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Introduction
It has been documented that zinc has 
a role on cellular Immunity (1). Some 
recen t  s tu d ie s  revea led  a z inc 
d ep en d en cy  o f  Th ym ic  dependent 
c e l ls  ( i .e ., T -c e l ls )  w ith  spec ia l 
r e fe r e n c e  to T -h e lp e r  ce l ls , T- 
e f fec to r  ce lls  and T-natura l k iller 
cells (2,3).

Z inc defic ient animals and children 
have atrophy o f the thymolymphatic 
sy 'stem, d ep re s s e d  ce l l -m ed ia ted  
im m u n ity  (CM I), and in c reased  
s u s c e p t ib i l i t y  to in fe c t io n  and 
m alignanc ies  (4-6). The in-vivo and 
in -v itro  ob serva t ion s  sta ted  that 
a m o n g  the p a t ien ts  o f  d if fe ren t  
g ra d ed  m a l ign a n c ie s ,  there lies 
im pa ired  ce llu lar immunity, and it 
has been shown to be related to the 
s ta g e s  o f  the  d isease  and the 
p rognosis  o f  the disease (7-9). The 
p rop er t ie s  o f  T -ce l ls  and de layed 
h ype rsen s it iv ity  have been w idely  
used  to test the ce llu lar im m une 
com petence of the cancer patients, 
bu t s t i l l  th e re  ex is t  s e v e ra l  
unresolved discrepancies ( 10,11).

M o re o v e r ,  s e ve re  l ive r  d isease , 
alcoholi.sm. nutritional status, and a 
num ber o f  disease .states may affact

p la s m a  z in c  l e v e l s  (1 2 - 1 4 ) .  
Investigators have suggested that zinc 
de fic iency  a lters the taste  a cu ity  
among oral cancer patients especialy 
w ho  are trea ted  w ith  ra d ia t ion  
th e r a p y  (1 5 - 1 7 ) ,  c o n v e r s e l y ,  
improvement o f taste acuity with zinc 
supplementation has been reported 
(18-20).

However, the present study has been 
ca rr ied  out to in v e s t ig a te  th e  
in te r e la t io n s h ip  b e tw e e n  s e ru m  
co n cen tra t ion  o f  z inc  and  ce l l-  
mediated immunity (CMI) among the 
pa t ien ts  o f  ora l s q u a m o u s  ce ll 
carcinoma with d ifferent h isto logic  
grades. The study was carried out also 
to invest iga te  the e f fect  o f  z inc  
su pp lem en ta t ion  on CMI in the 
patients group who had lowered level 
o f serum zinc and depressed  CMI 
specially after radiation treatment.

Materials and Methods 
Patients
B iopsy -p roven  one h u n d red  and 
n in e ty - f i v e  p a t ie n t s  w ith  o ra l  
sq u am ou s  ce l l  c a r c in o m a  w ere  
studied. A m ong  the tota l o f  195 
patients the sex ratio  w as 3.1:1 
between male and female. Th e ir  eige 
ranging from 38 to 83 with a mean
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age o f  60.5 years. There  were 53 
patients in grade 1, 43 grade II, 49 in 
g rad e  III, and  50 in g rade  IV. 
G rad a t ion  w as considered  on the 
b a s is  o f  ce l l  d i f fe re n t ia t io n  by 
histopathological examinations. A cc 
ording to the proposed design of the 
p resen t  s tudy  two m ore  separate 
groups were formed.by the number of 
patients who had lower level o f serum 
zinc and depressed CMI. They  were 
46 and 56 in number in the new two 
groups and patients were from grade 
II and IV. Th ese  two new  groups 
w ere  fo rm e d  one  fo r  rad ia t ion  
therapy and the other for combined 
therapy o f  radiation and zinc sulphate 
supplementation. All the patients had 
no prior history o f  cancer. Care was 
taken that the patients entered in the 
study were not currently taking or had 
not recently  taken medications that 
m ig h t  p o s s ib ly  a f fa c t  the ce ll 
mediated immunity and the zinc level 
in  serum . The  patien ts  were also 
freed from any infection.

T h e  p a t ie n t s  w h o  w ere  g iv e n  
ra d ia t io n  th e ra p y  w ere  observ'ed 
ca re fu l ly .  T h e y  w ere  trea ted  by 
radiation to a tumour dose o f  5,000 to 
7,200 rads to the primary lesion. A  
d a i ly  dose  o f  160 to 200 rads 
som etim es at one day interval was 
g iven for six weeks.

A fte r  gett ing  the in form ed consent 
from  the patients and the attending 
physician, an administration o f  zinc 
su lphate ,  U SP Capsu le  (Zn S O 4 , 
7H 2O), by oral route was performed 
in order to m ain ta in  the equivalent 
supp ly  o f  an addit iona l 150 m g of

elem ental zinc daily. One capsu le  
containing 220 m g w as g iven three 
tim es a day fo r  s ix  w eeks . Th e  
patients were examined at three days 
in t e r v a ls .  T h e  p a t i e n t s  w e r e  
requested to take a capsu le three 
times a day Just alter meal.

Blood sample
The b lood  w as draw n  from  the 
patients in early  m or ing  a fter  an 
overnight fast and a basal 5 ml venous 
b lo od  w as  c o l le c t e d  fr o m  the 
anticubital vein o f each subjects using 
disposable syringe. The b lood was 
divided in two separate test tubes, 
one for T-cell another for serum zinc. 
The serum  was co llected  m a in 
ta in ing 4^0 . A ll  opera t ions  w ere  
performed in ion free condition.

Serum zinc
Serum zinc was determined from all 
p a t i e n t s  p r io r  to  a n y  z in c  
su p p lem en ta t io n .  T h e  z in c  w as  
estimated from serum  by  a d irect 
measurement m ethod using atom ic 
absorption spectro photometer. Care 
was taken to avoid contamination by 
using all plastic polyethylene syringes 
and s ta in less  stee l n eed les  w ith  
polypropylene hubs. Deta ils  o f  the 
m ethod o f the prepara t ion  o f  the 
sample, and analy t ica l techn iqu es  
have been  fo l low ed  acco rd ing  to 
Smith J.C. Jr. et al. (21).

T-Lymphocytes
T-lymphocytes o f human form 
rosette with antigen ic red ce lls  o f  
sheep. S p on tan eou s  fo rm a tion  o f  
rosettes o f sheep RBC (SRBC) with 
human T-lymphocytes was used as a
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m arker  o f  Ih ym us derived lym pho
cy tes  (22). One ml o f  Inactiv^ated 
rabbit serum was absorbed with 0.1 
ml o f packed SRBC for one hour at 
3 7 ® C  and c lu m p ed  ce l ls  were 
rem oved  by centrifugation. Lyhpho- 
cytes used from human blood were 
adjusted to 5x10® Cells/ml in Hank's 
Balanced Salt Solution (HBSS). To 0.1 
ml o f  lymphocyte suspension. 0.1 ml 
o f  absorbed  serum  was added and 
incubated at 37^C  for 15 minutes. 
The m ixture was washed with HBSS. 
briefly centrifused to pellet the cells 
and kept at 4*  ̂C for 3-4 hours. At this 
stage an a liquot w as rem oved for 
counting the rosettes and the rest of 
the ce l ls  left overn igh t at 4 ^ 0 .  
Supernatant was removed gently with 
a pasteur pipette and the cells were 
resuspended in 0.5 ml o f HBSS. The 
rosettes were counted.

Delayed Type
Hypersensitivity (DTH) 
reaction test:
PPD  R eac t iv i ty :  Pu r if ied  P rote in
Derivative (PPD) o f  tuberculin! (PPD-5 
TU/0.1 ml, i.e., one TU of PPD (0.02) 
each in 0 .1 ml solution. Conaught 
lab.,) w ere  applied  by intradermal 
inoculation. We observed the reaction 
a fter  48 hours. Induration  greater 
than 5 m m  or more was considered a 
p o s i t iv e  r ea c t io n  fo r  PPD. The  
m ethod  w as  fo llowed accord ing to 
Das O.H et al. (23).

D N C B  Reactiv ity : The DNCB (2,4 
D i n i t r o c h l o r o b e n z i n e .  S ig m a  
Chem icals , USA) test was adapted 
from  Cata lona  and Chretien (24). 
R e a c t io n s  at +3 or +4 w ere

interpreted as positive and normal, 
while reactions be low  these va lues  
interpreted as negative and abnormal, 
with no further testing.
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FIG. L Analytical Results of Mean Values 
for T-Cells in different Patient 
Groups with Oral SCC and Healthy 
Controls.
*, **, ***: P <0.05, p <0.01. P < 
0.001.
NS: Not Significant at 0.05 Level.
I, II, III, IV: Histopathological 
Grades.
AR: After Radiation, ARZ: After 
R a d ia t io n  and Z in c
Supplementation. CONT: Control 
Subjects.

Results 
Serum Zinc
The patients with grade III and IV 
had decreased level o f  serum Zinc i.e. 
66 .10±9 .02  |ig/dl and 60 .8 0±7 .3 0  
|ig/dl respectively. The patients who 
were being irradiated had more lower 
level o f o f  serum zinc, i.e., 55 .12±8.15 
Hg/dl. but after zinc supplementation 
the leve l s ign i f ica n t ly  in c reased .
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91 .2 +14 .18  i-ig/dl. In grade I and II 
Ihe serum zinc value was 109±12.18 
( i g / d l  and  107.4+_6.58 n g / d l  
re s p e c t iv e ly .  In n o rm a l h ea lth y  
subjects the serum level o f zinc was 
in c rea sed  h igh ly  s ign if ica n t ly  (P 
< 0 .001 ).

BEFORE TREATMENT 

DNCB REACTIVITY

FIG.2. Analytical Results of Man Values 
for DNCB Reactivity in Different 
Patient Groups with Oral SCC and 
Healthy Controls.
. *. **.. p <0.05, p <0.01, P < 
0.001.
NS: Not Significant at 0.05 Levels.
I, II, III, IV: Histopathological 
Grades.
AR: After Radiation, ARZ: After 
R a d i a t i n  a n d  Z i n c
Supplementation., CONT: Control 
Subjects.

T-Lymphocytes
The m ean value of %T-cells in normal 
healthy controls and in patients with 
grade I, II 66 .3±5.3, 63.3±5.1 and 
73.0±3.3 repectiviely. In grade III and 
IV the m ean value was 42.9±4.2 and 
3 8 .6 + 5 .5  respectively . Again, after

radiation therapy the value for T-cell 
percentage was decreased more and 
which became 36.2±5.2. But after 
zinc su lphate su pp lem en ta tion  the 
value raised significantly  and fa irly  
which becam e 52±8 .2 , (F ig . l )  (P 
< 0 .001 ).
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FIG.3. Analytical Results o f Man Values 
for PPD Reactivity in Different 
Patient Groups with Oral SCC and 
Healthy Controls.
* »* ,*». p <0.05, p <0.01, P <
0 .001.
NS: Not Significant at 0.05 Levels.
I, II, III, IV: Histopathological 
Grades.
AR: After Radiation, ARZ: After 
R a d i a t i n  a n d  Z i n c
Supplementation.. CONT: Control 
Subjects.

DTH Reactions
1) PPD Reactivity; In grade III and IV 
the value was 54.1±5.8 and 49.6±4.3, 
com p ar in g  the va lu e  in n o rm a l 
control, 73.8±3.7. Irradiated patients 
had very  low value, i.e,, 4 5 .3 ±6 .5  
which became im proved a fter  z inc
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sulphate supplementation, that raised 
to 64.1±9.6 (P<0.001). In grade I and
II it w as 6 9 .7 ±4 .9  and 6 9 .4 ±4 .6  
respectively which was relatively than 
grade III and IV (Fig.3).

2) DNCB Reactivity: In grade III and 
IV the va lues were low. i.e.. 67.1±5.6, 
and 64.4±4.6. comparing (he control 
o f  93 .614.1. In grade I and II the 
va lue w as  81 .6±3 .7  and 79 .9±3.7  
which are greater than grade III, rv. 
T h e  ir rad ia ted  pa t ien ts  had the 
reactivity o f  56.6±7.5, but after zinc 
supplementation it became raised to 
72.0±5.0 (P <0.001), (Fig.2),

Discussion
General depression o f  cell mediated 
im m unity  in v ivo is often associated 
with tumour-bearing state in human 
(25). In general, specially in advanced 
stages o f  all m alignanc ies  the cell 
m e d ia t e d  im m u n i t y  b e c o m e s  
dep ressed  (26). It becom es more 
severe in cases o f  Hodgkin 's disease 
and  in  head  neck  m a lignanc ies  
(27.18). Cata lona  el al. 1973 and 
L ich te n s te in  et al. 1980 shown 
ea r l ie r  that ora l cancer  patients 
s h o w e d  d e p r e s s e d  C M I in 
c o m p a r i s i o n  w i th  o th e r  so l id  
tumours. The results o f  the present 
study has in v itro  correlation of DTH 
responses which included the DNCB 
and PPD react iv ity . It showed a 
d e p r e s s e d  D TH  r e s p o n s e s  in 
advanced cases o f  oral squamous cell 
carcinoma i.e.. the patients suffering 
with grade III and IV. Besides. %T- 
ce lls  w as also s ign if icantly  lower 
comparing the patients o f grade I and
II. and the nonnal healthy controls. A

similar data was rev'ealed by Dellon et 
al (29). S ince T - lym p h ocy tes  are 
considered to be responsible for cell 
m ediated im m unity  (30) and their  
function in patients with squam ous 
cell carcinoma, as studied in vivo and 
in  v i t r o  is im p a ired  (31 ). the 
d ep ress ion  o f  c e l lu la r  im m u n o -  
c o m p e te n c e  in  p a t i e n t s  w ith  
squam ous cell carc inom a m ust be 
s t ro n g ly  su s p e c te d .  D e s p i t e  a 
profound decrease o f  5%T-cells. PPD 
reactiv ity  and D NCB reactiv ity , a 
significant observ'ation was noted that 
alter radiation therapy the values still 
continued to be depressed, but. after 
zinc therapy in irradiated patients the 
values raised.

Even though, patients in this study 
experienced decreases in num bers  
and responses o f lymphocytes during 
rad iat ion  treatm ent, a d e f ic ien cy  
noticed among patients fo llowed up 
for six weeks after treatment. Th is  
study revealed that radiotherapy has 
an adverse effect to natural tum our 
imm unity and results in worsened 
prognosis which can only be obtained 
by correlation o f  clinical progression 
of neoplasia with in vitro and in vivo  

assessment o f  ce llu lar im m unity  in 
these patients, as m easured  by T- 
cell% counting and DTH reaction.

In this study when we consider the 
immunologic aspects o f  zinc we can 
correlate in the m eans that severe 
z inc  d e f ic ie n c y  a f t e r  r a d ia t io n  
therapy among the depleted group o f 
advanced oral SCC cases might have 
an assoc ia tion  w ith a trophy  and 
decreased  c e l lu la r ity  o f  thym u s.
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sp leen, bu rsa  or orther lym phoid 
t is su es  w h ich  has been  s la ted  
e lsew here  (32). It is obvious from 
this study that z inc has a role to 
im prove the cellular im munity that 
con firm s  the ev idence once more 
during radiation therapy among zinc 
depleted irrradiated cases o f oral SCC 
with grade III and IV.

However, we suggest that zinc may be 
in v o lv e d  in the  o c c u ra n c e  o f  
depressed  CMI among the patients 
m ay  be defective liver function, is the 
reason  fo r  depressed CMI due to 
im p a ir e d  u t i l iz a t io n  o f  z inc  in 
advanced oral SCC cases, but not 
among grade I and II cases, still many 
things remain to investigate.

Summary
One hundred and ninety-five patients 
o f  Oral Squam ous Cell Carc inom a 
(SCC) o f  d ifferent histologic grades 
w e r e  s t u d ie d  to a s s e s s  the  
relationship between the serum level 
o f  zinc and Cell Mediated Immunity
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