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Abstract  :  The effect  of  t ime of  administrat ion of  exogenous melatonin
(M) at the rate of 100 µg/Kg BW of rat/day for 14 days on immunomodulation
to  k i l l ed  Pas teure l la  mul toc ida  (P 52 s t r a in )  vacc ine  (KPMV)  was
investigated in male albino rats during spring season with photoperiod of
LL 13 :  DD 11  h  and  25 ± 2 .5°C a i r  t empera tu re  and  70 ± 4% re la t ive
humidity.  The experiment was conducted at  an alt i tude of 172 mts above
mean sea level  a t  la t i tude 28.20° north,  longi tude 79.24° east  (Barei l ly ,
U.P.  India) .  The exper imenta l  animals  were  divided in-groups  of  8  ra ts
each, as KPMV +  M at 4.00 h; KPMV + M at 16.00 h; KPMV and their
con t ro l s  M4,  Ml6 ,  PBS respec t ive ly .  Humora l  immune  response  was
monitored at weekly intervals by an indirect ELISA and cellular immunity
by  l eukocy te  migra t ion  inh ib i t ion  t e s t  (LMIT)  and  de layed  type  o f
hypersensitivity (DTH). As evinced by in-vitro assays and in-vivo protection
s tud ies ,  bo th  humora l  and  ce l lu la r  immune  responses  to  KPMV were
augmented in rats  receiving exogenous melatonin at  4 .00 h as  compared
to slightly reduced responses in rats treated with melatonin at 16.00 h. It
was  conc luded  tha t  the  c i rcad ian  t imings  o f  me la ton in  admin i s t ra t ion
modula te  immune response  in  ra t s .
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I N T R O D U C T I O N

The neuroendocr ine  sys tem modula tes
the  funct ioning of  immune sys tem through
neuropept ides  and  neurohormones  (1) ,
which  suppor t s  the  ex i s tence  of  a  l ink

be tween  neuroendocr ine  and  immune
sys tem (2) .  Of  the  d i f ferent  neuropept ides
and  neurohormones ,  mela ton in ,  the  p inea l
neurohormone  has  been  repor ted  to
inf luence  immune  sys tem (3) .  I t  has  been
demonstra ted that  the  mice sensi t ized with
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mela ton in  enhance  an t ibody  produc t ion
against antigens, which are T-cell dependent
(4 ,  6 ) .  Bes ides  hav ing  e f fec t  on  humora l
immune response,  melatonin also influences
ce l l  media ted  immune  func t ion  (7 ,  8 ) .
Exogenous  mela ton in  can  counte rac t
the  immunosuppress ion  caused  by  acu te
s t ress  o r  pharmacolog ica l ly  admin is te red
cor t icos teroids  (9) .  Basica l ly ,  p ineal  g land
being  a  par t  of  sensory  sys tem t ransduces
ex te rna l  env i ronmenta l  c i rcad ian  and
c i rcannua l  s igna l s  (day  l igh t  and  ambien t
tempera ture )  in to  hormonal  responses ,
which  modula te  neuroendocr ine  and
immune  func t ions ,  by  c i rcad ian  and
rhythmic synthesis and release of melatonin
f rom p inea l  g land  (10) .  Maes t ron i  and
Pie rpao l i  (5 )  repor ted  tha t  the  exposure
of  mice  to  cons tan t  a r t i f i c ia l  l igh t  fo r
3–4  genera t ions  impai r s  the i r  g rowth
ra te  and  immune funct ion .  Apar t  f rom the
ef fec t  o f  cons tan t  exposure  to  l igh t ,  the
immunomodula tory  e f fec t s  o f  exogenous
mela ton in  in  mice  a re  a l so  in f luenced  by
time of the administrat ion of melatonin (5,
6,  11) .  Melatonin exerts  i ts  effect  only on
antigen act ivated immune cel ls  in  vivo and
has no immunological effect in unvaccinated
animals (6,  8,  12).

In format ion  i s  l ack ing  on  the
immunomodula tory  e f fec t  o f  exogenous
mela ton in ,  as  assessed  by  in  v ivo
immunoassay  and  in  v ivo  cha l lenge
exper iments  in  re la t ion  to  the  t ime  of
adminis t ra t ion  of  mela ton in .  The  research
f ind ings  repor ted  here in ,  focus  on  the
t ime  dependent  e f fec t  o f  subcutaneous ly
adminis te red  mela ton in  in  the  morn ing  a t
4 .00  h  and  in  the  even ing  a t  16 .00  h  on
humora l  and  ce l lu la r  immune  response  in
ra t s  inocu la ted  wi th  k i l l ed  Pas teure l la

mul toc ida (P52 s t ra in)  vacc ine .

MATERIALS AND METHODS

The exper imenta l  an imals ,  male  a lb ino
rats and guinea pigs used in this study were
obta ined  f rom the  Labora tory  Animal
Resource Section, I .V.R.I. ,  Izatnagar (U.P.).
Mela ton in  and  His topaque  1077  were
procured  f rom Sigma chemica l  company,
USA.  Dulbecco’s  Minimum Essen t ia l
Medium used  for  lymphocyte  cu l tu re  was
purchased  f rom Gibco-BRL USA.  Ant i - ra t
IgG-HRPO conjuga te  used  for  ELISA was
gi f ted  by  immunochemis t ry  labora tory  of
Nat iona l  Ins t i tu te  o f  Immunology ,  New
Delh i .  The  96  wel l  enzyme immunoassay
plates  were procured from Nunc,  Denmark,
whereas  the  12  wel l  LMIT p la tes  were
procured from LAXBRO (India) .

The  k i l l ed  Pas teure l la  mul toc ida  (P 52

strain) vaccine and virulent live Pasteurella
mul toc ida  (P 52 s t ra in )  were  rece ived  f rom
the  Nat iona l  Refer ra l  Cent re ,  Div i s ion  of
Standardiza t ion  for  Veter inary  Biologica ls ,
I .V.R.I . ,  Iza tnagar  (U.P. ) .

Exper imenta l  des ign :

Sixty- four  adul t  male  a lb ino  ra ts ,  each
weighing  a round  120  gms  were  rea red  in
polypropylene  cages  dur ing  spr ing  season
wi th  photoper iod  of  LL 13:  DD 11  h  and
25 ± 2.5°C a i r  t empera ture  and  70 ± 4%
re la t ive  humidi ty .  The  exper iment  was
conducted at  an al t i tude of  172 mts  above
MSL (mean sea level) and located at latitude
28.20° north,  longi tude 79.24° east .

The ra ts  were  divided into  four  groups
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of 16 rats  each and treated as fol lows.

Group  I : Of  the  16  ra t s ,  8  were
vaccinated with 0.5 ml of KPMV
subcutaneous ly  (KPMV group)
and  another  e igh t  ra t s  were
injected wi th  0 .5  ml  of  s ter i le
phospha te  buf fe r  sa l ine  (PBS)
and kept  as  cont ro l .

Group  I I : All the 16 rats were vaccinated.
Out  o f  these ,   8   ra t s  were
in jec ted  subcutaneous ly  wi th
0.2 ml of 100 fig of melatonin/
Kg BW/day at 4.00 h (KPMV+M4
group)  whi le  remain ing  8  ra t s
were  t rea ted  wi th  mela ton in
s imi la r ly  a t  16 .00 h  (KPMV +
M16 group) .

Group  I I I : Out  o f  16  unvacc ina ted  ra t s  8
were injected with melatonin at
4 .00  h  (M4)  and  remain ing  8
rats  at  16.00 h (Ml6).

Group IV : Sixteen unvaccinated ra ts  were
divided in 2 groups and injected
with PBS, 0.2 ml/rat/day at 4.00
and 16.00 h respectively for  14
days  and were  used as  control
for  Group II  and III .

Ra ts  were  vacc ina ted  once  a t  the  s ta r t
o f  exper iment .  From the  same day  bo th
melatonin  and PBS was adminis tered dai ly
as per the schedule given above. Melatonin
was dissolved in few drops of  ethanol  and
then  d i lu ted  a t  requ i red  concen t ra t ion  in
i so ton ic  phospha te  buf fe r  sa l ine .  The
mela ton in  was  in jec ted  a t  g iven  t imes  for
14 days .

In  v ivo  cha l lenge  exper iment  us ing
vi ru len t  l ive  Pas teure l la  mul toc ida  (P 52

s t ra in )  was  ca r r ied  ou t  on  day  24 th  pos t
vaccination. The rats were bled on day 0, 7,
14,  24 day post  vaccination and day 3 and
5 post challenge. All the blood samples were
processed for  isolat ion of  per ipheral  blood
lymphocytes  us ing  h i s topaque  and  for
col lec t ing sera  samples .

Ethical guidelines prescribed by Council
o f  In te rna t iona l  Organiza t ion  of  Medica l
Sc iences  have  been  fo l lowed for  ca re  and
management  o f  the  ra t s  dur ing  s tudy .

Humoral  immune  response

An ind i rec t  ELISA was  per formed for
estimation of antibody t i ters against  KPMV
in  var ious  exper imenta l  g roups  of  ra t s  on
day 0, 7, 14, 24 post vaccination, following
the  method  of  Engva l l  and  Per lman (13)
with some modifications. The test sera from
indiv idua l  ra t s ,  known-pos i t ive  se rum to
KPMV and  known-nega t ive  se rum of  ra t s
were used for  a l l  the  tes ts .

Al l  the  reagents  were  used  in  50  µ l
volumes .  The  wel l s  o f  ELISA pla tes  were
coa ted  wi th  pur i f ied  son ica ted  prepara t ion
of  KPMV a t  the  ra te  o f  2  µg/wel l  in
carbona te -b icarbona te  buf fe r  (pH 9 .6)  and
incubated  for  90  min  a t  37°C and washed
thr ice  us ing  PBS Tween-20 .  The
unquenched s i tes  in  the wel l  were blocked
with 5% (w/v) defatted milk powder in PBS
Tween-20. After washing the wells, two fold
d i lu t ion  ( s ta r t ing  1 : 25)  o f  the  t es t  and
cont ro l  nega t ive  se ra  were  added  to  p la te
in triplicate and allowed to react for 1 h at
37°C and then washed.  Opt imized d i lu t ion
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(1 : 4000)  of  an t i - ra t  HRPO conjuga te  was
added to each well and incubated for 1 hour
for  37°C and then washed.  The tes ts  were
deve loped  us ing  OPD/H 2O 2 subs t ra te
prepared  in  phospha te  c i t ra te  buf fe r  (pH
5.0) and reaction was stopped by 1 M H2SO4.
Optical  densit ies were measured at  492 nm
in  an  ELISA reader  (ECIL,  Hyderabad ,
MicroScan, MS5605A). The optical densities
of the dilution of test serum that was double
to  tha t  o f  con t ro l  nega t ive  se rum was
cons idered  as  pos i t ive  and  thereby  the
cr i te r ion  for  de te rmin ing  the  t i t e r s .

Cel lu lar  immune  response

Lymphocyte  migra t ion  inh ib i t ion  tes t
(LMIT)  was  ca r r ied  ou t  as  descr ibed  by
Sorborg and Bendisen (14). Two ml of blood
was collected in sterile test tube containing
heparin (20 IU/ml of blood) and diluted in
equal volume of RPMI 1640 (Sigma). Diluted
samples were transferred to centrifuge tubes
containing histopaque 1077 (Sigma) half  of
the  vo lume of  d i lu ted  b lood  sample  and
cent r i fuged  a t  1000  RPM for  45  minutes .
Lymphocytes  were  co l lec ted  by  Pas teur
p ipe t te  f rom the  in te rphase  of  p lasma and
his topaque  and  were  washed  th r ice  wi th
RPMI 1640  a t  1000  RPM for  30  minutes .
The  ce l l  concen t ra t ion  was  ad jus ted  to
2 × 108 cell/ml in RPMI 1640 with 5% fetal
calf serum. The sterile glass capillaries were
filled with cell suspension and then plugged
a t  one  end  wi th  p las t i c in  and  cen t r i fuged
at  800 RPM for  3 minutes.  The capil lar ies
were cut using a diamond pencil and placed
in migration chamber (Laxbro) with the help
of  p roper ly  coa ted  (as  per  the  l eng th  of
capillary) non-toxic silicon grease. Then the
chambers  were  f i l l ed  wi th  growth  medium
conta in ing  H.S .  k i l l ed  an t igen  and  growth

medium wi thout  an t igen .  The  p la tes  were
incuba ted  overn igh t  a t  37°C.  The  a rea  o f
migra t ion  was  measured  wi th  the  he lp  of
camera  luc ida  f i t t ed  to  microscope  and
percen t  o f  migra t ion  inh ib i t ion  (MI)  was
ca lcu la ted  as :

PercentM I= l-
Area of m igration with antigen

Area of m igration without antigen
100×

Product ion  o f  lymphokines :

Lymphocytes  were  i so la ted  f rom the
blood of  ra t s  f rom di f fe ren t  groups  v iz .  -
KPMV, KPMV + M4, KPMV + Ml6, M4, Ml6
and PBS control for LMIT. The lymphocytes
were  cul tured  (approximate ly  10 8 ce l l s /ml)
in  v i t ro  a t  37°C for  24  h  in  p resence  of
20 µl /ml  of  KPMV.  Af te r  incuba t ion  the
superna tan t s  were  co l lec ted ,  cen t r i fuged
a t  10 ,000  g  for  10  min  a t  4°C and  c lear
superna tan t s  were  s to red  a t  –20°C un t i l
u s e d .

Delayed  type  o f  hypersens i t iv i ty  t e s t :

Nine KPMV sensitized and 3 unsensitised
(PBS injected) guinea pigs were shaved for
a  smal l  a rea  on  abdomina l  reg ion .  The
sens i t i zed  and  unsens i t i zed  an imals  were
in jec ted  wi th  lymphokines  (a t  the  ra te  o f
0 .5  ml )  in t radermal ly  in  the  shaved
abdomina l  sk in .  Sk in  reac t ions  were  read
be tween  24  and  48  h .  Then  about  5  mm
piece of skin from inoculated site of all the
guinea pigs were collected and processed for
h i s topa tho logy .

Stat i s t i ca l  ana lys i s

The data obtained from ELISA and LMIT
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were  eva lua ted  s ta t i s t ica l ly  by  ana lys is  of
var iance .  ‘P’  va lue  of  <0.05 was  taken as
the level of significance.

R E S U L T S

The  an t ibody  response  to  KPMV as
assessed  by  ind i rec t  ELISA in  var ious
exper imenta l  g roups  of  ra t s  as  in f luenced
by the exogenous melatonin and time of its
administrat ion is  presented in Table I .  The
result  shows that the rats in three different
groups ,  which  rece ived  e i ther  KPMV or
KPMV + exogenous melatonin, seroconver ted
to  the  KPMV i r respec t ive  of  t ime  of
adminis t ra t ion  of  mela ton in .  However ,  the
groups  rece iv ing  e i ther  mela ton in  or  PBS
did  no t  show ant ibody  response  to  KPMV
before virulent challenge.  I t  is  evident that
the  ra t s  in  KPMV + M4 group  could  e l ic i t
s ign i f ican t ly  (P<0 .05)  h igher  an t ibody
response  (3 .35 ± 0 .06)  compared  to  ra t s
in  KPMV + M16 (2 .80 ± 0.13)  and  KPMV
(2.92 ± 0.09) group at all the serum sampling
in te rva l s  pos t  vacc ina t ion .  The  an t ibody
response increased gradually and peaked at

day 24 post vaccination. Following challenge
on  day  25 ,  a  s l igh t  fa l l  in  an t ibody  t i t re
was noted on day 3, but again increased on
day 5 post challenges. The groups receiving
either melatonin or PBS at both 4:00 h and
16:00  h ,  s l igh t ly  se roconver ted  (an t ibody
t i t re  in  the  range  of  1 .15 ± 0 .06  and
1 .12 ± 0 .07)  to  Pas teure l la  mul toc ida
challenge on day 3. The rats receiving either
KPMV or both KPMV and melatonin showed
sl ight  fa l l  in  an t ibody t i t re  on  day  3 ,  but
increased  s ign i f ican t ly  (P<0 .05)  in
KPMV + M4 (3.65 ± 0.18) group compared to
KPMV + M16 (2 .85 ± 0.09)  and  KPMV
(3.15 ± 0.09)  g roup  on  day  5 th  pos t
cha l l enge .

The  ce l l  media ted  immune response  as
moni to red  by  LMIT increased  gradua l ly
from day 7 to day 24 post vaccination in all
the  groups  receiving e i ther  KPMV or  both
KPMV and mela tonin ,  whereas  the  cont ro l
groups  d id  no t  show any  s ign i f ican t
response  (Table  I I ) .  On  day  24  pos t
vacc ina t ion  KPMV + M4 group  showed
signif icant ly  (P<0.05)  higher  (28.42 ± 1.89)

TABLE I : Effect  on humoral  immune response in  the  ra ts  (n = 8)  inoculated
with  KPMV and i ts  modulat ion by melatonin adminis t ra t ion.

Anti-KPM antibody-log 10 t i ters

G r o u p Days  pos t  immuniza t ion Days post  challenge

7 14 24 3 5

C o n t r o l 0± 0 0± 0 0± 0 D D
M 4 0± 0 0± 0 0± 0 1.15± 0.06 (4) D
Ml6 0± 0 0± 0 0± 0 1.12± 0.07 (2) D
KPMV 1.74± 0.22 2.45± 0.16 a 2.92± 0.09 a 1.92± 0.07 3.15± 0.09a (6)
KPMV+M4 1.65± 0.10 2.90± 0.06b 3.35± 0.06b 2.06± 0.01 3.65± 0.18b

KPMV+Ml6 1.72± 0.16 2.40± 0.16 a 2.80± 0.13 a 1.90± 0.01 2.85± 0.09c (6)

a, b,  c superscripts differ significantly (P<0.05) in a column, D- all  rats died post challenge,
values  in  parenthesis  indicate  number  of  animals  survived af ter  KPM chal lenge.
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percentage of leukocyte migration inhibi t ion,
compared to KPMV+M16 (24.00 ± 1.82) and
KPMV (25 .92 ± 2.01)  g roups .  The  cont ro l
groups  rece iv ing  e i ther  mela ton in  or
PBS showed inh ib i t ion  in  the  range  of
15 .00 ± 2.56  and  17 .01 ± 2.58  th rough  ou t
the  exper iment .  Fo l lowing  the  v i ru len t
cha l lenge  on  day  25 ,  the  ce l lu la r  immune
response decreased on day 3 and increased
on  day  5  pos t  cha l lenge ,  reg i s te r ing
s ign i f ican t ly  (P<0 .05)  h igher  percen t
inh ib i t ion  in  KPMV + M4 (31 .75 ± 3.16)
group  as  compared  to  KPMV + M16
(27.45 ± 2.06) and KPMV (29.56 ± 2.78).

The results of histopathology of skin of
KPMV primed guinea pigs from lymphokine
injected area after 48 h of delayed type of
hypersens i t iv i ty  reac t ion  a re  shown in
figures 1, 2, 3, 4. The KPMV + M4 group of

rats  showed infi l t rat ion of  large number of
mononuclear  ce l l s ,  po lymorphs  and
macrophages  a t  48  h  pos t  lymphokine
in jec t ion  (F ig .  2 ) .  However ,  the  ra t s  in
KPMV + M16 group  showed compara t ive ly
few mononuclear  ce l l s ,  po lymorphs  and
macrophages  (F ig .  3 ) .  On  the  o ther  hand ,
the  ra t s  in  KPMV group  showed marked
inf i l t ra t ion of  polymorphs,  macrophages  as
well as mononuclear cells (Fig. 4). The rats
in  cont ro l  groups  (M4,  Ml6  and  PBS)  d id
not  show any cel lular  inf i l t rat ion (Fig.  1) .

The  pro tec t ion  confer red  to  Pas ture l la
multocida (P 52 s t ra in)  virulent  chal lenge in
various groups of rats vaccinated with either
KPMV or  t rea ted wi th  mela tonin  is  shown
in  Table  I I I .  Al l  the  ra t s  in  KPMV + M4
group survived the challenge, however, 25%
of rats in each of KPMV + M16 and KPMV

TABLE II : Effect  on cel l -mediated immune response in  the  ra ts  (n = 8)  inoculated
with  KPMV and i ts  modulat ion by melatonin adminis t ra t ion.

% leukocyte  migrat ion inhibi t ion

G r o u p Days  pos t  immuniza t ion Days post  challenge

0 7 14 24 3 5

C o n t r o l 15.00±2.56 16.50± 2.18 a 15.58± 2.09 a 15.52± 1.72 a D D
M 4 15.82±2.56 16.67± 1.59 a 16.08± 1.62 a 17.01± 2.58 a 16.92± 3.56 (4) D
Ml6 15.52±1.23 15.71± 2.12 a 15.88± 1.59 a 16.08± 1.98 a 15.36± 2.35 (2) D
KPMV 16.58±1.56 20.53± 2.01 b 24.33± 2.96 b 25.92± 2.01b 19.28± 1.65 29.56± 2.78a (6)
KPMV+M4 17.58±2.14 22.42± 1.56c 26.33± 2.09 b 28.42± 1.89c 20.45± 2.56 31.75± 3.16b

KPMV+Ml6 17.07±2.19 18.00± 1.56 ab 23.32± 1.52 b 24.00± 1.82b 18.28± 2.11 27.45± 2.06a (6)

a, b,  c superscripts differ significantly (P<0.05) in a column, D- all  rats died post challenge,
values  in  parenthesis  indicate  number  of  animals  survived af ter  KPM chal lenge.

TABLE III : Percent  survival  of  ra ts  (n = 8)  to  virulent  Pasteurel la  multocida  chal lenge in  dif ferent  groups.

Days post  challenge KPMV+M4 KPMV+Ml16 K P M V M 4 M l 6 PBS contro l

1 100% 100% 100% 100% 100% 100%
2 100% 100% 100% 100% 50% 75%
3 100% 100% 100% 50% 37.5% 0%
4 100% 100% 75% 0% 0% 0%
5 100% 75% 75% 0% 0% 0%
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Fig. 1: Micrograph (H & E stain, 400X) of skin of guinea pig inoculated with lymphokines form PBS group of rats
showing no detectable cel lular  changes at  48 hour.

Fig. 2: Micrograph (H & E stain, 400X) of skin of guinea pig inoculated with lymphokines form KPMV+M4 group
of rats showing infiltration of large number of mononuclear cells, polymorphs and macrophages at 48 hour.

Fig. 3: Micrograph (H & E stain, 400X) of skin of guinea pig inoculated with lymphokines form KPMV+M16 group
of rats  showing few mononuclear  cel ls ,  polymorphs and macrophages at  48 hour.

Fig. 4: Micrograph (H & E stain, 400X) of skin of guinea pig inoculated with lymphokines form KPMV group of
rats  showing marked inf i l t ra t ion of  mononuclear  cel ls ,  polymorphs and macrophages at  48 hour .

Fig. 1 Fig. 2

Fig. 3 Fig. 4
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groups succumbed to death on day 5 and 4
respectively.  The level of protection in M4
group  was  h igher  up  to  day  3rd  pos t
challenge than Ml6 and PBS treated groups
but all the rats in these control groups died
before the termination of experiment on 5th
d a y .

D I S C U S S I O N

Time dependent  e f fec t  o f  exogenous
mela ton in  on  the  immune  ce l l s  has  been
reported in mice (5). The immunomodulatory
role of  melatonin in inbred mice (BALB/c)
show tha t ,  10  ug  of  mela ton in /kg  B.W.
adminis tered a t  8 .00 h  in  the  morning did
not  p roduce  any  e f fec t  on  the  pr imary
immune response to sheep RBC (SRBC). In
cont ras t ,  an  immune  enhanc ing  e f fec t  was
induced by the same close adminis tered in
the  evening a t  16.00 h .  The author  of  the
study suggested that  the  s t imulatory effect
on  ce l lu la r  and  humora l  immune  response
in BALB/c mice may depend on the release
of  immunoenhanc ing  op io id  agonis t
(endorphin ,  dynorphin  and Leu-enkephal in)
or  on  the  appropr ia te ly  t imed  mela ton in
injections (5). Binding of [I125] melatonin by
T lymphocytes exhibited propert ies such as
dependence  on  t ime  and  h igh  a f f in i ty
b ind ing  s i t es  and  tempera ture  (15 ,  16) .
Lopez-Gonza lez  (15)  repor ted  tha t
increasing concentration of native melatonin
inh ib i ted  b ind ing  of  mela ton in  on  T
lymphocytes ,  p robably  recogniz ing  the
mela ton in  b ind ing  s i t es  on  T  lymphocytes
by c i rcula t ing melatonin .  These  s tudies  on
binding of [I125] melatonin to T lymphocytes
showed inverse  cor re la t ion  wi th  the
noc turna l  mela ton in  p roduc t ion .

In  the  present  s tudy ,  adminis t ra t ion  of
mela ton in  for  14  days  in  the  morn ing  a t
4 .00  h  (when  endogenous  mela ton in  peak

s ta r t s  dec l in ing  (17 ,  18) ,  in  a lb ino  ra t s
pr imed  wi th  KPMV showed increase  in
an t ibody  as  wel l  as  ce l lu la r  immune
response .  I t  ind ica tes  tha t  the  morn ing
4 .00 h  adminis t ra t ion  of  mela ton in  has
immunos t imula tory  e f fec t  in  vacc ina ted
ra t s .  This  immunos t imula tory  e f fec t  o f
melatonin at 4.00 h can be explained on the
bas i s  o f  dura t ion  versus  co inc idence
hypothes i s  (19) .  The  morn ing  (4 .00 h)
subcutaneous  admin is t ra t ion  of  mela ton in
co inc ides  wi th  decreas ing  endogenous
melatonin level.  I t  prolongs the duration of
c i rcu la t ing  mela ton in  per iod  of  c i rcad ian
rhythm,  which  may synchronize  wi th  the
suf f ic ien t  number  o f  an t igen-ac t iva ted
lymphocytes ,  which  produce  s t imula tory
ef fec t  on  humora l  and  ce l lu la r  immune
response .  However ,  even ing  (16 .00 h)
administration of melatonin caused decrease
in  humora l  and  ce l lu la r  immune  response ,
marg ina l ly ,  compared  to  g roup  rece iv ing
KPMV only .  Probably ,  admin is t ra t ion  of
melatonin at  16.00 h might have raised the
to ta l  b lood  mela ton in  leve l  by  co inc id ing
wi th  the  n ight t ime increase  in  endogenous
melatonin level.  This unusually higher level
of  mela ton in  might  have  caused  marg ina l
suppress ion  in  the  immune  response  by
down regulation of its receptors on immune
ce l l s  (21 ,  22) .  I t  i s  to  ment ion  tha t  our
findings are not in agreement with Maestroni
e t  a l .  (5 ) ,  where  they  have  demons t ra ted
tha t  even ing  (16 .00  h)  admin is t ra t ion  of
melatonin has  immunost imulatory effect .  I t
is speculated that geographical location may
be a cause of this variation, and it is known
that geomagnetic element,  in terms of EMF
inf luence  the  secre t ions  ac t iv i ty  o f  p inea l
melatonin secretion. Further, they sugges ted
that low dose of melatonin (10 ug/kg B.W.)
produce  s ign i f ican t  depress ion  of  the
pr imary  immune  response  to  SRBC.
However ,  25% higher  protec t ion shown by
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control  group against  Ml6 group on day 2
(Table III) is anomalous and may be due to
unknown reasons .

Further, the results of in vitro assay for
humora l  and  ce l lu la r  immune  response  to
KPMV wi th  var iab le  mela ton in  t rea tments
a re  in  agreement  wi th  in  v ivo  cha l lenge
exper iment  and  h i s topa tho logy  of  sk in
obtained from guinea pigs subjected for DTH
testing. Therefore,  we infer that,  exogenous
mela ton in  admin is te red  in  a lb ino  ra t s  a t
4 .00  h  causes  immunoenhanc ing  e f fec t s

whereas i ts  administrat ion at  16.00 h leads
to  s l ight ly  depressed immune responses .  I t
i s  sugges ted  tha t  the  es t imat ion  of  to ta l
serum melatonin level, at each blood-sampling
interval be required to conclude determinative
immunomodula tory  ef fec t  of  mela tonin .
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