
DEPARTMENT OF HEALTH & HUMAN SERVICES
FOOD AND DKL’G ADMINISTRATION

Public Health Service

Date

From

. OCT - I I999 .: ,,..I i .,“ ‘,‘, J I ./” 3 ~ .ii : ,: .i *’
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

Memorandum

New Dietary Ingredients:
Firm:
Date Received by FDA:
90-day Date:

Huperzine A
Solgar Vitamin and Herb
September 30, 1999
December 28, 1999

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-03  16 after December 28,
1999.

kzp-ly-
Robert J. M ore, Ph.D.



DEPARTMENT  OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Washington, DC 20204

OCT - I 1999 .- ,_P. __ . .: -

Ms. Karla LaSasso
International Registration Coordinator
Solgar Vitamin and Herb
500 Willow Tree Road
Leonia, New Jersey 07605

Dear Ms. LaSasso:

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 September 28, 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 September 30, 1999. Your submission will be kept
confidential for 90 days from the date of receipt, and after December 28, 1999, your
submission will be placed on public display at Dockets Management Branch (Docket No.
953-03 16). 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.

Division of Programs and Enforcement Policy
Office of Special Nutritionals
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September 28, 1999

Office of Special Nutritionals (HFS-450)
Center for Food Safety and Applied Nutrition
FOOD AND DRUG ADMINISTRATION
200 C Street, S.W.
Washington, D.C. 20204

RE: Premarket Notification For A New Dietary Ingredient

Dear Sir/Madam:

In compliance with Dietary Supplement Health and Education Act of 1994,
Solgar Vitamin and Herb hereby makes its official Premarket Notification for a
new Dietary Ingredient, Huperzine A. Accordingly, enclosed please find two (2)
copies of this Notification.

Please be advised as follows:
I. The name and address of the manufacturer is:

Solgar Vitamin and Herb
500 Willow Tree Road
Leonia, New Jersey 07605 USA

2. The name of the new Dietary Ingredient is:
Hupenine A

3. A description of the dietary supplement:
Dietary supplement Huperzine A is the alkaloid
compound extracted from the herb Huperzia serrata
present in tablet form.

(a) the level of the new dietary ingredient is:
50 mcg per tablet

(b) the conditions of use suggested on the label are:
Suggested Use: As a dietary supplement
for adults, one (1) to four (4) tablets daily,
preferably at mealtimes, or as directed by
a healthcare provider.
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September 28, 1999
Page Two

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. Additionally,
in support of this Notification, Solgar includes by reference correspondence dated
August 25, 1997 from John P. Troup, Ph.D., Vice President Scientific Affairs of
GENERAL NUTRITION CENTER (GNC) and the supporting documentation
annexed thereto. In addition, reference is made to correspondence from James
Tanner, Ph.D. of the Office of Special Nutritionals responding to said letter.

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.

Very truly yours,
SOLGAR VITAMIN AND HERB

+!iaL~&.~>

Karla LaSasso
International Registration Coordinator

Enclosure

Certified Mail - Return Receipt Requested (PO35906605)
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TOXICITY INFORMATION



-.,-From:  James K. I-rance  IO: L;afl  bXmano

E

WILHE RESOURCES
Phone: (800) 779-5545 15036 U? 106th Street, Lenexa,  KS 66215 FAX: (913) 438-5544

Date: Wednesday, July 29,199s Pages: 1

To: Carl German0
Solgar Vitamin & Herb Co. Inc.
Fax: 201-944-7351

From: Jim France
Wilke Resources, Inc.
Fax: 438-5554

Subject: Huperzine A Toxicity Information

Our Chinese pharmaceutical manufacturer of the natural extract, Hupenine A, has provided us with
the following results of inhouse animal toxicity testing for this product:

Acute tests showed that Hup A will cause ChE inhibition poisoning if it is taken a at
very high dosage by mouse, rat, rabbit and dog. In mice, the LD50 (ig) = 5.2 mg/kg ,

LD50 (iv) 1 = O-63 w/kg, and LD50 tip) = 1. 8 mgkg whije  in rats the LD50 (ig)
=25.9  mg/kg, LD50 (iv) = 2.55 mg/kg, and LD50 (ip) = 5 mg/kg. The toxicity of
HupA, however, is much lower than Physostigmine. In mice via IP testing, the
treatment index (LD50/EDso)  is 23.1 for Hup A , 8.6 for Neostigmine, and 3.8 fop
Physostigmine. In rats via IV testing, the treatment index is 72.9 for HupA, 34.0 for
Neostigmine, and 7.2 for Physostigmine.

In a subacute toxicity test, two dosages were used to treat dogs - 0.3 mg/kg and 0.6
mglkg. After a period of 180 consecutive days of Hup A treatments, no clear side
effects were found in any of the treated animals. The dosage used in this test was 45
times higher than the recommended clinical dosage. Other toxicity tests were aiso
conducted, including mutagenic and teratogenical tests, with no effects found.
Therefore, Huperzine A is a safe and very effective new herbal extract.

While we find the above results to be indicative of Huperzine A’s safety, we are asking the
manufacturer to expand on the statement that “no clear side effects were found.” Specifically, we are
asking how this was determined and what tests if any were done on the liver, kidney, and heart to
support this statement.

It is also important to note that the above refers to the natural herbal extract, (-)Hupenine  A in its
98% plus purity form. Lower percent extracts will potentially contain additional plant chemicals that
may or may not be toxic. In addition, this information does not relate to any synthetically prepared
form of huperzine A which differs dramatically in reduced efficacy compared to the natural extract.

If you have any questions, please don’t hesitate to call Jim France at (800) 779-5545.
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Date: Monday, July 20,1998

To: Carl German0
Solgar  Vitamin & Herb Co. Inc
Phone: 201-944-2311
Fax: 201-944-7351

From: Jim France
WiIke Resources, Inc.
Phone: 913-432L5544
Fax: 438-5554

Pages: 1

Subject: Huperzine-A  (98%)

Wii Resources has developed sourcing for a high purity (98%) Huperxine-A  which  i: soa alkaloid
extracted from herb Hupeti serrata  HuperxheA has demonstrated an excellent potential fbr memory
enhancement  as related to Benign Senescent Amnesia aud, more importautIy, Alzheimer’s Disease.

Akheimer’s  disease is believed to be attributed to aging and, as the population lives longer, it is becoming
a common ailment among the elderly. Ten percent of the US population hetweeu the ages of 80 and 85
reportedly suffer from Alzheimer’s with the percentage  increasing to 25% for those over 85 years of age.
AIzheimer’s  is a’ chronic and progressively degenerative neurological disorder characterized by dementia and
Jehavioral  symptoms that severely reduces the quality  of life of both the victim and the immediate family.

It has been shown that a severe deficiency of choline acetyl transferase  and a decrease in the synthesis of
acetylcholine  represent the most prominent aeurochemical  changes that occur with Akheimer’s. The
concentration ‘of acetylcholine, however, can be increased by inhibiting the reduction of the enzyme
acetylcholinesterase  (AChE), thus relieving certain symptoms such as cognition. A number of such inhibitors
have been developed and two of which, tacriue (Cogues)  nd doneperil  (E2020;  Aricept) are FDA approved
for the symptomatic treatment of mild-to-moderate Akbeimer’s diise in the US.

Research in China has revealed that Huperzine-A is a potent reversible inhibitor  of AChE. Further
studies at Weizmann Institute of Sciences in Rehovat;  Israel and Gerogetown University in Wa&iugton
suggest that Huperxiue-A is even more potent that either tacrine or donepexil.  As reported in the Journal of
the American Medical Association on March 12, 1997, Hupexzine-A  appears to be more selective and
possibly less  toxic that either of the FDA approved drugs. Compared to tacrine and donepezil, Hupenioe-A
has a longer half-life aud the AChE-HupA  complex has a slower rate of dissociation, which may make it a
more efIective  therapeutic agent.

Reports from China, where an estimated lOO,OOO people have been treated with HuperxincA,  further
support the contention that the extract has low toxicity. In fact, since the herb is a traditional Chinese
medication and used for generations, it may be reasonably believed to be safe without excessive application
and marketed as a dietary supplement under DSHEA.

Huperzinc-A is available via Wilke Resources from the original Chinese pharmaceutical manufacturer in
powder form with a minimum purity of 98Oh. The literature reports that the effective daily dosage for the
98% pure product to be in the 100 to 200 microgram range. Based on a delivered selliig  price of US%750.00
per gram, the ingredient cost for a single individual’s one month’s supply wouId  range from S2.25 to S&SO.
This could easily translate into a retail price of St5 to S3O for one month’s supply. The current prescription
pricing for one month’s supply of donepezil  and tacrine is around $100 and S117-S234  respectively.

Huperzine-A (98Oh)  is priced as foUows:  (1) l-9 grams - S75O/gram;  (2) 10 to 99 grams = 37OO/gram;
and 1OO grams or more = S65O/gram  (priciug includes air freight; all applicable duties aud taxes are the
responsibility of the buyer). Payment must be ma& in advance of shipment with the understanding that the
customer can  return a given order within 10 days of receipt for a full refund. AlI shipments are by air aud
are fully insured. Additional information is being sent via FEDEX. If you have any questions, please call Jim
France at (800)  779-5545  for more informatiou.
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Efficacy of tablet huperzine-A on memory, cognition, and behavior  in
Alzheimer’s  disease

XU Si-Sun, G.40 Zhi-Xu’ , WENG Zheng’, DU Zun-Ming’,  XU Wei-An’,  YANG Jian-Shen’  ,
ZHANG Ming-Lian6, TONG Zhen-Hua, FANG Yong-Sheng’  , CHAI Xin-Sheng’,  LI Shu-Lan’
(Zhejiang  Super-k&n  and Detec t ion  Sta t ion  of Drug Abuse ,  Zhej iang Medical  L’niversity  ,

Hangzhou  310009; ‘Shanghai  Menta l  Heal th  Center ,  Shanghai  200030;  ‘Shandong  Menta l

Health Center, Ji-nun  250014 ; ‘Hangzhou Centra l  Hospi ta l  of Rai lway ,  Harlgzhou  310009;

‘Shanghai 3rd Mental Hospital,  Shanghai 201905; ‘Suzhou  Puji Hosp i ta l ,  Suzhou 215008;

6Suzhou  Guangji Hospital,  SuzRou  215008, China >

AIM: To evaluate the efficacy and safety of
tablet huperzine-A (Hup > in patients with

Alzheimer’s disease. METHODS: Using mul-

ticenter,  prospective, double-blind, parallel,

placebo controlled and randomized method, 50

patients were administrated orally 0. 2 mg (4

tablets) Hup and !$3 patients were given po 4

tablets of placebo bid for 8 wk. All patients

were evaluated with Wechsler memory scale,

Hasegawa dementia scale, mini-mental state

examination scale, activity of daily living

scale, treatment emergency symptom scale,

and  measured  wi th  BP,  HR, ECG,  EEG,

ALT, AKP, BUN, Cr. Hb, WBC, and urine

routine. RESULTS: About 58 % (29/50)  of

patients treated with Hup showed improve-

ments in their memory (P<O. 01) , cognitive

(P < 0.01) , and behavioral (P < 0.01 func-

iions. The efficacy of Hup was better than

p lacebo  (36 %, 19/53) (P<O. 05).  N O  s e -

vere side effect was found. CONCLUSION :

Hup is a promising drug for symptomatic

treatment of Alzheimer’s disease.

KEY WORDS huperzine-A ; cholinesterase

inhibitors ; Alzheimer%qdisease  ; multicenter

studies ; double-blind method ;  :andomized

controlled trials ; Wechsler scales ; memory;

cognition disorders ; activity of daily living

Received 1994-12-26 Accepted 1995-06-23

The loss of cholinergic neurons of the
brain observed in Alzheimer’s disease is con-

sidered an important pathogenetic element of
dementia(“. These finding provoked a series
of pharmaceutical studies to look for a drug

which might supplement the cholinergic func-
t ion  for  i t s  symptomat ic  t rea tment .  Hu-

perzine-A (Hup) , a new Lycopodium alkaloid

(Fig 1) first isolated from Chinese herb Hu-

perzia  smuta (Thunb)  Trev by Chinese”‘, is

a  po ten t , centrally active, and reversible

cholinesterase inhibitor (ChEI)“’  with better
therapeutic index than those of physostigmine

and THAcS’. It was reported to ameliorate

learning and memory retention in rodents and
improve memory in agedc6*“.

T h e  preseni s t u d y  w a s  t o  c o n f i r m  t h e
clinical efficacy and safety of Hup in treatment

of Alzheimer’s disease.

Fig 1. Molecular representation of Huperziae-A.

M A T E R I A L S  A N D  M E T H O D S

Patients P a t i e n t s  (n=303) who  me t  AD c r i t e r i a
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of DSM-IIIRC”  were selected for this study. Their en-

.,/ trance criteria were age over 50 a; memory quotient

(MQ)  < 90; Hasegawa dementia scale (HDS)  < 15

(illiteracy), < 20 (primary), < 24 (middle > ; mini-

mental state examination scale (MMS>  score 13-23;

activity of daily living scale (ADL)  > 16; Hachinski

ischemic scale (HIS 1 score < 4.. Depression, severe

physical or psychotic disorders, and non-AD dementia
t
“were ruled out.3 Their procurators agr&d  with the

t
: 4.q

patients to participate in this study.

kb
:;’ Methods Patients weie abstained from any CNS

‘.,lstimulants, steroids, and nootropics for 1 wk. They

were randomly divided into 2 groups given 4 tablets

(0.2 mg of Hup or 70 mg of placebo) orally twice a

day for 8 wk. The tablets, same in shape, color,

weight, taste and the packaging, were provided by

Hong-Qi pharmaceutical Factory of Shanghai Medical

University. The clinicians and the patients were

double-blind.

- Assessment BP and HR were measured weekly..

ECG and TESS were repeated half a month. ALT,  _ elementary
illiteracyAKP, BUN, Cr , Hb,  WBC , and urin; &u&e  were

repeated monthly. EEG,  WMS, HDS MMS and

ADL were repeated at the’.end  of trial.

.: Data analysis The statistical analysis of the re-

sults’were  .+rformed  by POMS software. Pair t test

was used for MQ, MMS, HDS,  and ADL before and

after trial. We &alysed 4 additional items’ ( ‘clear

headed’ , -7‘memory improving’ , ‘language improving
yd ‘unchanged’ ) with X2 method.

Duration of trial From 1993-09-01 to.1994-04-

30

’ Marriage:
single, divorced
unmarried
m&ied

Course : (year>
<2

2-
4 -
6 -

38

RESULTS
. _-

.fhe blind was declassified dn 1994-05-06

in Shanghai: 50 patients were in H,up group

Severity:
mild
m o d e r a t e
severe

MQ baseline
MMS baseline
HDS baseline
ADL baseline
T E S S  b a s e l i n e

..+ .:

Identified cerebral
atrophy by CT 0; M

. .
:. : :

: .

I Sinica +‘a$$xefa 1995 Sepi  16 (5) +$++
. .._,-- I . ..= _

e. -. ;.-ra;
Tab 1. Background data between the 2 groups of:

All data showed no statistical significance he&
Hup and Pla group.

_.e :*.~~:~
Yi& . ..^

Pla
(n=53)

Hup .-::
h=50) ;,:

.ir

S e x :  $
T

Age :
rage

Occupation:
worker
peasant
administrator
technician
home-maker

Culture :
college
senior high
junior high

nG- 53 patients were in placebo group. The
I retreatment da ta  be tween  the  2  g roups

-. showed no significant difference (Tab 1).

ir -ype intraclass correlation (ICC)  ‘ICC on
i ,.. . . MMS,’  I-IDS, and ADL from 4 districts (Zhe-

i ; 7 and Sh&idong  , .Suzh&‘j

87, and 0 .  i6; &pectively-.(F>  ‘-

1;:1. 0.051: .
j -y. .Y qsychologifal  assessment There were

. . . ,.; .-.. . .
‘. 3.:. . . ”

$:: ” j .- 1 -1.,,., 1.___I -. ..,/

5 6 .-;i.-

- 27
23 17 :::

.

[R. ._ i- -_. .- ,. :.,

‘. _, -L ,.- .q

significant differences on MMS, ‘HDS, and 1: ]

ADL between ‘before’ and ‘after(,  the 8iwk ‘.:(./
\

‘.
:
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[HUP treatment (P < 0. 011, but not in, the

t placebo group except the MQ score (P <

i 0. 01) ; resulting in a significant difference on

; MQ,  MMS, a nd HDS between 2 groups (P<

i. 0.01) (Tab 2). Rank sum test of WMS and

i MMS  between 2 groups showed a significant

1 improvement in ‘number of recitation’ item of

: WMS and ‘time orientation’ item of MMS.

Tab 2. comparison of MQ, MMS,  HDS and ADL
between 2 groups of AD.
‘P>O. 05, ‘P<O.  OS, ‘P<O. 01 YS before treatment;
‘P>O. OS, ‘P<O.  05. ‘P<O. 01 YS placebo.

Pla (n=53) Hup (n=Sd)

MQ baseline 48ztZi
*I 1. I

.- 56d121
8-wk trial 524~26  -+?%.:,j4+26’

f (paired-1 2. 69 5. 15’

-Y%blS b a s e l i n e  ‘s
i .,

14&S -.. 16f5d
X-wk  trial 15f6 -f’.-’ ,19+_6’

<ired)/ 0.76' i_ 5.62

HDS baseline 16f5 ---.’ 16+6d
8-wk trial 15f7-i';:'?~?:-  2Of6'

t (paired) 0.30' 7.04'

31fg.L :-. 33f10d
8-wk trial ’ 31.g*0.7...'1.-::...2g+gd

i. 64' 4.51'

Subject ive  evaluat ion According to the

reports of patients’ intimate relatives, the 3

positive results ( ‘clear headed’ , ‘memory im-

proving’ , and ‘language improving’ ) of Hup

group were increased, whereas the negative

result ( complaint of ‘unchanged’ > of the

placebo group was increased. A significant

difference was found between two groups

(P<O.  01) (Tab 31.

Tab 3. Complaints of the patient’s legal representa-
tives between 2 groups of AD. ‘P--CO. 01.

Complain Pla
h=53)

HUP
(n=SO)

Clear
headed 13 (Ii. 37)  26 (21.63)

Memory
improving 8 (10.69) 16 (13.31)

Language
improving 2 (4.45) 8 (5.55) 12.29'

Unchanged 34 (24.49) 21 (30.51)

Total 57

Neither the TESS score nor the laborato-

ry changes showed any significant difference

between 2 groups with paired or group t test

(Tab 4,5).

Tab 4: Comparison of all measured data between 2 groups of AD. 'P>O.Oj.

Pla (n=53)  - Hup (n=50)
Item

baseline B-week trial baseline B-week trial
.

BP/kPa
systolic 17.4f2.  1 17.5f2.4' 17.6f2.9 17.1zt2.5'

diastolic 11.0*1.1 11.0*1.2 11. Oizl. 6 10.9+I1.3’

HR /min 74*9 74ct8 72*9 47f9

Hb/g L-’ 128*18 129f 15 128zt  18 129f13’

WBC/l  X 10’ L-’ 6. l&l. 2 6.111.4' 6.Oztl. 4 6.2fl.5'

BUN/mmoI  L-’ 5. l&O.  8 5.1jzO.9' 5.1*1.0 5.lfl.l'

Cr/pmoI  L-’ 103fZl 1oztz1* 94f19 94f19’

-AKP/U L-’ 19.6f2.8 20f3 L 19f4 19*4’

ALT/U  L-’ 29f6 28f6 29*7 29f6

,



Tab 5. Comparison of cholinergic side effects

between 2 groups of AD. 'P>O. 05.

Cholinergic
side effects Pla (n=53) Hup (n=S0)

thorscg~rO’.

value exceeded the upper limit of normal or re-
‘nal toxicity .in both groups, only a slight in-

Exciting
Hyperactivity
Nasal obstruction
Nausea or vomiting
Diarrhea
Insomnia
Anorexia
Ditiness

3 (5.7 %I 3 (6 %I.
3 (5.7 %) 5 (10 %Y
4 (7.5 %I 4 (8 %I’
1 (1.9 %> 4 (8 %I’
2 (3.8 %I 5 (10 %I.
4 (7.5 %I 5 (10 %>’
3 (5.7 %I 5 (10 %>’
6 (11.3 %) 4 (8 X)’

DISCUSSION

In order to avoid many interfering factors

of treatment study in dementia”’ , sueh as in-

fluences of intercurrent disease, age-related

changes in pharmacokinetics , poor compliance

with drug regimes, cognitive impairment, and

loss of insight etc, we designed this strict

study, in addition, there was a high ICC in

evaluators , and comparable background data

between 2 groups , we -considered that the re-

sults of this study are reliable.

The results of this study exhibited that-

about 58 % (29/50)  of patients treated with

I&p showed clinical improvements in their

memory (P<O. 011, cognitive (P<O.  01) and

behavioral (P<O.  01) functions. The efficacy

of Hup was better than placebo (36 %, 19/

53) (P<O. 05). According to the MMS eval-

uation, an average improvement-of 2. 98 points

was noted for patients treated with Hup,  and

with 54 % of these patients improving by 3.0

points or more. But the placebo group in-

‘creased. an average of 0.43 points, only with

30.2 % of them improving by 3.0 points or

m o r e  (P<O.OS).

As to the findings of significant improve-

ment in ‘number of recitation’ item of WMS

and ‘time orientation’ item of MMS, it was

s i m i l a r i t y  t o  t h e  d i s c o v e r y  o f  s o m e  au-

crease in some mild peripheral cholinergic side ;

effects such as nausea or vomiting and diarrhea:2

were occurred in Hup group. But there was-.
no statistical significance in comparison with t

placebo group. This clinical finding is sirnil&:

to the results of several experimental stud-i:

iesc4*6~‘*1’~1”,  ie Hup produced less peripheral:

side effects at optimal  doses, it indicates that:-?
Hup is a safe drug and suitable for treating pa2

tients with Alzheimer’s disease.
i 2-2

.ii :$
B o t h  H u p  a n d  t e t r a h y d  oaminoacrinej

(THA, tacrinejapproved  by FDA in 1993 .he:i

long to cholinergic agents, but the latter has a!
potential liver toxicityo3*“‘,  and only a mean:

improvement  o f  2 .0  po in t s  on  MMS over  3.67

wk was noted for patients receiving THA i6ul

m g  d-’, with 43 % of these patients impror%
- . ..$

ing by 3.0 points or more”“, therefor  THA IS-...+
not an ideal drug in the treatment of patients-:.:
with Alzheimer’s disease. Whereas , accord- . .

ing to the results of present study, both the”,‘q

efficacy and the safety of Hup are significantly~ :

better than THA,.  we consider that Hup is a .:3
promising candidate drug for ‘symptomatic.z:Z

treatment in patients with Alzeimer’s disease. ..i

Although the results of this study are en- ..;

couraging , there is no extensive, long-term:.3

and high-dose observation, especially there is 1;

no direct clinical comparison with THA. At 4

the same time, we think the present study is .c+

not sufficient, so we hope that further studies

will be undertaken to develop methods for

identifying the efficacy and safety of Hup. .z-:;r‘
“2
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JPERZINE A

9R. 1 If}-5Amino-  1 l-ethylrdene-5,6,9,  lo-tetra-
vdro-7-methyl-5,9-methanocyclooctenoibloy-
din-2(1 W-one
= 122-853
dinesrerase  inhibitor
3f Myasthenia Gravis
rnltion Acrivaror

CHCH3

‘i,,N,O : Mol wt: 242.33
74.35%; H 7.49%; N 11.56%; 0 6.60%

lation
luperzrne  A is a new licopodium alkaloid isolated
m the Chinese folk medrcine  Huperzia serrate
iumb!  Trev.  The powdered herb is extracted with
O/G ethanol. The phenolic alkalords  are separated
treatment with dilute sodium hydroxide. The mix-
e is taken up on a basic silica gel column, and
:luted with chloroform-methanoi. Huperzine A is
stallized from acetone after evaporatron of the
iron solution (2).

scription
<lightly  y e l l o w  c r y s t a l s ,  mp. 229-30”;
F45  = - f 50.4’ IC = 0 498 MeOH).  UV absorp-

-, %?..a> = 231 (log  c 4.01i. 313 flog c 3.893. IR PZ
;- 3l80, 165C.  1 6 1 5 ,  1 5 5 0  iii.

armacological  Actions
-he antrcholrnesterase  acrlvi?)  of huperzzlne  A. was
idled lr vjrrc  (3, Ral erytnrocyte membrane and
Jdate nuclei oi prgs were used as sources of
?ylchollnesterase,  ant ra: serum was chosen as
JXE of butyrocnoiinesterase. The pi, of huper-
EA ards erythrocyte  membrane and caudate
clel \.A 7.2 and 7.9, respectively. The Inhibiting
ect was about 3 times as potent as that of
ysostrgmine. Huperzine A was less potent than
ysostigmine towards rat serum. The alkaloid thus
longs to the class of mixed and reversible

531

cholrnesterase inhibitors.
Rats were placed on an electrified grid in a Y-maze

and learned to run Into the light arm (safe area). The
cnterion of learning or retrieval was met after they
had chosen the light arm 10 trials in succession.
Huperzine A 100 and 167 cglkg i.p.  administered
20 min before training caused a significant decrease
in the number of trials to criterion. Facilitation of
retrieval was also dose-dependent at doses of
36-167 pg/kg i.p. Scopolamine 0.2 mglkg s.c.,
atropine 5 mglkg S.C.  or hemicholinium 20 #g/l0
pl i.c.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-l 80 pg/kg i.p.
improved the learning 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
central cholinergic 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 daily. Clinical manifestations were controlled
or improved. Huperzine A showed a duration of ac-
tion of 7 * 6 h, whilst that of prostigmine was 4 l 5
h 15).

The therapeutic effects of huperzine A and
hydergine were studied by a double-blind method
in 100 aged patients with memory impairment.
Memory was improved l-4 h after injection of
huperzrne  A, and the effect was sustained for about
8 h. The therapeutic value of huperzine A 30 pg was
superior to that of hydergine 600 ag (61.

Except nausea, the srde-effects  of huperzrne  A.
such as fasciculatron,  dizziness, sweating, blurred
visron,  etc., were less and milder than those of pro-
stigmine 151.

Manufecturer
Shanghai Inst. Materia Medrca IChrnai.
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LORATADINE
Prop INN: USAN

Loratadino SPI
1 1 -IN-(Ethoxycarbonyl)-4-pipendylidenej-8-chloro-

6.1 1 -dihydro-5ti-oenzo[5,6lcyclohepta[ 1.2.bi
p y r i d i n e

4-,8Chloro-5.6dihydm  1 1 H-benzoi5.6jcvclcnecta
i 1 2-b]pynoin-  1 i -yliUene!-  1 -prpendinecarboxylic
acrd ethyl  ester

Sch-2985 1
ICAS-79794-75-51
EN = 90-791
Anrihtsramrne

Introduction
Antihistamines became widely used in the mid to

late 1940’s. They qurckly became established in the
treatment of various allergic discrders.  particutarfv
rhinitis, confunctivrtis  and urtrcaria.  The problem of
sedatron  limited the use of classical antihIstamines
and the search for H,-antagonlsts  ‘WIthout  sedatrve
potentral  has 3een a goal wrthrn rhe ?harmaceut;caI
Industry Several non-sedating H,-antlhrstam~ne~
have been recently nrroduced  :n rhe c!imc. others
are cinder nvestrgation  and others are confrnuous.
my emergrng  from Patent iiterature  !Tabre  !I. Secentfv,
conversron  of the basic tertiary amino functton of
the potent antlhistamlne  azatadine I@rrmhea)  if]
to a neutral carbamate function led to the prepara-
tron of compounds tinrch  retained signrficant an-
trhrstamine  activity, with little or no CNS effects.
The most potent antihistamine. Sch-29851
(loratadine), in this series was selected for further
evaluation in view of its lack of CNS side-effects :4;.

C22H,,CIN20,  , Mol wt: 382.89
C  6 9 . 0 1 % ;  H  6 . 0 5 % ;  C l  9 . 2 6 % ;  N  7 . 3 2 % ;

0  8 . 3 5 % (I)

Synthesis
Thus compound can be obtained by two different

ways !Scheme II:
1) 8y carboxylation of 8-chloro-6,1  1 -dihydro-1  l-

(4-pipendylidene)-5H-benzo/5,6jcyclohepta[l,2-
blpyridine (I) with ethyl chloroformate (II) in reflux-
ing benzene (1, 2).

2) By reaction of 8chloro-6,1  1 dihydro-SH-benzo
[5,6icycloheptail,2-blpyndin-1  1 -one (III) with the
Grignard reagent (IV) to give the tertiary carbinol WI,
whrch IS dehydrated with 85% H,SO,  affording 8-
chloroazatadine WI) (3). Finally compound WI) is
treated wrth ethyl chloroformate (Ii) In toluene (4).

Description
Crystals, m.p. 128-30’.

j-TG7l

Pharmacological 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  sedat ion, including histamine
HI-receptors,  cY,-adrenoceptors  and acetylcholine
receptors (5). In a recent study displacement of PHI-
mepyramine binding was studied in membranes
from guinea-pig lung vs. cerebral cortex as a
measure of affinity for peripheral vs. CNS histamine
receptors. Loratadine was selective for lung vs. cor-
tex, whi le  other  ant ih istamines,  including
terfenadine, astemizole, mequitazine and chlor-
phenrramine, were not selective. From these results
it was concluded that the lack of significant sedative
effects shown by loratadine was due to its poor



HUPERZINE  A - AN INTERESTING ANTICHOLINESTERASE  COMPOUND
Y FROV THE CHINESE  HERIBAL  MEDXCINIE

Purkynt Military Medical Academy, Hradec Eralove; (Head: dot. MUDr.  S. Byma.  CSc.)

Srrnrrror):  Huperzine A. alkaloid from the Chinese herbal medicine Qian Ceng Ta, which is prepared from the moss
Huperzia  serraln.  has been used in China for centuries to treat fever and inflammation. Huperzine 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
neurodcgcnerative disorder. Hupcrzinc A appears to have additional pharmacological properties that make it an attracti-
ve candidate therapy for clinical trials.

&’ MN&: Hlrprnine  A; Alkaloid;  Inhtbtror of Acerylchoilneste~e;  A/zhe/m&  &ease; %armenr

Introduction Biochemistry

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
HIlperzia  serrata.  has been used in China for centuries to
treat fever and inflammation.

Chemistry

Huperzine A is an unsaturated scsquiterpenic com-
pound with pyridone moiety .and primary amino group
(Fig. I) C,,H,,N,O. MW - 242.32. Chemically *ino-
13-ethylidcne-lI-methyl~zatricyclo~7.3.1.0(3.8)]t~dec  a-
3(8).6.1  I-t&r-S-one. Compound is optically active and in
the moss is present only its (-)cnantiomer.  The pyridone
ring is planar and the stereochemistry of the C( 11 )-C( 12)
double bond is E. It is white solid soluble in aqueous acids
and CHCI, (3).

Fig. 1: Chemical structure of hupcrzine A

Huperzine A is a potent reversible inhibitor of choline-
sterases. i.e. acetylcholincsterase (AChE) and butyrylcholi-
nestcrse (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 nM) compared to mammalian BuCh&uperzint
A (2@40 PM) ( I ). This indioates that the thermodynamic
stability of huperzine-cholinesterase  complex may depend
on the number and type of aromatic amino acid residues in
the catalytic pocket region of the enzyme molecule. 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-fold less po
tently with a Ki value of 300 nM. 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
surprlringly few strong direct interactions with protein nsi-
dues to explain its high affinity. An analysis of the affiniti-
es of structural analogues of huperzine A. correlated with
their interactions with tho protein, shows the importann of
individual hydrophobic interactions between huperrine
A and aromatic residues in the active-site gorge of AChE
( 12,  13). Based on docking studies and the pharmacologi-
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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. IO).

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 me/kg. i.p.) the activity of
AChE was significantly decreased by I5 - 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
elevation 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 range 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

Huperzine A at concentrations I to 100 pM dots not
significantly alter the electrically evoked release of 3H-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 )H-ni-
cotine than for “H-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 I2 hr (15).

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 dontpezil (Z).Tht results with na-
tural (-)-huptrzine A and synthetic (+/-)-huperzint 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
produced, already 30 set after i.v. administration, an alert
EEG pattern, which showed decreases of lower frequency
components and the total EEG power in cortical area,
and the dominant frequency transferred from delta
rhythm to theta rhythm in hippocampus and the same ef-
fects were obsereved with physostigmine in the dose of 0.1
mg/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/kg i.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 cultures from the
hippocampus and cerebellum of rat embryos, have been
shown that huperzine A decreases neuronal cell death cau-
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 nerve 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,, ka = 12.6 min, To,s  ke = 288.5 min.
T = 79.6 min. C,,, = 8.4 pg/litre,  AUC = 4.1 mgllit-
reT%r. From this result is clear that huptrzint  A is absor-
bed rapidly, distributed widely in the body, and eliminated
at a moderate rate ( I1 ).
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Medical use

Huperzine A has similar action to the drugs currently
approved to treat Alzheimer’s disease - 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 pea
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 neuronal 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.
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QIAN Bo-Chu,  WANG Ming, ZHOU Zhi-Fang, CHEN Kai, ZHOU Rong-Rong, CHEN Guo-
Shen (Department of Pharmacology 9 Institute of Materia Medica, Zhejiang Academy of Medical

S c i e n c e s ,  kangzhou  3 1 0 0 1 3 ,  C h i n a )

AIM: To study pharmacokinetics of tablet hu-

perzine A (Hup-A) in Chinese volunteers to

he lp  es tab l i sh ing  i t s  d rug 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)

a t  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+. =  1 2 . 6  min, TL,  =  2 8 8 .  52 *

m i n ,  T, = 79.“6 min ,  C,., =  8 .  4  pg L-‘.

” ‘c. i&UC  =  4.1 m g  L-’ m i n ..-.kr _ .-, CONCLUSION:
‘-I : .

thenia gravis”’ and memory in patients with -#

impaired memory or Alzheimer’s  diseasec6.‘.
i

The plasma level of Hup-A following iv or ig

C3~]~up-~  13.  9 MBq kg-l in rats declined in
t

/

two phases, the distribution phase and the If

elimination phase,-with half-lives of 6. 6, 149
.y

min (iv) and 10, 203 min (ig) respectivelyc7’. ;

This paper was to study the pharmacokinetics F2

of Hup-A in healthy volunteers to help esta b- t

lishing its drug administration schedule in ,

clinic.

b f.~; &up-A was  absorbed  rap id ly ,  d i s t r ibu ted
+ 13. ;. ‘t.
w$, ;;; widely  in the body, and eliminated at a moder-

I “ate rate.
.,:
4_, * .-;* :
I..- KEY WORDS huperzine A; cholinesterase
i.-2.;
;. .A, inhibitors ; high pressure liquid chromatogra-
w-’  . .phy; pharmacokinetics ; phase I clinical arials

1

M A T E R I A L S  A N D  M E T H O D S
j

0;

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

Institute of Materia Medica, Zhejiang Academy of i
Medical Sciences. The purity of Hup-A was 99.5 %. i1.

Each tablet contains Hup-A 0. 09 mg. (Ik m i n o r  4
Hup-A as internal standard was synthesized and pre- g
sented kindly by Dr  HE Xu-Chang , Shanghai Institute j
of Materia Medica, Chinese Academy of Sciences, and ’
3 mg L-’ was used for experiment.

Huperzine A (Hup-A) , a new alkaloid

first isolated from Chinese herb Huperzia  ser-

ra ta  (Thunb)  Trevc” , exhibited a selective in-

hibition on acetylcholinesterase ( AChE jr?‘.

It potentiated the skeletal muscle contraction

and increased muscle tonesc3’, and enhanced

rodent learning and memory”‘. Clinically,

Hup-A improved muscle weakness. of myas-

’ Project supported in part by the Science Foundation of
Zhejiang Health Bureau, * 9204E.
Received 1994-09-05 Accepted 1995-06-01

Subjects Six Chinese volunteers (M 3, F 3 1~ j
aged 27 & 6 a and weighing 58f 7 kg were all healthy 9 !
not in pregnant or menstruation. Each volunteer was 3

told about the aim and process of the study. Agree-

ments were obtained from them before study. iEach t

subject was given a single oral dose of 0. 99 mg Hup-A :
tablet at 8 am after an overnight fasting.

was served at 10 am.

B r e a k f a s t  i

Blood (5 mL)  was collected i

from an indwelling catheter in antecubital vein before

andat0.25,0.5,0.75,1.0,1.25,1.5,2,4~6,8~  ’

and 10 h after po. Plasma (2 mL> was taken for I
HPLC. Pharmacokinetic parameters were ‘obtained by

first calculating the parameters from each person and
then taking average of the 6 parameters, using a 3PS7
program provided by Chinese Mathematic-Pharmaco-

logical Society on the computer.

BIBLID: ISSN 0253-9756 Acta Pharmacologica Sinica f g ic, tp Q% 1995 Sepi 16-i-5):  396-398

Pharmacokinetics of tablet huperzine A in six volunteers1



Guo-

?dical

with
sec6’.

r ig

Led in

1 t h e

? 149
I71lY -

tetics

stab-

le in

-

ndarb
)y the
ny of

5 %.
Dinor

I pre-

titute

, and

* 3),

Ithy,
7 was

gree-

Each

UP-.4

kfast

ected

efore

5. 8.

Ifor ’

:d by :I,

a n d I

3Pa7

taco

0

-. .:lipIF;-.: BIBLID: ISSN 0253-9756 Acta Pharmacologica Sinica + El firtr# 1995 Sep; 16 (5) - 397 ’
G5

HPLC Shimadzu LC-GA liquid chromatography

was connected to SPD-GA uv spectrophotometric de-

tector (Shimadzu) and Rheodyn 7125 sampler, record-
ed on C-R3A integrator (Shimadzu 1. The column

was a Spherisorb Cl8 (150 mmX  5 mm inner diame-

ter; 5 pm particle size ). The mobile phase was

methanol: water (45:55,  vol/vol), 1. 0 mL min-’ at
90 C column oven. The column effluent was moni-

tored at 313 nm.
Plasma sample Add ( zb )-dinor Hup-A 100 PL

to plasma 2 mL, add Na2C0,-NaHCO,  buffer 1 mL

(using NaOH 1 mol L-’ to adjust pH to 11. 9). Then

add chloroform 7.5 mL, shake 2 min, and centrifuge

at 1OOOXg  for 10 min. The organic phase was blown

:o dryness by N: at 40 *C. Dissolve the residue with

HPLC mobile phase 50 pL, and 20 pL was applied to

HPLC. Hup-A peak and ( III )-dinor Hup-A peak

were separated clearly. The retention times (Rt) of

(i )-dinor Hup-A and Hup-A were 3.5 and 8.3 min.

respectively (Fig 1).

I

2

:;

Fig 1. Chromatogram of. blank plasma spiked with
internal standard (perk 1, retention time 3. 5 min )
and Hup-A (peak 2, retention time 8.3 min).

Standard curve To the plasma containing (zt)-

dinor Hup-A add Hup-A 2.20, 4.43, 7.08, 8.85, and
17.70 !J’B  L-’ , according to the ratio of Hup-A peak

area to ( f )-dinor  Hup-A peak area in HPLC,  a linear

equation P = 0. 0188X  - 0.0069 was obtained (r =

0. 9988). The minimal detect limit of plasma Hup-A

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

f 5. 5 % (n = 9 ) and coefficient of variation was

6..l %. According to measurements of 3 standard

plasma Hup-A concentrations, intraday and interday

variances were 5.5 x-7.4 % (n=9)  and 6.0 %-

9. 9 % (n= 9), respectively.

RESULTS

The plasma concentrat ions  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 f irst-order absorption (Fig 2).

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 in v&o.

Plasma  mean peak concentrat ion af ter  po was

8.4 pg L-j, V,/F was 0. 108 L kg-‘, indicat-

i n g  t h a t  H u p - A  w a s  w i d e l y  d i s t r i b u t e d  i n

vivo. M e a n  e l i m i n a t i o n  h a l f  l i f e  T+* w a s

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 1, LD,,  value

in mice for Hup-A ip was 1.8 mg kg-’ and
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Tab 1. Pharmacokioetic parameters of Hup-A after
po tablet 0. 99 mg in 6 healthy volunteers. 32~s.

P a r a m e t e r Izts

K. mitt-’

K. min-’

T+, mitt

TfKe m i n

T, m i n

C, P’g L-’

TI, m i n

VJF L  k g - ’
A U C  m g  L-’ m i n

0.061+ 0 .017

0. 0025 f 0.0006

13f5

288k63

80f9

8. 4kO. 9

25. 4ztl. 8

0.108fO. 008

4. lztl.  2

that for Phy was 0. 6 mg kg-““‘. Hup-A at

optimal doses has a long term inhibition of

AChE in rat braincup  to 360 min) and only 60

m i n  f o r  Phycg’. The results of this paper

showed that in human being T& of Hup-A

was 288. 5 min. However, for bhy the Tire

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.

ACKNOWLEDGMENTS To Prof ZHANG

Rui-Wu, MS ZHANG Yuan-Yuan,  MS SHEN

Bin-Ying and MS HAN Yan-Yi for their tech-

nical assistance, Prof TANG Xi-Can, SANG

Guo-Wei  and ZHU Xing-Zu  for their valuable

suggestions.
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ACUTE AND CHRONIC STUDIES WlTH THE
ANT-ICHOLIXESTER-ZSE HUPERZINE  A: EFFECT ON

CENI-RXL  NERVOUS SYSTEM CHOLIXERGIC
\ PARAMETERS

S-q-High  aAnity  choline UaosparL  cbalioc raryltnmsferase  (ChATI  and Xetykhalinaterase
(AC~R were assasd in nu after ~CUIC and chronic admioistsariaa  of the N3i.E inhibitor Hupmine  .A.
Acute  truuncn~  Faq-lvc atin tier a single  inja5aa  of Hupe&  A t0.S mckg ip.) the activity of
AQE was  fgnifiantly  dearural  by IS--M% ia hippaampus.  stria&r~  mad septum: The activity of&&T
- not Jtered.  la rbe hippaampae  high al%xity  abolii  rnnrpan  w attem+ed’ by 3%. whereas  aa
eKecc in the nrirtum was  ati After 90 mirt. bath inhibition of AQE znd ~ter~~@an of high a&icy
choline  lnarpon  had mumed LO conwal  41~6.  A doee or 0. I mekp fi.p.) did not prod&e  signidanr
&ecu Similar rerul~  were  abtrincd  virh phpardgminc  (0.3 mJkg). although the d.@ioj of inhibition
or ACNE  was shorter than that  vith Hupe~%~c  A.

Chronic cratmcnc mAfrcz  S days  (twice a day). at 0.J makg. Ihe  &cv’af &E‘& EigpiAQndy
reduced by ZO-10% ia mry mdan  of rhc  brain studied High ‘ai5rt&  cbahd u&sparr  ia the
hippampw - reduced by 3%. 4S min after  the  la.u injecrian,  bui in ~$~e~srti.$$h  e.& na Urea
The acivicy arChAT uu not a&cd in any region of the b&n  scudid.  ‘Ih~‘icucc.a~cpipnic  trumm~
with Hupriae  A: did not alter  CMT;  ducd high rfioiry  c!!alinc  cranrpa.~~j~  ‘UN  h~ppaarnpus  in a
rnnsicat  manacT:  and had a longer dumtian of action u M AChE i.ahitn!gr  ihan  physartigminr.
Xorcava.  taleme  to lau-toxidq dares of Hu&nc  A vu miaim+l. edp!q to what hu ken

. ab& with other inhibican of Ach&

Tbc new cholinesrcive  (AChE)  inhibitor Huperdnc
A (Fig. 1) is an alkaloid extracted fmm a Lvcopadiwn
found in China. It was reported to amcliontc  learn-
ing and memop  retention in mdcnts  (Lu.‘Shou  and
Tang. 1988:  Tang. Han. Chen and Zbu. 1986:  Zbu
and Tang. 1988). Moreover. improvements in mem-
ory, luring for vvcnl boun  akr a single inttamus-
culu injection. were reported in plticrtts  affected  by
impairment of mernoq  or Alzbcimer’s  disease  (AD)
(zhang.  1986).

Rccmrly.  the acute action of Hupctine  A was
inwsripted in the CNS of the rat by Tang, De Samo.
Sugaya and Ciacobini  (1989). who Bowed  a sus-
tained increw  in levels ol acetykholinc (ACh) in
btin or sevcizl how duntion.  At the doses used,
the inhibition of cholinatcrase  lasted three times
longer than tith physortigminc as wdl as producing
~Oniguntly  rower side CAecu than physostigmioe  or
~~hydroarninoacridine (THA)  (Tang et al.. 1989).

HoweWr. the 4%~ o f  Hupetinc  A o n  o t h e r
wtd cholinagic  panmcwn.  such  as the high
afinily  transport of choline and activity or choline
a~Vhnsfen%  (ChATI was n o t  a.tsased in uica.
N&w was it dctennined  il Huperrinc  A would be
an efTective  cholincrgic moduiator during chronic

treatment. Herr it is rcqorted  that the inhibitory
action  or Hupwrinc A on AChE  in pica WY effectiye
at smaller doses than previously raponcd and. more-
over. it penisted after chronic wcacmcnt. in 41 areas
of the brzin.  Hupar;ine  A also produced J transimr
inhibition or the high af5nity  tnnsport  or choline in
the hippoampus.

MCll4OOS

AnimaLf

Male Spmgue-Dawlcy  rats (Zivic Miller t;lbon-
tories. Allison Park. Pennsylvania) wm used. At the
rime 0r the cxp&mcnL  the a3 wcighrcd  bewan  27s
and IS0 g For the duntion of the experimaxs,  tbc .
nu were  housed in gmups of 2 on a l&hr light-dark
cycle. Food and water were available od Kbitum.

Adminiwarion  of ifuprr5nr  A

Huparzinc  A and  the reference inhibitor of ACbE
physostigmine  ulicyhte  were  solubilized i n  saline
and injected intrJpwitonolly  (i.p.). The chronic
treatment consisted or 9 injecdons. over a period 0r
J days (twice a day. hence). The 9th and last injection
was administered 15 min prior to ~~rificr.
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fig. I. ~Mokcalar  rcpwcnurioa of Huperrine  A.

Dkreuion  of tique

After  dc?piudoa. the brain  was quickly moved
and the various regions of the brain studied were
dissezrtd fmm each hanisphcq  on a chilled mcullic
plarc. aciording to Giowinslci  and Ivcrscn (1966).

Acriuiry  of ChAT

Dissatcd ueiu or the  b&t were homogenized in
I9 volumes of sodium phosphacc  bticr (X&t.

.pH 7.4.  4-C) a n d  Lhc homogcnacc  ws frozen  ac
-70.C unril  subsequent analysis of cnrymc.  After
htiu& homogenate (IO PI. 6 mg protein per ml)
w.s added in dupliatc to IO ~1 or buffer-substrate
mixwe (McCaman  and Hirnr. 1965;  Spyku. Gold-
bctg and Sparbcr.  1972)  comptisingz sodium  phos-
phate .  7S mM (pH 7.4) :  NaC3. 600  mM: Mfl:.
40 mM; physosti&nc.  2.0 mM: bovine serum albu-
m i n .  0.05%: choline (Ch) iodide.  IO mM wd
(‘~acryl-cocnzyme A. 0.57 mM. After 50 min of

, incubation a~ 3rC. the tubes were placed on ice and
I SO PI of 3-heptanone, containing 75 mJml  sodium
tetraphcnylbomn.  were added to ach tube to extract
the ACh (Fonnum.  1 9 6 9 ) .  After vorrexing. Qc
samples were centrifuged and a lo0 ~1 aliquot  or the
lop (organic) layer  urns  assayed for mdioactivity.
usicg liquid hntillation spcctromcuy.

Acriuiry  of acerylcholinerwrase (AChE)

Dissarcd  areas of the  btin were homogenized in
I9 volumes or sodium phosphate buRcr (75 mM.
pH 7.4, 4-C)  aad the homogenate was frozen  at
-70’C und  subrcqucnc analysis of enzyme. After
thawing.  the homogenate (IO pl. 6 mg proccin  per ml)
was added in dupliatc to 40~1 of buKcr-rubsultc
mixturr. which contained: sodium phosphate
(7s mM. pH 7.0. 4X) and (‘NACh  iodide (10 mM).
Alter 20 tin of incubacioa  ac TC. the ~ubcs were
placed on *kc aad IS0 ~1 of  sodium tculphcnyl-
boron/~-hepunoae  were  added to acb tube to *par-
ate ACb Imm  the acetate (Fonmm,  1969).  The
sampler me vonucd.  anttiugcd and placed at
-7O’C.  until the bottom (rqucous).hycr  was froze?:
the top (organic) layer was rhea  ranowd by aspira-
tioa. Subsequently, the aqueous layer was tbawd
and a 2Srl aliquot was assayed Tar tadioactivity.
using liquid scintillation spcctrometcy.

High afiirv wmport  of choline

Dissected areas or the btin were homogenized in
19 volumes of SUQOY (0.32 M. PC) and ccntrilugcd

I

I

looog. 10 kc. 4-c). nc gqernamt  m h
~cc=ntifuped (1o.W g, 20 min. 4.c) arind the N-
ant FllcC w ~pcndcd  in 19 v~lumu  of asc
0.32  bv. 4’c).  Dupliate  aliquou  (SO fil) of the  srzf-
x=iOa were hhcn  added to SO0  rl of butfct  (PH 7.4)
amPrising  cb l.OrM; PHJCb.  018rC;  Naa,
125 d4; Ka 9 . 6  mix MgSO,.  43mM; Gq,
La dd; dcxtrosc, 10.0 mii and Tris but. 40.0 a.
h Na’-fm  buEer,  252 mM sucrose  was substituti
‘or  sodium. After 8 min of  incubat ion at  WC,
I ml of but&r  (CC)  were added to uch sampk and
issue wu colkctcd onto GF/F hltm (Wwman), by
rleuum 6kmiocL  After wdling  with IO ml of wld
Mkr, the &en were plaad in sciIlciuaciou  vial3 and
were assayed  for radioaecivicy  by liquid sciutiUacion
~ewomecry.  The Na’-dqxadau  high lekrirY trrOr-
port of choline was defined  as the amount of choline
mlspomd  *mio  tissue.  in the pmscnce of Na-, minus
ttuc aaumuhied  in ttte absaa  of Na’ cl~nrm~n.
and Sayda, 1973).  Rat&n was wayed mrding Lo
Lowry.  Roscbrough.  Fsrr + .RawhU  (1951).

Sla&;ical aaalysis 1 .:

Differences \yefc. cotripucd-‘by multip!c tiysi+
of variant and posr-hg~.&alyrir. tising  the .fiSrAT
Sukkal  Sync& (EvaaAn.  Illnais. US+.).

IiEscLTs

figurn 2 illusr~ta the &cc& of a single injcciion
or smalls  doses of H&tine  A on the activity of
AaS in various  regions of the brain.  The diU
indiau .&at the inhibition of ~tctasc vl~ dose- and
dme&pcndent  in hippoapus. striacum  and upcum.
AC 4S min after the injection. the dose of 0.1 m@,
(i-p.) induced a slight but non-significant cuhCdOn  h
spccidc activity of AChE. At 0.3 mglkg  (i-p.). &c
actiriry o f ’  AChE w a s  m o r e  s t r o n g l y  rcdd
(P eO.01. x0.001. <O.OOS  in hippocampus  &a-
turn and septum. ~pcctively). AC these small doscS.

Fig. 2 IXm OT acute in&don  of Huperdnc A OP W%
Of AOlE in ~60~ fc60nr  OT the  brsia.  V~~UU W-t
man *SEX Two-way ANOVA  (repcrlcd  mW).
P c 0.001. Mulripk conuasts  analysis ror dodd 11
AS min: 0.1 mg//Lg.  p - 0.n 0.5 mg/lrg. ‘P <O.O 1. Al

90 mix non-ignibanl  (N.S.).  N I cd nu/pOUP.
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CX5 cholinayc  responses IO Hupcnnc A

the inhibition of ACNE WY mostly reversed by
90 tin after the injc=tion in al1 regions of the b&n

-WldiCd.

By comparison. a single injection ol physostigminc
(y the salicylatc, 0.3 ma’kg i.p.) resulted  in a more
pmfound reduction in activity of AChE  than char
m with Hupe&nc  A (Qig. 2). mnging  from 50 co
50% in ptieul COKCX.  septum. hipp~~mpu  and
sc-iamtn ac 15 min aker t h e  injection (reSulU n o t
shown). However. rhc activity  of AChE  had reverted
to comrrl  l e v e l s  b y  30 min a f t e r  injection  o f
physasri&minc.

The sptikicy of Hupcldnc  A an the mcrabolii
of ACT was assessed by determining, in parallel. the
acrivity of Ch.&T in each sample The ACh-forming
e3zyutaric acciviq was not in.&xaczd in en70 in the
hippocampus  or in the scriarum  by Huperzine,  A
(ruulu aoc shown). The s&kicy of Huperdnc  A
on this cbalincrgic pmmcccr.  ChAT.  ury further
compared CO hat of physostigmine  (0.3 mpikg i.p..
IS min a&r the injation)  in cow.  septum..scriatum
and hippocampus.  Qhysostigminc  had csscritially  no
enicr  on the activity or CMT in uioo (raults not
s h o w ) .

AZ shown in Fig. 5. a single injection of Huperdne
A Qroduced a ~~ruicnc inhibition OT the high .affiniry
-1ransp0n  or choline in hiiippoampal synapcosoma.
The transport ativicy was signifiandy  (P < 0.01)
rcducd  at AS min. at chc dose of 0.S mg/kp  (i-p.).
whcrcu  hzrz wu  essentially no effac at 0.1 mg/kg
(data ooc shorn). By 90 min. the transport had
recurned  to control values. High afiniry -sport ol
choline in chc  nrianun  was measured in padlcl  in Lhe
same animals at 45 and 90 mia aRer the injection. Tbc
dau in Fig. 3 show d&y char no inhibition or the
upukc of choline took place at 0.S mg/kg (i.p.). or ac
0.1 mg/kg (i.p.1 (dau sot sho)vn).

The high IRnicy  mporr of choline was also
assuscd i n  vtious rc~ons  o f  the  btin or rau
injected tith physosdgminc  (0.X m&kg  i-p.). At

b eonhl
m a.5 mg/kg

hlpposampur drlatum
I

Fig. 4. E5at of i c!uonic  injections of Hu~cr5ne  A (4.3
dayal on activity OT AChE  in various  r+oos  of rhe bmin.
values  repraenr  man~sm. Tvm-way ANOVA  (I-a-
pated InasumL  P < O.Wl. Multiple contrasu UlalyGs for
doae-zffkc  ai 0.1 mglcg N5;O.S  m@g.  ‘P < O.Ot.  iv.- 6

~wgmup.

I5 m i n .  the mnspon was r e d u c e d  si@ic+ly
in hippoclmpus  and paricral cortex by 34% ‘and
37%. rqxctivcly. but not in the scriarum  (r&h
not sho&n).  By j0 min artcr the injection. the inhi-
bition peFis& signifidnily in the cones and hipQo-
amp’% ‘.- . .’

The data in Figs 2.‘ and 5 relitc  CO chi  c!tronic
crcarmcni (&ice a day Tar  4.5 days) wiyh.Hup&x
A on the same pammcien  which were ~studicd
acutely. As shown in 6% 4. LLlc reduction in amivity
or AChE  in the vaiiout  regions oF the brain. ai Qe
dose or 0.1 mg/kg (i.p.). did not reach signihance.
However. at 03 mg/kg. ,chhc results showed that ac-
tivity or AChE was si~ifiancly reduced by ZO-jO%.
in every rc$on  ol the bmin studied.

The high aKnicy  transport of choline ws similarly
influenced by chronic treatment  with Huptinc A. as
is shown in Fig- 5. The slight reduction in tfanspon
of’ choline in rhe  hippocampus  was not sifnihanl  at

Mac or 9 chmaic injadonr of Hupcmine  A (4.S
fig. 3. UT’  or acute injatioa of Hupeinc  A (0.5 mg/kI)
On hi&h atbiry chalk -port (HAaT)  in’hippoampur

days) on high tinily choline mfqort  (HAchT) in hippo-

;snd  shtum. Wua represent  man &SEM. T&-way
ompus and nriawm. Values mprcscat  man 2 SEM. One-
way ANOVA (hippoampur).  P <O.OOS.  SnJc  contat

ANOVA (hippoampus). P < 0.001. Sin& conwast  rnaiy- annlysb  lor don-ctktz  at 0.1 mg!k~:  N.S.:  a.~ 0.5 mdkg.
dr hr doxetT=  at AS min. ‘P c 0.01: a~  90 min. non-sic- - P  < 0 . 0 1 .  Stiruna:  n o  signiiknl  ditkrcncu.  T h e
ni6anl. Suiatum: n o  si@iant diKcrcncc~. N - T-10 0.3 m&/kg group (crosshatch) wa inirctd awl&Y  2nd UKd

mu/group. u ~0~~01. .v - 5-7 faisicrow.

hlppocompur a1rlotum



0. I mg,Q.  However. at 0.5 m&kg.  high aF5nity  tins-
port o f  c h o l i n e  ws rcduc:d b y  28% (P <O.Ol).
4S min after the last injctian of Hupctine  A ap-
pmximately  14 t h e  s a m e  extent  a s  i n  t h e  acute
controls included in this experiment-  The high finity
tnnsp4K of choline in striatal synapcosama  (Fig. 5).
was not iniluenced by chronic ~~B~:QIC arith Hu-
perdae A. II either dose. The activity of ChAT was
n o t  afTaced  in duo i n  the hippocampus.  striatum.
cortc.~ a n d  septum  after c h r o n i c  tratmcnc w i t h
Hupcrzinc  A (0.1 or 0.5 mJkg i.p.) (rmuhs not
shown).

Huperzinc A-induced inhibition of the high al%ity
comport  of choline was furrhcr  invarigatcd  in uirm.
Hippoumpal  synapcoma  were incubated  tith
Hupctzinc  A ac concentrations  tanging from 10” rU
to \OeaM. fo r  periods o f  J. I5 a n d .  45 mid. N o
consistent ~ACCC  of the inhibitor of choliimur;isc  on
high a~Snity vu~sport of choline could k dctmed  in
uirro.

0L5cussl0rr

Frqm the  present data it is ckr that Hupcrdnc
A-indue& inhibition of AChE activity was as potent
afUr  chronic as it was after acucc treatment. These
results indicate that minimal tolerance U)  Lhc drug
occurred. This is imporrant.  sine it is well titablishcd
rha~  tolenncc  develops co many of the cf&zts of
physostigrninc (Costa. Schwab and Murphy. 1982:
Ccnovcse.  Elsmore  and King, 1988). It hu also hccn
shown that the rcsponsc  to Various inhibitors of
AChE  varies  considerably after a second  injection
(360 mitt). especially in the c5se  of THA  (Hallak  and
Giacobini. 1989).

In their rcccnt study with Hupcrrinc  A. Tang CI al.
(1989) used dosa of 1 mg/kg  (i.m.).  with maximum
inhibition of AChE occurring at 60 min and rqto~cd
side cKccts. such as. fasciculations. Inhibition of
AChE,was  also studied at 30 mitt using smaller dora
(nnging  from 0.1 to Zmg/kg  i.p.)  and muimum
inhibition of AChE wi& minimal side cfIccts oc-
amed bewan 030 and I q/kg (Lp.) flang et al..
1989). In the prcscnt  study, using two small dosu
of  Hupcrzine A.  administcrcd  inuqcritoncally,  a t
45 min. it wu  ohmcd that inhibirion of AChE was
n o t  vy cffcdvc  at 0 . 1  mg/kg (i-p.).  Howcvcr.
although inhibition of AChE  acuincd  3O-SO% 4th
physosrigmine  (035 mg/kg ip.).  a s  c om pa r e d  t o
IS-2SY. with Huperdne  A (03 mg/kg i-p.) in various
regions of the brain, it was obscncd  that the duntion
of inhibition of AChE was longer than .that  ~6th
physostigminc.’  These results rgra with previous
findings (Tang cr a!.. 1989). Furthermarc.  at the
small  dose of  0.5 mJkg  (i-p.). no mortal i ty or
any side cf5ct.s were observed. even fi chmnic
treatment.

The action of Hupcrdnc  A on rhe activity Of ChAT
was also investigated in viva Acute  or chronic trcat-

tcztt vli* HuFenc  A did not alter the dtiry of
k-tT in MY ~&XI of Lhc bdn studied  5 gt.,dnsg
omd-mu  fhC Study  Of H&& urd -biti
19agh  who qontd no c&t of various *dbiton of
GE h m-ma  (other &an Hupeidnc  A) o. purifid
LAT. ne=forr,  the reported &I USDO  irKfczc k
:vch of’AC3 by Kupcrzinc A (Tang et de. 1989) was
ikdy uot to be mcdiatcd through an ixtcrusc in the
au of syuthmis of ACh.
h the same study, Tang and his coinwtigators

hoti tbat clatri~llyxvokcd release  of ACh aaz
mt iduezad by Hupcrdne  A in slide of hippo-
zrapru Nicttcr was the telcsx of ACh infhencd  by
Jhpziipuin~  unlas large conccnvltioos  wcrc uwd
Hall& and Giacobini, 1989). Thus. it appan that
xlusc of ACh. in t&o also may not be in0ucaccd by
Hupeac A.

Aaother ifnpo&~  cKcctor  of tnetahohsm of ACb
k rk high dhiv Lnasporx of choline (Tu&k.  1985).
According  Lb chc prcscac scudia. acuu  o r  chmaic
admiaisvltion  of Hupcr&e A was a potent  inhibitor
0r high a&icy tmnspon  of choline i.a the hippo-
campus  in oico. Physosti@nc  (Amwh.  Simon and
Kuhar. 197s;  Sherman and Mesamore. 1988) and
TKA  ( S h e r m a n  a n d  Meuamarr.  1 9 8 8 )  wcrc  a l so
found to ,have a similar etfcct  on tmnsport  of choline
in ‘aim.  However. i n  those studier,  l a r g e  doses o f
inhibitam o f  AChE. o f t e n  accampanicd  b y  toxic
cffau,  were used. Atwch et al. (1975)  darly sbowsd
tbl drum &Cting  the IUmOVCI  Of ACh in Oiw
in&cncud the high a&icy tmnsporr  of  choline.
aaardingly.  For instance. phyrostigminc was sho~m
ro rcdua  turnover of ACh (Saclens.  Simkc.  schumrn
a n d  A&n. 197j: Tmbucchi.  Cheney. Hanin a n d
Costa 197s)  and muscarinic agonists. which incm%
turnover of W.3. incrcascd high afXnity  tmns~ort  of
choline (ALV&I et af..  1975).  the effect  of inhibition
of AChE on uptake of choline is believed to k
mediated through a regulatory pm-synaptic cm~~l
0r high affinity  -port 0r choline ia evarue m
chc increuc  in content of ACh CoIlcuring  inhibition
Or UC- (Yamamu~  and gaydcr, 1973 ;  Jopc.
1979;  Tamam a n d  Rokru.  1988;  Brick and
Knippcr.  1 9 9 0 ) .  The present rcsulU Ngport  th i s
conuntion.  sina t h e  cffat o f  Hupcrdac  A  -
completely rcvcmiblc  wi th  time (Fig. 2) and mot
mediated through a direct intcmction  with the WZI+
pona  (results not shown). Pbysosdgminc  aIs4 did
not  show any direct  cffat h vitro on ~Q~Oso-
in bnin (Yamamura  and Snyder. 1973).  an- t4
ncordgmiac  (Yamamun and Snyder. 1973;  .Siio”.
Mittag. and Kuhar. 1975).  Tbcsc tcsulU  indiatc  tit
inhibition of AChE may ingucna  the high zffinicy
uansporr of choline through a feedback-type  m-
Won.  r a t h e r  t h a n  b y  opeating  diradY on *e
uuupOKCt.

Hdlak and Giacobini (1987) have hrp4thmiscd
that in oiuo treatment  with an inhibitor of AchE
“which  would not decrease turnover of ACh.  Would
maintain long-luting  Icvcls of the ncurotmnsmittQ
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in the btin”. Such  may  ind rd  be  the cxc with
a ~upcr;ine A. .Uhough  chz  pruenc  rauks  could bc

incer;lcwd Y xn indiadon  that Huperdnc.X  O~CGUU
in the C?JS acording  IQ the same mechanisms as
chose posrula& for physosdgminc.  only the  speciric
de:czninadon of chc  Iwovci of hCh will rcS0lvc the
issue.

.+nolhe.-  5nding  of chit study lhar remains to be
ad&rsscd  b y&y USC hi@ a&icy fx~~pofi  of choline
WA not dczascd in the stixum.  despite a palcnc
~ucrion in he activity oi ACE by both Huperdne
.+ Jnd  pbysostigminc  in &is region  of he brain. The
str&ufn  contins  chc gracar concencrxion Of ACb
in the brain (Sethy. ROCIL Kuhar ad Vm WOCK
1973).  ~eve~hcleu.  inhibition of AChE  mry ~OC be
ac=ompa&d  by a signifiant  devotion of ACh in
stiacum  (Tang  a of.. 1989). DC ma. Pomponi.
Gircobini.  Tlng ad Williur~ (1989) ~UW rls4
shown  chat. after  injectian of a long-hsting  derivxliVe
of phyrastigminc  incest in levels of ACh Bawd
&YLcd rcgianal diRcraca. Moreover. it hy been
appreciated far sarnc time thrr rcgianal  variations
CX’UC  amens  chc  ctrerJ  of drup  on &c high aliinicy

trnnspan of chalinc (lope. 1979) and  thor the nria-
turn ofccn differs from ather areas of cht brain in its

,. c$aliocrKic responses ca pharmacola~al  cholkngcs
(We=kcr  xnd Deabaa  1939;  Shemaan.  Zigmond  and
+nin.  1979).

. In conclusion. it hu bc,n dcman.sJulrced  lhat  low-
roxicicy  dosa or Hupxninc A could be used for
scvcml  conse=utivc  days and rtiI1 exhibit full patency:
hence. calcrana lo Hupcrzine  A. if it occurred.
uru m i n i m a l .  Fu~he~arc.  the diffcrenu  that
have been shown in inhibition of AChE  induced by
Hupetine  A  xnd phyrastigminc arc f u r t h e r  indi-
atians that  Huperzine  .A m a y  b e  more c!ktiw
and las  toxic  than physosrigminc when a  long
tczn inhibition of AChE is required. e.g. in clinical
uurmen(  oi disusa  manifesting x cbolincrgic  hypo-
function.
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