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SUMMARY

Plaque forming response of antibody producing spleen cells against Salmonelta
typhimurium was studied in vitamin-A deficient and normal rats after 3, 6, 9 and
12 days of injecting the antigen. Vitamin-A deficient rats were found to have sign-

ificantly decreased (pL 0.001) number of antibody plaque forming cells in the spleen

as compared to normal rats in all cases. Serum total rrotein and serum Vitamin-A
levels were significantly (PL 0.001) lower in the vitamin-A deficient rats as compared

to the controls and immunization caused no signficant change in these parameters.
The average spleen weights were increased in both the groups on immunization
but this increase was comparatively more in case of the control rats.

INTRODUCTION

The effect of vitamin-A deficiency on immune response has been the subject of
much recent investigations. Scrimshaw et al. (1968) reviewed the results of over 50
studies in vitamin-A defjcient animals and concluded that the severity and frequency
of bacterial, viral and protozoal infections increase as a result of vitamin-A defici-
ency. Krishnan et al. (1974) and Jurin and Tannock (1972) have demonstrated impa-
ired phagocytosis and increased rejection time of skin grafts in laboratory animals
due to vitamin-A deficiency. A recent study ,Chandra, 1981} reports that antibody
plaque forming cell number in the spleen of rats, determined after 5 da) s of injecting
2)( 1()8sheep red blood cells lSRBC), is reduced in vitamin-A deficiency as comp-
ared to controls. In the present study we have investigated more elaborately the
effect of immunization again,>t kil1ed Salmonella typhimurium on the number of
plaque forming antibody producing spleen cells in vitamin-A deficient and normal
rats after 3,6,9 and 12 days of injecting the antigen. Toe serum total protein
and the average spleen weights have been also compared between the two groups dur-
ing these periods of immunization. This investigation attempts to confirm the possible
role of vitamin-A in preventing infections by causing proliferative response of
antibody producing cells in the spleen against invading pathogens.
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MATERIALS AND METHODS

Post weaning male rats of Long-Evans strain weighing 74:!: 9 gm were used. The ani-

mals were randomly divided into two comparable groups according to body weight. Both
groups were fed a basal diet adequate in all essential nutrients except for vitamin-A.
One group of rats was supplemented with 6 500 i. u. of vitamin-A as retinyl acetate,
per kg of diet consumed, whereas the other group was not given any vitamin-A
supplement. Diets were fed ad libitum and enough water was provided. The ani-
mals werc housed individually in separate wire cages in a well-ventilated room.
At 63 days after initiation of the experiment, when the gro~th curve of the rats
given vitamin-A deficient diet plateaue:i, the animals were considered to be ready
for immunological studies. The rats were divided into 5 batches, each batch cons-

isting of 5 vitamin-A deficient and 5 normal rats.

. Killed cells of Salmonella typhimurium, washed with normal saline and resusp-
ended in a solution of o. 25M sucrose, 1M EDTA, and 5M phosphate buffer. pH

7.4, was used as the antigen for immunization of rats. A o. 3 ml portion of the
bacterial suspension contain 109 about 5 X 106 organisms was injected into each of the
rats of 4 batcfles intraperitonially. The remaining 10 rats were immediately sacrificed
and their blood and spleens were removed aseptically. The rats of the remaining
4 batches were sacrificed after 3, 6, 9 and 12 days respectively of injecting the

antigen.

In each case serum vitamin-A, serum total protein, spleen weight and plaque

forming cells in the spleen were determined. Serum viLamin-A was determined by
the method of Neeld and Pearson (1963) using triftuoroacetic acid. Serum total

protein was assayed by a modification of the Lowry technique (Lowry et aI, 1951)
and antibody producing cells in the spleen was determined by the plaque assay based
on the principle of Jerne and Nordin (1963). For plaque assay, spleen cells were

dispersed with a syringe in cold tissue culture medium ( E'igles modification of
Minimal Essential MediuII), Glasgow, U. K.) to prepare single cell suspension. To
2 ml of o. 8% Difco agar dissolved in minimal essential medium, were added in

rapid succession O. I ml of 100% DEAE dextran solution, o. 1 fill of active Sa!mon-
ella typhimurium suspension ( in tissLe cluture medium) containing approximately
106 bacterial cells, and about 106 nucleated spleen cells. After rapid but gentle

dispersion the mixture was poured on to petri dishes containing a basal layer of
I 50/ Difco agar. The plates were incubated for 3 hours at 37°C and to each. /0

plate 3 ml of guineapig complement ( diluted 1:10 times with nermal saline) was
added. The plates were further incubated for 6 hours at 37°C Clear zones on the
conn uent lawn of bacterial growth appeared which represented where the Salm-
onena-Iysin had been released by the antibody forming spleen cells. Plaques were
counted using a low powered magnifying glass.
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RESULTS

Before injecting the antigen, the average serum vitamin-A levels in the vitamin-A

deficient and control ratS were 4. 3.:t 0.1 ILg%and 21.91.:t 1.4 ILg%respectively (Tab-
le-I), On immuniz1tion, the serum vitamin-A levels decreased slightly in both groups
by the 9th dlY after inj ecting the antigen; this decrease. however, was not statisti-
cally significant. The serum total protein levels of the control rats were higher as
compared to the experimental rats before immunization. No significant change in
the total pro:ein levels in either group was found after immunization. Tne weight of
the spleen eJtpress~d as percentage of body weight (Table-I) was higher in the cQntrol
rats by 9.09% as compared to the vitamin-A deficient rats before immunization. On
immunization, the spleen weight increased on the average, by 2.4 to 5% in the contr-
ol rats and by

Serum vitamin-A, serum total protein, S, ieen weight and plaque forming
spleen cel1s before and after immunization (mean :f: SD)

Days aftt.r Immunization

6 I 9

(n=5) I (n=5)

Table -I

Before
Immunization

(n= 5)

Vitamin-A (I-'-g%):
(a) 4.3:t0.l--
(b) 21.9:f:1.4

Total protein
(gm%):

(a) 4.6:t03*
(b 5.1:t 0.2

Spleen weight
( % of Bw ) J

(a) u.20:t .01*

(b) 0.24:t .02

Plaque forming cells
(plaques formed/ 106
spleen cells) :

(a) Nil
(b) Nil

3

(D=5)

4.2 :t 0.3
21.0:t 1.6

4.8:t 0.2*

5.1 :t 0.5

0.221 :t .015-
0.246 :t 01

20:1: 6**

46 :t 9

4.1 :t 0.4**
19.0:t 1.3

4.7:t0.3
5.1 :to.2

0.228:t .02*
O.~48:f: .02

141 :t 25**
312:1:37

4.0:t '4**

17.0:1:1.9

4.8:t06*

s.2:t 0.5

0.226:1: .02*
0.251:t05

144 :t 28 **

524::.1:42

12

(n=5)

4.0:t0.5* *

19.1:t1.2

47:1:0.4*

5.0:t0.l

0.223:1: 01 *

0.2s2:t .03

116:t16**
449:t 33

a, Vitamin-A deficient rats.
b. Control rats.

The difference between the test and control results are statistical1y significnt at
up LO.OOIand *pLO.Os.
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FIG.1 Effect of Vitamin A deficiency on plaque forming response
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1.5 to 2. 7~~ in case of the vitamin-A deficient rats. In case of both the groups
of rats no plaque was formed by the spleen cells against Salmonella typhimurium
before immunization. On immunization, the control rats showed a steady increase
in the number of plaque forming cells (Fig. 1) until the 9th day followed by a decr-
ease during the next 3 days. The plaque forming cell number also increased
in the vitamio-A deficient rats till the 9th day followed by a decrease, but the p:!reent
increase was muctl higher in case of the control rats. Consequently, the average
number of plaque forming cells il1 the vitamil1-A deficient rats remained significantly
lower (fable-I) than that of the control rats throughout the duration of the
exp~riment.

DlSCUSSTON

Cur present study has demonst.rated that vitamin. A deficiency results in
significant decrease in the antibody plaque forming cell number of spleen in i'mmun-
ized rats. The spleen weight of rats increased on injection of ani igen and the
percent increase was higber in case of the control rats. This signifies that a proli-
feration of spleen cells takes plac;: on immuniziltion and that this process in some
way requires vitamin-A.

Our results confirmed the report of Chandra et a!. (1981) that vitamin-A
deficiency causes decrease in plaque forming response of antibody producing spleen
cells against injected antigen, but contradicts with the same in that we found an

average increase in spleen weight of both the groups of rats on immunization.
This study further suggests that the severity and frequency of infections that occur
in vitamin-A dtficiency, is caused due to an impairment of the immune status. Effect
of vitamin. A on the synthesis of cell membrane components, particularly glycoprotcins,

may provide a clue to elucidating the mechanism of impalrment of immune response
in vitamin-A deficiency Early works on vltamin-A deficiency ( Guggenheim and
Buechler, 19<i7) established beyond doubt the io terrclationship of vitam;,n-A and
the integrity of the epithelial tissues. It is possib~e that the lymphocytes from
vitamin A defic ent animals are dc:ffective in synthesis of a crucial membrane.slyeo

protein which results ill impaired mitogen binding and 10is of the Iprolifertive response.
A wpport to this assumption may be obtained frC'm tbe present study. Since the
percent increase in the average '>pleeo weight and plaque forming cell number
on immuninization was less in the vitamin-A deficient rats as compared to the controls,
it is not unreasonable to suggest that vitamin-A is necessary for initiating and mainta-

ining the pro1iferatlve response of antibody producing cells against sp~cific antigens.
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