ST,
DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration

fﬂza

. Memorandum

Date OCT 2 9 1997

From Acting Director, Division of Programs and Enforcement Poligy,j(af e o§ !Spc cial -
Nutritionals, HFS-455 - 120 W14 Pz us

Subject  75.Day Premarket Notification for New Dietary Ingredients

To Dockets Management Branch, HFS-305

New Dietary Ingredient: Huperzine A, an alkaloid compound
extracted from the herb Huperzia Serrata.

Firm: General Nutrition Corporation (“GNC”) on
its own behlf and on behalf of Marco Hi
Tech JV Ltd.

Date Received by FDA: September 2, 1997

90-Day Date: December 1, 1997

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 95 S-0316 after
December 1, 1997.

Sincerely yours,
James Tanner, Ph.D.
Acting Director,
Division of Programs and
Enforcement Policy
Office of Special Nutritionals
Center for Food Safety
and Applied Nutrition
Attachment



John P. Troup, Ph.D.
Vice President,
Scientific Affairs

P N Lo 1 iveWell

P;HE#E \VlE’m
August 25, 1997 i"\

HFS-450
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. Kah!:

Pursuant to Section 8 of the Dietary Supplement Health and Education Act of
1994, General Nutrition Corporaticn (“GNC”"), on its own behalf and on behalf of Marco
Hi Tech JV Ltd., wishes to notify the Food and Drug Administration that it will market a
new dietary ingredient, Huperzine A, an alkaloid compound extracted from the herb
Huperzia Serrata. Accordingly, enclosed please find (2) copies of this notification.

The dietary supplement which contains an extract of Huperzia Serrata,
Huperzine A, at a level of fifty (50) micrograms of Huperzine A in a tablet or capsule
which will be suggested to be taken one time per day.

Attached please find reports of the safety and other information which establish
that this dietary ingredient, when used under the conditions suggested in the labeling of
the dietary supplement, is reasonably expected to be safe. These supporting studies
include:

) Acute oral toxicity of Huperzine A and demonstration of LD50.

(2) A summary description of safety and toxicity studies conducted by
international research institutes, a description of the clinical studies
conducted in China is also presented.

(3) U.S. Patent describing methods of extraction of the active component
(Huperzine A) and review of complete safety/toxicology studies.

General Nutrition Corporation, 300 Sixth Avenue, Pittsburgh, PA 15222
Tel: (412) 338-8844 Fax: (412) 338-8954

e
%



Page 2
August 25,1997
L.S. Kahl, Ph.D.

(4) Published scientific articles describing the acute and chronic effect of
Huperzine A, including sub-population groups.

ery truly yours,

Ej)\n\’} ML (3

Jahn P. Troup, Ph.D.
Vite President, Scientific Affairs

JPT/aj

cC: Reuben Seltzer
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{571 ABSTRACT
The invention reistes 10 compounds of the formulas

m

wherein R', R and R' independently are bydrogen or
lower aliiyl, and the dotted (. . .) line & an opuicnal
Jdouble bond, and their pharmaceutically acceptable
acid addition salts. The comporads of formulas 1. 11 and
111 postess marked' antichglinesicrase setivity and are
useful 2 analcptic agent and a5 2gents far the weatmen:
of tenile dementia and myasthenia gravis.

10 Qlaimsz, No Drawings



1
HUPERZINES AND ANALOGS

CROSS REFERENCE TO RELATED
APPLICATIONS

This is s continustion of applicaion Ser. Ne.
07/305.882 (iled Feb. 1 1985, now abandoned which s
2 Rule €0 coaimuation of Ser. No, 936.003 filed Nov.
23. 1988, now sbandoned whick b a continuation-ins
pant application of Ser. No. 04/795.004 filed Nov. S,
1943, now abandoned. .

BRIEF SUMMARY OF THE INVENTION
The invention redates 10 compouads of the formulas

wherein RY, RZand R!independently are hydregen or
lower sikyl and the dotted (... ) line 13 an oprional
doutle bond, “ind thedr pharmacecutically accepiable
scid addinon salts. The compounds of formula L. 1L, and
111 possess marked anticholinesterase activity and are
useful as analeptic 2gents and as sgenin for the treatment
of scnile derpentia snd myssthenia gravit.

DETAJLED DESCRIPTION OF THE
INVENTION :

The invention relates to campounds of the formulas

5,177,082
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m

wheraia R1, R2and R* independently sre hydrogen or
fower aikyl, and the dotted { . . . ) line is an opticnsl
double bond, sad their pharmsceuticzlly accepiable
acid addirion walts.

As used herem, the term “lower alkyl™ denotes «
radical of 1 10 7 carbon stomr, for exsmpic. methyl,
ethyl, propy!, nopropyl, sobutyl, rertiary buiyl, pencyl,
hepty} and the like.

The compounds of formulas L [1 and [II can be pre-
pared as Nerewafter described. More particularly. the
compounds of formulas | and 111, wherein R!, R? and
R! are hydrogen, which are sfkaloids, can be prepared
from the naterally occuring plant Hwperzie serraia by
extracdon angd subsequent Chromatographic separation.

Conveniently, the extraction and separaticn of the
desired (SR, 9R, 11E)-S-amino-1l-ethylidene-5,6,9,10-
eirahydro- T-methyl-3, %methanocycloocta [b]pyridin.
2(1H)-one {Hupertne A) cin be effected by kaown
procedures. For instance. a tolvent such as an alkanol,
for exampie. ethancl, can be urillzed. The exmacts ob-
tained can be evaporated and the residue further sepa-
rated by sequential treatment and extraction 13 follows
The residue 13 1r2ated with ax morganic acid, for exam-
ple. hydrochloric acid. The squeous phase is newtnalized
with a bace, for example, ammonis or sodium hydrox-
ide, and the 1otal alkalmds extracted Yy 3 solvent, for
exsmple, chloroform. This sequence can de repested
many Gmes. The final exuact cam be chromatagraphed
on a silics gel columm, Fracticus lor the chromatogrs.
phy are snaiyred by TLC and these with dngle spots
are combined 10 yleld substantially pure Huperzine AL
To obtin pure Muperzinzg A, it can be rechremato-
grapbed and recrystallized by ksown methody, a3 for
sxampls, frem a msthanol/acetone mixture.

The crude material tsolated from later fractions of the
chromatography is ¥ minor component which, when
rechromatographed on silics gel uring. for example. 2
sohvent system of chloroform. scetone and methancl,
and recrystallized. for example. (rom aceicne, yields
pure (4aR. SR, 10bR)-1.2,3,4.40.3.6.10b-cct2hydro-12.
methyl.5,10b-propenc-1,7-phenanthrolin-8(TH)-one
{Huperzine B).
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The ather compdUnds of formulas 1 and 11 can be
prepared dy alkyintion of a compaund of formula | or
11, wherein RY, R* and R’ are hydrogen. respectively.

More specificaily, the sikylstion of s compound of
formula 1, wherein R'. R* and R* are hydrogen. that is.
Huperzine A, can be effecied ulizmg kaown proce-
dures. For exampie. if the mono-slkylamino (R' i alkyi)
derivative 15 desired, Huperzine A is rexcted with an
alkyl halidz, such s, methyl iodide urder standard
conditions, If the dialkylamine (R! and R? are alkyl)
denivative s desired, the moncslkylamiag derivative is
treated further with an alkyl hallde, soch s, methy)
lodide. If the dimethylamine (R! and R sre aikyl) dedv
stive is desiced, it can alsa be. preparcd By reacting
Huperzine A with ¢ mixture of formic scid and formal.
dehyde under standard condltions. If the trislkyl (R?,
R’ and R are alkyl) derivative of Huperzine A It de-
sired, Huperzine A is trested with ¢ dialkylsulfate, such
at dimethylsulfete, udlizing standard conditions with
heating. In euch imstance, the desired derivatives o be
lzp:lnted vy chrommography and crysullization, or
the like.

A compound of farmuls 11 can be prepared from the
corresponding campound of formula | by selective
reduction 16 either reduce the exocyelic doubdle bond or
both the exocycelic and endocyclic double bonds, The
exocyclic doubie bond caa be reduced by canlyric
hydrogenation utilizing platinum in an alisnal, such 23,
¢thonol. under known conditicns. The exoeyclic and
endocyclic double bonds can be reduced by caialytic
hvdrogenation utilizing plat:num in an organiz acid,
such as. acetic scid, under known condnians. In each
insiance. the deuired derivalives can be seaprated by
chromatogeaphy and crysallization. or the like.

The compounds of furmula 111 whertin R! and R7 3

sre hydrogen, that is. Huperzine B. can be recosered
during the sepmigtion xnd recovery af Huperzine A.
More ipecifically. (4aR. SR, 10bR)-1.2,3,4,42.5,6,1Cb-
octahydro-11-methyl-3. 100-propenc- 1.7-phenanthrolin-
8(?H)-ane {Huperzine B) can be recavered. as previ-
ously deseribed, in the Isolation of Huperzine A, ini.
ually, as & crude material purified from the later frac.
uons of the chromaiography.

The alkylation of s compound of formula 1l
wherein R! xnd R are hydrogen, that 1. Hupergine B,
can be effected utilizing known procedurss. For exam-
gle. I the mono-alkylamino(R! i slkyl) denvative (s
devired. Huperzine B Is reacted with an alkyl halide,
tuch s methy} iodide, under standard conditions, Il the
monomethyl derivative (R mmethyl) is deuired, it can
%30 be prepared by rescting Huperzine B with s mix-
e of formic acld and formaldehyde under standard
conditions. 1f the dlalkyl (R! and R? are slkyl) deriva-
tive of Huperzine B.is desired. Huperzine B Is treated
with a dialkylsulfate, such ss. dimethyluulfate, utilizing
standard condirions with heating. In esch Inttance, the
desired denivative can be separsted by chromatography
and crystallization, or the like.

The compounds of formulas 1, 11 and [1I form acid
sddition saltc with (norganic or organic acids, Thus,
they form pharmaceutically Acceptable acld addition
talis with both pharmacecutically acceptable arganic
and inorganic acids, for example, with hydrohalic acid.
such at, hydrochlarie acid,hydrobromic acid. hydrol-
odic acid, other miners) acid salts, such as, sulfurie scia,
nitrie asid, phasphoric acid, perchloric acid or the like,
alkvl, and mono-aryl sulfonic acids. such as. ethanesul.
fonic acid, toluenesulfonic acld, benzencsulfonic acid.
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ar the like, other arganic sckis such s acetic acid. 1ar. -
taric acid, maleic acid. cltric acid. benzoic acld. salicylic
acid. sscofrbic acid and the like. Non-pharmaceutically
scdeptanle acid addltion sslts of the compaunds of for.
mulas L. {1 ind 111 can be convented into pharmacesu-
cally sccepizble scld addition salts via conventivns]
metathellc reactians whereby ihe non-pharmaceutically
acceptable anion i replaced by s pharmaceutically ac-
cepiable wnion; or shernatively. by meutralizing the
non-pharmaczutically acceptable acid addition salt and
then reacting Yhe so-obisined Iree date with & reagent
yielding 3 pharmaceutically acceptable acid sddition
salt.

The compounds of formalas I, 1 and 13T and thelr
pharmaceutically acceprable acid addition salts exhibit
strong chaolinesterse mhibiting effocts, relatively low
taxicity, a large therspeutic index and sre superior to
physostigmine. Accordingly, the compaunds sare wefu!
¥ the trestment of myssthenia gravis and senile demen-
tia. The activity of the compounds of formula I. 1] and
131 can be demomsttareg In warm-blooded animals. in
sccordance with known procedures. as hereinafier de-
wKcribed:

More specifically, Huperzine A, a represenative
compound of the iaventien. is a potent reversible cho-
linesterase inhibitor which is very selective for specific
acetylcholine esterase and it is mackedly different from
physosngmine, It incresscd the amplitude of rouscle
contraction produced by the ladirect electrical stimulu-
rion of nerves in vitre and usng neuromuscular prepa-
rations. Jt al20 has marked blocking effects againat cu-
rare. A 1/138 of the LDs dotage of Huperzine A can
strenpthen the memory funcrions of normal male ras
(Y-maze angd drightacss discrimination test). The ip.
acuie laxicity of Huperzine A Is about enc-half that of
physostigriine in rats snd mice. 5z months of sub-acute
toxiztty tesis On rats, rabbitt snd dogs showed that
when ninety thmes the dospe of Huperzine A needad
for climical patients (5 treat myssthenia gravia and 730
times the cquired dotage to trest senile demenda was
used, A¢-noticeable pathological changes of iaternal
organi were observed. Mutagenicity test {Ames tost)
and rat rad rabbit teratogenicliy 1ests were all negative
for Huperzine A, JH.ladelled Huparzine A was uted to
carry out pharmacodynamic, distribution and ia vivo
metabolism research. Thease studict shawed that when
JH-Huperzine A was used the concentratlon curve
maiched the open, twa comperiment model. lty fjg= 5.3
minules and tyo=119.5 minutes. There was & certain
distribution in the braic which shows that §t can pass the
blood-brain barrier. There was only a minute quantity
of recloactivity In avery organ examined sfier twenty-
four houri. Seven days afler & Jingle dose 86.1% was
climinated tn the urine (34.9% of the eacreled drug
sppearing within rweaty-four hours). and 5.5% wes
eliminatad theough feces. e

Eahancing the Contriction Amplitude of Striated
Museles

!li In Vitro Phronic Nerve/Diaphrigm Preparations of
ats.

Afier the fast decapitation of a rat, the thoracic cavity
was opened and the right disphragm with sitached
phrenic nerve was removed. After plsciug it in a Ty-
rode's solutlon (37 C. constant temperature), gassed
with 3% oaygen<+3% COa, electrical stmulation
(1-10V, 0.5 1. | ¢710 3) of the phrenic nerve was used
to produce muicle contractina. A (ranxducer was uscd
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to record the contraction amplicude on 3 pancel ré-
carder, The results are listed in Table !. When Huper-
Zine A wat used in a2 0.043 uM comcenirstion. it in-
crcased the clecirieally induced coriraction smplitude
of muscle by 19%. This acticn corresponded with the
eomeentrxtion of Huperzine A. showing 8 very good
dose-response relationship. The sction of the Haperzine
A was slightly weaker than that of physostigmine and
neostigmine but much siroager than that of gxlantha-
mine.

TABLE 1

The emhancteg Effects of Huperzioe A or In Vitns K
Nerm ¢7/Dmnhesgm Muwie Conersction
Enkancemens of Muwhe

Comractinn A mpluves, Sireagih
Drve 207 Concomiratinn |xM) o EMfet
Hupetline A Q4 .00
Phuwrigrmne ades L
Nendigmmve am 1.e8
Galanihemine L 94 Q.0
Huperruw 11 4y Q.0e

1. Anesthesized Rat end Radbin Sciatic Nerve/Tibialis
Muscle Preparation

Anesthesia was produced In 7an by ip injections of J0
mg/kg of pentobacbital and in rabbits by iv injectioes of
3 g/xg of urethanc. Electric stimula:ion of 1he periph.
ery of the siadic nerve (3=-10V, 0.5 ms. | ¢/10s) Caused
tibinlis ¢ontraction which was recordzd on smoked

paper. The rats or radbits given lv injections of 30 °

ags/kg of Huperzine A showed enhanzement of the
smplitude of 1he electrically mimulated muscle contrac.
uon. Injections of physssligmine, i.v., 2lso enhanced the
rabbit's tibislis muscle contraction amplitude but 1€ 2
lesser degroe than thal observed for the rats. The po-
tency af Huperzine A in these tests was 1,7 and 4 umes
that of physostigmine (Tahle 2). Tubocursrine (0.3
myg/kg iv) campletely dlocked the clecirienlly induced
muscle contraction, Afier twenty minuies of suatsined
stimuistion. the tidiall mucle contrachion wmplitude
grudually resched the amplitcde odserved before the
injection of tubocurarine. I Huperzine A (40-60 ug/kg
i) was given sher the iv, lubocurarine there was
marked inhibltlon of the tubocursring blockade. Five
minutes {ater, the amplitude of the tibialis mutcle con.
tzaction was comparable 10 that seen in the absence of
tubocursrine,

TABLE 1

The drengthemng Lifeow of Huportine A on Whale
Neurnenurculer Prearsiioms
Lowest ENfective Dossge for Eanancing Munele
Conjraction tpg/Agd v ]

Sirength- Sitengin
Drog Rats of Effevr Rabhits of Effevt
Pm sesirprmne b 1.0 120 10
Galamhwring 300 10 X0 1.0
flupertine A 30 1.7 e 30 4D le ¢

ENHANCING THE LEARNING AND MEMORY
FUNCTIONS OF RATS

Tao demomitrate an effect on the lesming procest a
“¥Y* maxe conditianed feflex test was wied, Exch animal
was required to go through 10 succesnve shock-free
runs 10 be classified as leatned. The control animals
acaepted 11.9=4.9 shocks before achieving the lesrned
state while (hase receiving 1/50 of the LD of Huper-

¥

o

50

b

el

63

6

- nae-A (Q.] me/Lg. iv) 1ook 6.5=2.8 snd 1hose recen -

Ing physosiigmine (0.08 mg/kz. iv) rook 7.9=1.5.

To evaluate the impact on the memory function.
preconditioned animals going through $§ shock-free runs
were ysed at lesrned animali. Afier 48 hours the drug-
free (control) animals required 14.4= 3.9 shucks 15 be-
come learned. With Huperzine A (0.03 mg/kg. ip) only
43272 ihocks were required while with physoslig-
mine (0.13 mg/Xg) 44237 shocks were necded ta

achieve ed slate. :
1 IN VIVQO DASPOSITION OF "H-HUPERZINE
2

Rats were lightly anescheatized with sodlum pentobar:
bital suppiemented with ether and a eannule was placed
in the caroeid artery. Aflter the snimsis awoke 1,5,13 and
30 minutes and 1,2 1nd 3 hours aftzr administermg iv
injections of 373 uCivkg of YH.-Huperzine A, Q.2 m! of
blood was laken from the carotid artery and Q.8 mi! of
water plus one drop of kquecus aramania (pH 10) were
ddded 10 each wample. Afler adding 3 ml of 1.2 dlchlora.
ethane, extraction was effected with the aid of a voriex
mixcr for three minutes. aquecus phase wai cx.
iractedt two maore thmes with dichloroethane, Afier

Y combiring the organic phases, the liquid was evapao-

reted 10 dryness and the residue was pisced on silica
impregnated filter paper and developed with & mixture
of chloroform:scetone:methancl: aqueous smmonia
(49:45:1:1) solveni. After chromuetographic teparation.
the 0.5% ] cm tand ¢orresponding 1o the position of
non-ragdioactive Hupersine A was cut out and examined
by liquid scintillation techniques. The time curve of
‘H-Huperzme A in the blood discloted an open. two
compsriment model of disribution. The eliminated
phase rate censuant and half-life period were separaiely
aw(.129 ma~!, ti,=54 mia. B=d.0048 min~!,
Ga=1125  min.  Kj=~00366  Ko=0.0204.
Kiz=0.0778 Vew 104 I/kg, Yd=1.66 17K g. the elimi-
nation ratc was Kinand Ve 21.17 mi/minskg.

Aller giving 250 uCiskg by v injecticns of 'H-Hup-
erzine A 10 the rats, they were tacrificed ar differen:
times by bloodletting and the radiosctivity contems of
the organs were measured. Fifteen minutes sfter the
drug wis glven. the kigney and liver had the highent
conteats the lungs, iplecn and heart had less and the ot
snd brain had the lcast. Twao haurs after the drug was
given, the radicactivity in the other tissues wat mark-
edly lower while thal in the brain rose slightly. Twelve
houry afler giving the drug, the redioactivity in exch
tissue was cloe to zero,

Intragastric (ig) Injoctions of JH Huperzne A (378
pCiskg) were given 14 bours alier the somachs of the
rats were empey and 10 ul of blood was removed from
the tip of the uafl for measurcment of radicactivity.
Twenty minutes after the ig injection, the radicactivity
in the blood had risen noticeably. It reached a peak in
43-60 minutes after the Ig Injecton and then slowly
decressed. Seven houn after the drug wat given, the
radioactivity in the blood was still refutively high.

Afller giving a 250 uCizkg iv mjection of *H-Huper-
tine A, the Grine was collected from 0-6 and 6-24
heurs, eontrol urine wat coliccted 1eparately. Aflier
chroma phic snalysis, s radlasctive pesk (1) was
detectedin (Re R A.65-0.71 ares which was lentical 1o
ihat of nalfered YH-Huperzine A. Another radionctive.
pesk (11) wik Tound in the R;0.17-0.21 ares and repre-
wented » metabolite of the parent compound. The ratio
of the twe peaks (11:1) gradually increased with the time
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of unne collecnan. The 1L rana was 0.4 efter 3in houry
and it wa 1.4 1n the &-14 hour period. Thus the drug
metabolite was more slow'y eliminsled into the urine
after going through (he in viva proces.

Ciing cquilibrium dlalysis. it could be shown that the
protein biading of ‘tl-Huperzine A in the plasme of
narmal mice was 1722415,

INRIBITING THE ENZYME ACTIVITY OF
CHOLINESTERASE

Red blood cell membranes of rais were used s the
wurce for the true cholinesierate with & substrate con-
centration of 0.3 mM of S-acstyithiochaline iodide. The
source for peeudocholinestcrase was QL1 ml of rat blood
serum and the substrate was 0.4 mM S-butyrylthiocho-
line jodide. The Eliman coloritnetric method was used
10 measure the eazyme activity. The percentage of

enzyme activity remaining was plotted sgainst negative -

logarithm (pl) of the drug concentratica and the plx
(the negative logarithm of the gram moleenle concen:
tration of the drog required 10 inhibit the enzyme sctiv-
Ly 30%) was derived. Huperzine A inhibited picudo-
cholincsterase less and truc cholinesterase more than
physostigmine and neosiigmine (Table 1),

A certain Quantity of true cholinesterase was mixed
with a certain quantity of inhibitor and ths enzyme
activity was meajured at different times aftcr miding.
Afier the Hupertine A and enzyme were mixed 20 (o
305 inhibition was seen very guickly, which did not
change over & 8 minute period. The sume respanse was
noted for the reversible cholinesierme Inkibitorucho-
lime chioride and galanihamine. The irreversible cholin.
exserase inhibitor DFP. however. yickird Increated
inhibiton with incubation time, Huperzine A yielced
.inhibrtion ve time respanses similac ta those of chaling
chlonde aad palanthamine, but differeny from DFP.
Removing the enzyme preparation from s mistete with
Huperzine A and then washing restorcd the uctivity of
the enzynie 18 34.6 =4.9% of the preincubation value.

The above results thow that Huperzsine A is 3 revers.
1ible cholinesterase inhibitor.

TABLE 3

Tominien?s Fflwrs o Hupcrnim & on Clalasesioriw
1onmtnin M Chdlureveian tolas

Reg
Bhnd

Rrue Ul werum Ceils
Hopersine A ' 0.2
Nedsnernsl hupes- 1LY o W0 T M omeffestne [%3
une A
Nanmethv 1l e 1077 M ineMectine 3
Pypereine A
11,13 -0h)ydere -9 (9]
huperrise A
tettahs droe a3 . b
huperzioe A i
Kesceryt hypetnine A LE oo 10 M ineffecin e 3R
huperzine B " [
Nomcthyl huperzine B L 4
Physougrene e (V1]
Nemuigmine 3.8 L
Gelsmmmmne 4.0 LA

TOXICITY TESTS

1. Acuic Toxichy .

A single toxic dote of Huperzine A 1o mice. rats,
rattits and dogs yielded the typical symptoms of cho-
linesterane inhibitor paisoning. tuch s whole body
muscle fiber twitching. drocling. tesrs. incressc bron-
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chial secreuons and incontinence of feces and urine.
The acute toxicity of physastigmine was .25 snd 1.08
ume gremer than Huperrine A in mice and rats and
both were grester than that of galanthamine. The iv
rgute was most twoxic snd the Ig route least 1oxic for
Huperzine A in rats and mice (Table 4). Ten conscious
rsobis were wpatately given im or iv injections of
0.3-2 mg/kg of Huperzine A and were observed to
display the Above mentioned toxic side effects for 34
hours. One of the 1wo rabbits given v imections of 2
mgrkg of Hoperzine A disd. This dosage was 66 times
the ciTective dosape for enhancing muscle contraction.
Six dogs anesthesized with chloralose were separately
givea 0,306 and | mg/kg Iv Injections of Huperzine A
with no noticeable eflccts on the carotid artery blood
prausuce and EXQ. *

2. Subscute Toxricity

Rats: 20 male rats were separated into two groups.
The first group was given 03 mg kg ip injections of
Huperzine A for 5t days while the second group {cos-
trols) received the same schedule of distilled wates. The
routine blood teutt {the percent hemoglobin, numbers of
red and white vells as well as platelets), zing turbidity,
crestinine and yrea aittogen were all normal. In enother
test 70 rany were divided into 6 groups. One was given
ip tnjectons of 0.3 mg/kg (10 rats) encther 1.5 me/kg
(10 ratu} of Huperzine A snd 1 thied group (10 rats)
received only distilled water each day for 50 days. The
remaining groups were given ig injections of 1. mg/kg
(13 maun). 3 mg/kg (15 mats) of Huperzine A each dsy for
180 days.

A tmall number of thote In groupt given lerge dos-
ages dled within 30-150 days while those which sur-
vived were sacrificed for examination, The gluramic-
pyruvi¢ trantaminase valves of individual rats from the
group giver ip and ig injections of 1.5 mp/kg dosages
were slightdy higher than those of the contral group.
However. nc noticeable cffects on the routine blova
tetts, blood sugar, urea nitrogen. ring wrbidity, musk
oxaphenol turbidity and ECQ were dctected. Micro-
sCopic examination of various organ sections showed
that the heart muscle had dot-shaped and sMce-shaped

Inflaimed are3s accompanied by myocardisl cell dena- °

wraton swrophy. Cerebral tpongiocyte growth snd

3 myophagis wir noted and a tmall number of rats had

sperm czll growth Inhibition aad intersthial growth. No
sbnormalities were abserved in the other organs.
Rabbits and dogs: there were 20 rabbits divided inta
four groups. They were separately given im injections
of 0.6 mg/kg of Huperzine A for 180 days and iv infec-
tons 0f 0.3 mg/%g and 0.6 mg/kg of Huperzine A for 50
days. The conirol group was given im injections of
distllled water. Three of the rabbits given im injections
of 0.6 mg/kg of Huperzine A died betwoen 66-136days
of taking the drug, but no taxic resciions were obierved
before they dicd. Ten dogi were separately given im
Injections of 0.) and 0.6 mg/kg (3 dogs each) of Huper-
zine A and distllled water (4 dogs) for the control group
for 180 days. No abnormallties were observed in the
group piven smell dosages, but at the 0.6 mg/kg dosc
there wst notlceable whole body muscle ffber twitch-
og. The symploms gradually decreased and dinap-
peared tnl!owl:g the Jength of the thne the drag wms
given. The ECG showed no drug induced abnpormali-
tics. When the time arrived, the rabbits and dogs werz
dissected. The routine blood testa glutamic-pyruvic
tramsaminase. rinc turbidity. ures nitrogen and creati-
nine were all normal. Each orgsn section was observed
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micrascopically and a imall number of rabbitt in the
group 3iven the drug Had myocardial czll denaturizs-
lion atraphy and imierstitisl growth focus in their
hearts, The hearts of the dogs had light fac tafiliration.
The ceredral cortex of each dosage group of rabbits and
dogs had cerebral spongiocyte growth and myophagn,
dut the nerve pronuclei did not show any retrogression.
This shows that when 2 relatively large dosage of Hup-
crtine A was used for a longer period of time. this could
affect the nervous syviems of the heart and brain. The
swimulation of the lutier was even more outstanding.

TABLE 4
Acure Tty of Huperzing A on Mucy sad R
Mozt LDy
Orug 1939 Aducial Joue
Drug Anmat Won Coen Lioiw mgAgt  Sirengrh
Murwrrine A Mre w A 122-4.1) .
- ™ 33 ML
- LY 0.6) 033-0.08
- » (X ISR S]]
P womiigmiing o= [ 0.5 1.7-1.00 pa L
Qalsmhsnune - " 41U {s0) an
Hurerzine A Rits y 38 0¢23.2.2%0) 1.0
- n PR YIRS R
- w £0¢4.2.0.9)
I erigmne . i PENPAIIX ] 208
Galunthsming - 1 WA NS .32

1. Mutation Tests

The Ames method as well as the two types of bacteris
TAe and TAyu which carey dilferent mutation R {az.
tors were used 1o evaluale mutagenicity when com-
bined with 2 metabolic activation aystem (Se mixed
liquid). Four doseges of Huperzine A, [, 10, 100 and
1,000 ug/comuiner, were used and compared with 2
cyclophotphamide and 8 muustinn group. Esch donage
was run in tnplicate with TA« or TA 1 and an suto-
mastic colony Counter was used 1c count the number of
reverse mutaticn colanics. The test results showed thar
there were a0 noticerble differeaces between Huper-

b

Jo

10
TABLE s

Murwtnm Toste of Hupetree 40N+ SO,

Ovmaye
Drug fugcomanet TAeo « S TAle = 3.
Mutstuen - e
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4. Teraologica) Tests

613 days after mice became pregnamt they were
given ip injections of Huperzine A acd T-13 days alter
rabbits decame pregnant they were glven im injections
of Huperzine A, The results showed that the number of
embryo abiocptions and sillborn fetuses for the mice
given ip injection of 0.19-0.33 mg/kg of Huperzine A
was marxedly grester than those of the coniral group
(P <0.01). The results of & single [p injection of 0.38
mg/kg of Huperzing A on the ienth day of pregnancy
were similar 1o that chuined when the drug was given
many times (Table &), Neither of the two methods of
giving the drug resulied in sbnormal embryos seen with
the positive drug control of cod-lver oil (each gram
contsined 30.000 intermational units of Vitamin A and
5.000 {nternationa] units of Viiamin D). The Iatter pro-
duced various types of externally observed deformities:
short 1ails (&4/97), shart and no wils (18/97), back legs
reversed (11/97), open eyet (7/97), exposed brains and
apina bifida {1/97). sarken noses (1/97) and clefi palaies
(39/40). The number of siillborn fetuses among the
rabbits given im injections of 0.03 mg/kg of Huperzine
A was noticesbly Righer (F<0.05) than that of the
control group. The other dotage groups both higher
and lower had values close 10 thoie of the control group
(P <0.05) (Table 6). No external, internal organ ar skel-
etal deformitied Wwere observed for any of the dosages.

TABLE &

The Effecte of Huppriine - A on the Fetus o Pregaant Muv ond Rirdbwes
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number. Further, the colony number of the positive
contral drug (eyclophosphamide) wag greuer than tha
of the spantaneous reverse muwatian group (Table $).
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OBSERVATIONS ON THE CLINICAL
CURATIVE EFFECTS OF HUPERZINE A ON 128
CASES WITH MYASTHENIA GRAVIS

1n order ta further verify Huperzine A's clinical cura.
tive effects and observe it side effects. trisls were un-
dertaken 10 obzerve the timilarities and differences be-
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tween Huperzing A and neostigmine. 128 patients with
correctly diagnosed myasthems gravis were used in the
trial. 69 of these paticars 100K neastigmine as a control
group and $9 patients used Huperzine A caclusively.
The conditions of the clinical use of Huperzine A for
these 123 cases are et out herenfier.

1. METHODOLOQY

Patienty affected with myssthenia gravis (MG) with
typieal clinical sympioms which impraved after using
neostigmine were (he subjects far testing and verifica-
tion. lmtramuscular injections of Huperzine A were
given each day and the curstive effects and side effecnn
were observed after the injections. 1t was genenlly
used for v Jeast tem days and cach douge was 0.4-0.5
mg Neostigmme and Huperzine A were used to carry
out double blind cross-over control trials wherein 0.4
mg of Huperzine A wast injected for five days and 0.3
mg of neouigmine was injected for fve days with alter-
nating use of the deugs in the control group. The injee-
tions were all given in the morning and on the morning
prior 10 the injections anticholinesierase drugs were
discontinued. Neither the patients nor the doctors knew
which drug was being injected. Lacer. the sympioms,
the duration of the improvements. If any, which were
obtained by the drugs and the side effects were re-
corded. Based on these factors, the relative merits of the
w9 drugs were established.

1I. THE SYMPTOM APPRAISAL STANDARDS

(+)(+ +}and {« + <) was used as the suandard fot
the seriousness of the symproms. (+ + +) was the most
Lerions.

1. Prolapse of eyelids: the tear width of the ¢yc alter
use of the drug was raessured, {f there was an increase
af 0.1 cm abovr that before vie of the drug. then the
effect was ~+ 7, if the increase was 0.4 cm then the
effect was “+ =" and If the increise was 0.6 cm then
the effect was =4 + + 7,

1. Impairment 10 eyeball activitr: when the eyehall
wos basically faed and immovadle then it wes
*+ + <+ 7, those who had recccuring msjor complsinis
and bas.cally normal activities were =+ and thosc in
An intermediate date weré © - 4",

- 3. Difficulties in swatlowing: when swallowing was
sull possible but there was & feeling of difficulty or there
was slowing of the tpeed of \he intake of foad then the
patient wae tresied &y "+ when the pauent could
swallow but it was very slow thea the parient wat
"4 4" when the patientl wes basically unable to swal-
fow the rating was * 4 + +

4. Sysiemic myasthenia: patlienis who were able to
walk but felt very exhausied were "+ patiemis who
were sble 10 t1and up and walk with gdifficulty ¢ short
distsnce in the ward or corridor were * + 4! and ps-
tients who could not get out of bed were “ 4+ + 4™,

1. CLINICAL DATA

I. Age, Sex, Type and the Course of the Diteate

Bascd on the clinical symptoms, those patients who
only hag their extra-ocular muscles affected were of the
eye muscle type, 1] cates (64.25% ) in this group. Those
who mainly had tired muscles when swallowing were
of the medulla oblongate type, 10 cases (7.81%) in this
group. Thase whd had tired muscles in the four limbs
were of the systemic type. 3§ caes (27.34%) In this
group. The shanew covrse of the disease wat 3 days.
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the longet 13 years and the aversge was about 33
months.

62 of the cases in this group were male and 68 were
female. The youngest male paucnt was one yesr old and
the oldeit wat 30. The youngen femaie patient was 3
years old snd the oldest was T4. The average maie and
female sge was 27.39 years of age.

2. Results After the Use of Huperzine A

(1) Aside {rom one of the 128 csscs, all of the other
paticnts had reactions to the Huperzine A as regards the
phyitcal symptom initisl fmprovement time and the
optimal curative effect time. The shortest physical
symptom initial improvement :ime was 10 nrinutes after
injection. An individusl case had the loagent of 1.7
hours before there were cffectt. The avernge was
21.92:=19.56 minutes. 108 of the cases (85.03%) had
effects within 15-30 minutes.

As regards the occurence of the time maximal effect
amcng 127 of the cases for which the drug was effec-
tive, the shortest was 32 minuiey, the longest.was 240
minutes and the aversge was 50,342 24,65 minutes. 65
cases (51.18%) had the optimal cumitive effect occur
within 43-60 minules after using the drug, See Table 7.

TABLE 7
Tac pRyawcsl sympiom maprerecment 16l time ang
nptimal cunptive offect vines af 137 caaes with MG,
Shoers  Longe 1830 4340
- o Average Minut e Mioutp
Tiper  tMne (Mine  (Minninl Neu of Ne of
l—r- vien) uien) X =80 Coen 4 [«
inihal 0 Sh) il = 1o xyul
ey v
sme
Man bt 40 MM [ LIRT )
el S
effet
ume

1. The sustaining time of 1he effects of Huperzine A:
the shortest sustaining time of the effect of Huperzine A
was 0.66 haure and this was 2 patient on the eye muscle
type. The Jauigeyr was 24 hiours and this was observed in
the systemic type ax well as the eye muscle 1ype. The
sverage action time was 5.9424.92 hours. The action
time of 44 cases (34.64%) reached 46 hours while the
action time of 40 cazes (31.64%) exceeded 6 hours. The
shoriest time smong these 40 cases was 6 hours, aad the
longest wms 1wemy-four (24) hours, sversge was
10.42=5.50 houss.

3. Effecys

Agide from onc case. the drug wat sffcctive for the
other 127 cases (99321%), Among these, 71 casts
(35.45%) had marked effects and kit was effective for 36
catzs (43.75%).

4. Ladoratory Exsminations

Albumia. hemochrame, blood plitedat, routine urine,
liver function and EXG cxamimuons on some of the

28 cuses given Huperzine A before and sfter they 100k
the drug were carried out and none of them showed any
noticesble dYerences in albumin, blood patelets and
routine urioe tests before and aftar being injected. The
white blood cells noticesbly decreased afier the injece
tions and this occurred In only 3 cascs (2.4%). 2 cases
had sbaormal liver functions before the injections and
bath of these cases had normal liver functions sfter the
injections. Howwver, there were sho 2 cases (2.2%)
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which had normal iver functions dbefore the injections
but the SGF1 was sbnormal sfter the injections,

5,177,082

The EXGs of 95 patients defore the injections of

Huperzine A were recorded and among these 11 cases
(11.457%) were sbnormal. The EKGs of 72 patlents after
the injections of Huperzine A were recorded and
among these 11 caves (13.27%) were tbnarmal. 9 of
these 11 were amang the original abnormal group and
only 2 cases (2.7%) were narmal before the injections
{sce Table 8).

TABLE &~

EX (] ehances hefore ad afier the pinTimns.
EXG Msnifesistiens Manifessrion

$on Age Tefire the In)ections ARer Ihe Injectione
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5. Comparison of the Effecty of Huperzine A 2ad
Neostigmine

(1) Comparison of the maintained times of the effects.
Comrol tests were Curried out on 49 cased, The action
time Huperzine A was langer than that of neostigmine
for 3% casex (24.049) of the action time of neostigmine
was longer than that of Huperzine A 1n 6 cases (8.69%).
The aclion times of 1he two drugs were ¢lose In § casee
(1.26%). After s:atittical analyses, there were very sig-
nificant differences between the (wo (X3m=73.52,
<0000,

Among the 58 cases wherein the action time of the
Hupcrrine A was longer than that of neostigmine, the
shortest difTerence was 0.03 hours, the longest was 10
hours and the average was 2.90:x 3,64 hours (soc Table

9.
TABLE 9
Specific conditiant of 38 cacrs when Ihe sciron me of
Munerzme-A wis longer than rhet of nerstigmine
pit. Dit. D Dil.
fereacr  ference fevence ference Average
whihis 2-d LY over DifTerence
Time 3 Hours Hourn Howt &hounn X = SD thouns)

3 carer 2 13 4 k) 190 « 3od

d h] 3.037 A% - 1208

Among the 6 cases wherein the sction time of the
Huperzine A was lc3s thun that of the ncostigmine, the
shortest was 0.3 hoors and the longest was 6 hours.
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Four of theie cases were within one hour while the
other two were 1.4 and 6 hours.

(2) Comparison of the sction sirengths: the inxccted
dosage of Huperzine A was 0.4 mg whereas 0.5 mg of
neostigmine wm wsed. Given these dosages. the action
of \he former was stronger than that of the laiter m 16
of the caies. The action sirength of the former was
lower than that of the latter In 7 cascs. There were
basicslly no difTerences betwesn the two in 4€ of the
cases and il can therefore be said that under these dos-
ages e actlon sirengths of both are not very difTerent.

(3) Comparisen of the side effects: among control
patients, 14 cases had ude effects {rom the necstigmine
(49.279%) whertas 45 cases (65.21%) had side cffects
from the mjections of Huperzine A. Statistical amalyses
shawed that there were no significant difTerences
(X1=3.38, P>0.05)

Among the more frequently oocuring side effects
were perspiring, nauses and blurred vision. These three
Tevesled marked differences satintically between the
two drugs (these were eparately nauvsea XS w18,
P<0.001; pertpiring X!=5.5, P <0.0): burred vision

XK1= [2.96, P<0.001). There were no marked differ-
ences in the occurreace raics of other side effects.
Thereloce, neostigmine more noticeably than Hyper-
mine A caused perspiring and Murred vision but Huper-
zine A wa3 mare apl 1o causs nausea then wat acotig.
mine. [f one compares the nse of Huperzine A for 124
paticnts and the ucz of neostigmine for 69 cases, only in
the area of nausea was the pereentage of lis eccurrence
greater than thas of neostipmine. There wus significamt
sstistica] difference (X3= 4,99, P <0.09). The Huper-
zine A had lower side effect for each of the other items
thar ncosigmince including muscle bundle quivering.
dizziness, perspiring and blurred vition. Statlsticz! ana)-
ysis thowed dpnificant difference. (x7=4.13, P <0.08,
w1625, P<O.00], X2w13.23, P<COOO), X2 m4b82,
P <0.0001 respectively.) See Table 10. Both the stads-
Ucs and processing showed noticeable differences and
we can thus basically come 10 the conclusion the Hup-
erzine A I3 superior to neoutig-mine. This is especially
true s regards the acrion time length of Huperzine A
which is ts outstanding festure. This i1 actually the
major drawback in the ¢linical use of neostigmine.

(4) Compariton between Huperzine A and peostig-
mine: Boted on the above facts, the effective tme of
Huperrtine A was significantly larger than ncostigmine,
The frequency of the various side effects, expecially
muscle bundle quivering, dizzinens, peripiravicn, and
blurred vitlon; Hupertine A was statistically lower than
peoatigmine,

Bassd on the sbave dats on this group of 128 parlents,
#t can be considered that Huperrine A I ant effective
anticholinesterase drug for tresting myasthenia gravix.
It did not have sny significant negative effedts on the
major organs, for example, Jungs, kidney, heurt snd the
hematopaietic systems, and the clinical occurrence rate
of side cffcets was low. Aside from nausea, It had lower
side effects in all other aress than neostigmine. More-
over, the fact that iis curative effect action tme wax
noticeably longsr than that of neostigmine is its major
outstanding feature.
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Bascd on the fact that Huperzine A possesses deflnite’
pharmacodynamic activity and & relstively large thera-
‘pevtic index, it was clinically tested. The rasultt of ihe
treatment of 128 cascs with myssithenia gravis thawed
that the intramuscular injections of 0.4 mg. of Huper-
tine A were sble 10 deflnitely Improve the myasthenisa
gravis conditian of the patlems {15 suatained ime of
astion ‘was longer than 1hat of necatigmine and it had
lower side effects. The intramuscular ingections of 25 or
50 ug of Huperzine A in 38 cases of cerebral srterioscle-
rosis accompemed by senile dementia was effective in
improving memery functions.

A compound cf formula 1, 11 or 111, ur 2 salt thereof,
or & compoution containing a therapeutically cffective
amount of a2 compound of formula I, 11 or I11. or a salc
thereofl can be administered by methods well known in
the an. Thus. s compaund of formula 1, IT o« L1, or a
saht thereof can be adminisiered cither singly or with
other pharmaceuical sgean, for example. oruily, pacen-
1erally or rectally. For orst wdminisirxtion they can de
adminisiered in the form of tablett. capiules, for exam.
ple. in agmixiare with tale, starch, milk wugar or other
inert ingredients. that is, pharmaceutically aceeptadle
carriers. or in the form af squeous solutions, suspens
sions, elinirs ¢or squeous sicoholic sotutions, for exam.
ple, in admxture with sugar or other sweetening agenty,
Mavoring agents, colormus, thickeners and other con.
ventional pharmaceutical eacipients. For parenteral
administration, they can be adminisrered in solution or
suspension, for eximnple, an squeous of pesnut oil sofu-
1Hon OF Juspension using excipients and carriers conven.
tional for this mode of admimisiration.

In the practice of the invention, the dose of 3 cam-
pound of formula 1, 11 or 111, or a salt thereof ta be
admunistered and the frequency of sdministration will
be dependent on the potency and duratian of setivty of
the partizular compound of formuir 1, I or U1, or salt
10 be adminisiered and on the route of administracion, as
well a3 the severity of the condition, age of the mammal
10 be ireated and the like. Doswes of 2 compound of
formula [ or a salt therzofl contemplated for use n prac.
ticing the invention for the treatment of mynsthenia
gravie are in the range of from about 0.01 1o about 2§
mg per day, preferably about Q.1 1o about 10 mg either
as a single dose or in divided doses, and for the trear.
ment of senile dementla are in 1he range of from sbout
0.10 to sbout 100 mg. per day, preferadbly about 1.0 1o
about 50 mg. either at & cingle dase or in divided doses,

The Examples which follow further Nusirate 1he
invention. All temperatures are in degrees centigrade,
unless otherwise suted.
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EXAMPLE |

tsolation of (SR, IR,
11E)-3-amino- 1 l-cthylidene- $.4,10-tetrahydro-T-meth-.
y!-3.9-methanocycloocia(blpyridin. 3(1H»one
(Huperiiac A)

About 100 kg dry weight of the crushed, powdered
plam: Huperzia 1cerats (Thunb.) Trev., was placed in a
container, and cxtracied with refluxing 95% cthanoi
severs! times. The combined cthanol exiracts were
evaporsied 10 a residus which was suipended in dilute
agquecus hydrochloric acid (1-29:) and extracted with
ethyl ether ta cemave impuritizs. The agueous layer
was then neutralized with concentrated agueous smmo-
ria 20d the totsl slkajoids were extracied imo chloro-
forra. After paruslly concentrating the chloroform so-
lution, the solution was repesedly exiracted with 19
sodium hydroxide. The sodium hydroxide layer was
then neutralized with concenteated hydrochloric acid.
snd again brought dack 10 pH greater than 10 with
concentrated ammanis. This aqueous solution war ex-
tracted with chloroform and 1he residue from the chlo-
roform extrsctt was chromatographed on iilica gel
column. Solvemt systes used was chloroform.
methanol, $4:7; 97-3; and 96:4 ratio in succession, Frac-
tions [rom the chromatography were analyzed by TLC
and thote with a single spat were combined, After ol
vent removal, the residue was érysiallized from acetone
to give crude (3R, 9R, 1IE}-S-mmino-1)-cthylidene.
3.6,9,10-tetraltydro-7-methyl-5.9-methanocycioocta
[b)pyridin-2{1H}-one (Huperzine A), abowt 10 g; yiclds
ran 0.003% to QL0119 of surting dry powdered plant.

The crude Huperzine A wis amalyzed 10 be about
95% pure or betier and contained about 3% (4aR, SR,
I0bR)-1,2.3.4,42.8,4,100-0ctahydro- 12.methyl-$,10b-
propeno-1,7-phenaathrolia-8(7TH)-cne (Huperzine B).
This material with & mp of 12§°-225* C., was used in
clinical trials. .

To lucther purily Huperzine A. the crude material
was rechromatographed using the chloroform: meths-
nol salvext mixture or recrysuallized from methanol.
7ucerone mizoure. The pure tatecial hat mp 230° <.

m. wet, CysH sN3O 242.1426 (By mass tpecirascopy). .

{a]o™ ~ 130.4" {cone. 0.4%4 In methanol).

s ‘L;V max, (ethanet) 131 mm (log-« 4.01); 313 nm (log ¢
.$9).
IR: 1650, 155C, 3480, 3340, 3260 ecm~|.
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EXAMPLE 2

Isolation of (42K, 3R.
106K }1,2.3.4,40.5,0.10b-0ctahydro-1 2-methyl- 5.1 0b-
propeno-1. 7-phenanthrolin-87H }-one (Muperzine B)

The crude macerial jsolated (rom larer fractiont of the
chromatograph column was found to 5e & minor com-
penemt. Further puriflcation inveolved rechromato-
graphing on silica gel wsing 1 icivent system of chlero-
form-acsicne-methanol in 30:47:3 ratio. The material
collected ffom the cotumn wis recrystallized from ace-
tonc to give pure (42R, SR, JObR)-1,2,3,%,44.5,6,100-
ocuhydro.12.methyl-S.10b-propenc- 1, -phenanthrolin-
&7H ot (Huperzine BY m.p. 23¢°-371° C.

m. wi. CiaH10N+0: 2561358 (by miss spectrascopy).

lelpit = 54.2° (cone. 0.203% in methanel),

Yield 0.0008114% based on dry plant (8.33 ¢ 10-9),

EXAMPLE 3

Preparation af (SR, 9R,
11E)}l-ethylidene-5,6,9.10tetrzhydro-T-methyl-3-
(methylamino)-5,.9-methanocycloocta{blpyridin-
X{H)one

The manc-methyl derivadve of Huperzine A was *

prepared from Huperzine A (150 mg.) by the treatment
with methyl lodide (1 ml) la methanai (0.5 ml) snd
acetone (2 ml) overmght. After concentrsting. product
way recrystalliced from acetone (yieid 120 mg.)

mp 2138*-236° C. .

NS 236 (M- ).

EXNAMPLE 4

Preparation of (SR, 3R,
11E)) l-ethyiidene-5.6.9,10-tctrahydro-T-methyl-$-
(dimethylamino)-.9-methanocycloociaib]pyridin.
2(1Hi-one

The di-methyl derivative of Huperzine A was ob-
tained by the treatment of Huperzine A (130 mg.) with
formic acid (88%, ! ml.) and formsldechvde (35%. | ml.)
x 103° C. for 4 hourt, After concentrsting under re.
guced pressite and basilying with conc. ammonium
hydroxide. the detired product was extracted with
chloroform.  Recrysallization from a  chloroform-
methano!l mizlure gsve pure title compound (yicid 130
mg.). .
mp 243°-243° C,

MS 270 (M~).

EXAMPLE $

Preparation of (SR, SR,
11E} Vi-cthylidene-5,6.9,10-tescahydro- |, 7-diincthyl-3-
{dinethylamino)-5.9-methsnocyciooctafd]pyridin.
2(1H)-one

The title trimethy] derivative of Huperzine A was
obtained by methylation of Huperzine A (150 mg.) with
dimethyl sulfste (3 ml) in acetone (10 wl.) and 20%
agueous sadivm hydroxide (4 ml.) a1 reflux. After three
(3) hours, the mizture was exiracted with chloroform.
TLC analysle of this exiract showed twa spots. Purifica-
tien by silics gel column chromaiography (chlorofarm
as solvent, impurity being eluted first) gave the tri-
methy! derivative s an ¢il {yleld 110 mg.). The e
compound is an oil.

MS 284 (M=)

3

13

10

LV

5

03

5,177,082
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EXAMPLE 6

Prepacation of (4aR. 3R.
10bR }-1,23.4.42,5,6,100-0ctabydro- 1.1 2dimethyl-
3.10b5-propenc-1.7-phemanthrolin-8(TH)-ome

Methylation of Huperzine B (150 mg) aceordmg to
the method as utilized in Example 4 gave (4aR, SR,
105R)-1,2.3.4.40.8.0.10b-cctahydco-1.12-dimethyl-
$,10b~propeno- 1.7-phenanihrolin-8(7Ti{ one, recrystal.
lized from methanol (yield 130 mg.).

m.p. 272273 €.

MS 270 (M ~).

EXAMPLE 7

Preparation of (4aR, SR, 104R,
135> 1,2.3.4.40.5,4,1 Ob-octahydro-1,1 2-dimethyl- 10b, 5.
propano-1,T-phenanihrolin-8(TH-one

Monamethy! Huperzine' B (140 mg.) was hydroge-
rated in the presence of. platinum oxide (100 mg.) and
scetic acid (3 ml.). Afler Ymsification with ammonium
hydroxide and extracticn into chloroform. the title
product was recrystallized from chlorolorm-merhanol
(yield 130 mg.).

mp. 281°-3° €.

MS 272 (M),

EXAMPLE 3

Prepasation of (3R.
$R)-5.amino-11-ethyl-§,6.9.10-tetrahydro.T-methyl-5,9-
rmethanocyclooctafblpyridn-2(1H)}-0a¢

Hydrogenstion of Huperzine A {130 mg.) in the pres-
ence of plaunur oxide (60 mg.) in ethanol (20 ml.) gave
the title dihydrohopertine ‘A, where the former exo.
double bond is 1aturtied. This material wat purifled by
silice g2l column chromstiography (chloroform.
methanol, 15:] as solvent) followed by reerystallization
from methanolkscetone (yield 100 mg).

m.p. 169°.270° C. :

MS 264 (M)

EXAMPLE 9

) Preparanon of (SR,
9R)-$-amino-11-ethyi-3,47,8.9,10-hexshydeo- I-methyi.
3,9-methanocyeloocta{bipyndin-2(1H)-one

Huperzine A (200 mg.} was hydrogenziad in the pres.
ence of platinum oxide (100 m3.) snd acetic acid (10
ml.). Afer batification sud extraction into chloroform.
the title tezrshydrohuperzine A was recrysiallixed from
s methanol-scetone mixture (yield 130 mg.).

omp. 264°-5° C,

MS 246 (M=),

EXAMPLE 10

Preprradon of (SR, 9R,
N E)-S(acetylamino)-11-<cthylldene-5.8.9,10-12trahy-
dro-T-methyl-§.9-methanceyclooctalblpyridin.
2(tH)-one

The titled N-aceryl Huperzine A denivative wps pre-
pared by reatisg Huperzine A (100 mg.) with acetic
snhyande {1 ml.) and pyridine (0.5 ml.) &t room temper.
ature {or one week. This misture was poured into ice-
water and extracied with chioroform, The chlarcform
extract was concentrated and purified by allica gel col-
umn chrommtography (chloroform-methanol, 15:1 ae
waivent} and recrytiailization from scstone (yicld 100
mg.).
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mp. 276°-1° C. -
MS 284 (M-),

EXAMPLE 1t

An mjection of the following composition is prepared
in the ususl manner:

SAROCITE RV aminn- | leethadadeny. S0 100 0 mg.
seiranyare.-Tomethy LS. - methaanc poionctalb] o
R rome M drockinnde !
Waaer foor inpection g, ad 200 mi

We clzim:

1. Estentially pure (4aR, 3R, 10bR}-1,2.3.4,48,5,6,10b-
‘octahydra-12-methyl-3, 106-propena-1,7-phenanthroline
HTH)yone. .

2. A pharmaceutically scceptable acld sdditian sait of
(4aR, SR. 10BR)-),2.).4.42.5.6,10b-octahydro-12-meth-
y}-3,10b-propena-1,7-phenanthrotin.#(7H)-one,

3. A compound of the farmula

13

0

30

m
35

wherein R!, R and R* independently are hydrogen or
lower slkyt, the doned (.. . ) linc it an optiona! dauble
tond, and provided that in formula Il one of R, Rland
RY s other than hydrogen, or a pharmaccutically ac-
Ceptable acid addition sair thereol,

4. A compound. in sccardance with claim 3, of the
formula

5

wheren R' and. R’ independently are hydrogen or
lorwer alkyl, and provided that gne of R and R?is other

20

then hydrogen. or 3 pharmaceutically acceptable azid

addition

talt thergof,

5. A compound. in sccardance with chim 4 {4aR.
SR. lObR)-l.l.J.{k.!.A.lOthnh_\-dro-1.12-dim¢|h)"-
3,10b-propenc- L.7-phenanthrolin. «. THone.

6 A compound, in accordance with clsim 3, of the

formula
it
,O
H
‘ AN
CH\CH; N
RN
Rr! [ Y

wherein R'. R2, and R} independently are hydrogen or
lower alkyl and the dowted (... ) line g sn oprional
double band, or 3 pharmaceutically accepiable soid

addition

talt thereof.

7. A compound, in sceardance with claim 6, (SR.
9IR}-5~amina-11-ethyl-3,6,9,)04ctrahydro-I-methyl-S.%
methanocycloocta{b]pyridin-2( | Hone.

3. A compound, in aczardance with clem 6. (SR,
FR}-5-amino-11-cthyl-5.6,2,1.9, 10-hexahydro- T-methyl-

$.9-meth

anocyclooctald]pyridin-2(1 H)-one..

9. A phanmaceutical composition compriting an ef-
fective amount of pn etsentially pure compound of a

formula
. ]
R‘
)
h 'o
WCM N
cran
R | 3
~

1

»e

wherein R!, R and R} Independemly are hydroger or
lower alkyl, and the dorted (. . . ) line is an optional
double bond. of s phermaceuntically accepuble acig

rnddition
rier.
10. A

sait thereof and 1 inert pharmacsutical cxr.

pharmsacentical composition, in sccordance

with clam 9, wherein the compound is (4aR. 3R,

I0bR)-1,

2.3.4,48.5,6, 10b-octahydro-12-methyl-S, 1 0b-

ptopeno-1,7-phenanthrolin-8{7H)-one.
- o« L] *
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