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.~BsTR.\cT.-Rutaecarpine (1) and dehydroevodiamine (2) n-ere isolated from the 
unripe fruit of Ee'odia rii taecnrpa. I n  r i i ro  uterotonic assay on rat  uterus showed both 
alkaloids to  be active. Dehydroevodiamine n*as further shown to be active in the 
zn ~ ~ i ; . o  uterotonic assay using rats a s  the animal model. Reference evodiamine hy- 
drochloride 13) was also evaluated and found to  be devoid of uterontonic activity a t  
the doses administered. 

The unripe fruit; of Esodia rnitaecarpa (Juss.) Benth. (Rutaceae), have been 
used in Chinese medicine for tn-o millenia in the treatment of headache, abdominal 
pain, dysentery, postpartuni heniorrhage and amenorrhea (1, 2 ) .  Aqueous es- 
tractq of this plant have been reported to decrease mouse litter size (3) and to 
have in ~ i t r o  a stimulatory effect on hamster uterus (4). 

Phytochemical studies on the fruitc of this plant have shonn the presence of 
numerous compounds. including the alkaloids evodiamine (5-1 I), rutaecarpine 
(5-12), n uchupine (5 .  8 ) ,  hydrosyevodiamine (rhetsinine) (6, 11-13), evocaipine 
(6), l-inethy1-2-pentadecyl-4(1 H)-quinolone (9), 1-met hyl-2-tridec) 1-4( lH)-qui- 
nolone (dihydroevocarpine) (9) ~ l-methyl-2-undec~l-4(1H)-quinolone (9). di- 
hydrorutaecarpine (9). 14-forniyldihydrorutaecarpiiie (9) and i-carbomethosy- 
~,13,13b,l4-tetrah~-dro-l4-metli~-lindolo(2'.3':3, 4) pyrido ( 2 ,  1-B) quinazolin-5 
(iH)-one (10). The alkaloid;, dehydroevodiamine (14) and 11) droxyevodianiine 
(rhetsinine) (14) have been found in the leaves of this plant. 

The non-alkaloid constituents of the fruits include rutaevin (15, l i ) ,  limonin 
(evodin) (5, 8,  11, 12, 16. l i ) ,  evodol ( l i .  18), evodinone (12), evogin (12)) gushuyic 
and other fatty acids (19. 20). 

I n  vie\!- of the reported uterine qtiniulant activity, TI hich was confirmed in a 
series of preliminary experiments in this laboratory, the present study was initiated 
to isolate the active pnnciple(s) responsible for the observed biological effect. 

EXPER 11\IESTAL3 
PLI\T \ I \ T E R I \ L . - T ~ ~  unripe fruits of Ezodzir riitaerarpa nere  purchased from Knun  Wo 

;iceording to the dealer, these fruits originated from Szech uan 
Tn-o batches, 10 5 kg and 5.24 kg, of these fruits mere used in this n-ork. 

ISOLLTIOX OF R U T i E C i R P I h E  l.-Fruits (5  24 kg) mere ground and defatted with petroleum 
The methanolic extract mas 

Hydrochloric acid ( 5 5 )  mas added and the methanol 
The aqueous solution was made alkaline n i t h  285  am- 

The chloroform solution mas deh>drated n i t h  an- 

Drug Company, Hong Kong. 
province in China 
-4 sample n-as saved for future reference 4 

ether (K-80"), folloaed b> exhaustive extraction n i t h  methanol. 
concentrated to a thick syrup 211 i a c z ~ o .  
was subsequent11 removed 211 i i icz~o. 
monia and extracted n i t h  chloroform 

IDepartment of Pharmacognosy and Pharmacologj-, College of PharmacJ-, University of 
Illinois a t  Medical Center, Chicago, Ill. ,  U.S.A. 

ZFaculty of Pharmaceutical Sciences, University of Tokyo, Tokyo, Japan. 
Welting points a e r e  determined rrith a Kofler hot plate and are uncorrected. The uv 

spectra m-ere obtained n-ith a Beckman model 25 doulble beam spectrophotometer-recorder. 
The i r  spectra n-ere determined with a Beckman I R  10 spectrophotometer Kith polystyrene 
calibration a t  l G O l  em-'. *Ibsorption hands are recorded in wave numbers (cn1-I). S m r  
spectra n-ere recorded in CDCl, or  CDaOD solutions with Jeol C-BOHL and Jeol PS-100 nmr 
spectrometers. Tetramethysilane was used RS an internal standard and chemical shifrs are 
reported in 6(ppnij units. 

:T-oiicher specimen S o  13i-1001. 
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Rutaecarpine . HC1 1 

Dehydroevodiamine Chloride 2 

Evodiamine - HC13 

hydrous sodium sulfate and taken to dryness in vacuo. The chloroform extract (28.3 g)  ob- 
tained was subjected to  column chromatography on silica gel 60 (70-230 mesh). The column 
was developed with benzene and 16 ml fractions were collected. The eluant was changed to  
chloroform a t  fraction 246. Fractions 431-820 afforded a crystalline substance (13.9 mg), 
mp 262-264". The physical data (uv, ir, tlc, nmr) were in agreement with a reference sample 
of r ~ t a e c a r p i n e . ~  Both the isolate and rutaecarpine showed the same ir characteristics and 
nmr spectra: ir Y max (KBr) cm-': 3345, 1650, 1601, 1540, 1388, 1350, 1310, 1210, 1130, 750, 720. 
S m r  (CDIOD): 63.2 (2H, t , J= fHz) ,  4.5 (2H,t ,J=7Hz),  7.2-7.6 (8H,m) and 9.3 (1H,m) (21). 

%Reference sample of rutaecarpine was generously provided by Professor U.  Sankawa, 
Faculty of Pharmaceutical Sciences, University of Tokyo, Tokyo, Japan. 
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(10.5 kg) was processed for alkaloids as described above. The non-quaternary alkaloids were 
converted to  their corresponding hydrochloride salts by treatment with 1 S HC1. Repeated 
crystallization of the total alkaloid fraction (14.2 g )  from ethanol yielded 3.5 g of a yellow 
crystalline compound, mp 208-209’. I t  gave the following da ta :  nmr (CD,ODj: 63.38 (2H,t, 
/ = i H z ) ,  4.44 (3H,s), 4.56 (2H, t , /= iHz) ,  7.2-7.8 ( iH ,m) ,  8.32 i l H , d d , J = 8  Hz and J = l . j H z ) :  
ir v mas (KBr) em-1: 3400, 1i00, 1608, 1544, 149i ,  1425, 1333, 1210, 1101, i 5 6 .  Anal: Calcd. for 
C19H1J,OC1.1:4 H20: C, 66.6i: H ,  4.85: S ,  12.2i, Found: C, 66.61; H ,  4.i5: li, 11.9i. The 
nmr spectrum of the isolate was very similar to  that of evodiamine and indicated the presence 
of eight aromatic protons, two methylene groups in adjacent positions, and an ,\--methyl group. 
-4 direct comparison of the ir and nmr spectra (CD30D and CFsCOOD) of the isolate and a 
reference sample of dehydroevodiamine chloride6 show-ed them to be identical. As further 
evidence for i ts  identification, the authentic sample of D H E  chloride was prepared from a 
reference sample of rhetsinine6 by the method of Saksa to  et a l .  (14). The i r  spectra of the 
isolate and the conversion product were identical, and an unchanged mixture mp of the two 
compounds unequivocally established the identity of the isolate. 

A K D  EroDI.IuIsE.-The alkaloids, dehydroevodiamine (DHE)  and rutaecarpine, isolated during 
the course of this investigation, and a reference sample of evodiamine (3i6, in the form of hy- 
drochloride salts, were evaluated for in v i t ro  uterotonic activity using isolated rat uteri. 
Proestrous (determined by vaginal smear) Sprague-Dawley rats were pretreated with 100 pg 
of estradiol (intramuscular injection in peanut oil) 24 hours prior to  use. The middle one- 
third segment of the isolated uterine horn was mounted in a 10 ml organ bath containing Van 
Dyke and Hasting solution ( 2 2 )  at 32” and aerated with 95% 0255 C02. Isometric contraction 
was recorded on a Beckman R 511.4 dynograph through a Statham (model UC 3 )  tension 
transducer. The uterus was allowed to stand for half an hour and was tested with acetylcholine 
chloride at  3 x 10-611 prior to the administration of each of the alkaloids in the form of their 
water soluble hydrochlorides. The results of these ex-eriments are summarized in table 1, 

ISOLATIOS OF DEHTDROE\-ODI.I3lISE (DHE)  2.--4 second sample O f  Erodia rzciaecarpn fruits 

DETERms.ITIOS O r  zn ;ifro UTEROTOSIC . ICTIT-ITI  OF RUT.IECIRPISE, D E H T D R O E T ~ O D I A ~ l I S E  

TABLE 1. Uterotonic effects of Eaodia ru taecarpa  alkaloids. 

I 1 Effective dose range ~ Maximum response Alkaloid 

Rutaecarpine HC1 
Evodiamine HCl 

<1 0 pg/ml’ 
S.A.b S.D d 

0 i 2 * 0  40@) 

“Since rutaecarpine.HC1 was not completely soluble in w-ater, the exact concentration was 

bSo t  active up to  20 pg’ml. 
‘Maximum response presented as mean + S.E.M. of masimum peak tension in each prepa- 

d S o t  determined. 
‘Xaximum peak contraction was measured and expressed in mm Hg. The response was 

not determined. 

ration with (n) denoting the number of preparations and expressed as  unit of g-force. 

measured at  the dose of 2,400 pglkg body wt. 

and the dose response curve determined for dehydroevodiamine hydrochloride is presented in 
figure 1. I t  was observed during the course of these experiments that  the activity of D H E  
can be totally suppressed by methysergide at  3 s 10-B?*l. I t  was also found that evodiamine 
hydrochloride (3) was not active at doses up to  20 pg ’ml. 

in vitro uterotonic activity of dehydroevodiamine (Cl-) was confirmed by means of the in- 
trauterine ,pressure ,measurement by the sponge-tipped catheter method (23) adapted for rats 
in the in Z’WO situation. In  this study, estrous Sprague-Dam-ley rats as  determined by vaginal 
smears were anesthetized R-ith sodium pentobarbital (40 mg/kg, i .p.) .  The lower mid section 
of abdomen was opened, and the lower portion of the right uterine horn was lifted up with a 
hemostat. A small incision (3-5 mm) was made at  a position 0.8-1.0 em from the cervix. A 
catheter with a sponge tip filled with physiological saline solution was inserted into the uterine 
cavity. The other end of the catheter was attached to  a Statham P23 BB transducer coupled 

DETERMIXATIOX O F  in UTEROTOSIC .ICTIYITT OF DEHYDROEYODIAMISE.-The observed 

6Reference samples of dehydroevodiamine (Cl-), rhetsinine and evodiamine (“21) n-ere 
generously provided by Dr. 11. Badan-i, Department of Pharmacognosy and Pharmacology, 
University of Illinois, Chicago, Ill. ,  U.S.rl. 
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FIG. 1. Log dose response curve of z i t  .,?fro 
uterotonic effect of DHE. The 
maximum peak tension within 20 
minutes after drug addition was 
measured as the response. Its 
effect was totally suppressed by 
3 x 10-9RI methysergide (MS) which 
was added 5 minutes before the 
addition of DHE. The data  were 
represented as mean =t S.E.M. x-ith 
n=12 at every point. 

to  a Beckman 98i2 strain gauge coupler in a Beckman 5 l l A  dynograph. Dehydroevodiamine 
(Cl-) was dissolved in water and administered by i.v. injections. The results!are presented in 
table 1 and figures 2 and 3. 

DISCUSSIOK 
There is no previous report of uterotonic compounds isolated from the fruits 

of Evodia ru taecarpa .  A degradation product of rutaecarpine, rutamine, of un- 
known structure was reported to be uterotonic, but detailed information was not 
available (24). 

In  the present study, the known alkaloids, dehydroevodiamine and rutae- 
carpine n-ere isolated from the unripe fruits of Eoodia ru taecarpa  and found to be 
two of the active principles responsible for the uterotonic effect of the aqueous 
extracts reported in the literature and confirmed in our laboratory. 

I n  the i ~ t  zitro situation. it was found that the effect of dehydroevodiamine 
(Cl-) on isolated rat uteri was not blocked by atropine at  a concentration of 
3 x lop5  31, but was blocked by methysergide a t  a concentration of 3 x 31. 
These results suggest that  DHE chloride may be a serotoninergic agonist. At 
doses equal to or greater than 3.6 pglml, it was very difficult and sometimes im- 
possible to  m s h  an-ay the uterotoiiic effect of DHE chloride. The occurrence of 
this phenomenon may be due to the irreversible binding of D H E  chloride to  the 
cell membrane or to the fact that  DHE had penetrated into the cell and the ob- 
served uterotonic effect \$-as caused by a post-membraneous event. 

Siiice rutaecarpine (HC1) x-as only sparingly soluble in water, it was not pop- 
sible to determine the final concentration of this alkaloid in the organ bath. The 
effective in ~ i t r o  uterotonic dope n-as thus estimated to  be less than 1 pg/ml. The 
contraction pattein of rutaecarpine is the same a. that induced by DHE chloride. 

Although erodianiine 11-as not iFolated during the course of this investigation, 
a reference sample of this knon-n constituent 15 as obtained for biological evalua- 
tion. I t  n a s  found to  be devoid of in Litro uterotonic activity a t  the doses tested. 
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FIG. 2. -1 typical example of effect of DHE on rat uterus in intact rat (it2 .isi.i'o). :irrow indi- 
cates the administration of DHE. -111 dosages are subsequent doses given to  the 
same rat in this experiment. 

In the 7 7 1  ~ i z o  uteiotonic assay. nliere DHE chloride acts through the qysteniic 
route, it elicited an initial p0.itix-e response at  a dose of 80 pg lig bod)- neight. 
Figure 2 dions that DHE induces clonic contractions IT itli regular frequency arid 
strength. n-ith the intensity of the  contractions being dose related. -4 linear dose 
response relationship is .em in figure 3. The maximum response dose ha. not 
been te3ted became of the limited solubility of DHE chloride. 
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Log dose response curve of z n  d r o  
uterotonic effect of DHE. Masi- 
mum peak contractions were meas- 
ured as response. Three rats were 
used in this experiment. 

If the biological data (on rats) from these experiments can be extrapolated 
into the human situation, the presence of the uterotonic alkaloids in the unripe 
fruit of Evodia rutaecarpa can form the basis for the rational use of this drug in 
traditional Chinese medicine for the treatment of “female reproductive disorders”. 
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