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ABsTR.icT.-Aqueous extracts of P t e r y x f a  terebinthina var. terebinthina were shown 
to  possess antiarrhythmic activity. A novel furanocoumarin, pterybinthinone, the 
known coumarins pteryxin and umbelliferone, and sucrose were isolated from this 
plant. $tternpts t o  re-isolate a structurally undefined, defibrillatory substance by 
means of a published protocol were unsuccessful. 

I n  1958 Call and Fischer (1) initiated a phytochemical and pharmacological 
investigation of the roots of Pteryx ia  terebinthina var. terebinthina (Hook.) Coult. 
and Rose (Umbelliferae), which were collected near the Columbia River in Sher- 
man County, Oregon. I t  was shown that within three weeks a diet containing 
10 or 15% of this plant produced mortality rates of 33 and 50%, respectively, in 
groups of mice. Blood coagulation times in mice were increased in groups feeding 
on 5 ,  10 or 15% of the plant material in their daily ration. A hormonal effect due 
to the plant material n-as suggested, but not experimentally determined. 

An uncharacterized compound was isolated and named pteryxin, which was 
claimed to  be moderately piscicidal and to  have in vitro spasmolytic activity twice 
that of khellin and four times that of papaverine on spontaneously contracting rat 
uteri (1). 

In  1962, M7illette and Soine (2) investigated the roots of P. terebinthina var. 
terebinthina collected near Rufus, Oregon, reisolated pteryxin, and determined its 
structure. The mp reported for this substance was 81.5-82.5’; Call and Fisher 
(1) had previously recorded SI’ as the mp for their pteryxin. In  a subsequent 
study, Seilsen and Soine ( 3 )  reported the isolation of pteryxin from the roots of 
Pteryx ia  terebinthina var. californica (Coult. and Rose.) Xathias collected in 
Alpine County California. 

In  1962 Bryan (4) reported the isolation of a water-soluble crystalline substance3 
having mp 191-192’ from the roots of P. terebinthina var. terebintltina collected in 
the vicinity of Moses Lake, Washington. X o  other identifying features for the 
isolate were given, but it was stated that the substance dissolved in acetone with the 
aid of a small amount of water and that an aqueous solution of the isolate gave a 
weak blue fluorescence unaltered by acid or base. Bryan gave very detailed in- 
structions for the isolation of this substance, which was obtained in a yield of 

Bryan (4) reported that the isolate n-as essentially free from contractile de- 
pressant effects and that it was about seven times more potent than quinidine 
sulfate as a defibrillatory agent using the isolated rat heart model. 

Prior phytochemical studies on Pteryx ia  terebintlzina include the isolation of 
pteryxin, isopteryxin, osthole, anomalin and calipteryxin from the var. californica 

Details for the isolation of pteryxin iyere not given. 

0.06% (4). 

>For the previous paper in this series see Benoit, P. S., H. H. S. Fong, G. H. Svoboda 

CPresent address: Abbott Laboratories, North Chicago, Illinois. 
3To be referred to  subsequently as “Bryan’s defibrillatory substance”. 

and S.  R .  Farnsvorth,  Lloydia 39, lG0 (1976). 
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(3) as well as pteryxin (1, 2 )  and an uncharacterized n-ater-soluble crystalline sub- 
stance, nip 191-192", from the var. terebiiztlziiza (4). 

Pterj-sin has been reported to have moderate piscicidal (1); in ri fro uterine re- 
lasant (I), vasodilating (a, 6), and hypotensive ( i)  effects; to decrease the fre- 
quency of heart contractions (a) ; and to  inhibit acetylcholine, barium chloride- 
and serotonin-induced spasms of isolated rats and rabbit intestine ( i - 9 ) .  The 
spasmolytic structure-activitv relationships of pteryxin, relative to a series of 
natural and synthetic furano- and pyranocoumarins, have been reported by 
Russian n-orkers (9). 

Because of our interest in biologically active plant constituents, a study was 
initiated to re-isolate "Bryan's Defibrillatory Substance", to  determine its identity 
or structure, and to study its pharniacology in greater detail. 

EXPERIlIESTXL4 
PLAST 3I.LTERI.1L.-Four different plant collections were made and are identified as follows: 

ierebiiifliitia var .  ierebiniiiiiia !Hook.) Coult. d Rose, roots collected in the  mountains 
acific Sorthrrest  iSP-1887): Pierjxio f e r e b i n f h i m  (Hook. I Coult. 6- Rose ( s p .  .Selitiirnz 

t w e b i ~ t h i ~ z u v i  Hook.) sterns and roots, collected in the s ta te  of Washington 1SP-26TG'l: Pfer?sia 
ierPbi t i th i~ ie  (Hook.) roots, collected in California iSP-267;) : and PterpYe ierebirzflii)2Ci var .  
calgorii icz (Coult. &- Rose) l Ia th ias ,  roots collected in California (SP-lTOl).j 

RACTB FOR PH.LRXICOLOGICIL E~-.~LU.1TIos.-~amples SP-1701, SP-1887, 
ere x-orked up as follows. -1 sample was percolated with an ethanol- 
ethanol -+-as removed in m c i i o  and the  aqueous extract n-as l?-ophilized. 

The resulting pox-der n-as partitioned between a mixture of chloroform and water f1 : l ) .  The 
chloroform extract was evaporated i i i  imuciio t o  give a residue (fraction C) ,  and the aqueous ex- 
t ract  n-as lyophilized (fraction K).  -111 extracts and 'or pure compounds evaluated for phar- 
macological activit)- m-ere dissolved in distilled n-ater, ethanol-n-ater or DMSO (dimethyl 
sulfoxide)-n-ater mixture. Controls were established with the same solvent. 

ISQL.LTIOS OF BRIIS'S DEFIBRILL-\TORT smsT.wcE.-Plant samples SP-188T (roots of Pferlsia 
t e r e h i i i f i i i m  var .  f ereb in ih i i in )  and PP-1701 iP.  fevebinihiua var .  ca!ifornicaj m-rre subjected t o  
Bryan's procedure 14) for the isolation of the defibrillatory substance. From saniple SP-1887, 
a v.-ater-soluble crystalline compound n-as obtained in 0 . 2 5  yield having mp 181-182". The 
compound n-as homogeneous according to  several different thin-layer chromatographic solvent 
systems. Sample SP-1701 yielded an identical substance having nip lS2-183" in O . T G 5  yield. 
Both substances were identical a i t h  a reference saniple of sucrose (mp, ir, t lc) ,  and a mixture 
nip of each isolate and reference sucrose \vas undepressed. 

ISOL.LTIOS ISD IDESTIFICITIOS OF PTERTSIS (1).-The niethanol extract from a 3.15 kg 
sample of SP-1887 roots on concentration in 'i'i2cuo deposited crystalline material n-hich, on 
recrystallization from methanol, gave an additional quant i ty  (0.095) of sucrose. The mother 
liquor TWS concentrated to  a syrup (TOO g) and partitioned between equal volumes of chloro- 
form and water. Exhaustive extraction of the aqueous phase with e t h - 1  acetate gave, after 
removal of the solvent, T.G g of a crude organic fraction, m-liich n-as subsequently subjected t o  

4_\lelting points were determined with a Hofler hot plate and are uncorrected. The  uv 
spectra v-ere obtained n-ith a Becknian, model DB-6 grating spectrophotometer. The i r  
spectra n-ere determined with a Becknian model 18-z4 spectrophotometer with polystyrene 
calibration a t  IGOl em-'. P3IR 
spectra n-ere recorded in CDCI- or DlISO-dc solutions with a 1-arian model T-60.1 instrument, 
operating a t  GO MHz with a Sicolet ,  model TT-i, Fourier Transform attachment. Tetra- 
methylsilane n-as used as an internal standard and chemical shifts are reported in 6 (pprn) 
units. Lon- rescdution mass spectra xere  obtained n-ith a Hitachi Perkin Elmer, Model Rl\IL-- 
6D! single-focusing spectrometer operating a t  TO ev. High resolution mass spectra xere  ob- 
tained with a T-arian T31 double-focusing spectrometer operating a t  70 ev. 

5V-~ucher specimens representing these collections were prepared and are on deposit in the 
Herbarium of the Department of Pharniacognosy and Pharmacology, College of Pharmacy, 
Universilj- of Illinois a t  the 1Iedical Center, Chicago, Illinois 60612. ;111 voucher specimens 
were examined h y  D r .  Robert E. Perdue, Jr.,  Medicinal Plant Resources Laboratory, Plant 
Genetics and Germplasm Institute, -4gricultnral Research Service, United States Depart- 
ment of Xgriculrure, Beltsville, l laryland.  They %-ere indistinguishable and could notybe 
differentiated into varieties. 

___- 

Absorption bands are recorded in wave numbers icm-'). 
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hplc6 on silica gel PF2,4'. The column Tvas developed n-ith a mixture of toluene-chloroform- 
acetone (53:25:22), and 20 ml fractions were collected. Work-up of combined fractions 21-39 
from the column zfforded pterynin (1,lO mg, 0.00037,) which crystallized from hexane-methanol 
and exhibited mp 78-81". The physical data  (uv, ir, proton nmr and mass spectral) were in 
agreement with those of pteryxin (1) ( 2 ,  10). 

Thin layer chromatographic analysis [silica gel G, C6H6:CHcl3-EtOAc (10:5:3)] indicated 
that  the isolated pteryxin was contaminated with t v o  minor impurities, and a reference sample 
was similarly contaminated. Further large scale purification %*as carried out by hplc8 with 
Porasil A4 and elution with CsH&HCls-EtOAc (10:5:3) at a flow rate of 8 ml/min with recycling. 

80 and treatment with methanol afforded crystals (18 mg, 0 .00057~)  having mp 205". The 
compound n-as identical (tlc, ir,  uv, proton nmr) with a reference sample of umbelliferone (2). 

I S O L i T I O N  ASD IDEKTIFICATIOS OF UMBELLIFEROSE (2) .--Work-up Of combined fractions 70- 

HO QQ*o 
2 

rJ 

d 
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3 
rJ 
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ISOLATIOX ASD STRUCTURE-ELCCIDATIOK OF PTERYBISTHTXOSE (3).-Work-up of combined 
fractions 101-105 yielded 35 mg (0.0014%) of a new furanocoumarin, pterybinthinone (3),  mp 
215" ir, Y max (KBr) 3310, 1710, 1620, 1572, 1275, 1262, 1190, 1145, 1013, 972, 860 and 825 ern-'; 
pmr (d6-D&lSO) 6 1.26 (s, GH, -C(CH3) 2 ) ,  3.36 (bs, 2H, 2 x -OH, exchanged with D,O), 3.94 (s, 
2H, -CHsAr), 6.17 (d, lH, /=9.5 Ha, 3-H), 6.70 (s, l H ,  8-H), 7.33 (s, lH, 5-H), and 7.89 (d, 
l H ,  J=9.5 Hz, 4-23), ms, m/e >I+ 262 (20%), 244 ( 2 ) ,  229 ( G ) ,  219 (G), 216 (4), 204 (25), 203 (ll), 
177 (13), 176 (loo), 175 (40), 148 (lo), 147 (E), 119 (3), 91 (8), 69 (13), 59 (33). Mass measure- 
ment: Found 202,0843, Calcd. for C14H~SO~ 262.0841. 

Spectral data  characterized pterybinthinone as a linear furanocoumarin in which the aro- 
matic positions were not substituted and the furan ring v a s  4'5'-dihydro- and substituted a t  
C-5'. Fourteen protons m-ere observed in the pmr spectrum in agreement with the molecular 
formula Cl4HlIOL. Since tR-o hydrogens --ere exchanged by D20, the two final oxygen atoms 
were present, as hydroxy groups. The observation of singlets for the C-4' methylene a t  3.94 
ppm, and for a gem-dimethyl group at  1.26 ppm, limited these hydroxyl groups to C-5' and 
C-8'. I n  support 
of this assignment, pterybinthinone s h o w  a characteristic loss of 58 mass units (m* a t  158.8) 
and an intense fragment ion a t  m / e  59. This loss was followed by successive losses of 28, 29 
and 28 mass units, each supported by a corresponding metastable ion. 

Biosynthetic considerations suggest tha t  pterybinthinone has structure 3. 

GChromatronix model 556 instrument. 
!E. Rlerck, Darmstadt.  
V a t e r s  Associates model GO00 instrument. 
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The vicinal diol present in pterl-binthinone was confirmed by treatment with periodic acid 
in aqueous diosane at  room temperature overnight. -1 single product was obtained, eshibiting 
a molecular ion at  n z / e  202, with important fragment ions a t  in e 174 and 146 in agreement with 
structure 4 for this compound. Paucity of material prevented the acquisition of additional 
data .  

rat  and rabbit hearts induced to  arrhythmias with aconitine were used to  evaluate extracts 
for antiarrrhythmic activity.  Hearts were prepared in accordance with the technique de- 
scribed b\- llagnussen and Kudsk (11) and n-ere perfused n-ith Krebs-Hanseleit solution having 
the follo&g composition (g l i ter):  S a C l  6.9, KC1 0.35, CaC12 0.28, S a H C 0 3  2.1,lIgSO:-T.H:O 
0.11, KH:PO: 0.14 and glucose 2.0. Heart  rate and rhythm q-ere monitored from an electro- 
gram and recorded.9 Each isolated heart preparation Tvas allowed to  equilibrate for 30 min. 
before est racts m-ere administered. Temperature of the perfusion medium was maintained at  
37=1". Cardiac arrhythmias x-ere induced by introducing an aconitine solution (0.05 pg ml,) 
into the perfusate immediately prior t o  its entrance into the heart cannula. Cardiac abnorniali- 
ties were noted as ventricular Tachycardia and or fibrillation. A4fter an arrh?-thmic pattern 
was established for 10-20 min., the plant estract  was injected into the perfusate and the effects 
=-ere recorded. 

TABLE 1. 

IS YITRO .XSTI.tRRHTTH>\IIC EV.XLU.ITIOS O F  PTERlX1.X 1ERBISTHIS. t  EXTR.XCTs.-Isolated 

The results of these esperiments are presented in table 1. 

Efect o j  pterjxiPt and Pterj-sia terebinthina e.xtracts o n  aconitine-induced 
cardiac a r r h j f h i u i a s  in vitro.  

Preparation 
I 

Estract  Rat  1 (beats'niin) 
heart 1 

I I 

' Control -1conitine Estract  
' Post Post 

(n=G) 1 
jn=oi I 

Pteryxin ( 7 T ) a .  b 1 155726, 295*24 1 135*22 

SP-2G76(W)c l 250*35, 5lOG+8, 220=33, 
r11=5 1 I 

SP-2677 (1T)c. 230*36, 464=58 245+29 

Rabbit (beats mlnJ 
heart 

1 Post Post 

---I-.- Control 1 -1conitine Extract 

138- 12 

102+20 

157 i: 2G 

sW=-=Iqueous estract  or solution. 
bDose=0.2 mg'ml in a 50 nil organ bath.  
cDose=2.0 mg ml in a 50 ml organ bath.  

IS TITO .ISTI.\RRHTTH1fIC EV.tLC.XTIOS OF P1ERTSI.t TEREBIKTHIKI  ESTR.ICTS.-TKO met hods 
were use(-l for studying the in vir0 antiarrhythmic effects of the various estracts.  The first 
of these n-as by ouabain-induced cardiac arrhythmias in cats, follon-ed by  a determination of 
the effects of these extracts, as previously described (12) .  The second method involved aconi- 
tine-induced arrhythmias in cats, as described by  Scherf (13). Results from the evaluation of 
the various extracts in zi:so are presented in table 2. 

T.IBLE 2 .  E-fects q f  Pterysia terebinthina es trec ts  on exper imenta l  
cardiac arr i i~ t l i in ias  in vivo. 

I 
(beats. min) Arrhythmia 

I 
POST Post ~ Sumber  of ~ Percent 

~ 

I 
, Heart rate 

1 Control O~13haiil ~ &Tract Incidence Reversions Protected 

Estract  

aW==.Iqueous extract .  
bDose=47 G=5 Gmg kg. 

9110del 7B Grass polygraph. 
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EYALCATIOK OF PTERYXIK FOR ASTI iRRHYTHlf IC  A C T I Y I T Y . - A ~ ~ ~ O U ~ ~  pteryxin has been 
shown in vivo ( 5 )  and in eitro (6) to  slon- the heart ,  in addition to  acting ?n czco (7,  10) and in 
vitro ( 7 )  as a coronary vasodilator, no da ta  have been published pertaining to  the antiarrhythmic 
activity of this pyranocoumarin derivative. For this reason, pteryxin was evaluated for in 
vitro and in zii'o antiarrhythmic activity by the methods previously described for crude ex- 
tracts of P. terebi??tizina. The results are presented in tables 1 and 2.  

DISCUSSIOS 
Sucrose, pteryxin, umbelliferone, and a new furanocoumarin, pterybinthinone 

were isolated from the roots of Pteryx ia  terebiizthiFza var. terebi?ztliiiza. Pterybin- 
thinone n-as determined to have structure 3 on the basis of interpretation of spectral 
data, and the results of a periodate oxidation experiment. Of these substances, 
only pteryxin had been previously isolated from this plant. 

The main purpose of this study, however, n-as to reisolate and characterize 
Bryan's defibrillatory substance (4) and to  further study the pharmacology of 
this substance, n-hich Bryan reported to  be seven times more active than quinidine 
as a defibrillatory agent (4). 

Bryan (4) gave very explicit directions on the isolation procedure for his active 
substance. We follolT-ed these instructions using four different collections of P. 
terebiiztlzim, and in all four cases isolated a water soluble crystalline material in 
yields ranging from 0.21-0.76%, with mp of 181-183". However, Bryan's sub- 
stance was reported in a yield of 0.067c with nip 191-192". Further, Bryan 
claimed that his substance n-as very soluble in n-ater n-ith the solution exhibiting 
a weak blue florescence that was not apparently altered by the addition of dilute 
sulfuric acid or dilute ammonium hydroxide (4). These properties suggest that  
Bryan's substance was a coumarin glycoside. 

We have unequivocally shown that the substance isolated from four different 
collections of P. terebintlzi?ia by Bryan's procedure is sucrose, which would not be 
expected to have defibrillatory activitj-.1° Further, the crude fractions obtained 
in this study, failed to  show antiarrhythmic activity of sufficient magnitude to 
lead one to believe that a defibrillatory substance seven times more active than 
quinidine could be present in P.  terebinthiiia. 

One can only speculate as to how Bryan could have determined that his iso- 
lated substance was such a potent defibrillatory agent. The most plausible 
explanation, although other possibilities exist, is that Bryan's substance was a 
mixture of sucrose plus one or more compounds having marked defibrillatory 
activity. Since we have shown that pteryxin has about one-half of the anti- 
arrhythmic activity of quinidine, both i~z tisio and iiz vitro,ll it does not appear that  
Bryan's defibrillatory substance could one part or all of its activity to  this com- 
pound. Further, pterj-xin is only .lightly soluble in water, and Bryan's active 
material was very soluble in n-ater. Also, Bryan's defibrillatory substance has 
mp 191-192", which precludes the possibility of its identity as sucrose (mp 181- 
183"), pterj-xin (nip 78-81"), or a mixture of sucrose and pter-xin.12 

One possible explanation for Bryan's success and our failure to isolate the 
active defibrillatory (antiarrhythmic) principle from P.  terebiizthitza var. tere- 
biizthitza is that of chemical variability between his and our plant materials. The 

'OThis n-as experimentally shown by testing sucrose ia L i i o  and v z  cztro by the methods 
described herein, with all results being negative. 

_ _ ~  

114 detailed account of the defibrillatory activity of pteryxin will be subsequently 
published. 

12Correspondence rrith Bryan revealed tha t  his supply of defibrillatory substance was 
exhausted and thus no direct comparison could he made n-ith any of our isolated compounds. 
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fact that an aqueous estract of our accession number SP-26iG afforded a (30%- 
reversion of arrhythmias, ivliereas a similar extract prepared from accession 
number SP-26i7 effected no reversions in cats (table 2 ) .  lends credence to this 
hypothesis. 

The results summarized in table 1 indicate that aqueous extracts of Pferyria 
terebinthiria .ignificantly decreased the aconitine-induced tachycardia (p < 0.05) in 
perfused rabbit and rat hearts. However, as shown in table 2 ,  only one of the 
extracts x-as effective in reversing ouabain-induced arrhythmias to nornial rhythm 
in anesthetized cats. These observations suggest that  aqueous extracts of Pteryria 
terebiiithirza possess potential antiarrhythmic activity which is apparently effective 
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