
SUMMARY
The purpose of this study was to investigate the effects of melatonin implantation in Murrah buffaloes on some haematologi-
cal parameters during summer season under tropical conditions. Twelve lactating Murrah buffaloes were divided into control
and treated groups of six animals each. Treated buffaloes were implanted with melatonin (18 mg melatonin / 50 kg body weight)
at the base of left ear. Blood samples for measuring haematological parameters collected biweekly between 0 and 84 days were
analysed by haematology analyzer. Melatonin treatment had no effect on all haematology parameters during summer season un-
der tropical conditions.  With the advancement of melatonin treatment increases (P < 0.05)  in mean corpuscular hemoglobin
at day 70 after treatment and in count of mean corpuscular hemoglobin concentration and red blood cell distribution with-co-
efficient of variation at day 84 were found. In addation, melatonin revealed an increase  (P < 0.05) in mean platelet volume at
days 28 and 56 after treatment. On the other hand, the advancement of melatonin treatment exhibited gradual decrease  (P <
0.05) in neutrophil, platelets and plateletcrit count 84 days after treatment. Other heamatological parameters were not affected
by advancement of day after treatment. In general, melatonin implantation did not affect the haematological parameters to coun-
teract the summer stress conditions in lactating buffaloes under tropical conditions.
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INTRODUCTION

Buffaloes are short day breeders with reproductive efficiency
adversely influenced by unfavorable biometeorological factors1.
Stress, the obvious reaction of the animal, disturbs body home-
ostasis causing detrimental effects. Livestocks undergo various
types of stresses such as physical, nutritional, chemical, psy-
chological and thermal. Among all, heat stress is the most con-
cerning constraint on animal production nowadays under the
ever changing climatic scenario. It is the perceived discomfort
and physiological strain associated with exposure to the ut-
termost hot temperature. It stimulates sort of complex responses
which are fundamentals in the preservation of cell survival.
Among many adverse effects, heat stress causses the aberration
of reproductive functions, oxidative stress, enzymatic dys-
function and electrolyte imbalances. These physiological ad-
justments are essential to maintain normal body funuctions and
to prevent hyperthermia2. 
Melatonin has been reported to play a fundamental role in the
biology of body cells3 and to influence a wide range of physi-

ological processes for all organs and cells of the body4. How-
ever, the effect of melatonin on blood parameters is controversial
and what is available in literature is contradictory. Karimun-
gi and Joshi5 reported that melatonin treatment once or
twice daily for two weeks induced a decrease in the red blood
cells (RBCs) count and in the erythrocyte indices (MCV, MCH
and MCHC) of rats. Durotoye and Rodway6 found that sub-
cutaneous implants of melatonin led to reduction in RBCs count
and packed cell volume (PCV) in ewes, while increased MCV. 
Out-of-season breeding in deep anestrous buffaloes, requests
the use of melatonin7,8. Melatonin is a hormone produced and
stored in the pineal gland during the day and secreted during
the dark, starting after sunset and ending at sunrise. It controls
the reproductive rhythm in diverse livestock species, like
goats and sheep (short-day species), and horses (long-day
species), especially at higher latitudes9. Melatonin-mediated
pathways regulate GnRH pulsatibility and, therefore, the ac-
tivity of the reproductive neuroendocrine axis. It also modu-
lates prolactin secretion by acting on the hypophysis. 
Melatonin has been shown to be a highly effective antioxidant
and free radical scavenger10. By virtue of its antioxidant prop-
erties melatonin, quenches the oxidants including nitric oxide,
arrests lipid peroxidation, and acts synergistically with other
classic antioxidants such as glutathione peroxidase (GPx), su-
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peroxide dismutase (SOD), vitamin E, and selenium11. The main
function of melatonin is to serve as an antioxidant to protect
organisms from ubiquitous oxidative stresses. It is considered
to be more effective than glutathione (GSH) and mannitol in
scavenging free radicals. It was found that melatonin has the
ability to neutralize damaging reactive oxygen species (ROS)
and reduce lipid peroxide concentrations and DNA damage,
thereby, improving the viability of germ cells12. There is a lim-
ited data available on the effect of melatonin implantation on
the haematology prameters of lactating buffaloes. 
The aim of the present study was to analyse the effects of mela-
tonin implantation on some blood haematology parameters
in anestrus lactating buffaloes to serve as indicators of their sus-
tainability to the expenditure of melatonin treatment for pre-
venting summer-induced decline in body functions.

MATERIALS AND METHODS

The present study was conducted at the animal farm of the Cen-
tral Institute for Research on Buffaloes, Hisar, India (29° 10 ’

N, 75° 41’ E), using anestrus lactating buffaloes  during the out-
of-breeding season (from June to September). All procedures
and experimental protocols were conducted in accordance with
the «Guide for the Care and Use of Agricultural Animals in Re-
search and Teaching»13. 

Animals and management
Twelve lactating Murrah buffalo (parity: 2-4, body condition
score: 4-5, milk yield 7-9 kg/day and body weight: 400-500 kg)
at day 65-70 of lactation were used in the present study. The
study was conducted during the hot-humid months from June
to first of September when ambient temperatures and relative
humidity ranged from 35 to 45°C and 35 to 80%, respective-
ly. Daily maximum and minimum temperatures and Relative
humidity (RH) were recorded at Department  of Agriculture
Meteorology, Chaudhary Charan Singh Haryana Agricultur-
al University, Hisar, Haryana. The daily records of humidity and
temperature were obtained from the closest meteorological sta-
tion, approximately 10 km far from the farm.  The tempera-
ture-humidity index (THI) was calculated from the equation14. 
THI= (1.8 * AT + 32) - [(0.55-0.0055 * RH) × (1.8 * AT-26)],
where AT = average temperature (°C), RH = Relative humid-
ity (%). The mean values of temperature and THI in different
weeks are described in Figure 1. The experimental period was
divided into: low (< 70); moderate (70-80) or high (> 80) THI.
Lactating buffaloes were confined for the entire period of study
to a barn with access to an open sheltered space. They were sub-
jected to teasing and observed for visual signs of estrus twice
per day for one hour but they failed to exhibit estrus charac-
teristices. They were fed on roughage and concentrate sup-
plement according to their body weight requirements15.
Chaffed green fodder and wheat straw were also offered. Wa-
ter was accessibly available at all times. Animals were free from
diseases and were clinically normal with a healthy appearance.
Lactating buffaloes were milked twice a day, morning (04:00
a.m.) and evening (03:00 p.m.). 

Experimental design
Lactating buffaloes were randomly allocated to melatonin non-
implanted (control) and implanted (treated) groups (n = 6
each). In melatonin-treated group, animals were administered

2 × 4 mm absorbable melatonin implants (18 mg melatonin
⁄ implant, Regulin, CEVA Animal Health Limited, Chesham,
Buckinghamshire, UK) at the base of left ear using an implanter.
Total implants inserted to each animal were calculated on the
basis of body weight (one implant  ⁄ 50 kg)16. These implants
were designed to release melatonin for at least 60 days, although
their functionality can extend to more than 100 days without
disturbing the endogenous secretion of melatonin17. 

Blood haematology parameters
Blood samples were collected via jugular venipuncture into a
heparinized vial (at 06:00 a.m.). On both treated and control
groups biweekly blood sampling were taken throughout the ex-
periment between days 0 to 84. Collected blood samples were
analysed for estimation of haematological parameters which
included count of red blood cells (RBC), white blood cells
(WBC), lymphocytes (LY), monocytes (MO), Neutrophil,
Eosinophil, Basophil,  percentage of lymphocytes (LY %), mono-
cytes (MO %), Neutrophil (%), Eosinophil (%), Basophil (%),
hemoglobin (Hb), hematocrit (HCT/PCV), mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC), red
blood cell distribution width-coefficient of variation (RDW-
CV), platelets (PLT),  plateletcrit (PCT),  mean platelet volume
(MPV), and  platelet distribution width (PDWC) using hema-
tology analyzer (HA-22-CLINDIAG).

Statistical analysis 
All data records were tested for normality with the Shapiro-Wilk
(W) test from the UNIVARIATE procedure18, and results in-
dicated that all data were distributed normally (W > 0.90). Data
for the effect of melatonin was analyzed using PROC MIXED
of SAS (SAS Inst., Inc., Cary, NC) for repeated measures. Data
for the effect of melatonin implantation on blood heamatol-
ogy were analyzed by adapting the following model:
Yijk = µ + Ti + Dj + ( T ×D) ij + eijk ,
where Yijk is the observed value of the dependent variable de-
termined from a sample taken from each animal, µ is the over-
all mean, Ti is the fixed effect of the ith treatment (i = 1,2), Dj

is the fixed effect of the jth day (j = day 0:day 84), (T×D) ij is the
first-order interaction between treatments and days and eijk is
the residual error. Significant differences among means with-
in each classification were tested using least square differences
0.05.

RESULTS

Means of ambient temperature, relative humidity and THI dur-
ing the experimental period were 32.55 ± 2.56 ºC, 60.81 ± 18.08
% and 83.14 ± 1.78 %  respectively (Figure 1).  Haematolog-
ical parameters of anestrus lactating buffalo as affected by mela-
tonin implantation are displayed in Tables 1 and 2. Melatonin
implantation had no effect on all haematological parameters
during summer season under tropical condition. After mela-
tonin implantation gradual decrease (P < 0.05) take place in
neutrophil, PLT and PCT (Figure 2). On the other hand, with
the advancement of treatment an increase (P < 0.05)  in MCH
was found at day 70 after treatment. Also, increase (P < 0.05)
in counts of MCHC and RDW-CV was observed at day 84 and
in MPV at days 28 and 56 after melatonin implantation (Fig-
ure 3). Other heamatological parameters were not affected by
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advancement of day after melatonin implantation of lactating
buffalo during summer season under tropical condictions.

DISCUSSION

The significance of reference values on haematological indices
was recognised as being useful in determining the general health
status of animals19, an aid for differential diagnosis of clinical
conditions and for monitoring response to therapy20. Although

melatonin implantation had many beneficial effects on im-
proving reproductive performance in hiefers and lacating buf-
faloes7,8 and  on semen quality of buffalo bulls21 it had no ob-
vious effects on heamatology of lactating buffaloes. 
The blood system is sensitive to temperature changes and is an
important indicator of physiological responses to stressors. Sev-
eral factors such as species, breed, sex, age, nutrition, diseases,
physiological stage and seasonal variations can affect the pattern
of haematological values22,23. Quantitative and morphological
changes in blood cells are associated with heat stress. Other stud-

Figure 1 - The weekly average ambient temperature (A), relative humidity (B) and temperature-humidity index (THI) over the experimental
period.
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ies show the variations in hematocrit values, mean erythrocytes
count and hemoglobin24,25. Poor nutrition, which occurs in an-
imals under long-term heat stress, reduces the number of ery-
throcytes and hemoglobin level, resulting in a decrease of red
blood cells in the bloodstream26. With the rise in environmen-
tal temperature, the animal loses liquids through the respirato-
ry tract, reducing the blood plasma volume and increasing the
concentration of hematocrit. If physical exertion is prolonged,
dehydration occurs, and thus, loss of fluids by the evaporative

process, results in more hematocrit increase. Thermal stress may
cause hyperthermia and potentially have several physiological
side effects. It is known to alter the homeostatic mechanisms of
animals resulting in impaired erythropoiesis.
In the present study, mean values for all haematological pa-
rameters were situated in the normal physiological limits with-
out statistical significant difference between implanted and
unimplanted animals. However, the mean RBCs  and Hb were
found to be numerically lower after melatonin implantation.

Figure 2 - Effect of day after melatonin treatment on some blood haematological parameters neutrophils (109/L), platelets (109/L) and PCT
(%) of control (❍) and treated (●) groups of lactating buffalo during summer season (Least square means ± SEM).
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The variation in RBCs may be attributed to the fact that the
high environmental temperature increases the animals oxygen
consumption through increased respiration rate. The high oxy-
gen intake increases the partial pressure of oxygen in blood, de-
creases erythropoiesis, which in turn reduces the number of cir-
culating RBCs and Hb values27. Kumar et al.28 also recorded
low mean Hb in summer stressed Beetal goats as compared to
pre-summer values. 
No literature concerning the effect of melatonin implantation

on haematological parameters in lactating buffaloes during sum-
mer season are available. However, Anwar et al.29 found that
melatonin treatment in rats increased RBCs, Hb and PCV nu-
merically. On the other hand, Durotoye and Rodway6 report-
ed that implants of melatonin in ewes reduced RBCs count and
PCV. The average values for Hb varied insignificantly in con-
rtol (10.18±0.23 g/dL) and treated groups (9.83±0.23 g/dL).
However, the level of hemoglobin was influenced by the sea-
son with the highest values obtained in summer season23. Also,

Figure 3 - Effect of day after melatonin treatment on some blood haematological parameters MCH (Pg), MPV (fL), MCHC (g/dl) and RDW-
CV (%) of control (❍) and treated (●) groups of lactating buffalo during summer season (Least square means ± SEM).
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Fagiolo et al.30 reported higher Hb values in lactating buffaloes,
during the summer season (13.62 g/dL) compared to winter
(11.37 g/dL).
A plausible explanation for the decrease in Hb levels during ther-
mal stress could be the increased attack of reactive oxygen mol-
ecules on the erythrocyte membrane which is rich in lipid con-
tent, and ultimate lysis of RBC or inadequate nutrient avail-

ability for Hb biosynthesis due to decreased voluntary intake
as the animal consumes less feed under heat stress31. During
summer stress a significant depression in Hb levels may also
be due to haemodilution effect where more water is infused into
the circulatory system for evaporative cooling32. At high tem-
perature, peripheral vasodilation and redistribution of cardiac
output are associated with expansion of blood volume and re-
sult in haemodilution33.
Moreover, the increase in Hb concentration obtained in the con-
trol group of the present study may be attributed either to its
direct stimulatory effect on bone marrow29 or indirectly
through stimulation of some cytokines, which have a power-
ful stimulatory effect on bone marrow cells proliferation. An-
other possible explanation for the increase in Hb levels after
goat exposure to sunshine and melatonin treatment during ther-
mal stress could  be the protection of bone marrow from dam-
age by free radicals due to melatonin antioxidant effect34. The
average percentages of hematocrit (36.43±0.79% in control and
35.80±0.79% in treated buffaloes) were between those in sum-
mer (40.75%) and those in winter period (32.63%) as reported
by Fagiolo et al.30 and Enculescu et al.23.
Total WBC count in the current study were similar to those re-
ported by Enculescu et al.23 and Garkal et al.22.  No available
literature could be traced regarding the effect of melatonin on
this parameter in lactating buffaloes treated with melatonin.
Hasin et al.35 showed that melatonin treatment was found to
induce a significant increase in total leucocyte count in goats
and these results are consistent with those previously report-
ed showing that administration of melatonin increased the TLC
in broiler chicks36, rats29 and squirrels37. The precise mechanism
responsible for this increase is not clear. However, several mech-
anisms could be involved in this respect. One possible mech-
anism may be the direct action of melatonin either on bone
marrow38 or on lymphatic tissue39 to accelerate leukocytoge-
nesis40. The second possible mechanism may be an indirect ac-

RBC (10 12 /L) 7.03 7.00 6.94 6.75 6.64 6.68 6.60

Hb (g/dL) 9.70 10.09 10.05 9.97 9.85 10.27 10.12

WBC (10 9 /L) 9.24 9.26 8.70 8.20 8.54 9.72 8.99

Lymphocytes (10 9 /L) 4.31 5.50 4.85 4.11 4.21 4.69 4.92

Monocytes (10 9 /L) 0.30 0.19 0.21 0.23 0.28 0.31 0.31

Neutrophil (10 9 /L) 5.24a 4.07b 3.74b 3.95b 4.25b 4.25b 3.94b

Eosinophil (10 9 /L) 0.06 0.11 0.09 0.08 0.09 0.07 0.06

Basophil (10 9 /L) 0.011 0.010 0.010 0.013 0.010 0.016 0.011

HCT (%) 36.37 36.45 36.98 36.39 35.84 35.93 34.87

MCV (fL) 54.08 52.91 52.50 53.00 52.91 53.91 52.50

MCH (Pg) 14.62b 14.43b 14.44b 14.53b 14.88ab 15.43a 14.70b

MCHC (g/dl) 27.15 d 27.34 d 27.63 cd 27.58cd 28.29bc 28.59ab 29.06a

RDW-CV (%) 19.67b 19.80b 20.19b 20.18b 20.56b 20.65b 23.01 a

PLT (10 9 /L) 307.10a 241.75b 181.50c 173.42c 166.17c 187.71c 192.47c

PCT (%) 0.31a 0.24b 0.19c 0.19c 0.17cd 0.16cd 0.14d

MPV (fL) 9.99b 10.17ab 10.75a 10.52ab 10.83a 8.15c 8.41c

PDWC (%) 35.88 36.35 37.23 36.01 35.79 36.41 36.60

Table 2 - Effect of day after melatonin treatment on blood haematological parameters of lactating buffalo during summer season (Least
square means ± SEM).

Parameter Day ( D)
0 14 28 42 56 70 84

a,b Within a row, means with different  superscript differ (P < 0.05).

RBCs (10 12 /L) 6.84 6.77 0.16

Hb (g/dL) 10.18 9.83 0.23

WBC (10 9 /L) 8.98 8.92 0.30

Lymphocytes (10 9 /L) 4.90 4.41 0.26

Monocytes  (10 9 /L) 0.27 0.26 0.10

Neutrophil (10 9 /L) 4.28 4.13 0.16

Eosinophil (10 9 /L) 0.09 0.08 0.01

Basophil (10 9 /L) 0.011 0.012 0.01

HCT (%) 36.43 35.80 0.79

MCV (fL) 53.26 52.97 0.48

MCH (Pg) 14.75 14.68 0.12

MCHC (g/dl) 27.93 27.97 0.14

RDW-CV (%) 20.45 20.71 0.19

PLT (10 9 /L) 204.25      210.07 7.09

PCT (%) 0.19 0.20 0.01

MPV (fL) 9.82 9.85 0.14

PDWC (%) 36.37 36.28 0.39

Table 1 - Effect of melatonin treatment on blood haematological
parameters of lactating buffalo during summer season (Least
square means ± SEM).

Parameter Treatment (T) SEM
Control Melatonin
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tion through reduction of corticosterone hormone, which is
associated with the elevation of the leukocytic count29. A third
possible mechanism may be the protective effect of melatonin
on bone marrow from damage by the free radicals due to its
antioxidant effect34.
The advancement of day of treatment revealed significant in-
crease in total lymphocytes, Eosinophils and Basophils per-
centages in days 42, 84 and 70 in lactating buffalo. Similarly,
administration of melatonin increased the total leukocytic count
and lymphocyte percentage in broiler chicks36, rats29, immature
chicks41 and squirrels37. Rai and Haldar42 reported that daily sub-
cutaneous injection of melatonin increased significantly the lym-
phocyte count in adult male squirrels, while pinealectomy de-
creased it along with percent lymphocyte count in peripher-
al blood and bone marrow. The WBC counts of birds inject-
ed subcutaneously with 40 mg melatonin/kg BW/day for 7 days
were significantly higher than the WBC counts of saline-injected
birds41. The increase in neutrophil counts after day 0 of the ex-
periment commencement could be attributed to lactational
stress leading to the release of endogenous corticosteroids43. The
monocyte counts recorded in this study were in accordance with
those of Ellah et al.44 in heifers and of Ali and Shukla45 in nor-
mal cyclic post-partum buffaloes.
Advancement of day of treatment showed an increase in MCH
and MCHC of lactating buffalo towards the end of experiment.
Lee et al.46 described a significant decrease in haematocrit val-
ue and RBC counts in dairy cows exposed to high temperatures.
This decrease was probably caused by a rise in erythrocyte de-
struction; haemodilution effect could also participate here, be-
cause more water was transported to the circulatory system for
evaporative cooling. Nadia47 indicated that heat stress decreases
MCH and MCHC, and increases MCV value in heat stressed
Japanese quail. Nonetheless, the values of MCV, MCH, and
MCHC did not vary significantly between groups of Murrah
buffaloes in the current study. The increased RDW-CV at day
84 of the experiment was probably due to enhanced erythro-
poiesis. On the other hand, gradual decrese in total neutrophils,
PLT and PCT with advancement of day of treatment were ob-
tained. Current findings for PLT counts were in tune with those
recorded by Das et al.48 on lactating Mehsani buffaloes.
Little is known about the antioxidant defense mechanisms in
anestrus buffalo. Oxidative stress, caused by different metabolic
processes, is controlled by various antioxidant defense mech-
anisms including antioxidant enzymes49. Ramadan et al.8 re-
ported that melatonin implantation increased superoxide
dismutase (SOD) activity in anestrus lactating buffalo during
non-breeding season. Therefore, it stimulates the activities of
enzymes involved in metabolizing reactive oxygen species (ROS)
and preserves cell membrane fluidity. Indeed, melatonin was
shown to be twice as potent as vitamin E in removing perox-
yl radicals50, and it is more effective in scavenging hydroxyl rad-
icals than glutathione and mannitol51. Melatonin also protects
and stimulates the activities of antioxidant enzymes such as
SOD52 which acts as antioxidant that catalyzes the dismutation
of superoxide into oxygen and hydrogen peroxide.

CONCLUSIONS

The values obtained for haematological parameters in mela-
tonin treated and untreated buffalo groups were within nor-
mal physiological limits. These values could be useful for in-

terpretation of haematological parameters in lactating buffaloes.
The responsiveness of lacataing baffalo to melatonin implan-
tation in summer season showed non significant differencses
in all blood prameters. No significant deviations in different
haematological indices of lactating buffalo during summer sea-
sons after melatonin treatment were declared. 
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