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I n  Y i t r o  Histamine Release from Blood Cellular Elements of Rabbits 
Infected with Schis tosoma mansoni (32752) 

MAURICE J. SCHOENBECHLER AND ELVIO H. SADUN 
Walter Reed Army Institute of Research, Washington, L). C .  20012 

Recently Zvaifler et aZ.( 1) described a 
hornmytotropic antibody in rabbits infected 
with Schistosoma mansoni which produced a 
72-hour passive cutaneous anaphylaxis (PCA) 
in m m l  rabbits challenged with cercanal 
antigen. This anaphylactic antibody was in- 
activated by heating at 56’C and by dimer- 
c a p t o e h o l ,  migrated as fast gamma gldbu- 
lin ektrophoretically and had a sedimenlta- 
tion coefficient close #to 7s. Human reagink 
antibody is capable of sensitizing leukocytes 
so that by the addition of antigen, histamine 
is released ( 2 ) .  Barbam Zvlaifler ( 3 )  using 
dinitrophenyl-bovine serum albumin (DNP- 
BSA) in Freund complete adjuvant suggested 
that rabbit PCA antibody is capable of sensi- 
tizing rabbit platelets in vivo and demon- 
strated antigen-induced histamine release in 
vitro in the absence of free plasma factors 
and free anlti~body. 

The present studies were designed to de- 
termine if S. mansoni infections in rabbits 
“sensitize” platelets and/or leukocytes far 
in vitro histamine release following the addi- 
tion of S. mansoni cemrial antigen in the 
absence of added plasma. The results of these 
studies were ccrmpared with those abtaind by 
PCA and slide flocculation (SF) tests. Fur- 
ther more, attempts were made to determine 
whether this in vitro reaction system could 
be ultilized far a quantitative study of imme- 
diate hypersensitivity in rabbits infected with 
S. mansoni. 

Materials and Methods. Animals. Albino 
rabbits weighing 2500-3000 gm were used 
in these experilments. All animals were fed 
a standard diet. The principles of animal 
care as promulgated by the National !Society 
for Medial  Research were observed. Rab- 
bits were exposed percutanmusly to either 
SO00 or 25,000 cercanae each and were bled 
for hisfamine and serologic studies every 
other week beginning the day of exposure. 
At the end of each experiment, the rabbits 
were killed and the visceral organs were ex- 

amined far the presence of gross pathologic 
changes resulting f r m  infection with S. 
mansoni. anilmal was perfused by the 
Perf-0-Suotion technique( 4 )  and examined 
carefully for completeness of blood clearance 
and pmsiible retention af adult worms. Im- 
mediately after @usion, the worms were 
separated by sex, counted, and observed 
microscopically. 

Antigen. S. mansoni cercariae were recw- 
ered from the labratory colony of Austral- 
mbis glabratus (Biomphilaria glabrala) snails, 
each infected with 5-10 miracida. A lipid free 
somatic amtigen was prepred according to 
the method of Chaffee et at.( 5). After l y e  
philimtion, the antigen was rtxonstituted with 
distilled water to a mnwntration of 0.43 
mg od nitrogen protein per ml, d e t m i n e d  by 
the micro-Kje1dah.l method. From this stand- 
ard prepration, 0.5 ml of a 1 : 100 dilution 
in T p d e ’ s  solution was found to be mini- 
mal for lQO% histamine release. 

Rabbit antiserum. The glabulins from a p  
prqriate  s a w n  p l s  were precipiitad.ed with 
50% satu>mted ammonium sulfate. The pre- 
cipitate was recomtituited to one-half the ori- 
ginal serum volume with phosphate buffmed 
saline (PBS), pH 7.2, and Clialyzed against 
the same buffer for 48 hours at 4OC. The 
globulins were then fractionated by column 
c h m a b g m p h y  utidizing Sephadex G-200( 6) 
and diethyllaminoethyl (DEAE) cellulose; the 
samples were eluted from the G-2QO column 
with PBS and the DEAE columns were eluted 
sequentially using seleoted phosphate buffers 
with slight modifications of the method de- 
Scribed by Askonas et d.(7), as reported 
previously (8).  

At the sane  time, another aliquat of blood 
was collected separately and allowed to clot 
for serum sepamtion. After the blood had 
clotted, the serum was separated .by centrifu- 
gation and stored at -70°C. It was tested 
for PCA and SF mtivity with adherence to 
the methods published peviously( 1 ) . 
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Hist aininc determinations. Appropriate 
m o u n t s  of blood were collected from the 
medial artery of the ear in a siliconized 
syringe and transferred to cold polypropylene 
tubes containing sufficient amounts of sodi- 
um heparin to yield a final concentration of 
7 p g  of heparin per ml of whole blood. The 
blood was then centrifuged at 16OOg for 15 
min at 3°C. The supernatant plasma was 
discarded and the packed cells were resus- 
pended and washed 3 times with Tyrode's 
solution before reconstituting to the original 
blood volume. These suspensions contained 
red and white cells as well as the platelets. 
Samples of 0.5 ml of these washed cells were 
used in a total assay volume of 1.5 ml and 
tested in duplicate for total, antigen-induced 
and spontaneous histamine release. A pure 
suspension of platelets was obtained from 
blood collected as described by centrifuging 
for 50 min a t  30g at 3°C. The platelet rich 
plasma supernatant mixture was then washed 
with Tyrode's solution and divided into 
a1 iquo ts . 

Histamine was extracted according to the 
technique described by Shore et aL(9 )  and 
modified by Rarbaro and Zvaifler(3). Fluo- 
rescence was read on a Turner model 111 
Fluorometer activated at  360 mp and emitted 
at  450 mp. 

Results. The first experiment was to de- 
termine whether histamine release could be 
induced in rabbits infected with S .  mansmi 
and to compare the results with #the poduc- 
tion of PCA antilbody. Eight rabbits were 
exposed to 25,000 cercariae each and bled 
every other week for 38 weeks. The results 
(Table I )  indicate that 5 of the 8 infected 
rabbits produced detectable PCA antibody. 

Seven of the 8 rabbits showed significant 
levels of antigen-induced histamine release. 
This occurred as early as 3 weeks after 
exposure to infection in 1 animal and 4-7 
weeks after exposure in most of the others. 
Histamine release was detected both in rab- 
bilts in which PCA antibody had been dem- 
onstrated and in those which showed no de- 
tectable levels of PCA antibody. With the 
single exception of rabbit No. 7, antigen- 
induced histamine release m u r r e d  throughout 
the experisment. A considerable variability in 

100 , ...."""......"'....~........................................................ .............................. 

- 
0 
'0 80 

6 7 0  

5 60 
.s 
u 
6 53 
0 - 
d 4 0  

i 
- 1  

0 2 4 6 8 10 14 16 18 22 23 27 52 W u) 

W e h s  01 lnlecllon 

FIG. 1. Typical histamine release pattern in a 
PCA negative rabbit infected with S. mansoni. 
( = ) Total; ( - - - ) Antigen induced; (-) 
Spontaneous. 

worm burdens was observed in the animals at 
necropsy (Table I) .  No obvious correlation 
between the presence of anaphylactic anti- 
bodies and worm burden was observed. All 
of the animals e x p o d  to infeotion gave 
posit.ive results with the slide flocculation test. 
As indicated in Fig. 1, antigen-induced hista- 
mine release was detectable in the absence 
of demonstrable circulating PCA anltibody 
but at levels lower than in PCA positive 
rabbits (Fig. 2 ) .  However, i t  was not p- 
sible to obtain PCA antibody production 
without accompanying histamine release. The 
time course of the development of PCA anti- 
body activity and of in vitro antigen-induced 

.............................. .................... _--- -T ............... 
\ /*;\"" 
\ / '. I \  ' 
\ /  

I b-4 

I I L 
L I 

0 I 3 5 7 9 15 I 7  21 24 31 33 37 

Weeks of Infection 

FIG. 2 .  Typical histamine release pattern in a 
PCA positive rabbit infected with S. mansoni. 
( * - * )  TOW; ( - - - ) Antigen induced; ( - 1  
Spontaneous. 



T
A

B
L

E
 I

. 
C

el
lu

la
r,

 S
er

ol
og

ic
, a

nd
 P

ar
as

it
ol

og
ic

 F
in

di
ng

s 
in

 R
ab

bi
ts

 I
nf

ec
te

d 
w

it
h 

S
. m

un
so

ni
: 

~~
 

~ 
-
 

~ 
~~

 
~ 

~~
 

R
ab

bi
t:

 
N

o.
 1

 
N

o.
 2

 
N

o.
 3

 
N

o.
 4

 
K

O
. 

5 
N

o.
 6

 
N

O
. i 

N
o.

 8
 

We
ek

 
H

R
 

P
C

A
 

S
F

 
H

R
 P

C
A

 
S

F
 

H
R

 
PC

A
 

S
F

 
H

R
 

P
C

A
 

S
F

 
H

R
 

P
C

A
 

S
F

 
H

R
 

P
C

A
 

S
F

 
H

R
 

P
C

A
 

S
F

 
H

R
 

P
C

A
 

S
F

 

E
xp

os
ed

 to
 2

5,
00

0 
C

er
. 

0 1 2 3 4 5 6 7 8 9 10
 

14
 

15
 

16
 

17
 

18
 

21
 

24
 

25
 

27
 

31
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

-
 

-
 

-
 

-
 + + + + + + + + + + + 

Wo
rm
 r

ec
ov

- 
er

y 
at

 
ne

cr
op

s y
 

-
 

-
 

-
 + + + + + + + + + + + + 

-
 

-
 

-
 + + + + + + + + + + + + 

-
 

-
 

-
 + + + + + + + + + + + + 

-
 

-
 

-
 + + + + + + + + + + + + 

-
 

-
 

-
 + + + + + + + + + + + + 11
 

-
 

-
 

-
 + + + + + + + + + + + + 

-
 + + + + + + + + + 

-
 

-
 

-
 + + + + + + + + 

-
 

-
 

-
 + + + + + + + + 

-
 

-
 + + + + + + + + 

E
xp

os
ed

 to
 2

0,
00

0 
C

er
. 

+
+

 
+

+
 

+
+

 
+

+
 

11
50

 
71

8 

+
+

+
 

+
+

+
 

+
+

+
 

+
+

+
 

-
 

-
 + + + + + + + + + + + + 

-
 

-
 

-
 + + + + + + + + + + + 

-
 

-
 

-
 

-
 + + + + + + + + + + 

a 
A

bb
r.

 :
 H

R
, h

is
ta

m
in

e 
re

le
as

e ;
 P

C
A

, 
pa

ss
iv

e 
cu

ta
ne

ou
s 

an
ap

hy
la

xi
s ;
 a

nd
 S

F
, s

lid
e 

fl
oc

cu
la

ti
on

. 



604 RABBIT HISTAMINE RELEASE AND S. munsoni 

TABLE 11. Histamine Release ( f ig) .  

Cellular contents Spoiit;uieous Antigen-induced Total 

Normal platelets .245 .243 1.1iO 

Seiisitizcd platelets a i d  cells .122 1.3.50 1.5% 
Stnuit.ized platelets and cclls .622 2.603 2.iOU 

normal platelots 

histamine release indicated that, in general, 
in vitro histamine release was present in 
more animals, was detected earlier and per- 
sisted longer than PCA antibody activity in 
the m m  of infected animals. This inmm- 
plete correlation between the time course of 
the two activities suggevts h t  more than 
one antibody may be responsible for the sensi- 
tization of platelets and for the observed 
histamine release, or may indicate that in 
vitro histamine release is a more sensitive 
method of measuring immediate hypersensi- 
tivity. 

Additional experiments were designed to 
determine whether platelets are directly sensi- 
tized following S.  mnsoni inkctiom or 
whether sulbsltances released from sensitized 
leukocytes following an antigenic stimulus 
trigger the release of histamine from platelets. 
Platelets in supernatant plasma from the 
uninftxted rabbits were washed and divided 
into aliquots. Washed cells from an infected 
rabbit still containing platelets but in lesser 
quantity (usually 70-80% less as measured 
by .total histamine) were added to the aliquot 
of platelets from an uninfected animal. As 
indicated in Table 11, the amount of hista- 
mine in this mixture was significantly greater 
than that obtained when antigen was added 
to the sensitized cells only. Conversely, there 
was no discernible antigen-induced histamine 
release from the washed platelets, obtained 
from infected and noninfected animals, in the 
absence of leukocytes. Similarly, when super- 
natant fluids from .sensitized cells which had 
been exposed to the antigen for 30 min at  
37°C were added to platelets from normal 
rabbits they did not release histamine. 

In  an attempt to determine whether a 
quantitative in vitro system could ,be estab- 
lished, the relationship lbetween antigen cm-  
centration and ithe percentage of histamine 
release was studied. As shown in Fig. 3, a 

50% histamine release was observed at dif- 
ferent antigenic dilutions in different animals. 
Although no obvious correlation between the 
amount of antigen required to permit a 50% 
histamine relase and PCA titers was detected, 
the animal in which no demonstrable PCA re- 
action was present required a higher antigenic 
concentration for a 50% histamine release. 

The antigenic concentration required for a 
50% histamine release at vitrious intervals 
following exposure to infeotion was studied 
in a series of 5 rabbits, 2 of which were ex- 
posed to 2 5 , 0 0 0  S. mansoni cercariae and 
3 to SO00 cercariae each. As shown in 
Table 111, increasingly lower concentrations 
of antigen were required in both group of 
animals f r m  the third It0 the ninth week fd- 
lowing e q m u r e  4x1 infection. During this 
time, i t  seemed that the cells from animals 
exposed to 25,000 ctmariae demonstrated 
50% histamine release with less antigen than 
those exposed to only 5000 cercariae. 
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FIG. 3. Relatiomhip between antigen oolacentmdion 
and percentage histamine release. 
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TABLE 111. Antigen Dilution at Whieh 50% Histatnine Release Oecula. 

Weeks after exposure 

No. of cercariae Rabbit no. 0 3 5 7 9 

25,000 93 0 1 :goo 1 : 300.0 1 : 4000 1 : 4000 
25,000 94 0 1 : 400 ND 1:pooo 1 : 4000 

5,000 1 0 1 : 1000 1 : 1000 1 : 2000 1 :MOO 
5,000 2 0 <1:100 1 : 1000 1:2000 1 : 1000 
5,000 3 0 < 1 : 1 Q O  1:loOo 1 : 2000 1 : 40-00 

Molecular sieving and ion exchange ahro- 
matography were employed to separate some 
of the antiibdies present in the rabbit anti- 
serum. The globulin in the combined sera 
from 4 rabbits exposed to 25,000 cercariae, 
all of which had high titers of PCA anti- 
bodies, was precipitated with 50% saturated 
ammonium sulfate. Passage of the reconsti- 
tuted precipitate through SepMex G-200 
chromatography column yielded 4 fractions 
as shown in Fig. 4. Ion exchange ChIUrmratog- 
raphy was then employed to separate some 
of {the antibodies preseMt in the fraction whi& 
contained most of the PCA activity. Aliquots 
of each of the 4 fractions obtained were ana- 
lyzed for theilr ability to produce PCA reac- 
tions and for their flocculating mtivity. As 
reported with fluorescent anltibody tests cm 
sera from rabbits infected with Dirofilaria 
unifmmis (8), the Irmtions containing most 
of the IgG immunogldbuh had all of the 
detectable flocculating activity whereas elec- 
trorphoretically faster immunogIobulins ccm- 
t a i d  PCA activity but no detectable floc- 
culating aotivity. 

Discussion. The finding that only some 
of the infected rabbits produced a demon- 
strable amount of PCA antibody is in agree- 
ment with previous results obtained with in- 
fmtious or artificial immunization( 1,3,10,11). 

Sephadex G200 Fractions A C D 

PCA + 4+ 
P 

4 
DF.AE Cellulose 

Fractions .OM .O5M .C6H .0&4 
pH 7 .4  pH 6.0 pH 6.0 pH 5.6 

FCA L+ 

FIG. 4. F,ractionation of PCA positive Serum from 
rabbits infected with S.  munsoni. 

In all the rabbi4.s with circulating homologow 
PCA antilbody, it was possible to dbtain 
antigen-induced in vitro histamine release. 
Conversely, in vitro histamine release was 
observed in a nmber  of rabbits with IIQ 

detectable PCA antibody d v i t y .  This con- 
sideration, added \to lthe fact that m ~ g e n -  
induced histamine release appeard earlier and 
persiscted longer than PCA activity, suggests 
that the release of in vitro lhistarmine from the 
platelets is a more sensitive reaction and/or 
h t  mwre than one antibody is responsible 
for the fonner phenomenon. 

Washed platelets from uninfected rabbits 
are a p b l e  of histamine release d y  when 
mixed with washed sensitized cells challenged 
with a n t i p .  This suggests tha.t some mecha- 
nism exists for histamine release from plate- 
lets obtained from unsensiltized rabbits. De- 
termimtion of a 50% histamine release by 
serial dilution of antigens indicated that this 
reaution is very sensitive and that titers are 
directly related to lthe length of infection. 
As &own in previous experiments mnducted 
with rabbits infected with filarial parasites( 8), 
the flocculating and the PCA activities are 
found in different immunoglobulin classes. 

Studies are in progress to detemine the p- 
silble rehtionship ~ M w m  histamine release, 
PCA antibodies, immunity and intensity of 
infection of rabbits to S. mansoni. 

Summary. In vitro antigen-induced hista- 
mine release from b l d  platelets of rabbits 
infected with Schistosoma mansoni is de- 
scribed. Histarmine release was detectable bdh 
in the presence and albsmx of passive cutane- 
ous anaphylactic antibodies. Ion exchange 
chrcrmatography, used to separate some of 
the antibovties in the rabbit antisera, revealed 
that fractions containing most of the IgG 
immunoglobulin had d l  the det&ble floc- 
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culating activity. Electrophoretidly faster 
immunoglobulins contained passive c u ~ e o u s  
anaphylactic activity but no detectable flm- 
culating titer. A pure platelet suspension 
from sensitized rabbits did not release hista- 
mine when challenged with antigen. His- 
tamine release did occur in the presence of 
whole washed blood when similarly chd- 
lenged. A significant increase in histamine 
release was noted when narmal blood platelets 
in a suspension of washed sensitized cells were 
added to antigen. 
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The Series Elasticity of Cardiac Muscle in Hyperthyroidism, Ventricular 
Hypertrophy, and Heart Failure (32753) 

WILLIAM w. PARMLEY,' JAMES F. SPA", JR.,  ROGER R. TAYLOR, AND 
EDMUND H. SONNENBLICK' (Introduced by Eugene Braunwald) 

Cardiology Branch, National Heart Institute, Bethesda, Maryland 20014 

The three-component model for muscle pro- 
posed <by A. V. Hill (1)  has been useful in 
describing the contractile activity of cardiac 
muwle in vitro ( 2 )  and in vivo (3 ) .  The 
contractile element (CE) of this model is 
assumed to be freely extensible at rest, but 
with activation i t  shortens according to a 
characteristic inverse relation Mween the 
velocity of shortening and the load (4). The 
CE is in series with an elastic elemenit (SE) 
so that during ismetric amtraction, the 
activated CE shortens and stretches the SE, 
the rate of tension devdopment ( d P / d t )  
being determined by the CE velocity and the 
stress strain relation of the SE ( 1 ). Tlhus the 
external manifestations of CE mtivity depend 
to a large extenst on the properties of the SE. 

Although the stiffness of the SE is un- 
affected by inotropic interventions, or the 
course of active state ( 5 , 6 ) ,  i t  does become 

~~ - 

P e n t  address: Cardiovascular Unit, Peter Bent 
Bdghsm Hospital, 72 1 Huntington Avenue, Boston, 
Massachusetts 02115. 

somewhat stiffer following damage from seg- 
mental compresshn ( 7 ) .  With the recent a p  
plicaRion of cardiac muscle mechanics to the 
study of pathdogic states such as hyper- 
thyroidism, cardiac hyperthophy and fail- 
ure (8-lo), a quantitative knowledge of the 
SE compliance in these conditions is required 
if CE velocity and work are to be evaluated. 
Accordiwly the present study w% under- 
taken to measure the series elasticity of ppi l -  
lary muscles f m  ats with hyperthyroid- 
ism, cats with cardiac hypertrophy, and those 
with cardiac hypertrophy and heart failure. 

Methods. Right ventricular papillary mus- 
cles from three group of cats ( 1.5-2.5 kg) 
were used. Hyperthyoidism was induced in 
six cats by the intrapentuned injection af 
1-thyroxine (1 mg per kg #per day) f o r  10-14 
days (10). Serum protein bound iodine 
(tPPBI) and cholesterol determinations were 
made at the time of sacrifice. I n  a second 
group of 15 cats, right ventricular hypertrophy 
with or without heart failure was p d u c e d  


