
2 to 8 nig tloses Iiad 110 effect ul)oii milk ejection. Atropine tended 
to increase 1~100~1 flow slightly atid conipletely prevented any response 
to acetylcholiiie aiid acetyl-~-iiit.tli~-lcliolitie hut had no effect upon 
the action of E'itocin or pitressin. 

From these ol)sei-\-atioiis it NX ) idcI  appear that the iiiarnmary gland 
is iniier\-atcd \\.it11 the ~);~r;t~!.iiil)~itiit.tics as well as the sympathetics. 

The ac~ctykIioIiiie, Mwi101~1 n11d ~ ' i t o c i n  uxed i n  these experiments were fur- 
nished by Mwck and (lonip:iriy t111.ough t h r  eourtesy of Doctor D. F. Green. 
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Studies on the Toxicity of Protarnine. 

The pareiiteral atIiiiiiii5tratic ( ) f  in-otaniine has been suggested 
by Jorpes' aiitl Ra\-diii2 as ;I cliiiical method o f  terniinating- the action 
of admiiiistcretl 1iel)arin. Since the toxic effects of the protainines 
have not heen esteiisi\-ely studied, further investigations seemed 
de si r ah le . 

Thompsoii" anti later lvorket-s have shown that relatively large 
doses of protaniiiies produce tlyspiea, a marked fall in the blood 
pressure, diniiiiishetl blood coagulability, aiid in sufficient dosage, 
death. These symptoms were observed in several animal species. 
Thonipson felt that the action of protanlines could best be explained 
on the basis of a general toxic effect on the cardiovascular and re- 
spiratory systems. Postmortem studies on rabbits and niice, killed 
by subcutaneous iii jectioii of protanline, have heen performed by 
Vartiaiiieii and Marhle.' Heniorrhages in the thymus, lungs, and 
kidneys were the most constant findings. 

Although Kern a i d  Laiigner' aiid earlier workers' had failed to 
produce anaphylaxis wit h pro t am i n e, \Val tlier and ,4mmon7 recent 1 y 
clainied to have 1mxluccd fatal aiiapliylactic shock in guinea pigs 

1 Jorpes, E., Edinan, P., aiid Tli:\ning, T., Laiarrt, 1939, 237, 975. 
2 Ravdin, I. S., A m  J .  Mcd.  Sc., 1941, 201, 299. 
3 Thompson, W. H., T m w .  Roy.  Acnd. Ned. in Irelmzd, 1900, 18, 426. 
4Vartiainen, I., and Marble, A., 6. h b .  and Cl in .  Med., 1941, 26, 1416. 
SKern, R. A., Langner, P. €I., J .  A .  M. A., 1939, 113, 198. 
6 Wells, H. G., Physiol. RPV., 1991, 1 ,  44. 
7 Walther, G., and Ammon, R., Klin. W s r l ~ r . ,  1939, 18, 288. 
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with this substance. Their work, however, does not rule out the 
possibility that their animals died from direct toxicity of the shock 
dose ( anaphylactoid shock) rather than from anaphylactic shock. 
Accordingly, we have investigated the effect in previously untreated 
animals of the shock dose employed by Waltlier and Ammon 

Method tind Results. One to 3% aqueous solutions of salmine 
sulfate* were employed. Injections were made into the heart, 
saphenous vein, and peritoneal cavity of 23 guinea pigs and 3 rats. 
The results are summarized in Table I. The animals showed typical 
anaphylactoid symptoms,‘ including weakness, dyspnea, and con- 
vulsions, leading to death. The heart beat continued after respira- 
tion had ceased. Hence it is probable that Walther and Ammon did 
not produce anaphylactic shock since their only proof rests on the 

(120 mg/kg). 

TABLN I. 
Effect of Salirie Sulfate 011 the Norrni11 Animal. 

Dose, Survival 
n1gJlOO g period 

A nimaI body wt (min.) 

A. Int,racztrdi;ie Injection. 
12  
I 2  
12 
12  
12  
1 2  
12 
12 
10 
10 
10 

6 
5 
S 

36 
12 
12 

J3. Intmvcnous Tnjection. 
12 
12 
12 
12 
12 

C. Intraperitoneal Injection. 
12 
12 
12 
12 

S .0 
3.0 
3.5 
2.0 
2.0 
5.0 
2.0 
3.0 
3.0 
2.5 
3.5 

18.0 
SurvivaI 

7 7  

0.2 
3.5 
3.0 

2.0 
3.5 
2.5 
4.0 
3.5 

2 hr 15 min 
1 I’55  ” 
2 ” 2 0  
17 ” 

* Kindly placed a t  our disposal by Eli Lilly and Company, Indianapolis, Indiana. 
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syrnptomatology which we have duplicated entirely in the normal 
non-sensitized animal. 

In an attempt to explain these anaphylactoid symptoms, further 
experinieiits were conducted. I t  was found that the addition of 
salrnine to the whole blood of human beings, dogs, rabbits, cats, 
guinea pigs, rats, and mice produced a thready precipitate. In the 
human, dog, cat, and rat blood, gross agglutination of the blood 
corpuscles occurred. However, in  rabbit, guinea pig, and mouse 
blood this phenomenon did not take place. Upon the addition of 
salmine to plasma a heavy white flocculent precipitate appeared. 
Serum, when treated similarly, exhibited only turbidity. These 
effects occurred in the whole blood, plasma, and seruni in both the 
presence and absence of such anticoagulants as heparin, citrate and 
oxalate. 

Ten mg of salmine per nil of plasma were required to produce 
niaxiniuni precipitation. Analysis of the total protein before and 
after such treatment with salmine showed removal of a quantity 
soniewhat larger than the determined fibrinogen content. I t  was 
found that the precipitate could be redissolved in Ringer’s solution 
or plasma by the addition of polyvalent ion salts or by a change in 
pH. After treatment of plasma with 10 mg of salmine per ml, 25% 
saturation with ( NH, ) .SO, yielded no precipitate.’ Upon increas- 
ing the concentration to 50% and loo%, however, voluminous pre- 
cipitates resulted, 

Since the addition of salniine to blood produced a precipitate, and 
TABLE 11. 

Effccts of Snlinine Sulfate upon Perfusion Flow through Organs of Guinea Pig. 

Interval 
between 

Injection Control Min. inj. and 
Organ dose rate of flow rate of flow min. flow 

perfused Perfusion fluid (mg) (ml/min) (ml/min) (min) 

I. Lullg 
? ?  

11. Liver 
7 ,  

), 

Ringer’s Solution 
Dog whole blood 

(osalated) 
9 ,  

7 ’  

? ’  

’, 
9 ,  

9 ,  

Dog Serum 

Guinea pig whole 
blood (citrated) 

9 )  7 ,  

9 ,  

60 

A0 
10 
20 
20 
20 
30 
20 

20 
40 

20 
20 

20.0 

10.4 
12.0 
10.0 
15.0 
9.0 
8.0 
6.4 

19.2 
20.0 

8.2 
7.2 

20.0 

18.2 
20.0 

0.6 
0 

2.5 
4.0 
7.0 
3.0 
0.25 
0.5 
1.0 

3.0 
8.0 
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in sonie animals cell agglutination, it seemed possible that tliese 
changes would have vascular occlusive effects. T o  test this hypothe- 
sis, salniine was added to blood flowing into perfused organs. Tlie 
results are presented in Table 11. Dog blood was used in most of 
these experinients because it was difficult to secure a sufficient 
quantity of guinea pig blood. I t  is seen that the addition of 10 nig or 
more of salniine to either dog or giiinea pig whole blood resulted in 
rapid decline or cessation of blood flow. On the other hand no such 
effect was obtained upon the addition of salmine to dog serum or 
Ringer’s solution. 

Disczissioiz. Tlie data in Table I demonstrate that the dose of 
salniine which Walther and Amnion interpreted as causing death by 
anaphylaxis actually produced death iii previously untreated guinea 
pigs. The in v i f ro  experiments conducted on the blood suggest a 
more reasonable explanation of the toxicity of protamines than those 
proposed by previous a ~ t l i o r s . ~ ~  4 g  The data indicate that salniine 
exerts a toxic effect by tlie formation of niultiple emboli. The pre- 
cipitate noted when salniine was added to whole blood, as well as 
the agglutination of cells observed in some species, probably caused 
the vascular occlusive effects found in tlie perfusion experinients. 

Tlie studies of the salniine precipitate lead to the view that, in suit- 
able concentrations, salniine will precipitate certain blood proteins, 
essentially fibrinogen.+ By virtue of its high isoelectric point, 
salmine at blood pH has a positive charge while the plasma proteins 
are negatively charged. Hence, it is likely that salniine combines 
with these oppositely charged colloids. The peptiziiig effect of p€I 
changes and of the addition of polyvalent ion salts on tlie salinine 
precipitate lend further support to this view. Abramson’ has 
pointed out that “mutual precipitation of charged colloids is observed 
only when at least one of the substances is easily precipitated by 
electrolytes.” On this basis it is not surprising that fibrinogen, which 
is most easily salted out, is precipitated by salniine. 

Of equal importance is the effect of salniine upon the erythrocytes. 
I t  is probably not a coincidence that the animal species shown by 
Jaques’ and Jorpesl to be most sensitive to protaniine are also those 
whose red blood cells are agglutinated by this agent. On the con- 

t Since the writing of this report Mylon, Winternitz, and de Suto-Nagy have 
published a method for determination of fibrinogen with protarnine ( J .  Biol. Chem., 
1942, 143, 21). 

8 Abraiiison, H. A., Moore, D. IT., J .  Lab .  Clin. Med., 1940, 26, 174. 
9 Jaques, L. B., Charles, A. F., and Best, C. H., Actn Med. Xcuitd., 1938, Xupp., 

90, 190. 



trary, the species which arc moi-e resistant to protamine show absence 
of red cell agglutiiiation hy this agent. 

On the basis of these findings, the intravcnous use of large doses 
of protaniiiie in clinical practice would seem not to be without 
danger. 

Szimmary. 1. Intravenous adinitlistration of the protamine, 
salmine sulfate, to untreated guiiiea pigs aiid rats produced death 
at dose levels of 6-12 iiig,' 100 g. Iiitraperitoiieal injection delayed 
these efiects. 2. The addition o f  salniine sulfate to whole blood or 
plasma resulted in the forniation o f  a flocculent protein precipitate. 
Addition to whole blood caused hernagglutination in the human, dog, 
cat, and rat. 3. The addition oi  salniiiie sulfate to whole blood per- 
fusing isolated organs caused cessation o f  flow. Addition of com- 
lmrahle amounts to Ringer's fluid and serum perfusing organs was 
without effect up011 the rate of t l ~ n - .  4. 'These experiments suggest 
the possil)ility that protamitles exert toxic effects through embolic 
vascular plieiiomeiia. 

13780 

Studies on Peptic Inhibition. 

This report is a study o f  peptic activity as affected by the various 
substances used clinically in the treatnient of gastro-duodenal ulcera- 
tive disease as well as of pepsin inactivators. Our specific objective 
was to learn u-hether these su1)stances act directly 011 the pepsin 
or indirectly through the iiicldiuni ( ) i  a pH change. 

Haniniarsteiil and t i  elnlai-, ( i t  1 7 1 .  ,' showed that peptic activity 
decreases a s  the p f J  increases from 1 to 7, being completely in- 
activated at pH 7. Recently Komarov" and Schiff r i d  reported 
that various alumiiiuni and mag-nesium compounds inhibit peptic 
activity at the optimum pF-1 range, from 1 to 2. Their use of Mett 
tubes to deterniirie peptic activity plus their procedure of centrifuging 

1 Hammarsten, O., H o p p c  Scylcr  '.< %., 1922, 121, 261. 
2 Helmer, 0. M., J'oiits, P. J., ;ind Z c ~ f u s ,  L. G., Ant. d .  Dig .  I l k . ,  1934, 1, 120. 
3 Komarov, S. A., and Komarov, O., A ~ L .  J .  lli!]. Dis., 1940, 7 ,  166. 
4 Schiffrin, M. J., and Komarov, S. A., Am. J .  D i g .  Dis., 1941, 8, 215. 


