit and
improved cholinergic function. There were no side effects.

These animal experiments demonstrate that Huperzine A
is a highly promising therapeutic ageut in alleviating neuro-
logical disorders including shorl- and long-term memory
dysfunctions and Alzheimer's demenlia.

Human Studies

Administration of acetylcholinesterase inhibitors is a major phar-

macological approach currently employed in the treatment of

Alzheimer’s disease. This stralegy is used with the purpose of

inhibiling acetylcholine degradation in vizo, and hence alleviat-

ing the cholinergic deficiency, which has been shown to occur in

patients with Alzheimer’s disease. Human studies (clinical) have

been couducted lo examine Ihe effects of HupA.

The pharmacokinetics of Huperzine A tablets were moni-

tored in both human male and female_subjecls aged 27 + 6

years and

L e ey

yﬂ@ﬁﬁé 58 3 £ 7 kg.'"® All volunteers were healthy.

e~ —
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‘and_not pregnantl or menstrualing. The. volunieers. were .

given a tablet containing 0.09 milligrams of HOpA Fwo hoars

it

belore breakfast. Huperzine A;‘lgfg_l_s_j;_ljlfg,[_);lggg, plasma .

,,,,,

of these volunteers were then determined: by sophisticated

[aboratory-techrteques; Tt was found that ACRE was Frihibited ™

—_——

for 288 minates with HEEA‘Sﬂiﬂé’iBi{%}ii&g@gggmn&

utes Jor the AChE inhibilor, physostigmine. These data dem-
onstrate that Huperzine A was released ' and  ‘rapidly

absorbed in vivo, widely distributed in- lhe body'and elimi--

nated al a moderate rale. Based on these findings the -re-:

searchers indicated that il would be best to tak HupA in-
tablet form two lo three limes a day. .-+~ St

A recent clinical study was conducied by Dr. Xu and f‘,"l‘
leagues” at Zhejiang Medical University, Shanghg‘i,;Chl‘n?,g
in patietits with Alzheimer's disease. Using a- mu.lttxcgnger,;n
prospective, double-blind, parallel, placebo-controlled: and f
randomized method, 50 patients were administered Huper--

zine A (200 micrograms in 4 tablets, orally) ‘twice a day, f;ndx,
53 palients were given a placebo (a “sugar pill”) for eight.

weeks. All subjecls were evaluated using the Wech§ler mem-:
ory scale, (he Hasegawa demeuntia scale, the mini-mental

state examinalion scale, the activily of daily living scale and -

the treatment emergency symplom scale; These are the:
"gold standard” measurement lesis for cognitive funclion.

About 58 percent of patients treated with Huperzine A evi-

denced improvements in their memory,fr;ogi\it_iye"léthli‘bg-f
havioral functions. The efficacy of HupA outperformed the

placebo by 36 percent. Improvements noled by Hye patient’s

family members are shown in the fo)lowj{ng ‘tab‘,lev. A sign}yili-,s
caut difference was found belween the two groups:' .~ -
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Tab‘l'e.f' Number of reports of Palient’s Behavior from Family Members.

Observation Placebo HupA

, {53 palianls) {50 patients)
Clear heatled 13 26
Memory lmproving | i6
Language improving 2 8
Unchanged 34 21
Tatal changes 57 1A

No adverse side effecls were observed and the overall effi-
cacy of HupA was higher than the placebo.

These sludies are very significant because they demonstrale

a dramatic improvenent in memory following administra-
tion of Huperzine A to patients with age-associated memory
impairments and disorders. Compared to other cholinester-
ase inhibitors, Huperzine A possesses a clearly superior
safely and efficacy profile. Furthermore, the ‘comparatively
long duralion of action of Huperzine A and minimal side
effecls make it a potentially useful therapeutic agent.

HUPERZINE A AND HEALTH BENEFITS

Neuropsychiatric Illness and Alzheimer's Dementia

The recognition of Alzheimer's disease as the fourth leading

cause of death in the United States in adults (alter heart

disease, cancer and stroke), combined wilk its profound -

morbidity (diseased state), has led o 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, lreatment, nursing
home care and formal or paid care—is estimaled to be more
than $100 billion per year. The federal government covers
$4.4 billion and the states $4.1 billion. Much of the temaining
cosls are borne by patients and their families. A therapy that
could prevenl, or even slow the progression of this disease,
would surely be welcomed by health professionals and
families.

Cholinergic mechanisms play a ajor role in controlling
cerebral blood circulation and cerebral blood flow. These
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Alzheimer's diseass (AD) Js a sfowly worsening brain disease. AD is marked .|

that cannol be reversed. This menlal decline is related to a loss:of narve cells’
and the finks between them, The course of the disease varles from person o |
person, as does Ihe rale ol dectine. On- average,” AD' lasls lrom'4 lo 8 years |
afler diagnosis, however, il can conlinue for up 10:20 years; AD advances: In 7|
stages, from mild forgetfuiness Vo severs dementia; or-menla) decline. Signs:
(or symploms) of AD appear mosl often between the. ages of 60 and 70.:The.
first symptoms Include loss of recent memory, faulty judgment and personalily,
changes. Early in lhe disease, people with AD may lorgel how o do simple’
things like washing their hands. Often, they can no longar lﬁlnk:;clea‘r_lygnrﬂ

people for their care. Pallents often live for years. The disease evgnlually be
comes so debilitaling, however, that patients aro likely fo develop .other dis--
eases. Most commonly, AD patients die from pneumenia.

mechanisms depend on adequate amount of a&etjlcl\b mA'e:.;
Acetylcholine can act to dialate or constricl ‘blood - vessels,

depending upon where in the brain it is released. A defi-
ciency in acetylcholine will prevenl proper regulation -of
blood vessel diameler and result .in impairment of brain
function. The destruclive process accurring in’ the brain:of
an Alzheimer's patient will worsen when aw' adequate blood
supply to the area is not maintained. As the loss of choliner-
gic function progresses, memory becomes increasingly. im-
paired. This impairment resulls in major neuropsychiatric
dysfunction in the elderly. o
The degree and extent of cholinergic deficil i
of senile dementia correlates with the severity
impairmenl: the more pronounced the acetylcholine defi-
ciency, the worse the cognitive function. Since a deficiency
in the cholinergic system is believed lo constitute one. of the
hallmarks of Alzheimer’s dementia, reversible inhibitors of
acelylcholinesterase (the enzyme that breaks down. acelyl-
choline) that make their way into the central nervous system

30 / HUPERZINE A: BOOST YOUR BRAIN POWER .

by changes in behavior and personality and by a decline in thinking abililies {

remember the words for familiar objecls or people's names. Laler on; ‘people’|
wilh AD lpse all reasoning abililies and become complelely dependent- on oier. |

may. serve as palliative agenls in the Ireatment of the
disease.

~ Studies using cholinesterase inhibitors with the goal of
alleviating cholinergic deficiency have shown the most en-
couraging results in Alzheimmer’s dementia to date. Huper-
zine A gained considerable interest because of ils unique
anti-acetylcholinesterase activity and biochemical properties.
As discussed eatlier, its long half-life, unigue blood-brain
barrier penetration, minimal side effects, and high therapeu-
lic indices suggested that Huperzine A may work belier than
existing drugs, including physostigmine and tacrine, for the
treatment ol Alzheimer’s disease.

- There is a considerable pharmacological evidence that the
cenlral (brain) cholinergic function plays an important role
in learning as well as.for the working and reference meniory
functions. Postmortem (autopsy) analysis of the brains of
patients with senile dementia of the Alzheimer type has
identified a decline in central cholinergic activity that corre-
lates with their previous mental lest scores. Interest in the
functions 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.
Huperzine A, considered one of the new generation of ace-
tylcholinesterase inbibitors, has gained considerable notice
because of its unique anti-acetylcholinesterase aclivity as
well as memory-enhancing effects in a broad range of behav-
ioral models. Huperzine A exhibits significant inhibition of
acetylcholinesterase activity in all brain regions lested in-
cluding hippocampus, strialum, hypothalamus and frontal
cortex. Structures in the hippocampus regulate behaviors
such as rage, passivily, learning and molivation. The stria-
tumn is 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 emiotional states has important bearing on several forms
of dementia. In Alzheimer’s, (he amygdala suffers from se-
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wvere neuronal loss; this part of the brain ‘sl\r;in,ks - Thi:
accompanied by marked memory impairment-and: chang
in emotional behaviors, including a loss of spentaneily. The
hypothalamus regulates sleep, food and drink inlake, and.
endocrine (hormonal) functions throughout the body.t Thg
frontal cortex is the area of higher cognitive functions: learn-
ing and memory. ‘ S

Learning Ability, Memory Enhancement and Cognit
Performance LR
In a series of behavioral studies, Huperzine A was found:to
improve cognitive performance in a broad range;of animal
models involving mice, rats and monkeys. with induced -am-
nesia. ™ HupA also markedly improved:the retenlion
learned task when tested 24 hours later in aged mic‘
hancement of learning and memory performance; increased ,_
retention and (aster retrieval processes were observed.. The
loss of cholinergic neurons in the brain ‘has been*?dequ.\—f,i;?"’
strated to be part of the aging process itself. This IOSSJS_;;,C,‘
considered an important element in the. process:of memory. -
loss or memory impairmenl including dementia. Huperzine
A improved cholinergic funciion by inhibiting acetylcholine’:
degradation in the brain. g Cw

In other behavioral experiments, Huperzine A has: bﬁeeng?
shown lo improve mice and rats’ performance _in_rui}mng‘.fzi
through mazes,” and lo protect young and;ag‘ed _,_a:’_y,»lm‘als,.ﬁ_;%f
against sodium nilrite, scopolamine, cycloheximide, carbon .
dioxide-treated and electroconvulsive shock-induced distup- .
tion of a passive avoidance response.™’ 1I;alsp: imfpmvﬁdi‘%;f
accutacy of memory in squirrel ~mo;1keys:3°: Il)_gse;;gslfuc%;gs_é‘
imply that Huperzine A is effective in a-vangty;qf ;"clias,s'u.:al‘
behavioral tests designed to lest an a:ni,ma‘l_ﬁsﬁ:qurnmg;;;qul,‘pj_yé
and memory function. The duralion of j,mvp[oved;»;glfgg_ts‘;\iqné
learning and memory relention processes with oral Hu_l?er‘-fg
zine A were longer than that obtained with physostigmine, -
tacrine and galanthamine, the existing acelylcholinesterase -
inhibitors. o a e
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Huperzine A and Muscle Conltraction

Huperzine A, as discussed earlier, potentiales the skeletal
muscle conlraction and inereased muscle tone in rats.? Clini-
cally, in anather study, Huperzine A was shown lo improve
muscle weakuess significantly as well as memory in patients
with impaired memory.” Because Huperzine A prevents the
seleclive degeneration of acetylcholine-producing neurons in
the brain and enhances the availabilily of acetylcholine in
the brain of patients suffering from neurological disorders

" including Alzheimer's dementia, the connections between

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

More Memory Improvement .
The study conducted in human subjects lo assess improve-
ment in muscle function using Huperzine A, also showed
favorable effects in the treatment of age-related memory im-
pairment.” 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) suffer-
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. Il is only at autopsy that the determination can be
made -with precision. The resulls of this experiment were
very encouraging. Minimal or no side effects were observed.
A more comprehensive sludy was later conducted by
Zhang and colleagues.” The therapeulic effects of Huperzine
A were studied by the random, malched and double-blind
method (a scientifically valid and accepted method) on 56
palients with muiti-infarct dementia (resulting from . re-
peated small strokes). The patienls were age 64 + 7 years;
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there were 52 males, 4 females. Also studied’ were patient
with senile dementia and 104 palients of senile and presenile. -
simple memory disorders (age: 63 & 7; sex: 58 males, 46 -
females). Each group was divided into two smaller.groups—
one given HupA with the other serving:as acontrol. group
The control groups were treated intramuscularly with onl
saline (salt) solulion. The intramuscular dose of Huperzin
A for mulli-infarct dementia was 50 micrograms lwice a da
for four weeks, whereas that for senile and presenile simpl
memory disorders was 30 micrograms, twice a,day. for tw
weeks. HupA is also available and effeclive in oral (table)
form. The Weschler memory scale was used lo.determin
whether there was improvement :of memory funclion i
these patients. Huperzine A treatment .significantly  im
proved the memory of patients in both treatment group.
(those that received the HupA) and did sosignificantly and
with minimal observed side effects. Only a few patients felt
slight dizziness and this did not affect. the. therapeut
effects. D

Alleviation of Symploms Relaled o Glaucoma
Glaucoma s a disease in which there is an increase in p
sure within the eye. If the increase is high enough and pe
sistent enough, there will be damage to the optic nerve and
irreversible blindness can result. AChE inhibilors ‘are used -
to alleviate this condition. Since Huperzine A can inhibit the
transport of choline in the brain, this allows more to be
available for synthesis of acetylcholine, the neurotransmitter
important in maintaining normal eye function. It has been
suggested that HupA may be a better therapeutic drug than
other AChE inhibitors such as physostigmine, neostigmine
or lacrine for the trealment of ‘glaucoma.t -

Improvement of Symploms in Myasthenia Gravis alients
In a clinical trial, Huperzine A has been demonstrated to

significanily improve muscle weakness associated with my-
asthenia gravis.” This is a neuromuscular disease character- .

34 | HUPERZINE A: BOOST YOUR BRAIN POWER
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ized by weakness and marked fatigability of skeletal muscle.
The defect caused by the disease involves nerve transmission
al the neuromuscular junction, the area where nerve meets
muscle. When a nerve “fires” and aclivates a muscle at the
neuromuscular junclion, the muscle should contract or
move. Although patients wilth myasthenia gravis can ini-
flally;move the muscle, repeated activalion causes a dimin-
ished response and muscle movement cannol be mainlained.
.AChE inhibitors, by keeping acetylcholine levels high, can
increase muscle response. The study, conducted by Cheng
anq colleagues was done in 1986. The clinical effects of Hup-
erzihe A were compared with prostigmine, another ACKE
xnl\tbxior. In 128 patients with myasthenia gravis, 99 percent
demonslrated controlied or improved clinical symploms of
the disease. The duration of action of Huperzine A was 7 +
6 hours. Side effects, except nausea, were minimal when
compared with those induced by prostigmine.

Prolection Against Nerve Agents and Pesticide Toxicity

O(ganop}l.ospllales, chemicals used as pesticides and nerve
gases during warlime, are well known o enter the nervous
_system, react with cholineslerase, irreversibly inhibit it, and
induce polential brain injury leading to coma and death,
When AChE is irreversibly inhibited, there is no control over

~ levels of acetylchaline. All the effects of acetylcholine will

be‘come exaggerated and continuous. In the eyes, the pupil
will markedly constrict with pain and spasm of muscles;
effects on the hungs include “lightness” in the chest anci
j/vyheezing due to constriction of bronchial tubes, as well as
!qcreased mucus. In the gastrointestinal tracl, nausea, vom-
iling, cramps, diarshea and extreme salivation are produced.
Death usually occurs by respiratory (lung) failure, often ac-
companied by a heart altack.

The remarkable selectivity for acelylcholinesterase and su-
perior blood-brain bartier penetration ability of Huperzine
A, along with its chemical stabilily and reversibilily, sug-
gests that il should provide a safe and long-lasting prophy-
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~ (ACKE) by soman. As mentioned earlier, continuous-activil

Iactic treatment against nerve agent toxicity.in humar
comparative study against organophosphate  toxicity usin
the nerve agent soman, was conducted in animals who wer
preireated with Huperzine A or physostigmine (which i
currently being used to prevent nerve agent toxicity). Th
study was designed to determine prophylactic (preventalive
efficacy of Huperzine A in mice. Huperzine A dramaticall
prevented irreversible phosphorylalion-of ‘the enzym

of the enzyme results in dangerous and eventually fatal-con
sequences. The effect of HupA againsl soman toxicity lasted:
a long time; this was consislent with the finding, that Hup
levels persist in the brain for a longer period than: physosti
mine. According to the researchers, the dala indicated th
HupA might provide signilicantly jonger ‘therapeutic ‘a
ivity than other AChE inhibitors used to manage diseas
where there is a deficiency in cholinergic neurons.’In-th
in vivo model Huperzine A demonstrated significant;ant
dotal efficacy and much belter protection compared
physostigmine.* ’ S

CONCLUSION

The preceding sections describe how Huperzine A may
serve as a highly promising therapeutic agent. Huperzine |

A has attracled considerable notice because of its unique,’
reversible anti-acetylcholinesterase potency and pharmaco-
kinetic properties. The preliminary evidence indicates its po- -
lential clinical value in the treatment of dementia,
myasthenia gravis and glaucoma. The potentially superior.

inhibition characteristics of Huperzine A, as compared to
other cholinesterase inhibilors, have been attributed to the
very slow rate of dissociation of the acelylcholinesterase-"
Huperzine A complex in solution.® Also, the interaction of -
Huperzine A with acetylcholinesterase appears. reversible
and does not result in any deteclable chemical modification
of the inhibitor. Reversibility is important because the en-
zyme (AChE) will not be turned on permanently (as is th

36 | HUPERZINE A: BOOST YOUR BRAIN POWER - .
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case with 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-lerm inhibition
of acetylcholinesterase activily in the brain (up to 360 min-
utes) and increases acelylcholine levels up to 40 percent at
60 minutes.”

Physostigmine, another AChE inhibitor, produces a rapid
effect (15 minute peak of 55 percent inhibition), but this ef-
fect is over within 120 miuutes. Afler altaining peak plasma
(blood)' concentration in humans at approximately 30-60
minutes, physostigmine is cleared from plasma with a half-—
ife of about thirly minutes.” The anticholinesterase action
of Huperzine A in cholinergic synapses js sltonger-than that -

; of tacrine (als6 Known as letrahydroaminoacridine).? The

terminal half-life of Huperzine A is 4.8 hours. While the
potency of Huperzine A is comparable lo that of physoslig- !
mine and lacrine (a classical acelylcholinesterase inhibilor), /
its duration of action is 10- to 12-fold longer in vivo (up to /
! 8 hours), and the incidence of side effects induced by Huper- /
, zine A js considerably less than that of physosligmine or |
\-M_lacrine. Tacrine has been approved by the FDA for the clini-

cal treatment of palients with Alzheimer's dementia,” but
the therapeutic usefulness of tacrine is limited by ils liver
toxicity. Huperzine A more significantly improved learning
and memory in mice  with higher efficacy than tacrine. In
Phase II clinical trials, Huperzine A improved memory in
Alzheimer's disease patients with minimal side effects.”” The
Phase II clinical study with 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 treatment of memory deficits in patients
with Alzheimer's disease. Huperzine A also has potential
for treating other nervous system-relaled dementias as well
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as uselulness in protection against organophosph
cide or nerve agent loxicity. R B
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Acetylcholine - -

Chemxcal Structures of Huperzine A and Acelylcho]me
=carbon IR

=hydrogen
=nilrogen
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HPLC Techniques for Quantitation of Huperzice A
Qxan o al.® has demonsirated a high petformance liquid

chromatography technique (HPLC) for the quaatitation of

Huperszine A. HPLC is a technique that uses a tube-like col-
umn filled with very ! small bead parlicles to separate- the
cﬁmp(‘;nems of a nqu1u mixture of a SUDSIanCE, 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 Lhe beads and
the type of liquid flowing through the column, individual

components in complex “mixtures can be identified. The
HPLC was equipped with an UV absorbance deteclor and a

Svoherisorb 'C.. (150 mm x5 mm !n 5 11m wmarlicle ciza)

222003 T A8 VAL iAla: C  aFEaAEF A v OpRRAl padulas giltg.

The mobile phase was methanol; waler (45:55, vol/vol) at a
flow rate of 1 ml/min at 30°C column oven. The column

eflfluent was maonitored at 312 nm.
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A NOVEL ACETYLCHOLINESTERASE INHIBITOR -

Xi Can Tang and Zhi Qi Xiong . L
Departent of Pharmacology, Sbanghai Instxtu:e of Matem Medn:a
, Chmese Acadcmy of Scieaces, Shanghai 200031, China

Zhejiang Academy of Medical Scxences, Hahgzhou 310013. {

Ci Lu Zhang

INTRODUCTION

Alzhenmer s disease (AD) is one of the most severe mental health problems
commenly found in the aged population. The dementia disorders will continue
to constitute a major burden upan social and medical care systems due o the
mean age of the population as it continues to rise. Hence, a cure or prevention
for the disease would be most desirable. Current efforts to develop an effective
drug treatment for AD are in large part based upon the consistent finding that
patients with this disease suffer from marked reduction of cholinergic neuronal
function resulting in a deficiency in acetylcholine (ACh) concentration in the
central nervous system (Whitehouse et al., 1982; Davies and Maloney, 1976;
Coyle et al,, 1983), and that these reductions have been associated with changes
in memory (Giacobini, 1991). Of all the attempts at symptomatic therapy for
AD based on the cholinergic bypotheses, studies using cholinasterzse inhibitor
(ChEI) has bean the most encouraging up to now (Pomponi et al., 1990).
~Scveral ChEls such as physostigmine (Phys) (Thal, 1991) and tacripe (THA)
{Summers et al., 1986) have recently been the focus of extemsive clinical
investigation in patients who had AD (Becker and Giacobini, 1988). However,
the liver toxicity with 8 higher dose of THA and short duration of action as well
as a narrow dosing range with Phys were viewed as serious limitations lo (he
development of these¢ compounds as (herapeutics. At present there is no
therapeutic ChEIL that has been shown to be both effective and safe in the
treatment of AD. Thus the search for a potent, long-acting ChEI which exerts
minimal side effects in the clinic for the reatment of AD is still most active.
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! . Huperzine-A (Hup-A) ‘was first isolated from clubmoss Huperzia serrata which

i is known as the Chipese folk medicine Qian Chen Ta (Liu e al., 1986).

1 Huperzine-A, an alkaloid chemically unique from other agents under study for

AD, is 3 reversible and mixed competitive ChEIl, its potency rivals that of Phys, .

galanthamine (Gal) (Wang et al., 1986) and THA (DeSammo et al., 1989). = -~
The durstion of acetylcholipesterasc (AChE) inhibition by a single dose of

Hup-A in rats was over 6 hrs (Tang et al., 1939). Huperzine-A has been fo\.md

to be an effective cogmuon enhaacer in 2 pumber of different animal spesies

(Tang ecal., 1988; Vincent et al 1987). Ptehmmary ch.mcal tnals conducted

¥

in China have mdtcated that mznmuscular injection of Hup-Av;n uced.mgmﬁcant

‘ (Zhang. 1986; Zhang et al., 1991) being devoid of any remarkable side ¢
we report mpmvxng_effecrs on cognition by oral Hup-A in rodents

clear that Hup-A pmduced enhancmg effect on learning lasts for up to
. The longest enhancing effect of Hup-A was also obseryed.in memory .

It is
3 hrs

Fxgure 2 shows :hat the amnesic action of NANOq mdwated by Ihe reduced
step-down latency, was reversed significantly by Hup-A. The improving effect -
of Hup~A on NaNO-induced amnesia was about 3-30 times stronger than those
of Phys and Gal, respecnvely The magnitude of improving effect produced by
oral and intraperitoneal administration were nearly equivalent. Huperzine-A had
a higher efficacy with oral route than that of Phys (Beller et al., 1985). The
result.coincides with previocus data reported by Wang et al. (1988).
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FIGURE 2. Reversal of NaNOj-induced disruption of the retention of a passive
' avoidance task in mice Ureated with Hup-A (X z SEM). The retention test was
performed 24 hr after training. NaNO, (120 mglkg, $.8.) immediately after training,
Hugperzine-A or saline (10 ml/kg) was adminisiered immediately aker NaNG,. Number
of mice in bars, ++p < 001 vs saline.
saline + NaNO,.
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T Swep-down latemcy - < SEMD)

7 96 (hr)

286+31 225 +56
671 + 19.9% 50.8 + 8.5+
290452 375 %77

373 5.3

induced by Scop ® > 0. 05) These results mdu:a ed that Hup-A can
significantly raverse effects, of central cholinergic i impairment of spatial memory
Huperzine-A induced improving effect wis as potent afier chronic, as it was
after acute treatment mdmnng that no tolerance to the dmg occurred.

%E ects in Human and Patients with Dementia___

Phase [ clinical studies of safety, lolerance and pharmacokmeucs of oral Hup-A

have been conducted in 22 young healthy voluntears. No significant side effects

were observed at doses of 0.18-0.54 mg. Plasma levels of Hup-A datermined

y an HPLC method with electrochemical detector indicated that Hup-A is fairly
rapidly absorbed following oral administration, with an average T, of 1.27 br. - -
The terminal half-life is 349 min. Peak plasma levels after oral 0.99 mg dose

! ‘ was 8.1 ng/ml. Huperzine-A has a low plasma clearance of 14.4 L/hr and

. volume of distribution of 104.5 L in volunteers. Compared with THA and Phys

(Hartvig et al., 1991), the terminal half-life of Hup-A was at least 4-17 times

longer.




Mean (ESEM) numbar of exors

50 g "of Hup-A were given ti:d. in thres consecutive.
 abrupt washouts were made berween gext dosage. The trealment responsé was
~evaluated by Buschke Selective Reminding (BSR) task, Comparison of all

“scores from o

~scor Hup-A-and placebo show significant difference (Table ID). It

" can also be seen from Table I that ani inverted U-shaped dose-response curve
in inemory as measured by objective verbal memory tests was abserved.. The
results coincide with animal results (Tang et al., 1986) and oral Phys in buman .
(Beller ex al., 1985). The improving effect of oral Hup-A on memory has about
10 times more poteacy compared with physostigmine. Side effects that were
recorded at doses of 0.2 mg were unremarkable. The most frequently occurring
side effects with Hup-A were related to the cholinergic property of the
compound. Some mild side effects, i.e. dizziness, nausea and sweating occurred
in a few patients at doses over 0.2 mg. During the increase in Hup-A dose up
to 0.4 mg fasciculation was récorded in two of 10 patients. There was no
toxicity on liver and kidney at 0.5 mg dose tested. .

Phase II clinical trials are in progress.
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