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Abstract Endotoxin shock was induced in anesthetized mongrel 
dogs by the intravenous injection of Escherichiu coli endotoxin. 
Although nylidrin, 0.25 mg./kg. administered intravenously a t  the 
termination of the initial hypotensive stage, did decrease mortality 
due to endotoxin-induced shock, the reduction in mortality was not 
statistically significant. Therefore, it appears that this 8-adrenergic 
stimulant does not prevent the lethal effects of endotoxin-induced 
shock in dogs. 
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Intravenous administration of Gram-negative bac- 
terial endotoxin to dogs produces characteristic 
circulatory changes including hepatic venoconstriction, 
portal hypertension, splanchnic pooling, diminished 
venous return, and lowered arterial blood pressure (1,2). 

Hinshaw and Bradley (3) and Hinshaw et al. (4) re- 
ported that administration of Escherichiu coli endotoxin 
in dogs decreased renal blood flow, glomerular filtration, 
and tubular transport. Injection of endotoxin directly 
into the renal artery produced a direct renal vaso- 
constriction, which could in most instances be pre- 
vented by infusion of phentolamine hydrochloride into 
the renal artery (5 ) .  E .  coli endotoxin may have a direct 
depressant effect on myocardial contractility (6) ;  how- 
ever, Maclean and Weil (7) indicated that the initial 
precipitous fall in blood pressure was due to  pooling of 
blood in the portal system, causing a drop in venous 
return and a subsequent decrease in  cardiac output. 
More recent evidence suggests that endotoxin does not 
produce a direct cardiotoxic effect (8). 

Mortality in septic shock is high i n  patients with com- 
promised myocardial or renal function, and deteriora- 
tion and death are frequently associated with pro- 
gressive myocardial and renal failure (9). Reversal of 
these changes has been attempted with a variety of 
agents, including isoproterenol, a potent /3-adrenergic 
stimulant which reversed the severe hemodynamic and 
pulmonary alterations in dogs and sheep (10). Starjecki 
er al. (1 1) reported that isoproterenol reduced mortality 
of endotoxin shock in  dogs and that pretreatment was 
more effective than treatment after administration of the 
endotoxin. They found an improvement in  cardio- 
vascular function and a marked increase in  urine output, 
suggesting decreased renal resistance. 

There are conflicting reports concerning the use of 
isoproterenol in  shock. Isoproterenol may induce 
myocardial insufficiency because it often produces 
excessive tachycardia and increased myocardial oxygen 
consumption. Grega and Kinnard (12) reported that 
administration of isoproterenol during hemorrhagic 
shock produced cardiac arrhythmias in some of the 

Table I-Effect of Nylidrin on the Mortality Rate 
in Endotoxin-Induced Shock in Dogs" 

Endo- Endo- Death 
toxin toxin. _. Nurnber of Deaths Rate, 
Batch mg./kg. Group Number Treated- 

1 2 . 5  Conf rol 7/10 70 
Treated 216 33 

71 
71 

2 2 . 0  Control 517 
Treated 517 

80 
60 

3 2 .0  Control 4/5 
Treated 315 

Mean treated 10/18 5 5 . Y  
Mean control 16/22 72. 7b 

a E. coli endotoxin. * Difference in death rate not significant when 
data subjected to chi-square test. 

dogs, which in certain circumstances leads to ventricular 
fibrillation. 

Nylidrin, another P-adrenergic stimulant, may have 
some advantages over isoproterenol for it is a less potent 
cardiac stimulant and produces marked peripheral 
vasodilatation without causing cardiac arrhythmias or 
excessive tachycardia. Gregd et al. (12, 13) reported that 
nylidrin produced significant protection against hemor- 
rhagic shock in dogs. Nylidrin maintained cardiac 
output and mesenteric and renal flows during hypo- 
volemic-induced shock while markedly reducing sys- 
temic vascular resistance (12, 13). This agent is assumed 
to produce a more favorable distribution of blood flow 
by lowering vascular resistance. 

The purpose of this study was to investigate the effects 
of nylidrin in  endotoxin-induced shock in  dogs. 

EXPERIMENTAL 

Adult mongrel dogs. 8-1 5 kg., of either sex were anesthetized with 
sodium pentobarbital, 35 mg./kg. i.v.. with all experiments con- 
ducted on pairs of animals. A femoral artery was catheterized with 
a polyethylene catheter, and arterial blood pressure was monitored 
using a transducer1 connected to a polygraph2. All injections were 
made cia a femoral venous catheter. A single intravenous injection 
of 2.0 or 2.5 mg./kg. of body weight of E. coli endotoxin3 in normal 
saline was given rapidly. One of the pair:; of the dogs received 0.25 
mg./kg. of nylidrin intravenously when the animal started to re- 
cover from the initial episode of hypotension (approximately 30 
min. after endotoxin administration), and the other dog received an 
equal volume of normal saline. Femoral arterial and venous blood 
samples were collected at  selected time intervals; PO,, $ 0 2 ,  and 
pH were determined using a blood gas arialyzer'. After 3-4 hr., the 
incisions in the surviving dogs were sutured closed and the dogs 
were returned to their home cages and observed for 24 hr. Animals 
alive 24 hr. following endotoxin treatment were considered sur- 
vivors. 

1 Statham. 
2 Grass. 
3 Difco. 
4 Radiometer-Copenhagen. 
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Table II-Percent of Mean Control Systemic Blood Pressure in Dogs4 Treated with Endotoxinb 

Percent of Mean Control Systemic Blood Pressure + SE after Endotoxin Administration 
Control 
Period, 

Group 0 min. 5 min. 30 min. 60 min. 90 min. 120 min. 150 min. 180 min. 240 min. 

Survived(N=7) 100 4 6 . 8 k 1 1 . 6  7 3 . 1 f 6 . 8  6 2 . 4 z t 5 . 8  4 9 . 8 & 5 . 5  5 0 . 4 3 ~ 6 . 5  5 2 . 5 3 ~ 5 . 3  5 8 . 2 + 4 . 8  7 0 . 5 i 5 . 3  
Dead (N = 12) 100 56.1 f 8.0 73.5 f 4.1 54.8 f 5.1 40.9 =I= 3.1  40.9 Zt 2.8 45.7 f 3.2 46.7 f 3.3c 53.9& 4 . 3 ~  

~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ 

a Only dogs surviving more than 240 min. after endotoxin are included. b Data include both nylidrin-treated (0.25 mg./kg.) and saline-treated ani- 
mals. c These values are significantly lower than the corresponding values from the group of dogs surviving when data wcxe subjected to Student’s 
t test ( p  < 0.05). 

Table 111-Percent of Mean Control Systemic Blood Pressure in Control Dogs and in Dogs Treated with Nylidrin 
(0.25 mg./kg. i.v.) 30 min. after Endotoxha 

-Percent of Mean Control Systemic Blood Pressure j= SE after Endotoxin Administration-- 
Control 
Period, 

Group 0 min. 5 min. 30 min. 60 min. 90 min. 120 min. 150 min. 180 min. 240 min. 

Control(N= 11) 100 5 3 . 7 f 8 . 8  7 3 . 4 3 ~ 4 . 8  5 3 . 2 f 5 . 1  3 8 . 6 f 2 . 9  40.1zk2.9 46 .4Zt3 .5  4 9 . 2 3 ~ 3 . 7  5 9 . 9 4 ~ 4 . 6  
T r e a t e d ( N = 8 )  100 5 1 . 4 f 1 0 . 4  73.31-5.3 6 3 . 7 f 5 . 6  5 1 . 8 1 k 4 . 6 ~  5 0 . 3 i 5 . 7  50.71-4.8 5 3 . 2 f 4 . 9  6 0 . 1 h 6 . 6  

~ ~~ 

a Only dogs that survived more than 240 min. after endotoxin are included. * This value is significantly higher than the corresponding control value 
when data were subjected to analysis using Student’s t test ( p  < 0.025). 

RESULTS 

The effects of nylidrin on the mortality of endotoxin-induced 
shock are summarized in Table I. Preliminary data obtained with 
the first batch of endotoxin suggested that nylidrin afforded protec- 
tion against the lethal effects of the toxin; however, subsequent ex- 
periments indicated that the compound failed to  attenuate the lethal 
effects of endotoxin-induced shock in dogs. Statistical analysis of 
the pooled data using the chi-square test indicated that nylidrin did 
not significantly reduce mortality induced by E. coli endotoxin. The 
percents of the mean control systemic blood pressure of dogs that 
died and of those that survived the endotoxin shock are shown in 
Table 11. In both groups of dogs, blood pressure fell sharply follow- 
ing administration of the endotoxin and then slowly recovered to 
approximately 73 of the control value at 30 min. Systemic blood 
pressure of the dogs that eventually died dropped to 40.9 % of the 
control value 90 min. following administration of the endotoxin and 
then slowly recovered to 53.97, of control levels at  240 min. 

In the dogs that survived the endotoxin shock, blood pressure was 
not as markedly affected, reaching 49.8% of control values at  90 
min. and then slowly recovering to 7 0 S x  of the control level 240 
min. following endotoxin administration. The arterial blood pres- 
sure in the surviving animals was significantly higher at  180 and 
240 min. after endotoxin administration than in those animals that 
eventually died ( p  < 0.05). Examination of the time course of the 
mean systemic blood pressure of control and nylidrin-treated ani- 
mals (Table 111) indicated that administration of nylidrin appeared 
to have slowed the rate of development of the hypotensive stage. 
The systemic blood pressure in nylidrin-treated animals reached a 
value of 51.8 % of control and was significantly higher than the cor- 
responding value of 38.6% of control blood pressure in the animals 
that were not treated ( p  < 0.025). However, in the later stages, 
there was no difference between the two groups of animals. 

Arterial acidosis developed in all animals following endotoxin 
administration, and nylidrin failed to correct this alteration in blood 
pH. There was a decrease in arterial pCOn, which was slightly 
greater in the nylidrin-treated group, suggesting respiratory com- 
pensation of the metabolic acidosis. 

DISCUSSION 

These studies indicate that nylidrin did not significantly reduce 
mortality caused by E.  coli endotoxin, although isoproterenol, an- 
other 0-adrenergic stimulant, was reported to  be effective (10, 11, 
14). Knowledge of the basic mechanisms involved in the onset and 
progression of irreversible endotoxin shock is incomplete. Various 
vasoactive hormones which are released in an attempt to compensate 

for, or as a result of, the delayed effects of the endotoxin have been 
implicated (15) in endotoxin shock. A deficient blood supply to vital 
organs, either as a result of excessive vasoconstriction or of pre- 
capillary shunting, was reported as the major cause of irreversible 
shock (1). Stagnation of blood and increased hematocrit are other 
contributing factors (2). It was reported by this laboratory (12, 13) 
that nylidrin is capable of protecting dogs against hemorrhagic 
shock by maintaining cardiac output and mesenteric and renal 
flows in the presence of hypotension. It also lowered systemic vascu- 
lar resistance, prevented GI distension and necrosis, and decreased 
the degree of metabolic acidosis. The lack of efficacy of this drug in 
endotoxin shock reflects the complexity o f  this shock syndrome. 

Systemic blood pressure changes following endotoxin adminis- 
tration in these experiments were similar to the changes reported in 
the literature. The course of blood pressure in dogs that survived 
endotoxin shock differed somewhat from that of the animals that 
eventually died. The second phase of hypotension in the surviving 
animals developed more gradually, and the degree of hypotension 
was not as profound as in the other group of dogs. This severe and 
prolonged hypotension appears to be an  important Factor contribut- 
ing to the mortality in endotoxin shock. The precipitously low blood 
pressure would cause a profound decrease in tissue perfusion, 
thereby causing irreversible damage and eventually death. In those 
animals that survived, the systemic blood pressure, although lower 
than control values, was still significantly higher at I80 and 240 min. 
following endotoxin administration than in the dogs that died 
within the 24-hr. observation period. 

REFERENCES 

(1) R. P. Gilbert, Pkysiol. Reo., 40, 245(1960). 
(2) W. W. Spink, Awz. hitern. Med., 57, 538(1962). 
(3) L. B. Hinshaw and G. M. Bradley, Amer. J .  Physiol., 189, 

(4) L. B. Hinshaw. W .  W. Spink, J. A. Vick, E. Mallet, and J. 

( 5 )  J. Y. Gillenwater, E. S .  Dooley, and E. D. Frolich, ibid., 205, 

(6) J. H.  Siege], Clirr. Res., 13, 220(1965). 
(7) L. D. Maclean and M. H. Weil, Circ. RPS.. 4, 546(1956). 
(8) L. B. Hinshaw, L. T. Archer, L. J. Greenfield, and C. A. 

(9) W. W. Spink, “Shock, Pathogenesis and Therapy,” an inter- 

(10) B. Starjecki and W. W. Spink, J .  Clbi. Zmesf., 47, 2193 

329( 1957). 

Finstad, ibid., 201, 144( 1961). 

293( 1963). 

Guenter, Amer. J .  Physiol., 221, 504(1971). 

national symposium, Springer-Verlag, Berlin, 1962, pp. 225-239. 

(1968). 

Vol. 61, Na. I I ,  Nouember I972 0 1845 



(1 I )  B. Starjecki, J .  L. Reddin, and W. W. Spink. Aim. Surg., 167, ACKNOWLEDGMENTS AND ADDRESSES 
35( 1968). 

161,98(1968). 

20, 253(1967). 

E.rp. Ther., 150, 382(1965). 

(12) G .  J.  Grega and W. J. Kinnard, J .  Pharmucol. Exp.  Ther., 

( I  3 )  G .  J. Grega, W. J. Kinnard, and J.  P. Buckley, Circ. Res., 

(14) J.  A. Vick, H. P. Ciuchta, and J. H .  Manthei, J .  Pharmacol. 

(15) R. C .  Hall and R. L. Hodge, J .  Physiol., 213, 69(1971). 

Received March 4, 1971, from the Depporimerri of Pharmacology, 
School of Pharmncy, Unicersiiy of Pittshrgii, Pitisburgh, P A  15213 

Accepted for publication June 23. 1972. 
Supported by a research grant from the USV Pharmaceutical 

A To whom inquiries should be directed. 
Corp., New York, N. Y. 

Structure of Sanguidimerine, a New Major 
Alkaloid from Sanguinaria canadensis (Papaveraceae) 

M. TIN-WA, H. H. S .  FONG, D .  J .  ABRAHAM*, J .  TROJANEKt, and N .  R .  FARNSWORTH' 

Abstract 0 Structure elucidation of a new major alkaloid, san- 
guidimerine, was based on the interpretation of its physical and 
chemical characteristics and was verified by partial degradation and 
semisynthesis. The possibility of the natural occurrence of sangui- 
dimerine in Suriguirlarin cariaderisis is also discussed. 

Key phrases Satiguimrh ca/icde~rsis (Papaveraceae)-structure 
elucidation of sanguidimerine 0 Sanguidimerine. alkaloid from 
Smrguimria camdensis- -structure 0 Alkaloids-structure of san- 
guidimerine isolated from Sauguirrarin carrudemis 

During a continuing search for anticancer compounds 
from plants, an investigation was initiated on the rhi- 
zomes of Sunguinuriu canadensis because o f  its reputed 
use as a folk remedy and because certain alkaloids 
(e .g . ,  sanguinarine and chelerythrine) present in S. 
canadensis have been shown to possess antitumor 
activity (I).  The study resulted in the isolation of 
sanguinarine and a new alkaloid designated as SC-2, 
which was assigned the trivial name sanguidimerine (2). 

This report concerns the structure elucidation of 
sanguidimerine. 

DISCUSSION 

Sanguidimerine ( I ) ,  a crystalline base, m.p. 174', [a]? +21.2" 
(concentration 0.5 in pyridine), was found to  be only slightly soluble 
in most organic solvents and insoluble in water. It was determined 
earlier (2) that the UV absorption of this base (Table I )  was very 
similar to that of the benzophenanthridine-type alkaloids and, par- 
ticularly, to  that of dihydrosanguinarine (3). A nonconjugated car- 
bony1 was evidenced by a strong absorption at  1710 cm.-I in the 1R 
spectrum. 

Analysis by means of high resoliition mass spectrornelry (Tables 
11 and 111) showed that I exhibited a molecular peak at m/e 720, 

Table I--UV Spectra of Sanguidimerine and 
Dih ydrosanguinarine 

Alkaloid A,nax. nm. (log 4 Reference 

Sanguidimerine 235 (4.65); 2R4 (4.63); 323 (4.23) 2 
Diliydrosanguinarine 236 (4.62); 284 (4.62); 323 (4.28) 3 

corresponding with a molecular formula of C43H3zNnO!, (Table 111). 
During the fragmentation (Scheme I), hydrogen transfer occurred. 
producing an ion at m/e 389 which was consistent as heing identical 
to acetonyl dihydrosanguinarine, C2-HI.,NOj, and which further 
fragmented to give a base peak at  nt/e 332 This latter peak was veri- 
fied by high resolution measurements (Ta.ble 111) to be C,oHlrN04, 
i.e., the sanguinarium ion (ion h). Formation of the sanguinarium 
ion was further evidenced by the presencc of some diagnostic ions, 
r ,  d ,  and e ,  at m/e 317 (ion h- 15). 259 (ion b - 15 - 58). and 201 
(ion b - 58 - 58 - IS). which were previously observed in the 
mass spectrum of sanguinarine pseudocyanide and related bases by 
Slavik ei a / .  (4). 

Treatment of 1 with hydriodic acid yiclded sanguinarine as the 
iodide, and the stoichiomctric ratio suggested that one part of 
sanguidimerine ( I )  produced two parts of sanguinarine iodide, which 
further established that the two parts of the dimer were identical 
(dihydrosanguinarine moiety) and were linked together by means 
of a C3H;O group which contained a carbonyl function. 

Previously, a similar benzophenanthridine dimer alkaloid ( 5 )  was 
isolated from Chrliodonium mcrjus. Upon comparison, it was found 
that these two alkaloids. sanguidimerine ( I )  and chelidimerine, pro- 
vided Identical IR,  UV. and mass spectra.. However, they differed 
with respect to melting points (174" ccrsus 258-260"), solubility 
characteristics, and optical rotations. While sanguidirnerine was 
only slightly soluble in most organic solvents, chelidimerine was 
readily soluble in these solvents. A positive specific rotation was 
observed for sanguidimerine, whereas chelidimerine was optically 
inactive. It was, therefore, logical to assume that these two bases 
were isomers, sanguidimerine being the optically active (+) com- 
pound. Preliminary single-crystal X-ray crystallographic data sug- 
gested that chelidimerine was a meso-compound (5). The data thus 
suggested sanguidimerine ( I )  to be ( + ) - I  ,3-bis(l l-hydrosanguin- 
ariny1)acetone. 

Table 11--Mass Spectrometric Data for Sanguidimerine 

Abundance, %a mle 

720 
389 
362 
332 
317 
316 
274 
259 
20 1 

4 
2 
2 

100 
12 
2 
4 
3 
3 

= Spectra were obtained using a double-focusing mass spectrometer 
MS9. Allied Electrical Instrurnent Industries 1-td., Manchester. England. 


