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immunity and the negative results suscepti- 
bility may perhaps be gleaned from a com- 
parison of the incidence of experimental IH 
in the groups of volunteers and the results of 
the skin test in a similar group chosen a t  ran- 
dom in institution No. 1. Over a period of 2 
years 54 volunteers were exposed and 34 de- 
d o p e d  clinical or laboratory signs of hepa- 
titis, 8 with jaundice; i.e., 613% were definite- 
ly susceptible. Of individuals with specific 
skin test responses, 33 or 59% were negative 
and presumably susceptible. Although this 
appears to be a striking agreement this point 
requires confirmation by studying the effect 

of natural or experimental exposure to IH 
virus in individuals with negative and positive 
skin tests, respectively. 

Summary. A skin test antigen for infectious 
hepatitis (IH) has been prepared from amni- 
otic fluid of chick 'embryos infected with IH 
virus. Thus far, it has given apparently 
specifically positive skin reactions in all the 
individuals with past histories of spontaneous 
or induced IH tested. In  contrast, the inci- 
dence of positive tests among cases of past 
serum hepatitis was no greater than that found 
among an adult group chosen a t  random. 
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A considerable amount of circumstantial 
evidence has been presented to support the 
view that the release of histamine associated 
with anaphylaxis depends upon a proteolytic 
mechanism. The evidence has been obtained 
from studies in the dog, guinea pig, and 
rabbit anld some of the studies appear to 
implicate the plasma protease, fibrinolysin 
(1-7) .  The evidence cited is indirect and 
circumstantial and a more direct type of 
evidence is desira'ble. 

In  this paper are presented the reslults of 
our studies on the question of whether 
fibrinolysin participates in the release of 
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histamdne from the blood cells of the sensi- 
tized rabbit by antigen, in uitru. The availa- 
bility of (a) crystalline soy bean trypsin 
inhibitor (8) ,  which is a potent inhibitor of 
fibrinolysin, and (b) purified bovine filbrino- 
lysin and antifibrinolysin (9,lO) offer a di- 
rect experimental approach to this problem. 

ExperimentaE. The details of rabbit sensi- 
tization, exsanguination, the in-vitro hista- 
mine release reaction, and histamine determi- 
nation were presented previously ( 1 1 ) . Sili- 
cone-coated glassware was used for the han- 
dling of whole blood and for the histamine re- 
lease reaction. The authors are grateful to Dr. 
M. Kunitz for samples of crystalline trypsin 
and SQY bean trypsin inhibitor, STI, and' to 
Eugene C. Loomis for samples of purified 
bovine ihbrinolysin and antifibrinolysin. 
Some of the STI used was prepared in our 
own laboratory by the method of Kunitz. 
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TABLE I. 
Failure of STI t o  Inhibit Histamine R~le:ise froin Seiisitized Rabbit Blood Cells by Antigen. 

Histamine in plasma, pg per 1111 of blood 
r - 

Rabbit NO STI and YTI level, Inhibition 
NO. antigen Anti  g CH antigen m g ,' ml by STI, % 

900 
901 

8 
13 
14 
19 
20 
37 
38 

r 

.'10 

.03 

.13 
-14 
.1u 
.13 
.08 
.05 
.11 

.> .> .-- 
1 .o 
(I.i8 
I .4 
1.6 

1.i 
2.6 
0.88 
3. .1 
1.9 

9; )  -.- 

1.1 
0.8i 
1.1 
2.0 
8.4 
1.6 
1.9 
0.88 
1.1 
1.9 

.4 

.4 

.s 

.8 

.8 

.8 
1.6 
1.G 
1.6 
1.6 

-1 2 
-1 6 

2 1  
-2 7 
- 9  

6 
28 

0 
0 
0 

Studies on the rate of histamine release 
were carried out as follows: Blood and saline 
solutions were placed in a 37°C water bath 
and were allowed 15 minutes to  reach the 
temperature of the bath; 25 ml of blood was 
mixed with 18.8 ml of saline containing (a) 
no STI and (b) 100 mg of STI. -4fter 5 
lminutes 12.5 ml of 1 : 100 egg white in saline 
was added rapidly with thorough mixing. - i t  
I ,  2, 3, 5, and 10 minutes after the addition 
of antigen, duplicate 4.5 rnl aliquots were 
transferred to conical centrifuge tubes in an 
ice bath, each tube containing 1 ml of 0.1 51 
sodium oxalate. The oxalate was used to 
stop the histamine release reaction immediate- 
ly(l1).  The contents of the centrifuge tubes 
were mixed thoroughly, chilled a few minutes, 
and cenltrifuged. The diluted plasma samples 
were then carried through the histamine puri- 
fication and determination. The controls on 
these experiments were blanks at 0 time and 
10 minutes, and histamine release ,by trypsin 
in the presence and in the absence of STI. 

Experiments on the histamine release from 
normal blood by antigen and plasma from a 
sensitized animal were performed as follows : 
To 0.1 ml of blood plasma from a sensitized 
rabbit either 2.3 ml of saline or 1.3 ml of 
saline and 1 ml of STI solution (8 
mg of STI per ml in saline) were 
added. One ml of 1:lOO egg white in saline 
was added and the socIution was placed in a 
37°C water bath for 30 minutes. Two ml 
of normal rabbit blood a t  37" was then added 
with thorough mixing; the tube was kept at 
37" for an additional 10 minutes and then 
@aced in an ice bath. The blood cells were 

removed by centrifugation and the plasma 
was analyzed for histarnine. The data re- 
ported are the averages of duplicate samples. 
Duplicates ordinarily agreed within 3- 10%. 

Results and discussion. Our data indicate 
that the anaphylactic release of histamine 
from rabbit blood cells in vitro does not de- 
pend upon {the activation of the plasma pro- 
tease, fibrinolysin. The data of Table I show 
that a high level of soy bean trypsin in- 
hibitor (STI) fails to inhibit appreciably the 
release of histamine when antigen is added 
to blood from the sensitized rabbit in vitro. 
The amount of STI which failed to inhibit 
the histamine release by antigen (the highest 
concentration used) is 4 times the quantity 
which gave a nearly complete inhibition of 
histamine release 'by an optimal concentration 
of trypsin in the majority of cases (Tables 
11, 111, and IV) .  This is approximately 80 
times the amount of STI used by Gerheim 
and Ferguson ( 1 2  ) to inhibit the fibrinolysin 
in staphylokinase-activated rabbit plasma. 

Plasma samples from the reactions where 
STI failed to inhibit histamine release by 
antigen. and from parallel samples without 
STI, were dialyzed and concentrated and 
tested for their abililty to inhibit histamine 
release from rabbit blood cells by trypsin. 
The results (Table 11) indicate that after 
the failure of STI to inhibit histamine re- 
lease by antigen there is sufficient STI re- 
maining in the plasma to inhibit markedly 
the histamine release by trypsin. In  the 

12. Gerheim, E. B., and Ferguson, J. H., PROC. 
SOP. EXP. BIOL. AND MED., 1949, v71, 201. 
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TABLE rr. 
Inhibition of Trypsin Histamine Release by STI Remaining in Plasma After Failure to Inhibit 

Histamine Release bg Antigen. 

yo inhibition of t r y p i n  histamine release* 
r 7 

Plasma No. Plasma froin Plasma froin Control S T I  
froin Table It reaction without STT iheaction with STI 0.4 nig/ml 

19 

20 - 

37 
1 
2 

38 
1 
9 
Y 

2 

- 2  

21 
20 

16 
5 3 

2 6 

3 G 

G 3  
91 

95 
8“ 

34 

34 

98 
99 

98 
99 

* Trypsin cone. was 0.15 mg/ml. 
t Plasmas No. 37 and 38 were tested for S T I  with trypsin reactions on each of two different 

normal rabbit bloods. Plasmas No. 19  and 20 were tested 011 a different date :lad with only one 
trypsin reaction. 

TABLE m. 
Histamine Release from Normal Blood Cells by Sensitized Plasma and Antigen. 

Histamine in plasma, p g  per ml of blood 

Rabbit No. 1 Rabbit No.  2 Rabbit No. 3 Rabbit No. 4 

Blood + Saline 0.18 0.23 9.21 0.41 

” + y y  + STI + antigen 1.5 0.98 2.9 2.7 

” + STI + trypsin 0.29 0.23 0.21 0.38 

” + SP + antigen 1.6 0.94 3.1 2.8 

” + trypsin 2 -3 1.8 4.1 3.7 

TAELE IV. 
Rats of Histamine Release by Antigen in Presence and in  the Absence of STI.’ 

Histarnine in plasina, pg per in1 of blood 

Reaction time, Rabbit No. 233 Rabbit KO. 234 Rabbit No. 317 Rabbit No. 318 
min. N o S T I  S T I  N O S T I  STI NoSTI  S T I  N o S T I  S T I  

With antigen 
1 .58 .62 2 4  2 8  .26 .43 .I6 .20 
2 1.3 1.5 .64 .50 .44 .58 .31 .30 
3 3.3 3.2 1.9 1.6 .93 .93 .74 .71 
5 4.7 5.2 2.6 2.2 1.4 1.5 1.1 1.3 
10 6.1 5.4 3.2 3.2 1.8 2.1 1.8 1.4 

__I_ 

0 
10 

10 

Without antigen 
- - - - - - .35 - 
.58 - - .42 - .31 - -56 

With trgpsiii 
5.0t 1.9t 2.8t 1.0t 2.9 .38 1.80 .41 

*Cone. of S T I  was 1.6 mg/ml in final dilution, or 4 mg/ml of blood in the reactions with 
antigen; the S T I  level i n  the trypsiii reactions was 0.8 nig/ml in  the final dilution. 

t I n  these experiments the trypsin coiitrols were in the 37” bath for  20 min. 

presence of this excess of STI, it is difficult 
to believe that the plasma proltease could in 
any way participate in the histamine release. 

As an answer to this evidence the explana- 

tion has been offered that fibrinolysin might 
release the histamine immediately following 
or simultaneously with its activation, before 
STI can inhibit the reaction. To test this 
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TABLE V. 
Histamine Release f rom Rabbit Blood C.ells by Bovine Fibrinolysin, Trypsin, aiid Sntigen. 

Histamine in plasma, 
pg per ml of blood Enzyme COIIC. ,  

111g per nil - 
7 TYith With With 

Rabbit Xo. Fibr.inol-sin T~?-psin Coiit~ols fibrinolysin t r j -p in  antigen 

5 
G 
I 

8 

13 
1 4  

99.5 
996 

1.f; . i n  
1.6 .10 
3.2 .1.5 
4.8 
3.2 .1.5 
4.8 
4. .I5 
4. J.5 
8. .1.5 
8. .10 

.12 

.I 1 

.05 

.I 3 

.14 

.10 

.10 

.@5 

. 3 i  

.14 
1.7 
1.5 

1.5 
.% 

2 8  
.80 
.39 
.38 

2.3 1.6 

9 9  2.6 -.- 
-.- 0 .) 1.7 
1.8 4.5 
1.3 .9 

TABLE VI. 
Effect of Bovine Antifibrinol-ysin 011 Histaiiiiiie Release by Xntigeii. 

I-Iistainiiic released," 
pg per ml of blood Inhibition by 

r--- 7 aiitifibrinolysin, 
Rabbit S o .  S o  aiitifihinol\-sin hntifibrinolysiii % 

217 
218 
219 
220 

9 i )  -.- 
2.4 
3.9 
3.01 

2.8 
3.8 
4.1 
2.3 

-2 7 
-1 7 

5 
2 3  

- 

____ 
* Hist::niinc released 1 (histanline in plnsm:~ aftcr antigen reactjoii -- liistnmine in p1:isma 

blanks.) 

possibility we studied the release of histamine 
from normal rabbit blood by means of "sensi- 
tized plasma" and antigen. shown in 
Table I11 a good release of histamine from 
rabbit blood cells was obtained when antigen 
and sensitized plasma were allowed to react 
for 30 minutes at  37°C prior to their mixing 
with normal blood. Again the histamine re- 
lease was not affected by the presence of a 
high level oi STI. Inasmuch as the hista- 
mine release from sensitized blood cells is 
nearly complete in 5 minutes a t  37°C (Tablle 
I V ) ,  the histamine release mechanism must be 
activated quite rapidly. The 30 minute 
period at  37" in which sensitized plasma, 
antigen, and STI are allowed to react should 
be ample time for any active fibrinolysin to 
become inactivated by STI. The failure of 
STI to inhibit the histamine release under 
these conditions is strong evidence that 
fibrinolysin has no significant role in the 
histamine release mechanism under investiga- 
tion. 

Scroggie, et d. ( 1 3 )  showed that STI delays 

the release of histamine from rabbit blood 
cells by peptone. Our data on the rate of 
histamine release by antigen in the presence 
of and in the absence of STI, Table IV, indi- 
cate that STI has no effect upon the rate of 
the anaphylactic release of histamine. This 
may mean that the mechanisms of peptone 
and anaphylactic histamine release are dis- 
similar. 

Additional evidence against the partici- 
pation of fibrinolysin in the in vitro anaphy- 
lactic histamine release is: (1) the addition 
of high levels of bovine fibrinolysin to rabbit 
blood gave a poor and unreproducible re- 
lease of histamine as compared to the amount 
released by much lower concentrations of 
trypsin and by antigen, Table V. The con- 
centrations of fibrinolysin shown in Table V 
represent the final dilution in the reaction. 
The highest IeveI used would be 20 mg per 
ml of blood-an extremely high concentra- 
~~ ~ 

13. Scroggie, A. E., Jaques, L. B., and Rocha e 
Silva, M., PROC. SOC. EXP. BIOL. AND MED., 1947, 
v66, 326. 
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tion even through the enzyme may not be 
100% pure. ( 2  ) Bovine antifibrinolysin, 
5 mg per ml of blood, failed to inhibit the 
histamine release by antigen as shown by the 
data of Table VI. 

The evidence presented here applies only 
to the mechanism of histamine release from 
rabbilt blood cells by antigen in vitro and 
may have no bearing upon the mechanism 
of histamine release by antigen in other 
species. However, in accord with our results 
is the recent work by Scroggie and Jaques 
(14),  which indicates that in the dog the 
activated plasma protease is not necessary 
for tshe anaphylactic release of histamine in 
the liver. 

The above evidence indicates that any 
- 

14. Scroggie, A. E., and Jaques, L. B., J .  Irn- 
cwvnoZ., 1949, v62, 103. 
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activation of proiibrinolysin or any increase 
in plasma protease activity, which may ac- 
company the in vitro histamine release by 
antigen, is only a coincidental phenomenon 
and is not a prerequisite for the histamine re- 
lease. 

The failure of excessive con- 
centrations of soy bean trypsin inhibitor and 
bovine antifibrinolysin to inhibit the hista- 
mine release by antigen and the poor and 
inconsistent histamine release iby bovine 
fibrinolysin indicate that the in vitro anaphy- 
lactic release of histamine from rabbit Mood 
cells does not depend upon fibrinolysin 
activity. 

Summary. 

The authors gratefully acknowlerge the techni- 
cal assistance of Dorcas Brausch and I d a  Mae 
Sheppard. 
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Release of Adrenocorticotrophic Hormone by Direct Application of 
Epinephrine to Pituitary Grafts." (17760) 
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I t  is now known that the injection of epi- 
nephrine is followed in normal rats by a fall 
in the adrenal ascorbic acid( 1 )  and in circu- 
lating blood eosinophiles ( 2  ) . Long (3) has 
suggested that in many of the conditions as- 
sociated with an increased degree of activity 
of t hLe pi tui t ar y-adrenal system, a preliminary 
release of epinephrine is a contributing factor. 
On the other hand, Sayers and Sayers (4) have 
found that there is an inverse relationsship 
between the blood levels of adrenocortico- 
trophic hormone (ACTH) and adrenal corti- 

*Aided by a grant from the Fluid Research 
Fund of the  Yale University School of Medicine. 

1. Long, C. N. H., and Fry, E. G., PROC. SOC. 
EXP. BIOL. AND MED., 1945, v59, 67. 

2. Recant, L., Forsham, P. H., and Thorn, G. W., 
T e d .  Proc., 1948, ~ 7 ,  99. 

3. Long, C. N. H., Fed. Proc., 1.947, v6, 461. 
4. Sayers, G., and Sayers, M., Recent Progress 

in Hormone Research. Vol. 11, Academic Press, 
New York, 1948. 

I I '  

cal hormone (ACH) that determines the rela- 
tive secretory activity of each gland. They 
regard the effect of epinephrine as due to its 
capacity to increase the utilization of cortical 
hormone and thus reduce its level in the blood 
traversing the pituitary. 

In order to determine whether epinephrine 
is capable of directly increasing the secretion 
of ACTH from the anterior pituitary, the fol- 
lowing experiment was performred. A group 
of adult, male, albino rats of the Sprague- 
Dawley strain, weighing about 250 g each, 
weve hypophysectornized by the parapharyn- 
geal approach, and 3 days later homologous 
transplants of pituitary tissue from female 
adult rats of the same strain were inserted into 
the anterior chamber of the right eyes. Seven 
rats survived the operations and 6 weeks later 
all had well vascularized grafts growing in 
the anterior chamber of the eye. The eosino- 
phile decline in the peripheral blood was se- 
lected as an index of adrenal cortical activity 


