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of ACTH. The latter explanation is sup- 
ported by the observation that this drug in- 
creases production of adrenal steroids in the 
intact animal both with normal, and with 
high levels of circulating adrenal steroids (6) .  
The observations reported here might, on the 
other hand, be the result of an enhancement 
of the protein catabolic effects of the adrenal 
steroids by chlorpromazine. In support of a 
peripheral synergistic or additive action of 
chlorpromazine and cortisone, the findings of 
DeBias et al., may be quoted; they found 
that doses of cortisone too small to protect 
completely a stressed, adrenalectomized rat, 
are much more effective when combined with 
subeff ective doses of chlorpromaLine (9).  

Summary. Chlorpromazine at  a dose level 
of 3.4 mg daily causes an increase of urinary 
nitrogen excretion and a decrease of weight 
gain in the intact tube fed rat. These changes 
are statistically significant. The protein cata- 

bolic effect of 5 mg of cortisone acetate ad- 
ministered daily is increased significantly by 
simultaneous treatment with chlorpromazine. 
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SIDNEY UDENFHIEND (Introduced by R. W. Berliner) 

During anaphylaxis in the rabbit, there is 
a transient increase in plasma concentrations 
of both serotonin ( Shydroxytryptamine) and 
histamine ( 1 ) . The increase occurs immedi- 
ately after intravenous injection of the anti- 
gen, and indicates release of these amines 
from a bound to a free form within the ani- 
mal. When an antigen is added to the whole 
blood of a rabbit previously sensitized to this 
antigen, concentrations of serotonin and his- 
tamine also increase in the plasma( 1 ) .  In 
rabbit blood both serotonin and histamine 
are found almost exclusively in the platelets 
( 2 ) .  Therefore, the rise in plasma concen- 
trations of these amines, during the in vitro 
antigen-antibody reaction, must be due to 
their release from platelets. However, sero- 
tonin and histamine are found in a variety of 

rabbit tissues in addition to the blood plate- 
lets. The major portion of the body sero- 
tonin is found in the gastrointestinal tract; a 
much smaller amount is found in the lung(3) 
and the brain (4). Consequently, during in 
vivo anaphylaxis, the increase of serotonin 
and histamine in the plasma could be due to 
their release either from the platelets or tis- 
sues, or from both sites. The in vitro study, 
with whole blood, suggests that a t  least some 
of the free serotonin and histamine is derived 
from platelets. In  vitro studies have shown 
that histamine is released when organs of 
sensitized rabbits are perfused with a solution 
of the specific antigen(5). Thus, it appears 
that in the rabbit histamine may be released 
not only from platelets but also from tissues, 
during anaphylaxis. Similar in vitro studies 
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have not been reported for serotonin. 
Whether in the living animal. during anaphy- 
laxis. serotonin is released only from plate- 
lets. or from both platelets and tissues is not 
known. The present stud!, is designed to 
help answer this question bj- using reserpine 
in sensitized rabliits to deplete their platelets 
of serotonin and histamine prior to the ana- 
ph!.lac tic reaction. 

Il/afcriaZs a i d  uic f l iods .  Kabhits were sen- 
sitized to horse serum by intraperitoneal in- 
jection of one ml of serum ever!- da!- for 6 
successive days. They were used i n  this stud!. 
when their an ti bod!- com I)lemcn t ti s;i tion 
titers were high. The ral)bits that were 
treated with reserpine wcre givcn the drug 
intravenously 19 hours prior to injection oi 
the antigen. :Ill the animals were anesthe- 
tized with ncmliutal and ether. Blood ~ v a s  
obtained 1157 means of a catheter inserted into 
a carotid arter!.. and collected i n  siliconizetl 
tubes. Heparin was used to pre\.ent clotting. 
Plasma serotonin and histamine. and whole 
blood serotonin and histamine were deter- 
mined as described previously ( 1 ) . Serotonin 
and histarnine were analyzed in tissues. which 
had been homogenized with 0.1 S HU.  by 
the same procedure used for whole blood. 
Standards. recoveries. and blanks were run 
with each series of determinations. Recover!. 
of added serotonin and histamine from 
p lama  is esscntiallj- quantitative ivith these 
methods : from whole blood and tissues recov- 
eries are about 80 to 957:. Iletails of the 
analytical methods are being published in ii 

separate communication. 
Results. Reserpine, in a single intravenous 

injection of 5 mgr’kg. causes a release of most 
of the serotonin from rabbit platelets and 
tissues within 19 hours (6).  Histamine is 
also liberated from platelets( 7 )  by reserpine 
but not in a sigfiificant quantity from rabbit 
tissues. In  this investigation. it has been 
found that by reducing the amount of reser- 
pine to 0.1 mg ‘kg. the platelets are depleted 
of serotonin and histamine to essentially the 
same level as by the larger amount of the 
drug. However? in contrast, the total con- 
centration of serotonin in the tissues is not 
lowered appreciably by the smaller amount of 
reserpine. Thus, by injecting 0.1 mg/kg of 

‘ I * - \  T:T.I.: I. Aliioiint of Serotonin and Histarnine i i i  
l<;lI)bit \171iolc? Blood and Intestines 19 Hr after 
l Z ( w ~ r l ) i i i ~  as  Compared to Control Values from 
I ’ 1 1  t 1 ~ 1 ; i  tvtl Aninixls. Experimerital values represent 
1 ~ ; i i i g c ~  o r  avg of at least 4 animals. (Range was 
r i \ c . l l  w I 1 c ~ i * ( ~  the  :uialpscs differed by more than 1 

y/inl or g . )  

rewrpine intravenously into rabbits, sensi- 
tized to horse serum. their platelets could be 
depleted of serotonin and histamine without 
reducing the tissue content of these amines to 
;in>- great estent. Therefore, any significant 
increase in the plasma concentration of sero- 
ton in and histrtniine during anaphylaxis in 
siich an animal should be due to a release of 
these amines from tissues. 

The intestincs in addition to the platelets 
are  the principal source of serotonin in the 
rabbit(6). The  amount of serotonin in the 
intestines far exceeds that found in any other 
organ. both as to total amount and per gram 
of tissue. Therefore, if any significant 
aniount of the free serotonin in the plasma 
during anaphylaxis is derived from a tissue 
iitc. that site would be, most likely, the in- 
testinal tract. As shown in Table T, the quan- 
tity of serotonin per gram of small intestine 
is high. However. even if a substantial re- 
lease of serotonin occurs from the intestinal 
tract during anaphylaxis, it would be difficult 
t o  detect because of the wide normal variation 
(6.5-16 y ; g ) .  Actual analyses of the intes- 
tines from 4 rabbits after anaphylaxis have 
shorn that the amount of both serotonin and 
histamine is within the normal range. Pre- 
vious work by Rose(8) revealed that the 
amounts of histamine in a variety of rabbit 
tissues following acute anaphylactic shock 
were not appreciably different from the 
amounts found in the same tissues of unsen- 
sitized control animals. 

Table I <gives the values for concentration 
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FIG. 1. Plasma serotonin and histaniine in an un- 
sensitized control rabbit and a sensitized rabbit 

following intrav. inj. of horse serum (2  ml/kg j . 

of serotonin and histamine in rabbit blood 
and small intestine 19 hours after the intra- 
venous injection of either 0.1 mg/kg or 5 
mg/kg of reserpine. The data reveal that the 
smaller amount of reserpine lowers blood 
serotonin and histamine to essentially the 
same level as the larger amount of the drug. 
However, 5 mg/kg of reserpine reduces the 
intestinal level for serotonin but not for his- 
tamine, whereas 0.1 mg/kg of reserpine does 
not lower the serotonin content of the intes- 
tines below the normal range. 

Fig. 1 shows the increase in plasma levels 
for serotonin and histamine in a sensitized 
animal during anaphylaxis, following intra- 
venous injection of 2 ml/kg of horse serum. 
The curves are similar to those shown previ- 
ously ( 1 ) . Unsensitized animals did not 
show an elevated plasma level for these amines 
after injection of the same amount of antigen. 

Fig. 2 shows average plasma values for 
serotonin and histamine during anaphylaxis 
in rabbits that had been given 0.1 mg/kg of 
reserpine prior to injection of horse serum. 
The curves demonstrate that in comparison 
to Fig. 1, an increase in histamine still oc- 
curred. In contrast, serotonin levels were no 
longer elevated following reserpine. 
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FIG. 2 (top). Plasma serotonin and histamine 

during anaphylaxis in rabbits that had received 
0.1 mg/kg of reserpine 19 hr prior to inj. of the 
antigen (2 inl/kg of horse serum). Values pre- 
sented are avg obtained from experimeiits on 3 
animals. 

FIG.  3 (bottom). Plasma serotonin and hista- 
mine during anaphylaxis in rabbits that had re- 
ceived 6 mg/kg of reserpine 19 hr prior to inj. of 
the aiitigrn (2 ml/kg of horse serum). Values pre- 
sented are avg obtained from espcriments on 2 
animals. 

Fig. 3 gives average plasma values for 
serotonin and histamine during anaphylaxis 
in sensitized rabbits that had been given 5 
mg/kg of reserpine before injection of horse 
serum. The curves are similar to those shown 
in Fig. 2 .  

Unsensitized animals, pretreated with reser- 
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pine in the same manner, did not show any 
increase in plasma concentration of sero- 
tonin and histamine after injection of horse 
serum. 

Discussion. I t  appears that the major por- 
tion of the free serotonin found in rabbit 
plasma during anaphylaxis is probably re- 
leased from platelets. On the other hand. 
appreciable amounts of histamine are liber- 
ated from tissues as well as from platelets 
following antigen-antibody interaction. How- 
ever, despite these findings. it may well be 
that substantial amounts of serotonin could 
be liberated from tissues without the release 
being reflected by a rise in plasma serotonin. 
Previous work( 1 )  showed that as much as 
SO ./:'kg of serotonin have been administered 
to normal rabbits by rapid intravenous injec- 
tion without causing a rise in plasma concen- 
tration of this amine. In order to increase 
plasma levels of serotonin to those found dur- 
ing anaphylaxis. it  was necessary to inject a t  
least 150 y/kg into a normal rabbit, whereas 
only 50 y/kg of histamine were required to at- 
tain the levels found for this amine during 
anaphylaxis. These findings suggest that 
much more serotonin than histamine must be 
released during anaphylaxis to produce a com- 
parable change in its plasma level. and that 
appreciable quantities of serotonin may be 
released from the tissues without producing 
a detectable rise in the plasma serotonin level. 

Although most of the serotonin found in 
the rabbit is located in the intestinal tract. 
serotonin is also found in the lung (2-4 y / g ) ,  
and brain (0.4-0.7 y / g ) .  However, if the to- 
tal amount of serotonin in these latter tissues 
were completely released during anaphylaxis. 
it is unlikely that the plasma serotonin would 
increase appreciably. Xevertheless, if  only 
a fraction of the total lung and brain sero- 
tonin were released within these vital organs. 
the local effects could be profound. To  con- 
sider that the relative importance of any sub- 
stance, released during anaphylaxis. is demon- 
strated by the rise in its plasma concentration 
might be incorrect. 

Further in vivo and in vitro tissue studies 

are being conducted with rabbits to clarify, 
if possible, the importance of the role of sero- 
tonin in anaphylaxis. In  addition, similar 
studies are being conducted in other labora- 
tory animals. In most animals, the serotonin 
content of platelets is much less than in rab- 
bits. If future studies prove that serotonin 
is not released from tissues, but only from 
platelets, then the importance of this amine 
in anaphylaxis may be less in those species 
where the platelet content of serotonin is low. 

Summary. 1 .  Reserpine injected intra- 
venously into rabbits in the amount of 0.1 
mg/kg causes a marked lowering of platelet 
serotonin and histamine without reducing 
serotonin or histamine in the intestinal tract 
below the normal range. 2 .  Sensitized rab- 
bits. pretreated with 0.1 mg/kg of reserpine, 
had an elevated plasma level of histamine but 
not of serotonin during anaphylaxis. These 
findings suggest that the major portion of the 
rise in plasma serotonin during anaphylaxis 
is secondary to a release from platelets, 
whereas the histamine found in the plasma 
is probably released both from platelets and 
tissues. In rabbits that had been pretreated 
with S mg/kg of reserpine, histamine levels 
in the plasma during anaphylaxis were still 
elevated. 3. The significance of levels at- 
tained in the plasma as an index of release 
from tissues during anaphylaxis is discussed. 
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