
PUBLICATIONS OF THE AUTHOR 

1. Chaudhuri, T.K. and A.K. Chakravartyo 1981. Indian Inst. 

Sci. 63(c), 149-156. 

2. Chaudhuri_, T .K. and A.K. Chakravarty. 1982. Current Science. 

51' 1145-1148. . 

3. Chakravarty, A.K. and T.K. ChaudhuriQ 1983. Japan J. Med. 

Sci. Biol. 36, 43-48. 

4. Chaudhuri, T.K. and A.K~ Chakravarty. 1983. Japan J. Med. ' 

Sci. Biol. l§, 97-103. 

s. Chalcraborty, A.K., U.K. Maitra, T.K. Chaudhuri, and A.K. 

Chakravarty. 1983 .• study of lymphoid organs of normal 

6. Chaudhuri, T.K. and A.K. Chakravartyo 1983. Goat serum as 

a substitute for fe·ta1 calf serum in in vitro culture 

QQJ%Boe of murine lymphocytes. Indian J. Exptl. Bio1. 

<6~t~~;;;1<l;,a1~). 

I 
I 
i 
I 
I 
I 
' 
' 



l indian Inst. Sci., 63 (C), bee. i9!h,: Pp. i49..:is~ 
© Indian Institute . of Science, Printed in India. 

'• I • ' 

Activation of murine thymocytes in vivo. Part I. Study of blastogenesis 
and DNA synthesis after stimulation with Concanavalin A 

. ~TAPAS K. CHAUDHURI AND ASHIM K. CHAKRAVARTY* 
Immunology and Cell Biology Labcratory, Centre for Life Sciences; University of North Bengal, 
P.O. North Bengal University, Darjeeling 734430, India. 

Abstract 
. . ' 

The present study establishes that a polyclonal stimulater like Concanavalin A can stimulat~ the 
murine lymphocytes in vivo in different lymphoid organs and peripheral blood. The process of 
stimulation has been investigated by studying blastogenesis and DNA synthesis of lymphocytes after 
injecting this substl:l,nce in mice. Different. doses of this substance· cause differential response of 

· blastogenesiE and DNA synthesis by the. lymphocytes. The implications of the findings and.the 
necessity of the study have been discussed: 

Key words : In vivo activation, thymocytes, Concanavalin A-blastogenesis and DNA synthesis. 

1. Introduction 

It has been shown earlier that some other substances than specific· antigen can stimulate 
the T cells in vitro to perfOFm cell mediated immunological functions:r,-7 •. The present 
~>tudy. has. been dysigned to. determine whether a plant lectin like. Concanavalin A 
(Con A) ~an.stimulate the murine lymphocytes (T cells) rn vivo. T)le process of stimu
lation has been investigated by studying blastogenesis and DNA synthesis of the ·lympho-
cytes afteF injecting this substance in mice. · , · · · 

2. Materials and methods - · 

2.1. Animals 

Inbred C:57BL mice were·obt'ained froin Cancer Research Institute; Bombay, and main
tained in our laboratory ·with mice-feed and water ad-libitum. Eight to twelve weeks 
old mice were used for ·all the experiments. 

•· For correspondence. 
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~. 2. Blastogenesis 

C57BL mice were injected with five different doses of Con A ranging from 5 pg to 
100 pg per animal intravenously (iv). The rate of blast transformation of lymphocytes 
in different organs like spleen, mesenteric lymph node, other lymph nodes (cervical, 
axilary and inguinal lymph nodes pooled together) and peripheral blood was recorded 
at 24 hr interval up to 96 hr. Cell suspensions from different lymphoid organs and 

·the buffy coat 'of the sedimented perpheral blood in sodium citrate solutimi wete layered 
on Ficoll and Hypaque solution (Sigma Co., U.S.A., Product No. F8628) and spun 
down at 3000 r.p.m. for 15 minutes for separation of lymphocytes from RBCs, debris, 
etc. 

The percentage of blasts was counted ·according ~o tJ:le method described earlier1• 

Briefly, the proportion of transf6rnie~ or 'blast 'cells was determined from the sum of 
viable medium plus large lymphocytes divided by the total viable lymphocytes, counted 
by hemocytometer in presence of trypan blue. The percentage count of blasts was 
con:ected by substracting the percentage of medium and large lymphoid cells in ·r~speti~e 
lymphoid organ of nor:mal control mice ; the latter in~ex usually. varied from 3. to 

: ·6 per cent. · · · · · · · 

The experiments were. repeated. sever.al times with different dose~ except with 100 f.lg 
.of Con A,. with which only. two experiments were performed. Only the mean valu~s 
are presented in the figures. 

. . 
Synthesis of DNA was measured by the z:ate of incorporation of 3H-thymidine into DNA 
as described eaz:Iier1

• 

·. Thi'ee different· doses of Con. A; ·1 0, 20 and 50 pg were used for iv injection· . and 
assays were made ·at 24 hr intervals up to 96 hr.: . Cells from spleen and mesenteric 
lymph .node of experimentfLl ~d' control" animals were collected by ~sing tissue grinder 
·and· suspended· in Mihimuni Essinitial· Medium. Cell .numbers were adjusted at 
4 x · 106 cells/mi. Minimum Essential Medium was supplemented with 10% goat 
serum, nystatin (50 U/ml) and penicillin-streptomycin (50 U/ml). Because of its···easy 
availability goat serum was used instead of fetal calf serum and we observed that the. 
viability and blastoid transformation of murine lymphocytes in the mediurh contaming 
goat serum were similar as in the medium with fetal calf s.erum (unpublished observa
tion). Triplicates of 250 :Ul cell suspension containing 106 ce!Js were taken into glass· 
cultuFe· tubes. 2,aCi 3H-thyinidine (sp. Act. 15' 8 Ci/m:ty1, Bhabha Ato:nllc Resear.ch. 
Centre, Bombay) was used per tube and ceils were fncubated for 8 b.~ at 37° C iri ~ 
humidified atmosphere of 7 · 5% C02 in air.. The cultut:es wer:e terminat~d .by w~shiug 
with oold phosphate buffered saline and precipitated with cold 10% · tr:icholoacetic acid 
[CA). The TCA precipitates were then filtered on small filter. papets (Whatman filter 
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paper' no. 3). Each Fesidue was washed with 10 ml of 10% TCA and filterpapers were 
~ried and counted in . omnifiuor-toluene for total radioactivity. 

3. Reslllts 
I 

3 .1. _ Blastogenesis 
! .' ' 

The dose-wise effects of Con A on blastogenesis of cell population from spleen, mesen
teFic lymph node, other lymph nodes and peripheFal blood are shown in figs. 1a, · 2a, 
3 and 4 respectively. The peak of blastogenesis with the cells from all the sources 
iFFespective of the dose of Con A, was effectively reached by 48 hr.. The peak was 
delayed in case· of cells fr.om other lymph nodes, treated with 50 f.1.g Con A. The res
ponses with the dose of 5 f.l.g and 10 11-g Con A are almost at the same level in all the 
cases. In other three higlJ,er doses, the height of the responses cOFrespond to the amount 
of Con A injected peF aninial. · With SO fig and 100 pg Con· A per animal, percentages 
of blastogenesis of cells from mesenteric lymph node a~e l!ighei at initial and subs,equ<?nt 
stages. 

The blast cells become more vacuolated or exhausted by 72 to 96 hr and increase in 
the percentage of vacuolated cells corresponds with the higher doses of Con A. The 
number of dead cells were found to be more in the mesenteric lymph nodes. 

tzor----------------, 
SPLEEN 

+I 

"' eo _, _, 
"' 0 

,_ 
"' "' _, 
ID 

,_ 
z 
"' u 
a: 
"' "'-

40 

96 
0o~~-724~~-4~6~~~7~2-~~~~ 

H 0 U M.S 

F10. la. Kinetics of blastogenesis of lYmpho
cytes from spleen with in vivo treatment of 
different doses of Con A. Dose of Con A per 
animal: 0-0 5 Jlg; Ci)-,-&J 10 JlK; ~-~ 
20 Jlg; '$.......:()· 50 Jlg and.e- e 100 Jlg. (Same 
symbols for the different doses of Con A hi\v~ 
!-teen ·useg in .. otijer fi~ures), 

~ 12 
'?9 

:1: ... 
u 

~ 8 ,_ 
I 

.. "' 
"'-
0 

z 4 
Q 
!;: 
:5 ... a: 
0 
0 
~ 

·o 
0 
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Fia 2a. Kinetics of blastogenesis of lympho
cytes of mesenteric lymph node with in vivo 
treatment of different doses of Con A. 
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FIG. 3. Pdrcentages of blast obtained at diffe· 
rent hours in other lymph nodes with treat· 
m~nt of different doses of" Con A. 

3.2. DNA synthesis 
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FJa.2b. Pattern ofincorporation of 3a-TdR by 
lymphocyte of mesenteric lymph riode . at 
different hours after in vivo stimulation with 
different doses of Con A. 
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FIG. 4. Percentages of blast obtained at 
different hours in peripheral blood with treat· 
m•mt of different doses of Con A. 

Patterns of DNA synthesis by the spleen cells with treatment of three different doses of 
Con A have been presented in fig. 1 b. With all three different doses maximum level 
of in,corporation, of radioactive thymidine occurred at 48 hr. However1 at different 



hours-; the rate of-DNA synthesis witl1. the- dose of 50 ,ug Con A is not appreciably 
different.·' FurtheFmor.e; the rate of. ·synthesis ·of -DNA is higher- with· lower dose of 
Con A. · -- · - - -

DNA synthesis by -cells of m~senteric lyinph· riode· follo~ the, pattern as iii the casd 
of spleen cells with a few variations (Fig. 2b). · Similar to. the -spleen celis, the rate of 
synthesis of DNA with 10 ,ug Con A is higher than that with other doses. But there 
is not much difference in the height of incoi'poration of .3H-thymidine (3H-TdR) with 
the treatment of 20-,ug and 50 ,ug Con· A.· With the latter dose, the peak of synthesis 
was at 72- hr. Possibly' -there aie two peaks at· 48 hr and at 96 hr with the treatment. 
of20 ,ugCon A. -Similar tendency-has also been observed with the spleen cells (~ig. lb); 

4. Discussion 

Oui findings indicate that substances .like a plant lectin, Con A oan stimulate the 
lymphoid system of mice -in ·vivo and cause blastoid differentiation of the lymphocYtes. 
The natm:e of blast cells and kinetics of differentiation in vivo simulate these of in -v,itro 
tr.eatment of lymphocYtes with Con N. In both in vivo and in- vit~o set-ups the peak 
of the r.esponses was ·around 48 hr. -This is interesting for. in vivo set-up as the substanc~ 
passes thr.ough differ.ent· systems before coming into contact" with "the lymphoid cells 
in secondary lymphoid organs wher,eas in in vitro system the substance gets- direct 
contact with the cells fr.om the very beginning. The in vivo blastogenesis with Con A 
indicates that this substance does not get totally neutralized, digested or excr.eted before 
exerting its stimulatory effects to the lymphoid cells. This fact will help. one to use this 
substance in. vivo for _certain specific put:poses, especially to stimulate the lymphoid 
system against some specific antigenic moieties. , .. 

Although this substance is generally consider.ed as polyclonal, we and others:t-7 have 
shown that the lymphoid cells, stimulated with Con A can differentiate into ·cYtotoXic 
killer cells and can cause lysis of specific.target cells. This lysis h~s deen shown not to 
depend on: the bridging of effector and tat:get cens·by tetravil~nt 'con A n10lecul~s as 
the cytotoxic r.eaction was made in the absence of Con A and in the Pt-esence of its 
competitor ,a-D-methyl mannosid~· 8• . , 

It is inter.esting to note that pretty close to hundred per cent of blats ·can be obtained 
from different organs and. peripheral blo.od with 100. ;ug Con A treatment. As 3{}:-35% 
T cells are present in spleen and -65-70% of them in lymph nodes and the Fest of the 
lymphocytes are B cells and Con A is supposed to stimulate only the T cells, it is not 
possible to obtain 100% blastogenesis index withQut participation of. :B •cells. It _is 
possible that the T cells stilll.ulated· with Con A in .vivo. could release certain -kind of 
factors or lymphokines which might cause blastogenic transformation ·of B ce]]so. 
There would have be~n another possibility. of mal,cing: 100% blasts .by T cells only if the 
B ·c;eus are· ah:eady dead._· In fav9ixj; ,of this possibiiity we observ~d .(unpublished obser
vation) hi8h percentage of dead· cells1 more than 50% w:ith 100 pg Con A treatment 
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(percentage of .l?la,sts was counted in rt:'ference to viable l~phocytes only as o~tlined 
in Materials and methods).' We are pUFsuing certain . experiments. with neonatally . . . . . .. . . . . - . ". 

thymectomized mice to resolve these possibilities . 

. The rate <,>f ]?lastogenesis correspon~s ~o the, dose .of Con A and . wa!iJ. not correlated 
to the rate of DNA synthesi,s. Rate of synthesis qf DNA was higher with lo~er dose 
of Con A (}?ig. 1 b). As the kinetics of blastogenesis with lymphocytes from . different 
source~ after treatment of 5 p.g anci 10 Jig Con A are almost at the .same plane and. ~t 
lower- level, it seems that tb.ese doses ar.e sub~optimal for blastogenesis. But the -10 Jig 
dose ~f Con A cause maximum synthesis of DNA by the lymphocytes. Thus it -seems 
th~t the dose-wise plastogenic response of the lymphocY'f:es might not correlate· with 
their synthesis of DNA. 

The higher dose, especially 50 p.g Con A, caused low level of 3H-TdR · incdFporatioi:J. 
in our study. This could be as this <:Jose is being supr,a-optimal.for induction of DNA 
~ynthesis as siniilar observation was made b~ ·stee~ and Liildmo"0 in in. viiro 'studies. 

Further investigation about cytolytic property of blast cells generated in vivo with a 
polyclonal stimulator like Con A might help to select an effective dose of the substance 
for genera,ting effector cells for in· vivo immune respon3es against different . types_ of 
a:o.tigen. 

Acknowledgement 

This study has been carried out under a scheme, sanctioned_to AKC by the University 
Grants Commission, New Delhi. 1 

:Rererences ·. 

1. CHAKRAVARTY' A • .K. AND 

Ci.ARK, W. R: 
Lectin~driven. maturation. of. cytotoxic effector cells: The nature 
of effector memory; J. Expl. Med. 1977, 146, 230. 

2. HEININGER, D., TouTo]'{, M. . Activation of cytotoxic function. jn T .lymphocyt~s, J. Immunol. 
CHAKRAVARTY, A . .K., 1976, 117, 2175. 
AND ~LARK, W. 

3~· WATERFIELD, J., 
. WATE~FIBLD; E .. _AND 

~OLLE~, G ... 

;4. BEVAN, M. J.;. 
LA.NGMAN, R. B .. AND 

.CoHN; M. 

·5. FALKoFF, M. R .. AND 

DUTTON, R. w. 

Lymphocyte-mediated cytotoxicity against .tumour cells. I. Con A 
activated effector· cells exhiJ>it .immuDQlogical ·specificity, Cell 
lmmunol., 1975, 17, 392. 

· H-2 antigen specific· cytotoxic T cells induced by Con A: ·Bsti-· 
. mation of their relative frequency, Eur. J. lmmunol. '1916; .6, 1·50. · 

Evidence . that C~n A induces cytotoxicity i~ th~ same subclas. 
ofT cells as does alloirnmunization, J. lmm14no1. ·, 19771 118; 16QO,s· 

--~ ...... , 



ACTIVATioN OF THYMOCYTES in vivo 155 

6. CHAKRAVARTY, A. K. 

7. THOMSON, A. R. AND 

JENSEN, B. L; 

8. CLARK, W. 

9. PRIMI, D., 
HAMMARSTROM, L., 
MoLLER, G., SMITH, C. I. E. 
AND UHR, J. 

10. SrBEN, H. B. AND 

LINDMO, T. 

Bloastogenesis and DNA synthesis in Concanavalin A-driven 
regeneration of cytotoxic response in memory T cells, Indian J. 
Expl. Bioi. 1978, 16, 148. 

Concanavalin A mo~diat< d in vitro activ<~.tion of a secondary cyto
toxic T-cell response in virus primed splenocytes, Scand. J. 
lmmunol., 1980, 12, 109. 

Antigen specific component of lectin-mediated cytotoxicity, 
Cell Immunol., 1975, 17, 505. 

Con A activated T cell-secrete factors with polyclonal B-cell 
activating properties, Scand. J. Immunol., 1979~ 9, 467. 

Initiation of the blastogenetic response of lymphocytes by 
hyperoptimal concentrations of Con A, Eur. J. Immunol. 1979, 
9, 434. 



Reprinted from Current Science, December ?O. 1982, Vol. 51, No. 24, 1145-1148 

ACTIVATION OF MURiNE LYMPHOCYTES IN VIVO: BLASTOGENESIS AND DNA 
SYNTHESIS AFTER STIMULATION WITH BACTERIAL ADJUVANT 

T. K. CHAUDHURI AND A. K. CHAKRA VARTY 
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ABSTRACT 

Freund's complete adjuvant containing killed mycobacteria has been used in this study to · 
· stimulate the lymphoid cells in vivo. The degree of stimulation with three different doses of this 
substance was measured in terms of blastogenesis and DNft.. synthesis by the lymphoid cells in 
spleen, lymph nodes and peripheral blood. The implication of the findings has been discussed. 

·INTRODUCTION 

I T has been shown by several workers that certain 
substances other than specific antigen can stimulate 

the T cells in vitro to provide helper factor in antibody 
response 1,2 and to perform cell mediated immunologi
cal functions3·9. We have shown that a plant lectin like 
Concanavalin A (Con A) can ·stimulate the murine 
lymphocytes (T cells) in vivo 10 • In this investigation, 
CO!Jlplete Freund's adjuvant known as general stimu
lator for reticuloendothelial system, has been used for 
stimulation of lymphocytes in vivo iri mice. The pro
cess of stimulation of lymphoid cells in spleen, lymph 
nodes and peripheral blood has been investigated by 
studying blastogenic transformation of the cells; DNA 
synthesis in the course of blastogenesis has also been 
measured in the case of spleen and lyii.J.ph node cells. 

MATERAL AND METHODS 

Animals 

Inbred C57BL mice, obtained from Cancer 
Research Institute, Bombay and reared in our Centre 
with mice-feed from Hindusthan Lever Limited., 
Bombay and water adlibitum were used for the experi
ments. Eight to twleve week old rriice were used for all 
the experiments. 

Measure for Blastogenesis 

. Freund's complete adjuvant (Difco, U.S.A.) con-
. taining killed mycobacteria was injected intra perito
neally with three different doses, 0.1, 0.3 and 0.5 ml per 
animal. The rate of blast transformation of lympho
cytes in different organs like spleen; mesenteric lymph 
node, ~ther lymph noqes (cervical, axillary and inqui
nal lymph nodes pooled together) and peripheral 
blood was recorded at 24 hr Intervals upto 96 hr. Cell 
suspensions from different lymphoid organs and the 
buffy coat of the sedi~ented peripheral blood in 

sodium citrate solution were layered on Histopaque 
(Sigma Co., U.S.A. Product No. F 8628) and spun 
down at 3000 RPM for. 15 minutes for separation of 
lymphocytes from RBCs, debris, etc. 

The percentage of blasts was counted according to 
·the method described earlierJ. Briefly, the proportion 
of transformed or 'blast'cells"was determined from the · 
sum of viable medium plus large lymphocytes divided 
by the total viable lymphocytes, counted by hemo
cytometer in presence of trypan blue. The percentage 
count 0f blasts was corr~cted by subtracting the per
centage of medium and large lymphoid cells in respec
tive lymphoid organ of normal control mice; the latter 
index usually varied from 3 to 6%. 
Measure for DNA synthesis 

DNA synthesis was measured by the rate of incor
poration of JH-Thymidine into DNA as described 
earlier3. Cells from spleen and mesenteric lymph node 
of experimental and control animals were collected by 
using tissue grinder and suspended ·in minimum essen
tial. medium·. Cell numbers were adjusted at 4 x 106 
cells/ mi. Minimull1 es~ential medium was supple-

. mented with 10% goat serum, nystatin (50fi./ml) and 
penicillin-streptqmycin (50 ji f ml). Go~t ~eru~ was· 
used instead of fetal calf seru·m as it was easily avail
able. It was observed that viability and blastoid trans
formation of murine ·lymphocyte~ in the medium 
containing goat serum were similar as in the medium 
with fetal calf serum (unpublished observation). Tri
plicates of 250 ,u I celi suspension containing 106 cells 
were taken into glass culture tubes, 2 p Ci 3 H
thymidj.ne (sp. Act. 15.8 Ci/mM, Bhabha Atomic 
.Research (::entre) was used per tube and the cells were 
incubated for 8 hr at 37° C in' a humidified atmosphere· 
of 7.5% C0·2 in air. The cultures.were terminated by· 
washing with cold phosphate buffered saline and pre
cipitated with cold 10% trichloroacetic acid (TCA). 
The TCA precipitates were then filtered 6n small filter 
paper (Whatman filter paper no. 3) Each residue was 
washed with 10 ml of 10% TCA aqd filter papers were 
dried and counted in omniflour-toluepe for total 
radioactivity. 



TABLE 1 

Percentage of blast cells from different Lymphoid organs and Peripheral blood after injecting different doses of Freund's complete 
Adjuvant in Mice 

Adjuvant Dose 0.1 ml 0.3 ml 0.5 ml 
per animal 

Hours 24 48 72 96 24 48 72 96 24 48 72 96 

Spleen 37.5 43.8 50.0 45.4 46.8 51.2 54.6 40.6 38A 47.3 50.3 44.9 
±1.4 ±2.7 ±3.1 ±'3.0 ±J.6 ±1.9 ±3.0 ±2.6 ±2.3 ±1.8 ±1.7 ±0.9 

I~V 
Mesenteric 40.3 47.1 50.9 44.0 44.4 54.7 57.7 41.2 44.1 53.2 51.6 48.3 
lymph node ± 2.4 ±2.0 ±2.4 ±1.1 ± 1.6 ±1.5 ± 1.4 ±4.7 ±1.8 ±1.8 ±1.4 ±1.8 

. Other lymph 35.7 44.9 51.6 46.2 40.6 49.2 52.5 46.2 46.0 51.8 47.1 42.5 
nodes ± 1.8 ±2.0 ±0.6 ±2.6 :I: 5.7 ±8.4 ±0.9 ±1.8 ±1.0 ±1.1 ±1.8 ±2.2 

Peripheral 38.9 48.7 55.0 50.9 43.6 51.2 51.5 44.1 39.9 46.0 47.4 45.7 
Blood ±1.9 ±1.8 ± 1.7 ±2.3 ±'0."6 ·±o.4 ±0.6 ±1.6 ± 1.7 ±1.0 ±1.4 ±2.0 

Control Experiment-Incomplete Adjuvant 0.3 ml injected per animal: . 
Percentages of blasts in different organs at different hours varies from 4% to 7%. 



Figure 1. Photomicrograph of the blast cells at 48 
hours. Cells were in suspension and· stained with Dela
field's j)aematoxylin._ . 

RESULTS AND DISCUSSION 

Blastogenesis 

A good . number of ~~hoctyes transfo!~ into 
blasts from 72 hr onward With intraperitoneal. injection 
of the complete adjuvant. The blastogenesis _peak is 
reached between 48 and 72 hr in lymphocytes (figure I) 

. from all the· sources with all three doses of Freund's 
complete adjuvant (table 1). The differences between 
initial and maximal responses is marginal. The blast 
cells induced with adjuvant are not too much vacuo
lated or exhausted by 72 to 96 hr ·as in case of Con A 
induced blasts•o. 

DNA synthesis 
DNA Synthesis by the cells of spleen and mesenteric 

lymph node have been presented in figures 2 and 3 · 
respectively. In both cases, the dose-<fependent patt
erns of DNA synthesis are similar. Treatment with 0.3 
ml adjuvant caused the-maximum incorporation of 
radioactive precursors in DNA. It seems ~)l_at there 
could be two cycles of DNA synthesis in course of96 hr, 
the first peak might-be around 24 hr. This is more 
evident with -ffie dose of 0.3 ml adjuvant per animal. 

ln the present investigation, it was. observed that 
complete adjuvant containing killed Mycobacterium 
can stimulate the lymphoid system of mice in vivo and 
cause bla:st~)d differentiation of the lymphocytes. It 
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· Figur~-2. Pattern of incorporation of lH-TdR by· 
splenic lymphocytes at· different hours after in vivo 
stimulation with different doses of Freund's complete 
adjuvant. · 

Doses of adjuvant per animal:()-() 0.1 ml; •-;._o. 
0.3 ml !and~--~ 0.5 mi. · 

Control, without adjuvant:~-tp(same symbols for 
the different doses of adjuvant and control have been 
used in other figures). · 

8 Me-se-nte-ric lymph node-s 

HOU(S 

Figure 3. Pattern of incorporation of lH-TdR by 
lymphocytes of mesenteric lymph node at different 
hours after in vivo stimulation with different doses of 
Freund's complete adj_uvant, 

was known that complete Freund's adjuvant poten
tiate a given antigen when injected along with the 
antigen••,•2. It has also long been recognized that 
certain microorganism or bacterial extracts increase 
the host's ,resistance to a variety of unrelated bacterial· 
or viral infections by stimulating reticulo-endothelial 
system (RES) and also stimulate immuni~y against 



tumoursiJ-18. Different parameters for stimulation of 
RES like increment in the weight of spleen and liver, 
phagocytic activity of the RE cells, rate of antibody 
synthesis. resis~.nce to viral infection with introduc
tion of Corynebacterium parvaum in mice have been 
studied earuer19,2o. the present Investigation provide~ 
two parameters, blastogenesis and DNA synthesis to 

. measure the stimulation of lymphoid cells with adju
vant at cellular level. 

Furthermore, this study will possibly help to initiate 
a programme to test the immunologic response of the 
blast cells activated by the Freund's complete adjuvant 
containing killed bacteria. It has been shown that 
although Con A is a polyclonal stimulator, Con A 
induced blasts can mount cytotoxic response against 
allogeneic targets including tumour cellss. It remains 
to see whether blasts, induced by Freund's complete 
adjuvant can have cytolytic property. 

This knowledge will p9ssibly help to explain the 
causative mechanism for host's resistance to unrelated 
'bacterial and viral infections or immunity to 
tumoursiJ-18 with injection of microorganisms or 
bacterial extracts. 
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SUMMARY: Blastogeqesis arid DN.~ synthesis ()f · mu.rine T cells _.were studied 
after in vivo stimulation with CC!ncanavalin A; blastogenic response does not dose
wise correlate with the rate of DNA synthesis ·although these two responses are often 
considered ·synonymous. · 

It has been shown earlier that Concanavalin A (Con A), a plant lectin, can 
activate murine T cells in vitro to perform cell mediated immune response 
(Chakravarty and Clark, 1977; Heininger et al., 1976; Bevan, Langman and· 
Cohn, 1976). We have also shown that Con A can stimulate the lymphocytes in 
vivo when injected intravep.ously (Chaudhuri and Chakravarty, 1981). For the 
measure of activation of the lymphocytes, the index of blastogenesis and DNA 
synthesis by the activated cells are usually taken into consideration. In the course 
of our in vivo studies, we observed that the rate of blastogenesis sometimes does 
not correlate with the kinetics of DNA synthesis. This will be discussed here. · 

Inbred C57BL mice of 8-12 weeks of age were used throughout the study. 
Three different doses of Con A (Sigma Co., St. Louis, MO, type IV), 10, 20 and 
50 pg per animal were injected intravenously; assays for blast transformation and 
DNA synthesis of activated· lymphocytes were made at 24-hr intervals up to 
96 hr. Spleen and mesenteric lymphnode of Con A-injected mice and normal 
control mice were collected and cell suspensions were made separately; lympho
cytes were separated form RBCs and debris by using Ficoll and Hypaque (Sigma 
Co., St. Louis, MO) gradient as outlined elsewhere (Chaudhuri and Chakravarty, 
198f). . 

The proportion of transformed or 'blast' cells was estimated from the sum 
of viable medium and large lymphocytes divided by the total viable lympho
cytes, counted with a hemocytometer in the presence of trypan blue by the 

· method described earlier (Chakravarty and Clark, 1977). 
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For measuring DNA. synthesis, triplicates -of 250 pl of a cell suspension 
containing 106 cells were taken into glass culture ,tubes. SH-Thymidine (sp.act. 
15.8 CifmM) of 2 pCi was used per tube and cells were incubated for 8 hr at 37 C 
in a humidified atmosphere of 7.5% C02 in air. The cultures were terminated 
by washing with cold phosphate buffered saline and precipitated with cold IO% 
trichloroacetic acid (TCA). Tlie TCA predpitates were then filtered on small 
filter paper. ~ach residue ~vas washed with 10 ml of IO% TCA and the filter 
papers. were dried and counted in omnifluor-toluene for total radioactivity. 

Data of one representative experiment are presented in the figures. Each 
experiment was repeated three tiines and they showed similar trends. 

The peak of blast transformation with the dose of 50 pg Con A was effec
tively reached between 48 to 72 hr with lymphocytes from both spleen and 
mesenteric lymph node. The peak response was somewhat slower with the lower 
dose of Con A. The height of the response curves for blastogenesis corresponded 
to the amount of Con A ~njec~ed per animal (Fig. la and 2a). On the other hand, 
the rate of DNA synthesis by the lymphocytes was at the highest level with 10 pg 
of Coil A, higher than tho'se with the 'other two higher doses of Con A and the 
peak response was at 48 hr. The highest dose of 50 pg of Con A per animal 
caused the maximum level of blastoge'nesis but a low ievel of 3H-TdR incorpo
ration. This was .true in case of lymphocytes 'from the spleen as well as from the 

. mesenteric lymph node (Fig. Ib and 2b). Our observations indicate that the in 
vivo blastogenic response of the lymphocytes did not dose-wise correlate with 
their rate of DNA synthesis. · 

Blastogenesis and DNA synthesis are often considered synonymous for 
indexing blast transformation, but this may not always hold true as we found 
in this study. We also observed earlier that blocking DNA synthesis with 
hydroxyurea has essentially no effect on Con A-mediated in vitro blastogenesis 
(Chakravarty and Clark, 1977); similar observations were made by Nedrud, 
Touton and Clark (1975) in the course of MLC reaction and blocking of DNA 
synthesis. · 

Blastogenesis is microscopically visual reflection of a myriad of complex 
biochemical events following stimulation with a mitogen like Con A or antigen. 
These biochemical events include such early membrane-related phenomena as 
increased permeability to divalent cations, activation of adenyl cyclase and ·con
sequent increase in intracellular cAMP. Then syntheses of protein, RNA and 
DNA occur; it is the synthesis of DNA that eventually results in cell division. 
Thus it seems that a certain dose of a mitogen like 50 pg of Con A per animal 
might stimulate the earlier events of blastogenesis to proceed faster and at a 
higher level but for some reasons DNA synthesis is not been augmented to the 
same level. This could be the physiological state of the cells after initial reactions, 
'which does not allow DNA synthesis to proceed at faster rate. We have observed 

, that with increase in the dose of Con A and the corresponding higher rate of 
blastogenesis, the blast cells became more vacuolated and exhausted which were 
more pronounced by 72 to 96 hr; these could be the signs of dying cells. Steen 
and Lindmo (1979) have also shown that when human lymphocytes were 
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stimulated with a hyper-optimal dose of IOO"ftg Con Afml; 'the cellular and 
nuclear volume increased but there was inhibition of incorporation of radio
active thymidine. 
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SUMMARY: The effects of Concanavalin A (Con A) on the lymphocytes in situ 
were investigated here by studying the blastogenesis and organization of lymphoid 
cells in the histological preparations of the spleen and the mesenteric lymph node 
and the cell death at different hours after iv administration of different doses (10, 

·20 and 50 pgfanimal) of the substance. The gradual transformation of the lympho
cytes into blasts was observed in the histological preparations of the spleen and 
the mesenteriC lymph node. The rate of the change became higher with higher 
dose of Con A. It seems that the lymph node was affected more with in vivo Con A 
treatment than the spleen on account of higher percentage of blast transformation 
at early hour and lower density of the cells due to cell migration or cell death. 
Purpose of this study has been discussed. 

INTRODUCTION 

It has been shown earlier that Concanavalin A (Con A), a plant lectin, can 
induce the murine T lymphocytes in vitro to transform into blasts and become 
cytotoxic to nonsel£ target cells (Clark, 1975; Bonavida, 1977; Chakravarty and 
Clark, 1977). We have also shown that Con A can activate the lymphocytes 
in vivo and that kinetics of blastogenesis and DNA synthesis of the in vivo 
stimulated cells are parallel to those of in vitro activated cells (Chaudhuri 
and Chakravarty, 1981). Thus, it seemed that Con A, a polyclonal activator, 
could be used for in vivo stimulation of the lymphoid cells for certain specific 
purposes .like mounting cytotoxic response to the target cells with unknown 
antigenic character, such as malignant cells. Before contemplating the in vivo 
use of Con A, it is possibly obligatory to know the effect of Con A on the 
lymphocytes in situ. The present study attempted to resolve this point by 
precisely analyzing the histological sections of the spleen and the mesenteric 
lymph node at different hours after iv administration of different doses of Con A. 

MATERIALS AND METHODS 

Animals: Inbred C57BL mice were obtained from Tata Cancer Research 
Institute, Bombay and maintained in our laboratory with mouse feed and water 
ad libitum. Eight to 12 weeks old mice were used for all the experiments. 
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Histological prepamtion: Different doses of Con A (Sigma Co., USA, 
type IV), 10, 20 and 50 p.g per animal, were injected intravenously. The mice 
were sacrificed at different hours like 24, 48, 72 and 96 hr. Spleen and mesenteric 
lymph nodes were fixed in Bouins fixative, dehydrated in a graded alcohol series, 
cleared in xylene, and embedded in paraffin. Five- to 6-p.m thick sections were 
stained with Delafield'.s hematoxylin and eosin and viewed under a binocular 
microscope, and photographed when necessary. The subcapsular cortical regions 
of the histological sections of the spleen and the lymph node were mostly con
sidered for photomicrographs as the majority of the white pulps or congregations 
of the lymphocytes were located at this .site of these organs. 

Cell viability test: Different doses of Con A (10, 20 and 50 p.g)-injected 
mice were sacrificed at different hours (24, 48, 72 and 96 hr) and the spleen 
and the mesenteric lymph nodes were collected. The cells were dissociated from 
the respective tissue through stainless steel grids. The resultant suspension in 
phosphate buffered saline (PBS) was repeatedly passaged through a 27-gauge 
needle mounted on a syringe to obtain a uniform cell suspension. The spleen 
cell suspension was centrifuged and 0.85% ammonium chloride was added for 
removing RBCs. The cells were then washed twice with PBS and resuspended 
in Minimum Essential Medium (MEM). The mesenteric lymph node cells sus
pended in PBS were centrifuged and resuspended in MEM. The percentage 
of viable cells was counted with a hemocytometer in the presence of trypan 
blue. To know the possible percentage of dead cells in the leukocyte popu
lation not subjected to mechanical stress for cell separation, peripheral blood 
was collected in a sodium citrate solution and after removal of RBCs with 0.85% 
NH4Cl was washed twice with PBS. The percentage of viable cells in this cell 
population was determined as indicated earlier. 

RESULTS 

Within 24 hr, the cells in the spleen of Con A-treated animals looked loosely 
packed in comparison with those in the normal spleen (Fig. 1). The loosely 
packed nature of the spleen of treated animals is possibly the reflection of 
gradual transformation of lymphocytes into blast cells which are comparatively 
bigger and with less dense appearance than the normal lymphoid cells. 

The kinetics of blastogenesis with different doses of Con A has been 
measured earlier and it was noted that the rate of blastogenesis increased with 
the increment of the dose of Con A (Chaudhuri and Chakravarty, 1981). This 
fact was also visualized with the histological preparations of the spleen of the 
mice injected with 10-p.g, 20-pg, or 50-p.g Con A per animal. By 48 hr, with 
the treatment with 10-p.g Con A, the small cells seemed to be transforming into 
the blasts and with 20-p.g Con A, the cells were sizewise in heterogenous state
blasts and small lymphocytes were found; but with a 50-p.g dose of Con A, 
most of the cells transformed into blasts giving a picture of uniform-sized cells 
(Fig. 2). 
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Fig. 1. Photomicrographs showing the organization of lymphoid cells in (a) normal spleen 
(b) 10-pg Con A-treated spleen (c) 20-pg Con A-treated spleen at 24 hr. Note the loosely 
packed nature of the spleen of treated animals. X500 
Fig. 2. Photomicrographs of the histological sections of the spleen from the animals treated 
with (a) 10-pg Con A, (b) 20-pg Con A, and (c) 50-pg Con A per animal at 48 hr showing 
the increased rate of blast transformation with increment of the dose of Con A. X3000 

Fig. 3. Photomicrographs of the histological sections of the mesenteric ·lymph node from 
the animals treated with (a) 10-pg Con A, (b) 20-pg Con A, and (c) 50-pg Con A per animal 
showing the differentiation of the cells into blast with all three doses of Con A by 24 hr. 
x3ooo 
Fig. 4. Photomicrographs of the histological sections of the spleen from the animals treated 
96 hr before with (a) 10-pg Con A, (b) 50-pg Con A showing the lower cell density by 50-pg 
Con A treatment. X 1500. 
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Fig. 5. Photomicrographs of the histological sections of the mesenteric lymph nodes from 
the animals treated with (a) 10-/Lg Con A, (b) 20-/Lg Con A, and (c) 50-/Lg Con A per animal 
at 24 hr showing the lower cell density by 50-/Lg Con A treatment. Xl500 
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The sensitivity of lymph node cells to Con A may be higher than that of 
the spleen cells. In comparison with the spleen, a higher percentage of blasts 
in the mesenteric lymph node with in vivo treatment with Con A has also been 
recorded within 24 hr (Chaudhuri and Chakravarty, 1981) and by 48 hr most 
of the cells in the histological sections differentiated into blasts with all three 
doses of Con A (Fig. 3, compare with Fig. 2). We also observed in this study 
that at 96 hr, the cell density in the spleen of the animal treated with 50-,ug 
Con A was lower than that of the animal treated with 10-,ug Con A (Fig. 4). 
Such picture was seen from 72 hr onward, whereas the cell density in the lymph 
node was notably low from 24 hr onward (Fig. 5). Such lower density of the 
cells in lymphoid organs could be for two different reasons. The cells trans
formed at a higher rate with a higher dose of Con A migrated out of the spleen 
and the lymph node into the circulation or some of the cells died off with a 
higher dose of Con A. Although existence of blast cells in the blood vessels of 
the spleen and the lymphatic spaces of the lymph node were observed and the 
percentage of blasts in peripheral circulation was significantly high (Chaudhuri 
and Chakravarty, 1981), further experiments can only prove the first possibility. 

Regarding the que.stion of cell death by Con-A treatment, we counted the 
dead cells in the suspension of lymphoid cells from the spleen, the lymph node 
and the peripheral blood. A considerably high percentage of dead cells was 
observed in the suspension of the spleen and the lymph node (Fig. 6); the index 
was slightly higher with the mesenteric lymph node cells of the animals treated 
with 50-,ug Con A. However, more cell death with a higher rate of blastogenesis 
in the spleen and the mesenteric lymph node could be due to delicate condition 
of the cell membrane of the blasts and their susceptibility to the stress of 
mechanical separation of the cells from the spleen and the lymph nodes. This 
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Fig. 6. Percentage of dead cells obtained at different hours (a) in the spleen and (b) in 
the mesenteric lymph node by in vivo treatment with different doses of Con A. Dose of 
Con A per animal: 0-0 10 pg, 6-6 20 pg and D-D 50 pg; •-• control, 
without Con A treatment. (The same symbols for the different doses of Con A were used 
in Fig. 7). 
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Fig. 7. Percentage of dead cells at different hours in peripheral blood after treatment with 
different doses of Con A. 

seems more plausible when we take into account the lower percentage of dead 
cells in the leukocyte cell population of the peripheral blood which was collected 
without any mechanical impact of the tissue grinder or of passage through the 
syringe .. The percentage of dead cells in peripheral blood samples was pretty 
close to the background count (Fig. 7). 

DISCUSSION 

It is apparent that the lymph node was affected more with in vivo Con A 
treatment than the spleen on account of a higher percentage of blast trans
formation at early hour and a lower density of the cells due to cell migration 
or cell death. This could be because 65 to 70% of T cells are present in the 
lymphnode and only 30 to 35% of lymphoid cells are T cells in the spleen; 
Con A does affect mostly the T cells. Another factor might also be coupled 
with this. The density of Con A receptors is comparatively higher on the cells 
o£ ly1Jlph nodes than that on splenocytes, but no such evidence has yet been 
available. Thus, it seems that in vivo administration of such a T cell mitogenic 
substance as Con A does not cause adverse effects to the lymphocytes in situ. 

Elsewhere we and others indicated that in vitro Con A-stimulated T cells 
can perform as cytotoxic cells against the target with non-identical H-2 antigen 
(Bevan, Langman and Cohn, 1976; Heininger et al., 1976; Chakravarty and 
Clark, 1977). In preliminary cytotoxicity experiments we observed that the 
lymphocytes treated in vivo with Con A were capable of mounting cytotoxic 
reactions. Thus it will be an interesting proposition to activate the T cells 
in vivo with a dose of such a polyclonal agent as Con A having less adverse 
effect on the cells and lymphoid organs so that the polyclonally activated cells 
will differentiate into cytotoxic cells to mount lytic reaction to the target cells 
bearing nonself antigen. Some experiments in this direction are already under 
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way m our laboratory utilizing chemically induced fibrosarcoma as the target. 
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