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bird’s eyes and remain. for relatively long pe-
riods of time (up to 6 months), with no ap-
parent damage to the eyes; by this means,
the bird is exposed continuously to the spec-
tral range transmitted by the filter. The
wearing time decreases appreciably if the cor-
nea is scratched during fitting or if the fil-
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ters are too large in diameter or too thick.
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There is increasing evidence that the pur-
ine antimetabolites, 6-mercaptopurine (6-
MP) and 6-thioguanine (6-TG), are capable
of suppressing antibody formation(1,2,3).
We found that patients with nephrosis devel-
oped hypogammaglobulinemia during admin-
istration of 6-TG(4). These findings led us
to investigate the effect of the purine anti-
metabolites on the serum proteins of experi-
mental animals. This communication re-
ports the changes in serum proteins, notably
the fall in gamma globulin, associated with
administration of these compounds to rab-
bits.

Material and methods. 6-MP* was pre-
pared daily immediately prior to injection by
dissolving 150 mg per ml of IN NaOH; this
was diluted with buffered salinet to pH 10-11
and a concentration of 37.5 mg/ml. 6-TG*
(50 mg per ml of IN NaOH) was prepared
similarly and made to final concentration of
6.25 mg/ml. Control animals were given 1N
NaOH diluted with buffered saline to pH
10-11.

Adult New Zealand albino rabbits were
randomly distributed into 3 groups and in-
jected intravenously daily for 10 days with:
18 mg 6-MP/kg body weight (6 rabbits), 2
mg 6-TG/kg body weight (6 rabbits), and

* Kindly supplied by Dr. G. Hitchings, Burroughs
Wellcome Co.

t Buffered saline at pH 7.4, 0.85% NaCl solution
prepared (for 1 liter) as follows: M /15 Na,HPOQ, -
84.1 ml; M/15 KH,PO, - 15.9 ml; 8.5 g NaCl; 900
ml demineralized water.

NaOH-saline solution (2 control rabbits).
Each control rabbit received the volume of
solution used in the drug-treated groups.
Animals were weighed on day 1 and day 11,
and bleedings were vie marginal ear vein on
days 1, 6, 11, and 17; sera were stored at
minus 20°C.

The same experimental plan was followed
in guinea pigs except that 6-MP was admin-
istered at 50 mg/kg body weight per day and
6-TG at 5 mg/kg per day; injections were
made intramuscularly into the paravertebral
muscles, and blood samples were obtained by
retro-orbital bleeding.

Total serum protein concentration was de-
termined by the biuret method(5) using a
Beckman B spectrophotometer. Paper elec-
trophoresis was done using a Durrum type
cell, veronal buffer 0.05M, pH 8.6 and stained
with bromphenol blue(6). The paper strips
were analyzed in a Spinco model RB analy-
trol using a B-4 cam and quantified on the
basis of per cent and grams of protein. All
determinations for each animal were made
in the same cell at the same time. No cor-'
rection factors were used for serum albumin,
since the pre-injection serum served as the
standard of reference for each animal.

Serum from each bleeding was studied by
agar electrophoresis(7). Immunoelectro-
phoresis(8), as modified for microscope
slides(9), was performed on pre-treatment
and post-treatment bleedings. Sheep anti-
rabbit sera were used to develop immunoelec-
trophoresis patterns. Absorption of sheep



TABLE I. Rabbit Serum Protein Changes During Administration of 6-MP and 6-TG.

Albumin Alpha globulin Beta globulin Gamma globulin

Total serum protein

Avg %
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FIG. 1. Comparative electrophoreses of the sera of
one rabbit treated with 6-TG. A, C, E is the bleed-
ing prior to treatment and B, D, F is the bleeding
from day 11 (1 day after last injection). R is the

starting reservoir. The agar electrophoreses (A
and B) demonstrate the development of the ‘‘g,’’
line (B) and the fall in gamma globulin (B). Im-
munoelectrophoresis (C and D) confirmed the in-
crease in ‘‘g,’’ (D) and demonstrated the ‘‘~,”’
line (D). E and F are the immunoelectrophoreses
developed by a later bleeding of the antiserum ab-
sorbed with 1 mg of purified gamma globulin; the
albumin and a-globulin preecipitin lines differ from
those produced by the earlier bleeding of the anti-
serum. The ‘‘~,’’ ecan be seen now in both sera.
In E and F only, the “g,”’ and ‘‘+,’’ lines were
accentuated with white ink for better photographie
demonstration.

anti-rabbit sera was carried out with purified
gamma globulin obtained by DEAE cellu-
lose chromatography. ‘

Results in rabbits. Weight and survivals.
The 6-TG treated rabbits lost an average of
15% of body weight during the 10 days of
drug administration and the 6-MP rabbits
lost an average of 11.9%, while the control
rabbits gained slightly. The 6-TG treated
rabbits all died from 11 to 21 days after the
first injection. None of the 6-MP treated or
control rabbits died.

Serum proteins. The quantitative results
are summarized in Table I. The “before”
and “after” refer to sera obtained on day 1
and day 11 respectively. .Although varia-
tions were noted in all proteins the most strik-
ing and consistent change noted was a de-
crease of gamma globulin in both treated
groups (p = 0.03 for both—Table I).

The fall in gamma globulin was also ob-
vious in agar electrophoresis (Fig. 1).

In the day 11 serum from 2 of the 6-TG
treated rabbits and in the day 17 serum in
a third rabbit, paper electrophoresis revealed
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the development of a band of protein be-
tween the beta and gamma globulins which
was not evident in the serum from day 1.
Concentrations of this protein were as fol-
lows: 524 mg %, 572 mg %, and 257 mg %.
The development of this band could also be
readily seen on agar electrophoresis (Fig. 1).
Subsequent investigations(11) have also re-
vealed the appearance of this protein in 6-
MP treated rabbits.

Immunoelectrophoresis of the sera of 6-TG
treated rabbits demonstrated the following:
a) a diminution in gamma globulin (Fig. 1),
b) an increase in a beta globulin arbitrarily
designated “B.” (Fig. 1), c) the appearance
of a line in the fast gamma area designated
“yx” (Fig. 1) usually not discernible prior to
treatment. Similar changes have been noted
subsequently(11) in the 6-MP treated rab-
bits. When the antiserum was absorbed
with 1 mg of purified rabbit gamma globu-
lin per ml of antiserum, no gamma globulin
precipitin line appeared, but the “y,” line re-
mained (Fig. 1). After absorption of the
antiserum the “y.” line could also be seen
in the pre-treatment sera (Fig. 1); it was
previously undetectable in the sera because it
was masked by the gamma globulin precipi-
tin line. After 6-TG treatment, either the
gamma globulin concentration was suffi-
ciently decreased to permit detection of the
“yx” line employing unabsorbed antiserum,
or the concentration of the “y,” protein was
increased.

Results in guinea pigs. All of the 6-TG
treated guinea pigs lost weight and died dur-
ing the 17 day experiment. Five of the six
6-MP treated guinea pigs gained weight and
none died during the experiment until 3 died
under anesthesia (for bleeding) at 17 days.
The low gamma globulin concentration in
normal guinea pig sera (range 116-254 mg %,
mean 195 mg %) makes interpretation of
measurements by paper electrophoresis dif-
ficult. Decreases in gamma globulin concen-
trations occurred in 6-TG treated guinea pigs
but could not be shown to be statistically dif-
ferent from decreases in total proteins and
albumin. No decreases in total proteins or
gamma globulins were detected in the 6-MP
treated guinea pigs. Changes in the “8,” or
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“yx’ globulins of the kind observed in rab-
bits were not seen in these or subsequent
guinea pig experiments.

Discussion. There has been much recent
work on the suppression of antibody forma-
tion by a variety of antimetabolites, including
the purine antimetabolites(1,2,3). No stud-
ies on the serum gamma globulins in the ani-
mals with lowered antibody production were
reported. The present data showing that
gamma globulin levels in normal rabbits are
decreased during antimetabolite administra-
tion add to the mounting evidence that anti-
body producing cells are especially suscep-
tible to the action of antimetabolites. The
data are also consistent with the hypothesis
that the effect on antibody producing cells is
not limited to suppression of primary response
to antigen, but is a continuing effect extend-
ing to the mechanisms controlling “normal”
gamma globulin levels. It remains to be de-
termined, however, whether the effect is one
of suppression of antibody or gamma globu-
lin synthesis, or a reflection of increased
degradation or turnover of normally pro-
duced gamma globulin. The purine anti-
metabolites are thought to inhibit protein
synthesis in general; however, our finding of
increases in certain of the serum proteins
would suggest that they may instead be se-
lectively inhibiting the cells capable of pro-
ducing gamma globulin.

The “Bo” precipitin line in immunoelectro-
phoresis is probably produced by the protein
that appears between the beta and gamma
area on both agar and paper electrophoresis.
The functional nature of the “B.” and “y”
proteins is unknown. The masking of the
“yx” precipitin line by the gamma globulin
line may have prevented the demonstration
of the “y;” protein in a report of immuno-
electrophoresis of normal rabbit serum(12).
Although the electrophoretic mobility of the
“y¢” line is similar to the mobility of those
globulins in human sera which have antibody
activities (y, B2A, and B>M globulins), this
does not mean that the “y,” is an antibody
globulin. Administration of 6-TG to humans
causes a decrease in concentration of the 3
antibody globulins(4), while in the rabbit the
levels of the “By” and probably also the “y.”
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protein are increased after 6-TG administra-
tion.

In guinea pigs, some investigators have re-
ported failure to suppress antibody produc-
tion during administration of 6-mercaptopur-
ine(13), although suppression of production
of allergic encephalomyelitis and of delayed
hypersensitivity was observed by others(14).
In the present work, administration of 6-MP
(50 mg/kg body weight; 50% mortality)
produced neither loss in body weight nor de-
crease in serum gamma globulins, whereas ad-
ministration of 6-TG (5 mg/kg body weight;
100% mortality) produced decreases in
guinea pig gamma globulin concentration. It
will be of interest to determine whether a
difference is found in the effect of 6-MP and
6-TG on guinea pig gamma globulin concen-
tration as well as on antibody production
when 6-MP and 6-TG are administered at
dosages which produce comparable mortality.

Summary. Administration of 6-mercapto-
purine and 6-thioguanine decreased serum
gamma globulin concentrations in rabbits and
produced an increase in concentration of a
B2 protein as measured by agar and paper
electrophoresis. Immunoelectrophoretic stud-
ies confirmed the increase in the B, globulin
and allowed detection of a ‘“vy,” precipitin
line which was masked by the gamma globu-
lin precipitin line prior to treatment.
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Quantitative Studies of Japanese B Encephalitis Virus in Hamster Kidney

Cell Cultures.*
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The development of a plaque assay by Dul-
becco and Vogt(1) led to quantitative studies
with animal viruses equivalent in precision to
those made with bacterial viruses. Plaque
titration of infectious particles has proven to
be virtually essential for quantitative studies
in present day virology. Certain of the arth-
ropod-borne viruses (arboviruses), notably
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