IMMUNOPHYSIOLOGY OF IMMUNE REACTIONS

ALTERATION IN THE THIOCYANATE SPACE 1IN QUANTITATIVE PASSIVE TRANSFER
EXPERIMENTS IN RABBITS

JERRY K. Atkaws, M.D_* axp Kro1sE 1.. RroabEs, B.S.
WinstoN-SaLeMm, N. C.

REVIOUS studies have suggested that certain generalized physiologie dis-

turbances are related to the host’s response to the parenteral introduction
of an antigenie substance.! 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 antibodies 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 eapillary and
cell membranes, appeared to he causally related to in vivo antigen-antibody
reactions.

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

MATERIAL

Animals—Fourteen domestic albino rabbits 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 restrietion.

Concentrated Human Gamma Globulin, which eontained 19.7 mg. of nitrogen
per milliliter, was used without dilution as the immunizing specific antigen for
the preparation of the Immune serum.

Fraction Il of Lyophilized 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 physiologice 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.

Antihumon Gemma Globulin Rabbit Serum was prepared by repeatedly
injecting 2 ml. of human gamma globulin into the interscapular space of normal

*Research Fellow of the American Heart Association.

From the Department of Internal Medicine, Bowman Gray School of Medicine of Wake
Forest College, Winston-Salem, North Carolina.

This investigation was supported in part by the U. 8. Atomic Energy Commission under
a contract_with the Bowman Gray School of Medicine; in part by a grant-in-aid from the
American Heart Association; and in part by a research grant from The National Heart
Institute of The National Institutes of Health, United States Public Health Service.

The human gamma globulin used was supplied by the American Red Cross. The bovine
fraction 11 was supplied by Armour Laboratories,

123



ALLERGY

THE JOURNAL OF

124

(10" > = d) IUBOYIUIIS A([RONSIIRIS,

336 6°¢ '8 ouIn[oA BWSE[]
x83'9 79 0'0%  oovds ojewsdvony],
39 orr’ 690° 1ysrom ALpog
LS RN N S

SHSATVNY IVOILSILVLE 40 SI1asdy

e 6Y6 606 0F  1y8 or'e 96 G038 00’8 Bl o -
¥ L¥G £¢°8 184 098 ¥8'2 44 936 €12 (14 RS L
R 3¢3 68'G (44 632 10°¢ g G61 ¥8°C 08 6% 9
¥ €93 ¢1°e ¥ 1138 ¥8'¢ jA 961 L0'¢ 08 6% g
¢ 693 9¢'3 ¥ 8038 9¢'a 8¢ 9028 6¥'3 oF @e 4
¥ 1638 ¥¥e 0% 168 96'¢ L8 1158 9¢°¢ 0¥ ¢'¢ g
0 €0g L9°¢ 18 [24" LL°E 1§ ¥6T cL'e (137 o'e 19
Sl jdtd 1% (45 168 ¥3'¢ 86 1028 cr'e 0¥ a'¢ I
(rox/n) | (om/ IR (om) | Com/w) | Cow/~in) | (ox) Coa/ ) |oced/mw) | (Cow) (N an) ("93/N "DW) FIIWAN
Ad | NOS LHOTIM Ad NOS LEOTAM Ad NOS LHOIAM | NIODLLNV WAYASTINY L1gavy
‘SHH $F SUH 9
AYNOISTY NI 48V ) -
(1 4n0¥p) WOYASTINY OIdIDEdY d0 NOMLOELNT
SOONIAVUINT FHL ALY Nriagomy) VHNWVH NVROH HIIA ATIVIAIVOSHALN] (LIOACNT SLIgavY NO VIV( 40 XIVINKIE '] d14v]



AIKAWA AND RHOADES: IMMUNOPHYSIOLOGY OF IMMUNE REACTIONS 125

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 miililiter.*

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 of
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-specifie
control antigen (hdvine globulin) was injected into the interseapular space. Six
hours following this injection, the initial experimental plasma volume and
thioeyanate space studies were done. The seeond 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 injeetion resulted in
anaphylactic death. The interscapular area was chosen for subeutaneous injee-
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.

Group 1 (Experimental Group).—The T rabbits in the experimental group
cach received intravenously 3.5 to 4.9 mg. of antibody nitrogen per kilogram.
Approximately 24 hours later, each animal was injected interseapularly 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
exeess.”

Group 2 (Control Group).—Of the 7 animals in the control group 2 were
given, intravenously, 5 ml. of normal rabhit serum per kilogram. This procedure
was followed after 24 hours by the interseapular injection of 40 mg. of human
globulin nitrogen into each animal. Each of the remaining 5 animals received
intravenously 2.8 to 3.5 mg. per kilogram of antihuman globulin antibody nitro-
gen, followed in 24 hours by 0.025 to 0.20 Gim. of bovine Fraction 1I given
interscapularly.

The difference, then, between Groups 1 and 2 was the following: Each of
the animals in Group 1 received hoth antibody and specific antigen, whereas
those in Group 2 were given either the immune serum or the antigen, but not
both. In the latter group, the injection of these substances was preceded or
tollowed by the administration of nonspeeific serum or antigen.
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Physiologic Methods.—Determinations of the plasma volume and the
thioeyanate 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 thioeyanate.® Both methods
were adapted to the Coleman Jr. spectrophotometer. The former was read at
a wave length of 620 mpu and the latter at 490 mp.

Statistical Methods.—The data were analyzed statistically by the following
method: The absolute values for plasma volume and thiocyanate space were
caleulated 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 test the significance of the results the following formulas were used:

\/ sqe _ 2D2
_

8 = n(n ~ 1)

The caleulated value of t was compared with the tabled value at (n-1) degrees
of freedom.

t =

o) e

A significant increase in the thiocyanate space was noted in the experimental
group when the average base line value was compared with the average mean
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 ehanges 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 ohserved at various arbitrary time
intervals after the injection of both antigen and antibody. Statistical analyses
were therefore conducted in which the base line values were compared with
the mean of the response values obtained 6 and 24 hours after the injection
of these substances.

In the experimental group these analyses have shown a statistically signifi-
cant inerease 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 thioeyanate space may have been due to one
or more of the following causes: interstitial edema, a shift of water from the
intracellular to the extracellular compartment, a liberation of cellular water
as a result of cell destruction, or an increase in the permeability of membranes
to the thioecyanate ion. However, the rapidity with which the alterations in
the thioeyanate 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 of cell membranes permitted a wider distribution of the thiocyanate
ton. 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 be interpreted as providing
additional evidence for the view that physiologic alterations which are measura-
ble quantitatively, and which are not clinieally 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 inerease 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
of intracellular enzyme systems.

SUMMARY

In a further study of immunophysiology, 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 thiocyanate 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 control animals given either specific antigen
or antibody. This increase in the thiocyanate space has been interpreted as
indicative of an abnormal inerease in the permeability of cell membranes which
was directly or indirectly due to the antigen-antibody reaction.
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