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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Washington, DC 20204

DEC =799 oo 155 p3:4
Mr. Stephen Wang

_ President

Kingchem, Inc.
296 Kinderkamack Road
Oradell, New Jersey 07649

Dear Mr. Wang:

This letter is in response to your submission to the Food and Drug Administration (FDA)
dated October 10, 1998 and received by FDA on November 16, 1998. Your submission was
intended as notice of your intent to market the new dietary ingredient “huperzine A,” an
extract of Hyperzia serrata, pursuant to 21 U.S.C. 350b(a)(2) (section 413(a)(2) of the
Federal Food, Drug, and Cosmetic Act). |

Under 21 U.S.C. 350b(a), the manufacturer or distributor of a dietary supplement that
contains a new dietary ingredient that has not been present in the food supply as an article
used for food in a form in which the food has not been chemically altered must submit to
FDA, at least 75 days before the dietary ingredient is introduced or delivered for introduction
into interstate commerce, information that is the basis on which the manufacturer or
distributor has concluded that a dietary supplement containing such new dietary ingredient
will reasonably be expected to be safe. FDA reviews this information to determine whether it
provides an adequate basis for such a conclusion. Under section 350b(a)(2), there must be a
history of use or other evidence of safety establishing that the new dietary ingredient, when
used under the conditions recommended or suggested in the labeling of the dietary
supplement, will reasonably be expected to be safe. If this requirement is not met, the dietary
supplement is deemed to be adulterated under 21 U.S.C. 342(f)(1)(B) because there is
inadequate information to provide reasonable assurance that the new dietary ingredient does
not present a significant or unreasonable risk of illness or injury.

Your submission contained information that you believe establishes that the new dietary
ingredient huperzine A, when used under the conditions recommended or suggested

in the labeling of the dietary supplement, will reasonably be expected to be safe.

The information in your submission does not meet the requirements of 21 CFR 190.6 (copy
enclosed) for the following reasons. First, your submission does not contain annexes (1) and
(2) cited in your letter as containing information that bears on the safety of this dietary
ingredient. While your submission contains information from other studies, those studies
address the pharmacologic effects of huperzine A and do not provide information that bears -
directly on the question of whether huperzine A will reasonably be expected to be safe.
Second, your submission does not include reprints or photostatic copies of references to
published information cited in annex 4 of the notification (see 21 CFR 190.6(b)(4)). Third,
your submission does not include English translations for the references you submitted in
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foreign languages (see 21 CFR 190.6(b)(4)). Fourth, 21 CFR 190.6(a) requires that a
submission made pursuant to this section include an original and 2 copies; your submission
does not include the required copies.

FDA is unable to determine whether the scientific studies you cite provide an adequate basis
for a conclusion that the dietary supplement will reasonably be expected to be safe because
the information you have provided is incomplete. You may submit an amended notification
that cures the defects described above. If you market your product without submitting an
amended notification that meets the requirements of 21 CFR 190.6, or less than 75 days after
submitting such a notification, your product is considered adulterated under 21 U.S.C.
342(f)(1)(B) as a dietary supplement that contains a new dietary ingredient for which there is
inadequate information to provide reasonable assurance that such ingredient does not present
a significant or unreasonable risk of illness or injury. Introduction of such a product into
interstate commerce is prohibited under
21 U.S.C. 331(a) and (v).

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

Sincerely,

Lynn A. Larsen, Ph.D.
Director
Division of Programs and Enforcement Policy
Office of Special Nutritionals
Center for Food Safety
and Applied Nutrition
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296 Kinderkamack Road « Oradell, New Jersey « 07649 « USA
Phone: (201) 261-6002
Fax: (201) 262-9436

October 10, 1998

"Linda S. Kahl, Ph.D.
Office of Special Nutritionals
Center for Food Safety and Applied Nutrition
Food and Drug Administration
200 C Street (HFS-450)
Washington, DC 20204

Dear Dr. Kahl,

Pursuant to Section 8 of the Dietary Supplement Health and Education Act of 1994, we
wish to notify the Food and Drug Administration that we intend to market a new bulk dietary
ingredient, Huperzine A, an alkaloid compound extracted from the herb Hupezia Serrata.

The bulk dietary supplement we intend to market, an extract of Huperzia Serrata,
Huperzine A, will be marketed in two (2) forms: (1) with purity 98% min. by HPLC, (2) a
diluted form in which the active ingredient content (Huperzine A) is about 1%. We will supply
such bulk raw material to the Dietary Supplement Manufacturers for further tableting and
capsulation.

Attached please find supporting documents on the safety and other relevant information
that establish the safety of this dietary ingredient. When used under the conditions suggested in
the labeling of the dietary ingredient (50 micrograms per day), it is reasonable to expect it to be
safe. The supporting studies and published articles include:

1) Acute oral toxicity of Huperzine A and demonstration of LD50;
2) A summary descriptions of safety and toxicity studies conducted by
internationals research institutes.

3) A U.S. Patent describing methods of extraction of the active component
(Huperzine A) and a review of complete safety and toxicology studies.
4) Published scientific articles describing the acute and chronic effect of Huperzine

A, including sub-population groups. The attached articles including, but not
limited to the following:

- “The effects of Huperzine A., an acetylcholinesterase inhibitor on the
enhancement of memory in mice, rats and monkeys”. Neurosci Absi, 13
(1987):844.

- Smith, E.A., “Nutritional aid boosted as aid for memory loss”, Drug Topics,
March, 1996

- Smith, M.A. and Perry G., “Diseases of aging brain-the role of oxidative
stress.” Bronson Pharmaceutical-The Physician’s Newsletter, Health Through
Nutrition, 1 no. 2 (1996)
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- Geib, S.J., Tuckmantel, W. and Kozikowski, A.P.. “Huperzine A- a potent
acetylchloinesterase inhibitor of use in the treatment of Alzheimer’s disease”.
Acta Cryst, C47 (1991) 824-827

Sincerely,

Kingchem Inc.

RPN
_’\- .

Stephén Wang
President
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8571 ABSTRACT
Tns toverrion cziater 10 compounds of the formulas

u
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wherein R, R?and R' independenddy sre ydrogen or
lower alkyl, and 1he douted (. . ) line b an opucnal
Jdouble dond. and their pharmaceutically accepusbie
acid addition nalts. The compotads of formalas 1, I1 and
111 potsess marked armicholinesicrase setivity and are
veeful 25 analcptic agente and as 3gents for the wreatment |
of senile dementia and mymsthenia gravis.

10 Clalmsg Nao Drawings
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HUPERZINES AND ANALOGS

CRQOSS REFERENCE TO RELATED
APPLICATIONS

This is » continuation of applicmion Ser. Ne.
01/3305.332 (lled Feb. 1 1935, now abandoned which is
a va: &0 conimuation of Ser. No, 934003 filed Nav,

2. 1918 now sbandoned whick B 8 comtinustion-ine
pxn pplication of Ser. No. 04/795.064 filed Nov. &,
1943, now tbandoned.

BRIEF SUMMARY OF THE INVENTION
The invenrticn relates 10 compouads of the formslas

wherrin RY, R7aad R} incerpendently are hydregen or
lower alkyl and the dotied (... ) line 13 an opronal
double band, “ind thedr pharmacreutically acczpubdle
- se3d addinen mlts. The compounds of fermula L I, and
111 possess murked anticholinesterase activity and wre
useful a3 mdcpbc LN s e 3 genia for the reatment
of senile derneia snd myasthenia gravit

DETAILED DESCRIPTION OF THE
INVENTION

The igvention relares 1o coopounds of the formulas
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wheraa R1, R2and R' indepeadently are hydrogen or
lower slkyl, and the dofted (.. . ) line is an opticos)
double bond, 1ad their pharmaceutically accepuable
acid addition wli.

As uizd herem, the term “lower alkyl™ denotes a
radical of 1 10 7 carbon stome, for example, methyl,
ethyl, propyl, nopropyl, mobutyl, tertiary butyl, pentyl,
heptyl and the like.

The esmpounds of formulas L 1] and 111 can be pre-
pared n hereualler described. More panticularly. the
compounds of {ormula | and 111, whergin RY, R? and
R} are hydrogen, winch are alkaleids, can be prepared
from the materlly occuring pla Huparzie serrqio by
exiracan Ing subsequent chromatofTaphic wptration.

Conveniently, the extraction and wpariticn of the
desired (SR, 9R. 11E}-S-amino-1l-cthylidene-3,8,9,10-
tetrahydro-Tomethyl5.5-methanocycloocta b pyridin.
2(1H)}oae (Hupermne A) can be eflected by known
procedures. For instance. 3 sohvent such as an afkanol,
for example. ethandl, can be uritizzd. The ol Ob-
tained can be evaponated and the redidue further tepa-
rated by sequential treatment and extracton 11 follows.
The residue 13 1r22ted with as morgamie scid, for exam-
ple. hydrochloric acid. The squecws phase s sotoalized
with a base, for exarople, ammoniz or odium hydrox.
$da, 2nd the 1ol alkaloids extracted by 2 solvent, for
exsmple, chioroferm. This sequence can be repested
many Goes. The final extract cxm be chrowatographed
on a slics gel column, Fracticos for the chromatogra.
phy are zmaiyred by TLC and these with dagle spots
are combined 10 yleld subrundally pure Hoperzine A
To obuia pure Heperzing A, it &an be rechremats-
graphed and recrysallized by known methods, as for
sxample, [rom 2 mesthanal/scetone mixtare.

The crude material tolated from later fiactons of the
chromutognphy is @ minor componeat which, when
rechromatogriphed on siica geof wsing, for example. 2
sohvent system of chloroform, acrione 1nd methanol,
and recryaallized, for example. from aceicoe, yiclds
pure (4R, SR, 10LR)}-12,3.4,42.8.6.1000ctzhydro-12-
methyl$,10b-propenc-1,7-phenanthrolin-3TH}-one
(Huperzine B
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The cther campdunds of formulat § ind {11 can be
prepared by alkyistion of a compaund of formula | or
111, wherem R, R and R? are hydrogen. respestively.

Moce ipecifically. the alkylstion of 5 compound of
formula 1, whersin R, R* 2ad RYare hydrogea, that is,
Huperzine A, can be effecied ulizing kaown proce-
duret. Fot example. if the mono-tlkylamina (R i alkyl)
derivative s desired, Huperzine A is reacted with an
alky! halids, such 15, methy! jodide under vandard
ccnditions, If the dialkylamine (R1 and R? are atkyl)
denvative i desired, the moncatkylamino derivative it
treated further with 33 alkyl hallde, such o5, methy;
ledide. It the dimethylamiae (R and R are alkyl) dedv
wtrve i3 desired, it can alss be.preparcd by reacting
Huperzine A with & mixture of formic scid and formal.
dehyde under standard condliicma. If the trialkyl (RY,
R an¢ R are alkyl) derivative of Huperzine A Is de-
sired, Huperzine A i trested with & dialkylsulfate, such
as dimethylsdlfute, udlizing standard conditions with
Reating. [n esch imtance, the dewred derivatives can be
separsted By chromatography aad crysullization, or
the like.

A compoung of farmula 11 ¢can de prepared from the
corresponding compound of formula | by selective
reduction 10 cither reduce the exocyclic double bond or
both the exocyvelic and endocychic doudle bomds. The
exocyclic daubic dend caa be teduced by eatalyric
hydrogenation utilizing platinum in an alisnal wuch 13,
ethanol. under kpawn canditicns. The exocyclic and
endocyclic douhle bonds can be recduced by ctalytic
hydrogenation wiilizing platinum in an organts acid,
such AL acetic acid, under known condrtians. In each
jruiance. the desired derivalives c3n be seaprated by
¢hrorzatography mnd erysullization. or the like.

The compounds of furmuls 111, wherein Rf and R® }

are Rydrogen, that is. Huperzine B. can be recas ered
during the epuistion xnd recovery aof Huperzine A,
More specifically. (daR. SR. JOBR)-1.2.3.4.42.5.56,1C-
octahydro.12-methyt-3. 1Co-prapenc-1.7-phenanthrolin-
A(TH)one (Huperzine B) can be recaoveresd. m previ-
ously described, 1n the lsalation of Huperzine Al imi-
wally, as a crade material purified fram the later frac.
uons of \he chromaiography.

The alkylation of 2 compound of formulx 11l
wherein R xnd K! are hydeogen, that 1. Hupermne B,
can be effected utilizing known procedurss. For exam-
ple. If the mono-aikylimino(R! & slkyl) dertvative |s
desired, Huperzine B I reacted with an alkyl halide,
such s methyl iodide, under standard conditions. Ifthe
monomethyl derivanive (R mmethyl) is devired, it can
wso be prepared by rescting Huperzme B with s mix-
tuse of formic acld and formaldehyde under standard
conditions. 1f the dlalkyl (R! xnd R3 are 11kyd) derive-
tive of Huperzine B .k desired, Huperzine B Is tretied
with & dialkylsulfate, such as. dmethylslfate, wiilizing
sandard conditions with heating. In exch lastance, the
desired derivative can be separated by chromatography
and crystallization, or the like.

The ccmpounds of fonnulas 1, 11 and 111 form acid
addition walts with {norganic or organic acids, Thug
they form pharmaceutically acceptable acld additioa
talts with both pharmaccutically acceptable orpanic
and Inorgunic acids, for example, with hydrohalic acid,
such ait, hydrochicrie seld,*hydrobromic acid, hydral-
odic acid, other miners) acid salts, such ag, sulfuric acia,
nitrie a2id, phasphoric acid, perchloric acld or the like,
2lkvl, and moaoc-aryl sulfome acids. such as ethznesul.
fonic acid, toluencsullonic acld. benzencsulfonic scid.

s}
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ar the like, other organic acids wuch ax scetic acid. (ar. .
taric scid. malex acid. citric seid. benzaic acid. salicylic
acid. mcorbic acid and the like. Nan-pharmaceutically
scZeptadie acid acdltion talts of the sompaunds of for.
mulss 1. {1 ind 11 ean be convered into pharmaceuu-
cally zccepizble acld 1ddition salis via conveniional
metathetlc reasgaas whereby the non-phacmaceutically
acceptable tnion it replaced by ¢ pharmaceutically ac-
ceptable wnion; ¢r alternatively. by neutralizing the
non-pharmaczudeally acceprable acid addition salt and
then reacting 1he so-obtained free dase with a reagent
yielding 3 pharmaceutically accepiable acid sddition
nalt.

The ccmpounds of formalas I, U and 11T and their
pharmaceutically 2ccepable acid addition 1alts exhibn
wreng cholinetterize mhiditlag effocts, relatively low
1oxicity, 8 large therapeutic index and are supenior to
physostigmine. Accordingly. the compaunds are weful
n the trestment of myasthenia gravis and szaile demen-
tia. The sctivity of the ccmpounds of farmula L. 1] and
11{ can be demenatrated [a warm-blooded animals. in
sczordance with known procedures, as hereinafter de-
scribed:

More specifically, Huperzine A, 2 represemative

¢ compornd of the iaventien. is a potent reversivle cho-

linesterase inhibitor which is very selective for specifie
sctiyicholine esterase and it is mackedly different from
physottigmine, It incressct the amplitude of rouscie
contraction produced by the iadirect electrical stirnuls-
1icn of nerves in vitrs and uiing neuromuscular prepa-
ratians. Jt a1:0 has marked blocking effecty agatnat cu-
rare. A 17138 of the LD douge of Huperzine A can
streagthen the memory functlons of normal roale rats
{Y-maze and drightacis dlicrimination test). The i.p.
acure 1axicity of Huperzine A k sbout enc-hall that of
physostigmine in rais and mice. Six months of sub-acute
taxistty tesis On rau, radbitz snd dogps showed that
when ainety times the douge of Huperzime A needed
for clinical patients 1o treat myasthenis gravis and 130
times the equired dcaage 10 trest senile demenda was
used, Ao~ podceabie pathological chunges of iaternal
organs were chserved. Mutagenicity 125t {Ames test)
and ral and rabbit terntogenicity 16583 were sll negative
far Huperzine A, JH-lidelled Huparzine A was uted to

$ carry out pharmacodynamic, distribuiion and ia vivo

metabalism research. These studies showed that when
JH-Huperziae A wai used the concrniration curve
maiched the open. twoa comptriment model. It g~ 5.3
minulcs and 1 p= 1185 minutes. There was a certain
distribution in the braic which thows that it can pass the
blood-brain berrier. There wis Daly s minute quantity
of radlosctivity In avery organ examined sfier twenty-
four houn. Seven days afler 1 lingle dose 26.1% was
climinated tn the urine (34.9% of the eacreied drug
sppearing within tweary-four hourt). and 55% was
climinated through (cce. -

Eshancing the Contniction Amplirude of Siriated
Muscles
‘1. In Vitro Threnic Nerve/Dughrign Prepacations of
Rau.

Alier the faxt decapitation of 3 ral. the thoracic cavity
was cpened and the right ¢isphragm with sltached
phreaic nerve was removed. After plscing it in a Ty-
rode's wlutken (370 C. constant temperature), gassed
with 95% axygen+35% COy electrical stimulation
(1-10V, 0.5 1ms. | ¢/10 1) of the phrenic nerve was uged
1o produce muicle coniraction. A traniducer was ysed
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10 record the cuntrachion omplilude on 2 pancl re-
ccrder. The results arc listed in Table I. When Huper-
ine A was used in a Q.43 uM comcentration. it in-
creased the clecirically induced contraction amplitude
of muscle by 19%. This actuen correaponded with the
emeemrxtion of Huperzine A, showing & wery good
dase-respanse relationshin. The actiom of the Haperzine
A was tlightly weaksr than that of physestigmine and
neastigmine but much sronger than that of galantha-
mine.

TABLE 1

The e»daactep ETets of Huperiine A on [e Vitre Ros
Nerm ¢/ Dwanhesgm Musite €anreiclion

Endancement of Muwle

Comtzactinn Anpliver. Sirength
Drue M7 Conceniraimn (uMl) o Effect
Hepetine A Qa0 1.00
Fhawi o ne [+ B2} | Fa ]
Nevmtignee am Lt
Caamihenar 4.2 [ 8]-]
Hunertwee N 4r -1 o

1 Anenthesized Rat and Raddit Scatic Nerve/Tibiaiis
Muscle Preparatton

Aanesthesia was prodoced In rais by ip infections of )0
mg/ks of pentobardital and In radbits by iv injectioas ef
1 g/kg of urethane. Electric stimula:ion of 1he periph-
ery of the wistic nerve (f~10V, 0.8 my. | </104) caused
tiirlis contraction which was recordzd ¢n smoked

prpcr. The rats Or radbits given lv injections of 30 °

28/%g of Huperzine A showed eahanzement of the
amplitude of (he electrically rimulaied muscle contrac-
vion. Injecuons of physsiligmiae, i.v., 2)10 enhanced the
rabbir's 1idiths muscle contraction amplitude bus 1c a

kesser degroe than that obwerved for the rain. The po- ©

tency of Huperzine A in these tests was 1.7 and 4 nmes
that of physosligmine (Table 2). Tubocurarine (Q.)
mg/xg iv) comgletely dlocked the clectrieally induced
muscle cantraction, Afler twenty miaules of sustsined
s“imuiniion. the \idialls muscle conirachon implitade
gradually peached the amplitede odserved before the
tnjection of wwhocurarine, 17 Huperzine A (40-60 ug/kg
ia) was given sfter the i.v. tubacuririne there was
marked inhibitlon of the tudocursrine blockade. Five
minures later, the amplitude of the tibialis muscle con.
tracticn was comparadble 1o that szen in the adience of
tabocurarine.

TABLE 2

The wrengthemag Lifrow of Hupartine A aa Whale
WNeyrreminsuter Preaqraihme
Lo Bffective Dowge for Eansnciag Muncle
Coniraction tug/Ag i vy

Sength- Sirengin
Drug Ratn ol Efent RaMis of £
PMy it preine 35 1.0 129 ¥
Crlamrseine a0 10 b . 18
Tlepersine A 30 1.1 Toa 30 K- te ¢

ENHANCING THE LEARNING AND MEMORY
FUNCTIONS OF RATS

Ta demonstrace an effect on the lesming procen 1
Y™ maze condinaned feflex test was used, Each animal
wis reguired 1o go through 10 wuccesnve shock-free
runs 1o be classified as learned. The control animals
acaepied 11.9= 4.9 shocks before achieving the learncd
state while thase receiving 1/50 of the LD of Huper-

13

33

[

w

6
- ztne- A (Q.] mg/hgiv) 100k 6.5=2.8 1nd those recer -
ing physosigmine (0.08 mg/xz. iv) ook 7.9=1.5.

To evaloate the impact on the memory funcrion,
preconciiioncd animals going through $ shock-free runs
were Uted at learmed animals. After 45 hours the drug.
frze (caatrol) snimals required 14.4= 3.9 shucks 12 be-
come learned. With Huperzine A (0.03 mg/k;. ip) only
6.'3::7.2 thocks were required while with pnysostig-
mine (Q.13 mg/xg) 642).7 shocks were needed ta

:chi‘t}\}x.‘qqed nate.
T‘I—Ltﬁi YIVO [ASPOSITION OF JH-HUPER ZINE

_Rass were lightly anesihetized with sodlum penicbars
bital supplemented with ether and a cannuls was placed
in the carceid artery, Afer the snimaks awoke 1.5.15 and
30 minutes xnd 1,2 and J hours after agministering iv
injecrion of 378 uCirkg of "H-Huperzine A, 0.2 ml of
blood was takes from the caroud artery and Q8 m! of
water plus one drep of dqueous arnmonia (pH 10) were
sdded 1o each wample. Afler adding 3 ml of 1.2 gichlaro-
ethane, extraction was effected with the aid of a voriex
mixer for thres minutes. The 1quecus phase was ex.
incied two more times whh dichiorocthane. Afier
comdining the organic phases, the liquid was evapo-
rated 1o dryness and the residue was placed on silica
impregnaied filter paper und developed with s mixtuce
of chloroformiaceione:methancl: aquecus rmmonia
(49:4%:1:1] solvent. Alter chromatographic separation.
the 0.5% 7 cm band corresponding 1o the position of
non-radicastive Huperzine A wat ¢ut out and examined
by liquid scintillation lechniques. T2s time curve of
H-Huperzme A in the blood disclored an open, two
compactment mode! of distribution. The eliminated
phate rate ccnstant and hall-life pericd were separaely
a=0129 mua=!, t; =54 mis. B«0.0031 min-1,
La=~119.5 min, X1 ~0Q.0366 Ko=0.02063,
Kiz=0.0ML Vew 1,04 Vg, Vd=1.66 I/kg. the ddimi-
nation rate was Kiaand Ve 21,17 ml/min/kg.

Alter giving 250 uCiskg by v injecticns of "H-Hup-
erzine A 10 the raty, they were tacrificed ar differen:
times by bloodletting and tbe radiosciivity contents of
the organs were measurzd. Fifteen minuies slter the
drug wis gheen, the kidney and liver had the highen
conteatd, the lungs, iplecn 1ad heart had less and the fat
and brain had the least. Two bours after the drug was
given, the radicactivity in the other tisues wai mark.
edly lower while that in the brain rose slighily. Twelve
hours afller giving the drug the radioactivity in exch
tissue wat cloee to zero.

Intrazastrie {ig) Injoctions of JH Huperzine A (373
pCi/kg) were given 14 hours afler the sommchs of the
rats were empxy and 10 ul of blood wet removed from
the tip of the 1 for mensurcment of radicactivity.
Twenty minutes after the ig Infecrion, the radicactiviry
in the blood had risen noticeably. It reached 2 peak in
43-60 minutas afer the g Injecdon and then siowly
decressod. Seven hourt alfter the drug war given, the
radicactivity In the Blood was will refativety high.

Afler giving 2 250 uCiskg iv injecticn of 3H-Huper.
tine A, the 4rine was collected from 06 and 6-24
heurs, egntrol urine wat coliccted teparately. Afier
chramsg;'.xﬁ- intlysn, 8 radlcactive peak (1) was
detectedt /0.65-0.71 wrea which wus ldentical 1o
that omﬁry‘. JH-Huperziae A. Another radioactive.
peak (1) wit found in the Ry0.17-0.21 ares and repre-
vented 1 meraholite of the parent compound. The ratie
of the twe peaks (11:1) gradually incrersed with the time
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of unac calleenion. The 1L rana was Q.4 after 1in haurs
3nd it wan 1.4 0 the 824 hour peried. Thut the drug
metadbolite way more slow'y ellminaica into the urine
after gcing through Ihe in viva process.

Cung 2quilibrum dialyiis. it could de shown that the
grotein biading of ‘Ti-Hupertine A in the plasme of
narmal mice was 17.1=4.8 5.

INHIBITING THE ENZYME ACTIVITY OF
CHOLINESTERASE

Red blood cell membranes of rats werr uszd a5 the
sourcr for the true choliacsizrate wih 2 subsiraie con-
centration of 0.) mM of S-acetylthiochelme iodide. The
sourcs for pseudochalinesterase wes 0.1 mi of rat dlood
rerum and the tubstrate was 0.4 mM S-buryrylthioche-
line icdide. The Eliman colorimeric method was uied
16 measure the enzyme activity. The percentige of

b}
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enzyme activity remaining was plotted agsinst negative

lagarithm (pl) of the drug concentratioa and the plan
(the pegative-logarithm of the gram mokcile coacen-
traiten of the drog reguired 10 inhivit the enzyme wctiv-
lty 50%) was derived. Huperzine A inhlbited prevdo-
cholincstzraie less and true chalinestérase more than
physosiigmine and necsigmine (Table )

A ccrizin Quantity of true cholinesterase wal mited 2

with » ceruin quimizy of ishibitar and the enzyme
activity was messured st different times after miding.
Afrer the Huperzine A and enzyme were mixed 20 (o
30% inhibition way seen very quickly, which did not
chanze over 2 8 minute periad. The sume reiponse was
. nated for the reveriidle chalinesterase Inhibiion:cho-
Ime chioride and galanihamine. The irreversitie cholin-
esterase imhibitar DFP. however, yickird Increased
inhibiion with jncubstion time. Huperzine A yielced
.inhitw:on vs ume rexpontes smmilas ta these of choling
chiuride and pilanthamine, bul differemi from DFP.
Removing the enryme preparation from s miature with
Huperzine A and then washiag restarcd the sctivity of
the enzyme 10 54.8 =4.9% of the preincudation value,

The avove results thew that Huperzine A is 8 revers-
ivle cholinesterase indubtitor.

TADLLE 1}
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TOXICITY TESTS

1. Acu«wc Toxichy .

A single toxic dose of Huperzine A 1o mice, raty,
rattits and dogs yielded the typical symptoms of cho-
linesierase inhibitor poitoning. such as whale body
muscle fiber twitching. drcoling. tears, increasc bron.

Mo
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chial secretiont and incontinence of feces and urine.
The acute toziclty of physestigmine was 1.25 and 1.08
tUma greater than Huperrine A in mice and rats and
both werr grester than that of galanthamine. The iv
route wis moit 1oxic 1nd the Ig roste least 10xic for
Huperzine A in rats and mize (Table 4). Ten conscious
1abbits were swepatately given im or iv injections of
0.5-2 mg/kg of Huperzine A snd were cbiarved o
ditplay the above mentioned toxic side efTects for 14
hours. One of the two rabbin given Jv inpections of 2
my/kg of Hoperzine A died. This dorage was 65 times
the cfTective dosage for enhancing mutcle contraction.
Six dogs anesthenzed with chiorajose were separaiely
glven Q.J06 and | mp/Xg Iy injections of Huperzine A
with no noticeable effects on the carotid artery blood
praasure and EXC. '

2. Subscute Toxicity

Rats: 30 male rats were separated fnto twa groups.
The it group was given ¢ myprkg ip injections of
Huperzine A for 51 days while the second group (con-
1z0ls) received the same schedule of distilled water. The
roatine dlcod tests {the percent hemoglobin, numbers of
ted and white Tells & well a3 platelets), zing turbidity,
crestinine and sres aitrogen were all normul In gaother
test 70 ran were divided into 6 groups. One was given
ip Injecdons of 0.5 mgrkg (10 rans) ancther 1.5 mgrkg
(10 rais} of Hupertine A and a thitd group (10 rats)
recoived only distilled water esch day for 50 days. The
remaining groups were given ig injections of 1.5 mg/kg
(13 maa). I mgrkg (15 rats) of Huperzine A each day for
180 days.

A small number of thote [n groups given Isrge dos-
ager dled within X150 days while thote whikch sur-
vived were sacrificed for examiadtion, The gluramic-
pyruvic tranuaminasz values of individual rats from the
Sroup giver ip angd 13 injuctions of 1.2 mg/kg dosagses
were slightdy higher than those of the contral group.
However. nc naticeable ¢ffects on the routine bloud
tests, blood sugsr, urea nitrogen. zine turbidity, musk
oasphenol turbidity and ECG were daiected. Micro-
scopic examunntien of various organ wciions showed
that the hesrt muscle had dot-shaped and slice-shaped
Inflamed areay accompanied by myocardia] cell dena-
turation atrophy. Cerebral spongiocyte growth and
myophagia was noted and a small numbder of rats had
sperm eell grouth Inhithiion and interatiilal growth. No
abnormalities were chserved m the other organs.

Rabbits and dogs: there were 20 rabbits divided into
four groupse. They were scparately givea im injections
of 0.4 mg/kg of Huperdne A for 180 days and iv infec-
Uons ol 0.3 mg/xg and Q.6 mg/kg of Huperzine A for 50
days. The conirol groap was given im Injections of
diullled water. Three of the rabbits given im Injections
of 0.6 mg/tg of Huperzine A died betwoen 66~136 daye
of taking the drug. but no toic reactions were abterved
before they died. Ten dogi were separately pivenn im
injections of 0.3 2nd 0.6 mg/Xg (3 dogt each) of Huper-
zine A and distllled water (4 dogz) for the control group
for 130 days. No abnormalitier were observed in the
group given small dosiges, but at the 0.5 mg/kg doss
therz wit noticeable whole body muicle MTher twhich-
log. The symptomu gradually decreased and dlrap-
peared [sllowlng the length of the Hme the drug wm
given. The ECG showed no drug induced abnarmali-
tics. When the 1ime arrived, the rabbitt snd dogs werz
dissected. The rautine blocd testy glutamiepyruvie
tramaminase, zinc turbidlty, ures nitrogen and creati-
nine were all normal. Each organ section was odserved
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microscopically and & small number af rabbits in the
group iven the drug had myocardial cell denaturizs.
tion atrophy and interstitial growth focus in their
hearts, The heants of the dogs had Nght fat tafijiration.

10

‘ TABLE ¢

SMutwinm Tovte af Hyacrriae 4 1V = S0
Crmapr

The cerebral cortex of esch dosage group of rabbits and § —ot frman TAw - S TAw - 5
dogs had ceredral spongiocyte growth and myophagis. ::f\::x:v . - au RS
but the nerve prenucial did not thow mmy retrogression. o W= 28 = 13
This thowy that when o relatively lsrge dosage of Hup- 1o MWo o 16l = 3te
erzne A wis used [or a longer period of time. this could 1o Bz LI
affect the nervaut syvtems of the beart and bram. The 10 Sirieoboedemds W fo = 207

stimulation of the latier was even more gutstaading. Crmnerrd wan yomtinnm- 'Acrw mumpn, 5p 3 LIt S« U
TAELE 4 4. Teratclogical Tent

Acure Trvens of Humerrine A on Muep pad Rate &-13 days aler mice became pregnant they were

)é-’r:-: (L’I()’_;.Mm‘ Toue 13 given ip injections of Hup;rz.‘ne A 22d 7-13 days alfter

. & rabbits became pregaanat they were given im injections

Dyt Avemt Wo Coves Limas madn)  Sireph of Huperzine A.WT?: rmlt:?hOwM?h( the nmr of

Hurerrse A ne w ;‘fh:-t;‘{ ; © = embryo absooptions and sdllbarn fetuses for the mice

- hy 805 @131 0.8 siven ip injection of &19-0.33 mg/kg of Huperzine A

- » TYINSS)) 20 was markedly greater tan \hese of the coatrol group

:lhl vo-;'fm o- v ‘g.: :?11:‘1.‘0:‘0' ﬁ: (P <o.o(1; ;{I'hc resulis of ¢ single ;‘p injection of 0.13
slamRsanee » Bl ’ mg/X uperzine A on the lenth day of pregnan

Hurerzine A Ras o (322001 103 were fh-nihr 10 Ihat obtaised when 13e 'cylrug;:mf giV:'/l

- e ; many times (Table 8}, Neither of the 1wo methods of
- o~ pEROATD S o ivi i i

?M:?;m . 'z . : :m‘:‘-__}"' oo giving the drug resulted in sbnormsl embryos seen with

3. Mutatdion Teses
The Ames method as well as the two typet of bacteria
TAe and TApn which carey different mutation R {as.
tors were used 1¢ evaluate mutagenicity when com-
bined with 2 metabolic activation aystem (Sa mized
" Iiquid). Four dosapes of Huperzine A, 1, 10, 100 and
1,000 pg/ecntuiner, were used and compared with 1
cy<lophosphamide and a muuatinn group. Each donage
wias run in thplicate with TAaq cr TAja and an suto-
matic ¢olony counter was used 1¢ count the nunber of
reverse mutaticn colanict. The test resulix showed thar
there were a0 noucerble difTereaces between Huper-

3o

the positive drug control of cod-liver oil (each gram
contained 50.000 intermational units of Viamin A and
$.000 internations] wnits of Vitamin D). The latter pro-
duced varicus 1ypes of esternally observed deformitis:
short 12ils (&4/97), short snd no wils (18/97). back legs
reversed (11/97), open eyes (7/37) exposed brains and
spina bifida (1/87). sarken ncses (1/97) and cleft palates
(39/40). The number of uillborn fetuses among the
racbits given Im Injections of 0.03 mg/%g of Huperzine
A was notteeably Bigher (P <0.05) rthan that of the
contrel gravp. The cther douge graups both higher
and lower had values clote 1o these of the control group
(P <0.05) (Tsble 6). No external, internal orgxn ar skel-
eral deformities were obwerved for any of the dosages.

TABLE 6

The Effects o Huperine .
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. QOBSERVATIONS ON THE CLINICAL
CURATIVE EFFECTE OF HUPER 2INE A ON 128
CASES WITH MYASTHENIA GRAVIS

1a order to further verify Huperzine A's clinical cura.
tue effecie and observe i siee effects. trials were yn-
dertaken to observe the timilarities and differences be-

zZine A and the sponlancous reverse mutation coleay 68
number. Further, the colony aumber of the positive
contral drug (cyclophosphamide) was greater than that

of the spontaneous reverse muaticn group (Table 3).
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tween Huperzine A and neostigmine, 128 patienis with
carrectly diagnosed mytsthenia pravis were used in the
trial. 69 of these paticats took neestigmiae 23 a contzol
group and 39 patients uied Huperine A exclusively,
The conditions of the clinical use of Huperzine A for
these 123 cases are st out heresfier.

L METHODOLOQY

Patients afTected with myssthenia gravis (MG) with
typleal clialcal sympioms which impreved after wiing
neostigmine were the subjests far witing and verifica-
tion. Iatramuscular injections of Huperzine A were
given each day and the curative effects and side effecnt
were abserved afler the injectionms. 1t was genersily
wied for 2t Jeast tea days and cach dodage was 0.4-0.8
mg Neostigmine and Huperzine A were used 10 carry
out double blind cros-over contred trials wherein 0.4
mg of Huperzine A"wai injected for five days and 0.5
©g of neouigmine was injected for Sve days whh alter-
nating use of the drugy in the conersl group. The injec-
tions were al] given in the merming and on the morning
prior 10 the iajectiont pnticholinesterase drugs were
discontinued. Neither the patients nor the doctors knew
which drug was being injected. Later, the symptoms,
the duration of the improvementi. if sny, which were
cbiained by the drugs and the ilde eflecis were re.
corded. Bascd on thesz feciors, the relfative merits of Lhe
two drugs were establithed.

1I. THE SYMPTOM APPRAISAL STANDARDS

(=Y 3 (= 4+ <) was used as \he standard for
the seriowsness of the symiproms. (= - <) Wi the mout
[YI LI IW

1. Prolapsc of cyelids: the tear width of the eye alter
wse of the drug was miesssred. If there was a3 increase
of C.2 cm abave that before oz of the drug. then the
effect was ~+ 7, if the increase was 0.4 em then ithe
efTect wis =+ -~ and If the increzse was 0.4 cm then
the effect was ™+ + 47,

1. Impairment 1o eyeball activies: when the eychall
wss basically fiaed and immovadle then it wus
*+ 4+, those who hsd reoccuring majar complainis
and bas.cally normal activivies were =+ ™ and thosz in
An intermediate state were <+ + ™,

3. Difliculiies in swallowing: when swallowing was
16ll porsibic but there was z feeling of difficulty or there
wat slowing of the ipeed of 1he intake of foad then the
patient wat tresred as "+ when the patient could
swallow but it was very slow them the patignt wa
"+ 4+ when the patient was basizally umble to swal-
low the rating was 4 4 +*.

4, Syucemic myusthenin: patienis who were able to
walk but fekt very exhausied were "+~ patieats wha
were 80le 1o 1tand up and walk with gifflcuity ¢.shon
duisnce in the ward or corridor were *+ + " and pa
tients who could not get cut of bed were “ 4 + 45,

UL CLINICAL DATA

1. Age, Sca, Type and the Counz of the Dizease

Bised on the clinical symptoms. thode patients who
only had their extra-ocular muscles afTected were of the
eye muscle type. 31 extes (54.25%) in this group. Thow
wha manly had tired musches when swallowing were
af the medulla oblongate type, |0 cascs (7.31%) in this
group. Those wWha had tired muscles In the four lmbe
were of the sytteraic type. 34 crtax (27.34%) In this
group. The thanew caurse of the disesse was ) days,

Q
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the longenr 23 years and the sverage was about 13
months
2 af the cascs in this group were male and 64 were

lemale. The youngeud male pancnt was one year old aad
the oldest wat 30 The youngem female patient was J
years old and the oldest was 74, The average male and
female sge was 27.3% yesry of age.

2. Results After the Use of Huperzine A

(1) Aside {rom one of the 128 casex, sll of the other
paticats kad reacticns to the Huperzine A as regards the
physical symptom initial kaprovement time and the
optimal curative effect time. The shortest physical
sympiom inltial improvement lime was 10 minutes after
injection. Ax indlvidual case had the loagest of 3.7
hours belore there were cffectt. The avernge was
11.32==19.56 minutes. 108 of the cases (25.03%) had
efTects within 135-30 minutes

As regards the occurence of the time maxima! effect
umcng 127 of the cases for which the drug wat effec-
tive, the shontest was 13 minutes, the longest.was 240
minutes and the average was 5034 = 25,45 minutes. 65
caies (31.13%) had the oplimal curative effect oeccur
within 43-60 minules after oudag the drug. See Table 7.

TABLE 7

T e pryawsl 1YMpiom mapeem ome bt 16MG (imes and
rpermal gargiin @ offect temen al 137 vrem wih MG,
Shawye

Long. 1M 43-aN

-~ o Aversge Monin Minul ¢~
Taper  iMme (Mine  (Hiontng Naoof No. of
1__..-- e W) X280 Cien % Caee " 7
imtal 1] 2 ilel = 1o 1
rTevt 1* %
am-
Mo ] pL ] MMz (3 RINE)
eal S
effet
U

2 The tustaining time of the effects of Huperzine A:
the shortest sustaining time of the efTect of Huperzing A
was 0.6 houre and this was 1 patient on the eye muscle
type. The Jaugesr was 24 haurs and this was observed in
the systemic type as well as the ¢ye muscle type. The
sverage action time was 5.94=4.92 bours The action
time of 44 cases (34.649%) reached 4-6 heuns while the
action time of 40 c3tes (31.647) @xceeded b hourt. The
shoriest time smong these 40 cases was 6 haurs, and the
longest was twemy-four (24) hours, aversge was
1041 =35.40 hours.

3. Effecu

Atide from onc case, the drvg wag effcctive for the
other 127 cater (9921%). Among these, 71 cmny
(35.46%) had marked effects and ft was effective for 56
cates (43.75%).

4. Laborniory Exsminations

Albumia, hemvochrome. blood plateiat, routine urine,
liver functon xnd EXG cxamimtions on some of the
128 cases given Huperzine A before and sfter they taok
tbe drug were carried oul and none of them thowed any
notlcesbls diTerencss In albumin, blood patelets and
routioe urine 1eats before and aftar being injecied. The
white blood cells noticeadly decTeased after the injec:
tions and this occurred In only 1 cascs (2.4 2 cases
had abnormal liver functions before the injections and
bath of these casey had normal liver functions tfter the
injections. Howwver, there were tlio 2 cares (2.2%)
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which hed nurraal liver functians defore the injections
but the SGHT" was abnormal after the injections.

5,177,082

The EXGs of 3 patients before the injections of

Huperzine A were recorded and amtong these 11 cases
{11.457%) were abnormal. The EXGs of 72 patlents afler
the injections of Huperzine A were recorded and
ameng these 1] cases (1527%) were abnarmal. 9 of
these 11 were among the original abnormal group and

only 2 csset (3.7R) were normal before the Injections g

(scc Table 3)

TABLE t
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5. Comparison of the Effecyy of Hupertine A aad
Neostigmineg

(1) Camparison of the maintained times of the effecs.
Comro} tests were Curned out on 69 cases. The action
time Huperzine A was longer than that of acostigmine
for 32 cases (34.049:) of the acticn time of neostigmine
waslonger then that of Huperzine A 1n 6 cases (3.69%).
The action times of the two drugs were close in 3 cases
(7126%). After siatitileal analyves, there were very sig.
nificmt differences boiween the two (X*=T73.52,
p <0L031),

Amaag the 5t cases whertin the action time of the
Hupcrone A was lenger than that of necstigmine, the
shorest diTerence was 0.05 hour, the longest was 20
hours sad the average was 1.90=1.64 hours (s3ec Table
9-

TABLE ¢

Spetific condUrant of 31 oo when Ihe sctron Dme of
Punertine-A wis longer 1aan 1hvi of Acrstigmine

pil. ik D .
ferencey  Jerencer ferenct fetence Average
ALY 14 “ over OilTerence
Twoe I Hours  Howry  Hows & howrs X = SD (haurs)
3% e 14 13 4 7 190 - 24
i) hol 31.03° A - NI

Among the 6 cases wherein the action tme of the
Huperzine A was lc3 thun that af the neostigmine, the
shortest was 0.3 hours sad the longent was ¢ hours.
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Four of theie caser were within onc hout while the
other 1wo were |.6 aad 6 houn.

2) Comparisaa of the sction sirengths: the insected
dosage of Huperzine A was 0.4 mg whereas 0.3 mg of
neortigmine wiz wicd. Given these dosages the acticn
of the fermer was stronger than that of the latcer in 16
of the caies The action urength of the former was
lower than that of the latter [n 7 cases. There were
basically no difTerence betweea the two in 44 of the
cates and il can therefore be taid that under these des-
23¢s Whe actlon sirengths of both are not very difTerent.

{3) Compariscn of the side effects: mmong conirol
patients, 4 cxey had tide effects [rom the necstigmine
{43.27%) whereas 45 cxses (8521%) hed side effccts
from the mjecticns of Huperzine A. Statistical ansiyses
shawed that there were no significant diffzrences
(K1=158 P>0.05)

Among the more frequently oocuring side effects
were perapiring, nauses and blurred vidon These three
revesled marked differences matistically between the
two drugs (these were separalely nauses Xl 1S,
P <C.00!; perapiring X3-5.5..P<0.G!: biurred vision
Xim]2.96, P<0.001). There were no marked QifTer.
cnces in the occurreace rales of Other slde effects.
Thereloce, necstigmine more naticeadly thaa Hyper.
zine A caused peripliring snd Murred vision but Huper
Zine A wai more apt 1o Causs niuees than wat neostig.
mine. [ gne compares the ase of Huperzine A for 128
raticnts and the ute of neastigmine for 69 caszes, gnly in
tie area of nausca was the percentage of lis occurrence
greater than that of nectiigmine. There wus significant
statistieal difTerence (X = 4.99, P <QLS). The HHuper.
zine A had lower ide cffect for each of the other items
than neostgmime ncluding muscle bundle quivering,
dizziness, perspiring and blurred vition. Stathticzl anal.
ysis thawey drnificant difTerence. (xi=4.18, P <08,
1= 3628, P<0.00!, XPw=13.23 P<O0O0L, X3 =46.52,
P <0.000] respectively.) See Tabtle 10, Both the stads
Ucs and procsssing showed notceable differences and
we can thus basically come 10 the canclution the Hup-
erzine A fs tuperior to neostig-mine, This is expecially
true at regards the actica tme length of Huperzine A
which is its outstanding fearure. This is acruslly the
major drawback in the clinical use of necstigmine.

{4) Comparitan between Huperzine A and peostig.
mine: Baaed og the above facts, the effective tdme of
Huperzine A wat s gnificantly larger thaa neostigmine,
The [requency of the various side effects, especially
muscle bundle quivering, dizzinens, periplration, and
blurred vision; Huperzine A was statistically lower than
Pectligmine,

Basad on the sbove data on this group of 128 pardents,
i can be considered that Huperring A i ann effective
anticholizesterase drug for treating myasthenia grawis,
It did not have any significant negative effedts on the
major arpans, for example, lungs, kidney, heurt and the
bematopsietic sysems, and the clineal occurrence rate
of side effcets was Jow. Aside [rom nausea. It had lower
side effects in all other areas than neostigmine. Moce-
over, the fact that Wiy curative effect action tlme wax
noticeably longsr than that of neostigmine is its major
oulstanding feature,
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Bascd on the fact that Huperzine A possesset definite’

pharmacodynamic sctivity and a relstively lacge thera-
-peutic index, it wes clinically tested. The rasuhs of the
treatment of 123 cascy with myssthenia gravis thowed
that the intramuscular injections of Q.4 mg, of Huper.
rine A were adle to definitely improve the myasthenia
gravis caoditian of the patlenis. i1 sustained time of
sstian was longer than that of neaatigmine and it had
lawer side effects. The intramuscular Injections of 29 or
50 g of Huperzine A in 53 cases of cerebra) anterioscle-
rosis sceompomed by senile dementia was effective in
improving memery functions.

A cempound of formula 1, 11 or 11, or & salt thereof,
ar 3 compeution conteining & therepeutically effective
amount of 1 compound of formula [, 1T or 111, or s salt

“thereof can be administered by methods we!l known in
the ar1. Thus. s ccmpaund of formula 1, 11 or UL or 2
salt thereaf can be admmnistered cither singly or with
other pharmsceutica] sgean, for example. orxily, paren.
terally or recully. For orul wdministration they can be
administiered in the form ol tablets. cagtules, for exam.
ple. 1n agrmxtare with tale, n1acch. milk wugar or other
inert ingredicnts, that is, pharmaceutically acceptadie
carriers. or in the form af squeaus wolutions. suspen-
sions, elixirs or squeous slegholic wtutlons, for exam.
ple, in sdmixture with sugac or other tweetening agenty,
flavoring agents, colormus, thickeners and other con.
venticnal pharmaceutical excipients. For parenteral
administration, they can be administered in wlution or
suspension, far example, an aquecus or peanut oil wolu.
tion or Juspension using excipients and carriers coaven.
tional for this mode of sdminisiration.

In the practice of the irvention, the dose of 3 cam-
pound of formula 1, Il or {11, ot a salt thereof (o be
admunirtered and t\he frequency of seministration will
be dependent on the potency and duration of acnivity of
the particular compound of formula 1, U or 11, or 1alt
ta be adminisered and on the roure of administration, s
well a3 the severity of the condlition, age of the mammal
10 be treated and the like. Doses of 2 compaund of
formula [ or a salt thereol contemplaied for use In prac.
ticing the invention for the treatment of myssthenia
gravit are in the range of from about 0.0) ic about 25
mg per day, prefecably about Q.1 to about 10 mg efther
»s « single dose Or in divided doses, and for the trea-
ment of senile dementls are in Rhe ranges of from about
0.10 to zbaut 100 mg. par day, prefersdly about 1.0 10
about 30 mg. cither a¢ 4 tingle dose or n divided doser.

The Examples which follaw further [lusirate the
lnveation. All lemperatures are in degrees cantigrade,
unless otherwise susted.
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EXAMPLE )

lsolation of (SR, 9R,
{1E)-J-amino-1l-cthylidene 56,1 O-tetrahydro-T-meth.
y1-3.9-methanccycleocialblpyridin. 21 Hy-one
(Huperiise A)

About 100 k3 dry weight of the crushed. powdered
plarm: Huperzie sertata (Thurk.) Trev., was placed in 2
contsiner, and ctiracted with refluxing 95% cthanoi
several times. The combined cthanol exiracts were
evaparsied 10 & resicdue which was suspended in dilute
aquecus hydrochloric asid (1-192) and extracted with
ethyl ether ta remove impurities. The agueous layer
was then nevtralized with cancentrated aqueous ammo-
ria and the total wikaloids were extracied into chloro-
{orrn. After parually concentrating the chloroform so-
luticrn, the solution was tepestedly extracted with 19
iodium hydroxide. Tde sodlum hydroxide liyer wat
then neutrallzed with concemrated hydrochlorie acid,
and agsain brought back 1o pH greater than 10 with
concentrated ammonia, This aqueous solutica was ex-
tracted with chioroform snd the residue frem the chlo-
roferm exirsctt was chromatograpbhed on dlics gel
calurnn.  Solvent (ystem used was cghlarsform.
methanacl, $3:7; 97:3: and 9:4 ratio in succession. Frae-
tions lrom the chromatography were analyred by TLC
and thote with a single 1pot wera combined, AfRer tol.
vent removal, the residue wis erysialiized from acetone
fo give crude (3R, R, l1ElS-amnino-1l-cthylidene.
3.6,9,10-tetrahydro-T-methyl-$.9-methanocyciooata
[blpyridin-2(1H)-cne (Huperrine A), about 10 g vields
ran 0.003% to Q0119 of surting dry powdered plant,

The crude Huperzine A wis snalyzed to be about
95% pure or better and contained 3bout 1% (#aR, 5R,
I0bR}-1,21.4,42.3,4, 106-cczah ydro-1 2-methyl-§, 10b-
propenc-1,7-phemanthralia-3(H)-cne (Huperzine B).
This material with & mp of 121'-229* C., was used in
clinical tals, - .

To lurther purily Hyperdine A, the crude materta)
wat rechromstographed wing the chloroform: meths-
nol salvext mixtore or recrysallized from methano)-
/rcetorwe mixcare. The pure malerial hat mp 230° €.

m. wt. CisHaN1O; 242.1428 (By mass tpectrascopy). .

{alp?? — 150.4° {cone. 0.49) In methanol).

s UV max. (ethanol) 131 nm (Jog € 4.01): 313 nm (Jog ¢
.89}
IR 1650, 155C, 3480, 3340, 3260 em~ ),
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EXAMPLE 2

Jsolation af (4aR. SR,
106K -1.2.0.4,40.5,6.10b-0ctahydro-12-met hyt- 5. 1 Go~
prepeno- [ T-phensathrolia-4TH Fone (Huperzine B)

The crude material solated from barer fractiont of the
chromatograph ¢olumn was found to be 3 mngr com-
panent. Further puriflcstion lnvolved rechromato-
sraphing on shca gel using s sclvent system of chloro-
form.scctene-methano! fn 50:47:3 ratio. The materisl
collected ffom the cotumn was recryrtallized from sce-
tone to give pure (4aR. IR, JObR)-1.2,3,3,42.5,6,100-
octahydro.12.methyl-§.[0b-propens-1, 7-phenanthralin.
X TH}Ge (Huperzine Bl mu.p. 270°-371° C.

m. wi. CraH1oN:0; 236.1538 (by mau spectrescopy).

le}oA? = 54.2° (cone. 0.203% in methanal).

Yield 0.000833% based on dry plant (333X 10=9,

T EXAMPLE 3

Preparation of (SR. 9R,
11E)11-ethylidene-5,6.9.10-tetrahydro-T-methyl-$-
(methylamine)5.9-meaharoTycloocta{d]pyridin-
UlH)rone

The mono-methyl derivadve af Huperzine A was *

prepared from Huperzine A (150 mgz.) by the treaiment
with methyl lodide {1 ml) fo methanol (0.5 ml.) and
acetone (2 ml) overnight. After concentrating, producs
was recrystallized from acetone (yield 120 mg)

mp 215°-216° C. .

MS 236 (M-

ENAMPLE 4

Preparation of (SR, 3R,
JIE) 1t -ethylidene-5.6.9.1C-ictrahydro-T-methyl-5-
(dimethylxmno)-5.9-methanocycioocta{b)pyridin.
A1Hr-one

'

83

20

s

33

The ci-methyl derivative of Huperzine A wai od- .

talned by the trextment of Huperzine A (130 mg.) with
formic acid (33%, 1 ml.) and formaldchyde (33%. I ml.)
at 103" C. for 4 heourt. Aler concantrsting under re.
duced prewsure and basifying wath conc. ammonium
hydroxide, the detired product was extracied with
chloreform  Rewrysaallizstion from & chloraform-
methano! misiure gave pure title compound (yield 130
mg.). .
mp 243*-245° C.
MS 270 (M=),

EXAMPLE §

Preparation of (SR, SR,
11E} V] ethylidene-5,6.9,10-texcahydro- [, 7-dinethyl-3-
(dinethylemino)5.9-methanocyciooctald]pyridin-
2{1H)-cnc

The title trimethy! derivative of Huperzine A was
chtained by methylation of Huperzine A (150 mg.) whh
dimethyl sulfzee (3 ml) in acctone (10 ml.) and 200%
agqueous sccium hydroxide (4 ml.) a1 reflux. Alter three
(3) hours. the mizure was extracted with chicroform.
TLC analysle of this extract showed twa spots. Purifics-
tien hy silica gel column chromatography (chloraform
a1 solvent, impurity being eluted flrat} gave the tri-
methy! derivative as 3n ¢il {yleld 110 mg.). The itle
compound i3 an oil.

MS 284 (M~

63

18
EXAMPLE 6

Preparation of (44R. 3R.
10bR }-1.2.3.4.42.5,5.1Ch-0ctahydro- 1. 2dimethyl-
3.10b-prapenc-1,7-pheaanthrolin-§(TH)-cre

Methylaion of Huperzrine B (150 mg) accordmg to
the method as utilized in Exampie 4 gave (43R, SR,
1C6R)-1.2.3,4.40.5.4. 1 Ob-ccahydro. 1.1 2dimethyl-
5,100~propeno- 1, 7-phenanihralin-&THone, recrystal-
lized fram methano! {yteld 130 mg.)

m.p. 272'-273° C.

MS 270 (M~}

EXAMPLE 7

Preparation of (4aR. SR, 104K,
1255 1,2.3.4.40.8,6,1 Choctahydro. |, 1 2dimethyl- 10), 3.
propano-1.7-phenanihroliz-§(TH)-one

Monemethyl Huperzine' B (140 mg.) was hydroge-
rated in the presence of platinum oxide (100 mg.) and
rcetic aeid (5 ml). Aler Yuification with smmonium
hydroalde end extracticn inte edloroform. the title
product was recrystallized from chlaroform-merhanol
(yield 130 mg).

mp. 281°-3° C.

MS 272 (M=)

EXAMPLE }

Prepasation of (3R,
$R}-3-amino-| 1-ethyl-§,6.3.10-teirahydro-T-methy}. 5,9-
methenocyclooctafdlpyridm-UiHroae

Hydrogenttion of Huperzine A (130 mg.) In the pres-
ence of platinurn oxide (80 mg.) in ethanol (20 ml.) gave
the title dihydrohaperzine ‘A, where the former 2x0-
double band is 1aturaied. This material wat purified by
silica psl column  chromuogrnphy (chlorcform.
methanol, 15:} & wlvent) followsed by reerysiallization
from mecthanokacetone (yield 100 mp).

m.p. 269°-27C° C. ’

MS 264 (M=)

EXAMPLE 9

) Preparanon of (SR,
9R)-3-amino-11-2thy1-3,&7,8,9,10-hexshydro.- 1-methyl)-
§.9-methanocyclooctalbipyrdin-2{ 1H)-cne

Huperzine A (200 mg.) was hydrogenziad in the pres.
ence of platinurn oxide (100 m3.) and acetic acid (10
ml.). Afer hatification sud extractian into chloroaform,
the title terrshydrohuperzine A was recrysiallized from
t methanol-scetone mixture (yield 130 mg.).

 mp. 164°-3° C,

MS 246 (M~).

EXAMPLE 10

Prepanation of (SR, 9R,
JIE)-5-(acetylamino)-11¢cthylldenc.5.4,9, 10 etrahy-
dro-T.methyl-5.9-methanocycloocta[blpyridia-
H1H)<ne

The titled Neaceryl Huperrine A derivative wps pre.
pired by treating Huperzine A (100 mg.}) with wegtie
anhyande {1 ml) and pyridine (0.5 mL) at room temper-
ature for one week. This mixiere was poured Iate ice-
uwter and extcacted with chioroform, The chlarcform
cxract was concentrated and purified by sllics gel col-
amn chromuogriphy (ehlocoform-methanal, 151 as
walvent} and recrysailinaion from acstane (yicld 100
mg.).
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mp. 2787 C. -~
M3 283 (M)
EXAMPLE 11

Ar mjection of the following compasition is prepared ¢
i Ahte usual reanner:

1R AR IIE RN amun | merhvTidene J a0 10 0 omp.
verradty ans.Tometn I- 5.9 met hanoe potoncia{ b}
2 1H -one Mdrachlorde 19
Dsier fow injevture g od 2.00 mi
We ¢laira:

1. Essentially pure (4aR, SR, 10bR)-1,2.3.4.42,3,6,10d- s
‘ocuhydro-12.methyl-5 1 Co-propens-1,7-phcanthroline
HTH)yone. .

2. A pharmacerutically scczpiable acld addition sait of
{(4a2R, SR. 1CBR)-),2.3.4.42.5.4,I0b-0ctahydro-12-mcih-
yh5.105-propenc- 1, T-pheranthrolin. KT H one.

Q
3. A zompound of the formuls 2

ie

m
33

wherein R', R7 und R independently are hydrogen or
lower alkyt. the dofted (.. . } linc it an optiona! doudle
tond, and provided that in formuls 111 one of RY, R2and
R is other than hydrogen. or & pharmaceutically ac.
coplable acid addition sais thereof,

4. A compound, ia sccardancc with clsim 3, of the
farmula

1§

wherain R' and. R? independently are hydrogen or
lower alkyl, and provided thst one of RYand Riisother

20
thun hydrogen. gr pharmaczutically accepiable azid
addition talt thercol, .
3. A compaund. in sccardance with chim & (4R,
SR, 1GER)}1.2.3.4,44.3,8,10b~0ctnlivdro1, | 2dimethy
5.10b-propenc- 1. T-phenanthralin. « THone.

& A compound, in sccordance with claim 3, of the
formula

wherein R), R2, and R} independenily are hydrogen or
lower alkyl and the dottad (. .. ) line s 31 oprional
double band, or 3 pharmscevtically sccepisble acld
addition ralt thereof,

1. A compound, In scesrdance with claim 6, (IR,
9R}-Samlina-1 l—<th71-$.6.9,)O-(ttnhydm-’-mcLhyl—S.%
methanocyclooctalblpyridin-2(1 H-one.

3. A compouad, in sezordazce with claim 6. (IR,
PR 1-S-aming.l | ~ethyl-5.6,7,2.5, 10-hexahydro-T-methyl-
$.9-methanocycloaetalblsyridn- 2(1 H)coe..

9. A phammaceutical compotition compriting an ef-
fective amount of an esenthally pure compound of a
formuls

1"

H

CHLOMY;

131

wherein R!, R2and R} Independemly sre hydroger of
lower alkyl, and the dotted (.., ) llne is an optional
double bond, of s phirmacentcally acceptatle acid
addition salt thereof and 1a inert pharmacsutical car.
rier.

10. A pharmsceutcal composition, in 1ccordance
whth clim 9, wherein the compound b (4aR. SR,
TObR}1,23.4,42.5,6,100-octrhydro- 2-methyl.$,10b-
propenc-1,7-phenaathrolin-& 7TH }one.

. L]
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