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P REV1013 studies have suggested that certain generalized physiologic dis- 
turbances are related to the host’s response to the parenteral introduction 

of an antigenic substance.l In rabbits injected with human plasma and followed 
serially with determinations of the blood volume and extravascular fluid space, 
significant changes were noted at the time humoral ant,ibodies appeared in the 
blood. The increase in thiocyanate space and decrease in blood volume, which 
were interpreted as being due to alterations in the permeability of capillary and 
cell membranes, appeared to be causally related to in viv-0 antigen-antibody 
reactions. 

In order further to establish such a relationship, the passive t,ransfer 
method, an example of the anaphylactic type of antigen-antibody reaction, has 
been employed. The human plasma used in the previous experiments was a 
mixture of many fractions, each of which could have induced a slightly different 
antibody response at different time intervals.2 In the present experiment, a 
refined but not pure antigen, gamma globulin, was used. 

Bnimnls.-~‘ourteen domestic albino rabbit,s weighing 2.1 to 4.4 kilograms 
were used in these experiments. The animals were kept in individual cages 
and were fed a stock diet. Water was given without restriction. 

(loncentrnted Human Gamma Globulin, which contained 19.7 mg. of nitrogen 
per milliliter, was used without dilution as the immunizing specific antigen for 
the preparation of the immune serum. 

Fraction ZZ of Lyophdized Bovine Plasma, which is predominantly gamma 
globulin, was employed as a species-specific control antigen. The desired weight 
of this material was dissolved in 5 ml. of physiologic saline solution immediately 
prior to use. 

Normal Rabbit #Serum, obtained by bleeding rabbits from the marginal ear 
vein, was stored at 0” C. until used. No preservative was added. 

Antihuman Gamma Globulin Rabbit Serum was prepared by repeatedly 
injecting 2 ml. of human gamma globulin into the interscapular space of normal 
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rabbits at weekly intervals for a minimum of six injections. Blood was collected 
from the ear veins of 4 animals 8 to 10 days after the injection of the last 
sensitizing dose. The pool of immune serum used contained 0.70 mg. of anti- 
body nitrogen per milliliter.” 

METHODS 

Each animal served as its own control. The following sequence of pro- 
cedures was followed in each rabbit: After a single base line determination ol 
the fluid compartments was made, the immune antiserum or the control (normal 
rabbit) serum was injected intravenously. Usually the injection was made on 
the day following the base line determination; in a few animals, however, several 
days elapsed between the base line determination and the injection of antibody. 
Approximately 24 hours later, the immunizing antigen or the species-specific 
control antigen (b&vine globulin) was injected into the interscapular space. Six 
hours following this injection, the initial experimental plasma volume and 
thiocyanat,e space studies were done. The second experimental determinations 
were performed 24 hours after the interscapular injection. Each animal was 
weighed immediately prior to each fluid volume determination. 

An interval of 24 hours was allowed to elapse between the injection of 
antibody and the administration of antigen in order to permit the fixation of 
antibody to tissue cells. The antigen was injected subcutaneously, since it was 
found in preliminary experiments that its intravenous injection resulted in 
anaphylactic death. The interscapular area was chosen for subcutaneous injec- 
tion because Fleisher and Jones,* in their extensive investigations on serum 
sickness in rabbits, have shown that absorption of the antigen by this route was 
rapid. 

GIYW~ 1 (Eo~e+~~e&ul Grotlp).-The 7 rabbits in the experimental group 
each received intravenously 3.5 to 4.9 mg. of antibody nitrogen per kilogram. 
Approximately 24 hours later, each animal was injected interscapularly with 
40 to 80 mg. of antigen nitrogen. The amount of gamma globulin administered 
to each rabbit was such that, when the antigen-antibody ratio was calculated 
by the method of optimal proportions, the antigen was in the zone of considerable 
cscess.” 

C:VOIL~~ 2 (C’ont~l (;roul)).--Of the 7 animals in the control group 2 were 
given, intravenously, 5 ml. of normal rabbit serum per kilogram. This procedure 
was followed after 24 hours by the interscapular injection of 40 mg. of human 
globulin nitrogen into each animal. Each of the remaining 5 animals received 
intravenously 2.8 to i1.5 lug. per kilogram of antihuman globulin antibody nitro- 
gen, followed in 24 hours by 0.0% to 0.20 (1111. of bovine Fraction 11 given 
interscapularly. 

The tiifferencc, then, I)etween (Zroups 1 and 2 was the following: Each of 
the animals in (iroup 1 rec*ei\-ed I)oth antihody and specific antigen, whereas 
1 hose in Group ‘;! werc~ given either the immune serum or the antigen, but not 
both. In t,hc latter ~:~‘oLII), the injection of these substances was preceded or 
followed by the administration of nonspecific serum or antigen. 



TA
BL

E 
II.

 
8u

nr
nr

aw
 

OF
 

DA
TA

 
ON

 
RA

BB
IT

S 
GI

VE
N 

NO
IV

SP
EC

IF
IC

 
AN

TI
GE

N 
OR

 
SE

RU
M

 
(G

RO
UP

 
2)

 

R
AB

BI
T 

AN
TI

SE
R

U
M

 
N

G
M

BE
R

 
(m

. 
N

/K
G

.) 

8 
3.5

 
1; 

3.5
 

3.5
 

11
 

3.5
 

12
 

2.8
 

13
 

No
rm

al 
Ra

bb
it 

Se
ru

m 
(5 

ml
.) 

14
 

No
rm

al 
Ra

bb
it 

Se
ru

m 
(5 

ml
.) 

__
__

. 
- 

.~
 

! 
i 

B
A

S
E

 
LI

N
E 

R
ES

PO
N

SE
 

I 
I 

- 
6 

H
R

S.
 

I 
24

 
H

R
S.

 
TV

EI
G

IIT
 

I 
/ 

sc
s 

P
V

 
SC

N
 

P
V

 
W

EI
G

H
T 

SC
N

 
PV

 
AN

TI
G

EN
 

(K
G

.) 
(M

L.
/K

f+
.) 

(M
L/

KG
.) 

(M
L/

KG
.) 

, 
(M

L.
/K

G
.) 

I 
I 

(K
G

.1
 

(M
L/

KC
) 

(M
L/

KC
+.

) 

BG
 

.l 
Gm

. 
3.4

1 
20

3 
33

 
3.3

1 
23

3 
40

 
3.3

3 
23

2 
40

 
BG

 
.I 

Gm
. 

3.7
9 

20
6 

31
 

3.7
9 

21
6 

37
 

3.8
0 

18
4 

34
 

BG
 

.02
5 

Gm
. 

2.5
5 

23
8 

44
 

2.6
2 

22
4 

45
 

2.6
6 

23
1 

45
 

BG
 

.03
 

Gm
. 

2.1
9 

23
9 

2.3
5 

22
0 

45
 

2.5
5 

20
9 

BG
 

.2 
Gm

. 
2.6

7 
22

7 
2.6

7 
17

7 
57

 
2.7

3 
22

5 
Hu

ma
n 

4.3
5 

22
1 

32
 

4.4
3 

22
6 

33
 

4.4
0 

26
8 

39
 

Ga
mm

a 
Gl

ob
uli

n 
(4

0 
mg

.1
 

Hu
ma

n 
2.9

4 
22

2 
34

 
2.9

6 
2o

ti 
34

 
2.

i9 
2:3

8 
36

 
Ga

mm
a 

Gl
ob

uli
n 

RE
SI

TL
TS

 
OF

 
ST

AT
IS

TI
CA

L 
AN

AL
YS

ES
 

i 
d 

I 
5;

 
I 

t 

Bo
dy

 
we

igh
t 

.04
3 

.04
4 

.98
 

Th
ioc

ya
na

te 
sp

ac
e 

1.6
 

8.3
 

.19
 

Pl
as

ma
 

vo
lum

e 
1.7

 
1.8

 
.94

 



AIKAWA AND RHOADES: IMMUNOPHYSIOLOGY OF IMMUNE REACTIOSS 127 

Physiologic Methods.-Determinations of the plasma volume and the 
thiocyanate space were done simultaneously. Three to 4 ml. of blood was ob- 
tained from the ear veins and collected in an oiled test tube. Bleeding was done 
without anesthesia. Two milliliters of a solution containing 1 mg. of Evans 
Blue and 50 mg. of sodium thiocyanate per milliliter was then injected into a 
marginal vein. Ten minutes following completion of the injection, 3 to 4 ml. 
of blood was obtained from the opposite ear and placed in oiled test tubes. 
The plasma volume was determined by the T-1824 (Evans Blue) dye method, 
the thiocyanate space by the dilution of sodium thiocyanate.6 Both methods 
were adapted to the Coleman Jr. spectrophotometer. The former was read at 
a wave length of 620 mp and the latter at 490 mp. 

Statistical Metho&.-The data were analyzed statistically by the following 
method: The absolute values for plasma volume and thiocyanate space were 
calculated in terms of milliliter per kilogram of body weight. The base line 
values for body weight, plasma volume, and thiocyanate space in each animal 
were then compared with the mean of the 6 and 24 hour values. The average 
difference for each group was obtained by adding the differences between the 
base line and the experimental values in all the animals in the group and divid- 
ing by the total number of animals. Each group was assumed to be normal at 
the start of the experiment, and the control and experimental groups were 
analyzed separately. The two groups as a whole were not compared with each 
other, since we were primarily interested in the magnitude of the change in the 
individual animals within each group. 

To t,est t,he significance of the results the following formulas were used: 

The calculated value of t was compared with the tabled value at (n-l) degrees 
of freedom. 

A significant increase in the thiocyanate space was noted in the experimental 
group when the average base line value was compared with the average meal] 
of the 6 and 24 hour values. In the control group, comparison of the average 
base line value with the average mean of the 6 and 24 hour values showed no 
significant difference. 

No significant changes in body weight were found in either group, and 
in neither of the two groups was there a significant alteration in the plasma 
volume. 

COMMENT 

The present experiments were devised in an attempt to study, under more 
physiologic conditions than are afforded by the classic methods of anaphylaxis, 
the changes which might be related to in vivo antigen-antibody reactions. The 
experiments were designed to determine whether or not the injection of both 
specific antigen and antibody into a normal animal would produce any changes 
in the volume of fluid in which T-1824 and the thiocyanate ion were distributed. 
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The present experiment afforded no immunologic method for detection of 
the instant when the maximal physiologic changes appeared as did the serum 
sickness experiments. No positive clinical signs developed to serve as guides. 
The only alternative for statistical evaluation was to compare the base line 
values with the physiologic measurements observed at various arbitrary time 
intervals after the injection of both antigen and antibody. St,atistical analyses 
were therefore conducted in which the base line values were compared with 
the mean of the response values obtained G and 24 hours after the injection 
of these substances. 

In the experimental group these analyses have shown a statistically signifi- 
cant increase in the thiocyanate space when the mean of the 6 and 24 hour 
determinations is compared with the base line values. Such changes were not 
observed in the control group. 

The observed increase in the lhiocyanatc space may have been due to one 
or more of the following causes: interstitial edema, a shift of water from the 
intracellular to the cxtracellular compartment, a liberation of cellular water 
as a result of cell destruction, or an increase in the permeability of mernbranes 
to the thiocyanatc ion. However, the rapidity with which the alterations in 
the thiocyanate space occurred and the lack of correlation with the fluctuations 
in body weight fit best with the interpretation that an abnormal increase in the 
permeability 01’ cell membranes permitted a wider distribution of the thiocyanate 
ion. Since no changes in plasma volume were observed, there were no evidences 
to suggest any alteration in capillary permeability. 

The results of the present experiment may bc int’erpreted as providing 
additional evidence for the view that physiologic alterations which are measura- 
ble quantitatively, and which are not clinically obvious, can occur when in vivo 
antigen-antibody reactions take place. The most logical explanation of the re- 
sults is provided by the assumption that an increase in the permeability of 
cellular membranes had occurred. Such changes cannot be detected by following 
the body weight, since the fluid is simply redistributed between two compart- 
ments. The alteration in the hydration of cells, with resultant ionic interchange, 
may cause significant changes in the cellular milieu, and hence in the function 
ol’ intracellular enzyme systems. 

SUMMARY 

In a further study of irnmunophysiology, the passive transfer method was 
utilized in rabbits in an effort to determine the possible relationship between 
in vivo antigen-antibody reactions and certain alterations in the plasma volume 
and thioeyanate space. In animals given intravenous injections of antibody, 
followed by the interscapular administration of specific antigen, an increase in 
the thiocyanate space was detected within 24 hours after injection of the antigen. 
Such a change was not observed in cont,rol animals given either specific antigen 
or antibody. This increase in the thiocyanate space has been interpreted as 
indicative of an abnorrnal increase in the permeability of cell membranes which 
was directly or indirectly due to the antigen-antibody reaction. 
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