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Theileria annulata, a tick-borne protozoan parasite,
causes bovine tropical theileriosis which is a severe and
often fatal disease of Bos taurus and crossbred cattle in
tropical and subtropical countries (Ahmed et al. 2008). The
most important vectors for T. annulata are the 3-host tick
Hyalomma anatolicum. The disease in ruminants is
characterized by fever and lympho-proliferative disorders,
associated with varying degrees of leucopoenia and/or
anaemia (Radostits et al. 2007).

Haemolytic anaemia is considered a hallmark of T.
annulata infection in calves (Preston et al. 1992). Factors
such as haematopoietic precursor cell destruction (Mbassa
et al. 1994), changes in membrane glycolipid components
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ABSTRACT
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The present study was conducted to test the hypothesis that oxidative stress plays important role in pathogenesis
of bovine tropical theileriosis and the oxidative stress may be mitigated by supportive therapy with anti-oxidants,
hastening recovery process from diseased to normal status. Animals (20) clinically infected with bovine tropical
theileriosis were divided into 2 groups of 10 animals each and 6 healthy (uninfected) animals were kept as control.
Group A animals were treated with buparvaquone alone and group B animals were treated with buparvaquone
along with ascorbic acid. These groups were further subdivided into subgroups A1, A2 and B1, B2 as per schizont
and piroplasm stage of disease. All infected animals harboured either schizonts or piroplasms of T. annulata and
showed high grade fever, anaemia, inappetence and enlarged superficial lymph nodes. Significant decrease in level
of haemoglobin (Hb), packed cell volume (PCV), total erythrocytes count (TEC) and total leucocytes count (TLC)
along with lymphocytopenia was observed in infected animals. Treatment of diseased animals with theilericidal
drug (buparvaquone) led to disappearance of the clinical symptoms, elimination of parasite population and recovery
in hematocrit values. However, recovery was significantly better in animals of group B as compared to group A.
Oxidative stress was detected by measuring level of lipid peroxidation [malondialdehyde (MDA) concentration]
and antioxidant enzymes viz. glutathione peroxidase (GPx) and superoxide dismutase (SOD) in plasma of infected
animals before and after treatment. There was development of oxidative stress in the animals as confirmed by
significant increase in plasma MDA, increased activity of GPx and SOD enzymes as compared to corresponding
values estimated in plasma of healthy animals. Ascorbic acid was found better in treating clinical cases of bovine
tropical theileriosis. However, addition of antioxidant (ascorbic acid) further hastened the recovery process.
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(Watarai et al. 1995), activated complement products (Omer
et al. 2002), binding of autoantibody (IgG) to red blood
cells (RBC) and removal of infected and non-infected RBCs
by phagocytosis (Shiono et al. 2004) contribute to the
theilerial anaemia. Also, there is evidence that oxidative
damage to cellular components incorporate in pathogenesis
of anaemia in theileriosis (Rezaei and Dalir-Naghadeh 2006,
Razavi et al. 2011). The activity of antioxidant enzymes
such as superoxide dismutase (SOD) (Razavi et al. 2011,
Hassanpour et al. 2013) and glutathione peroxidase (GPx)
(Nazifi et al. 2009, Razavi et al. 2011) may be affected by
the parasite. The erythrocyte destruction during oxidative
stress is related to lipid peroxidation of RBCs (Grewal et
al. 2005, El-Deeb and Younis 2009, Saleh et al. 2011).

Buparvaquone, the drug of choice for the treatment of
bovine tropical theileriosis, kills all the schizonts and
piroplasms present in the host body but the survival of
animals is not always ensured. Return to normal
physiological state and resumption of normal functions in
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sick animals, many a times, is a slow process. It is
hypothesized that oxidative stress might be causing the
observed delay in return to normal status of such infected
animals. Ascorbic acid scavenges reactive oxygen species
(ROS) during oxidative stress (Bisla et al. 2004, Sunil
Kumar et al. 2010) and spare other antioxidants in relieving
oxidative stress (Frey 1991).Though much work has been
done on various aspects of oxidative stress, yet
investigations on efficacy of various antioxidants in addition
to therapeutic agents in reduction of oxidative stress in
bovine tropical theileriosis in cattle had not been fully
explored.

In the light of above situation, the present study was
planned to assess the severity of T. annulata infection on
some hematological parameters and antioxidant enzymes
in naturally infected bovine as well as to study the role of
ascorbic acid in diminishing the oxidative stress improving
clinical recovery of the animal.

MATERIALS AND METHODS

Clinical cases (20) of bovine tropical theileriosis were
used. A total of 26 crossbred cattle were included in the
present study, out of which 20 animals were infected with
theileria and 6 healthy animals were kept as control (group
C). Infected animals were not given any prior treatment
and confirmed to be infected by laboratory testing either in
schizont stage or piroplasm stage. The animals were divided
into group A (10) included Theileria annulata infected
animals treated with buparvaquone @ 2.5mg/kg body
weight i/m once and group B (10) included Theileria
annulata infected animals treated with buparvaquone @
2.5mg/kg body weight i/m once and ascorbic acid @ 15
mg/kg body weight I/m for consecutive 3 days. Both group
A and group B were further divided in 2 sub-groups of 5
animals each as per schizont stage (A1 and B1) and
piroplasm stage (A2 and B2) of disease. Pre-treatment
observations were made once at the time of examination
and post treatment observations were made on day 3 and
day 14.

Clinical examination: Body temperature, palpation of
superficial lymph nodes, determination of the size of lymph
node, colour of mucus membrane as indication of anaemic
status, presence/identification of ticks attached on animal
bodies and other clinical signs including anorexia, dullness,
depression, diarrhoea, nasal discharge etc., were recorded.

Hematological parameters: Blood was collected from
jugular vein in sterile vials containing ethylene diaminetetra
acetic acid (EDTA) for haematological parameters, viz.
haemoglobin (Hb), packed cell volume (PCV), total
erythrocyte count (TEC), total leucocytes count (TLC) and
differential leucocyte count (DLC). Standard procedures
were followed for the haematological parameters (Schalm
et al. 1975).

Parasitological parameters: Lymph node biopsy smears
and blood smears were fixed on microslides using methanol
and stained by Giemsa stain (1:10 dilution) for 30–40 min.
Per cent parasitemia was estimated microscopically by

counting the numbers of piroplasm infected erythrocyte in
about 10,000 erythrocytes. Presence of schizonts in biopsy
smears was semi-quantitated on +1 to +4 scale, wherein +1
stands for rare; +2 means sparse; +3 means high and +4
means very high number. Vector ticks were identified by
studying their morphology.

Biochemical assay: Blood with anticoagulant was
centrifuged at 3,000 rpm for 15 min in a refrigerated
centrifuge to separate plasma. The plasma was stored at
–20°C in aliquots for biochemical analysis. The level of
total proteins was estimated in plasma using Autopak kits
following Biuret method by a model fully automated
random access clinical chemistry analyzer. Lipid
peroxidation level was assessed in plasma by estimating
malondialdehyde (MDA) level by the method of Ohkawa
et al. (1979). Glutathione peroxidase (GPx) activity in
plasma was measured as per Hafeman et al. (1974).
Superoxide dismutase (SOD) was estimated as per Madesh
and Balsubramaniam (1998).

Statistical analysis: The data so obtained was analysed
by Duncan test for multiple comparisons using computer
software Duncan’s Multiple Range Test. P<0.05 was taken
as the critical criterion for statistically significant differences
between the data.

RESULTS AND DISCUSSION

The present study was carried out to check the hypothesis
that clinical recovery in theileria infected animals is
determined by the oxidative stress induced by the
intracellular parasite. The study also envisaged that
administration of antioxidants should result into mitigation
of damage caused by free radicals during the oxidative
stress.

Clinical observations: The clinical signs and symptoms
in theileria infected animals were fever, enlargement of
superficial lymph nodes, anorexia, nasal discharge, diarrhea,
depression and dullness. Similar findings were reported
earlier (Brown 1990, Radostits et al. 2007, El-Deeb and
Younis 2009). The presence of clinical signs in the study
population, its intensity and day of its disappearance were
recorded and used to monitor the supplementary effect of
antioxidant therapy on recovery process. On day 0, fever,
enlarged lymph nodes, anorexia, dullness and depression
were the consistent finding in all the infected animals while
some animals also had nasal discharge and diarrhea. On
day 3 post treatment, animals started recovering as elevated
normal body temperatures returned to normal, lymph node
size started regressing and animals started feeding.
However, nasal discharge and diarrhea were found in 1 out
of 5 schizont infected animal and 2 out of 5 piroplasm
infected animals on day 3 post-treatment but still high
in group A animals as compared to group B animals
(Table 1). On day 3, dullness and depression were
comparatively less in group B animals than the group A
animals as compared to day 0, which indicated antioxidant
therapy enhancing the recovery in infected animals. On day
14 post treatment, animals did not show any characteristic
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sign and symptoms of disease in both groups A and B while
recovery in terms of normal body activities, alertness and
activeness was faster in group B animals.

The infected animals had higher body temperature (high
grade fever) ranging from 104.3ºF to 104.8ºF as compared
to 101.6±0.18ºF in healthy animals (Table 1). The body
temperature returned to normal in all the animals after 3
days of buparvaquone treatment. Superficial lymph nodes
were highly enlarged at schizont stage of disease in both
the groups as compared to piroplasm stage. Size of lymph
node started regressing after buparvaquone treatment. The
findings are in agreement with those reported earlier (Rakha
and Sharma 2003). Color of mucous membrane of all the
animals was noticed to ascertain the degree of anaemia.
On day 0 and 3 post treatment, anaemia was ‘mild’ to
‘moderate’ (i.e. Hb ranging from 7.94±0.56 to 8.56±0.29
g/dl) in animals infected with schizont stage (group A1 and
B1) and ‘severe’ to ‘very severe’, with Hb ranging from
5.80±0.09 to 7.40±0.48 g/dl in animals infected with
piroplasm stage (Table 2). On day 14 post treatment, Hb

levels raised in animals of both groups (A and B). Vitamin
C administration in the theileria infected animals might have
reduced the oxidative stress, thereby reducing erythrocyte
destruction and improvement in haemoglobin levels of
infected animals getting supportive therapy of antioxidants.

Very high tick density was found on all infected animals
on the day of observation (day 0). Tick density remained
almost similar on day 3 and 14 post treatment in all animals
because no acaricidal drug was used in this study.
Morphology of ticks was examined and ticks were identified
as Hyalomma anatolicum. On day 0, the number of
schizonts in lymph node smear was ‘very high’ (+3 to +4)
in schizont stage of disease in group A1 and B1 animals.
Mean piroplasm density measured as percentage was found
0.86 in group A2 animals and 0.92 in group B2 animals.
After administration of specific drug buparvaquone, animals
of both group (A and B) were found free of schizonts and
piroplasms by day 3 post treatment. This observation is in
agreement with earlier reports of Hudson et al. (1985);
McHardy et al. (1985) and Dhar et al. (1986). The study

Table 1. Clinical status of animals infected with T. annulata and treated with buparvaquone alone (Group A) or in
combination with ascorbic acid (Group B)

Clinical sign Groups

Control (6) Group A (buparvaquone) Group B (buparvaquone+ascorbic acid)

Subgroup Subgroup Subgroup Subgroup
A1schizont (5) A2 piroplasm (5) B1schizont (5) B2 piroplasm (5)

Day 0 Day 3 Day 14 Day 0 Day 3 Day 14 Day 0 Day 3 Day 14 Day 0 Day 3 Day 14

Fever ND 5 2 0 5 2 0 5 1 0 5 2 0
Enlarged lymph node ND 5 4 0 5 4 0 5 4 0 5 3 0
Anorexia ND 5 0 0 5 1 0 5 0 0 5 0 0
Nasal discharge ND 3 1 0 4 2 0 2 0 0 3 1 0
Diarrhoea ND 2 1 0 3 2 0 3 0 0 3 0 0
Dull ND 5 5 2 5 5 4 5 2 1 5 2 2
Depressed ND 5 5 2 5 5 4 5 2 1 5 3 2

• The figures represent the number of animals showing a specific clinical symptom.

Table 2. Haematological values of animals infected with T. annulata and treated with buparvaquone alone
(Group A) or in combination with ascorbic acid (Group B)

Parameter Groups

Control (6) Group A (buparvaquone) Group B (buparvaquone+ascorbic acid)

Subgroup Subgroup Subgroup Subgroup
A1 schizont (5) A2 piroplasm (5) B1 schizont (5) B2 piroplasm (5)

Day 0 Day 3 Day 14 Day 0 Day 3 Day 14 Day 0 Day 3 Day 14 Day 0 Day 3 Day 14

Haemoglobing(g/dl) 10.80a 7.94b 8.00b 8.80ab 6.06d 5.80d 6.60c 8.56b 8.20b 9.28ab 7.12b 7.40b 8.60ab

±0.32 ± 0.56 ± 0.86 ± 0.87 ± 0.10 ± 0.09 ± 0.26 ± 0.29 ± 0.40 ± 0.46 ± 0.55 ± 0.48 ± 0.56
PCV (%) 32.20a 25.00b 25.60b 27.80b 19.60cd 18.4d 20.80cd 25.80bc 25.40bc 28.80b 22.00c 23.80c 26.80bc

± 0.80 ± 1.60 ± 2.50 ± 2.30 ± 0.70 ± 0.50 ± 0.50 ±0.90 ± 1.10 ± 1.50 ± 1.60 ±2.10 ±1.80
TEC (109/ml) 5.44a 4.15c 4.18c 4.54bc 3.31d 3.18d 3.44d 4.02c 4.16c 4.80b 3.67cd 3.80cd 4.39bc

± 0.14 ± 0.29 ± 0.38 ± 0.41 ± 0.09 ± 0.07 ± 0.07 ± 0.28 ± 0.20 ± 0.24 ± 0.25 ± 0.37 ± 0.29
TLC (106/ml) 5.67a 4.64ab 3.88b 4.93ab 3.44b 3.45b 4.42a 4.50ab 4.41ab 4.56ab 3.53b 3.56b 4.42ab

± 0.23 ± 0.78 ± 0.27 ± 0.95 ± 0.32 ± 0.30 ± 0.99 ± 0.54 ± 0.54 ± 0.86 ± 0.27 ± 0.24 ± 0.52

Means with different lower case superscripts indicate significant difference (P<0.05) within a row for a parameter.
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suggested that single dose of buparvaquone is sufficient to
kill all the schizonts and piroplasms of T. annulata. To
ensure better and faster clinical recovery, antioxidant
therapy should be undertaken rather than repeating
administration of buparvaquone.

Haematological parameters: The values of
haematological parameters in healthy as well as infected
animals treated with either buparvaquone alone (group A)
or in combination with ascorbic acid (group B) are presented
in Table 2. TEC, Hb concentration and PCV markedly
declined in the infected animals. Estimated Hb in infected
animals on day 0 was low (6.06 g/dl to 8.56 g/dl) that
showed significant anaemic condition in infected animals.
Similar observations were also reported by Rezaei and
Dalir-Naghadeh (2006) and Razavi et al. (2011). Anaemia
was more pronounced in animals at piroplasm stage of
theileriosis as compared to animals at schizont stage. Till
day 3 post-treatment, the Hb levels increased non-
significantly but significant rise was observed on day 14.
Similar pattern was observed in PCV, TEC and TLC.
Lymphocytopenia in infected animals was a significant
finding. Lymphocyte number further decreased on day 3
post treatment and returned to normal by day 14. These
findings are in accordance with the earlier reports (Preston
et al. 1992, Nichani et al. 1994, Omer et al. 2002). This
might be due to destruction of lymphocytes in lymphoid
organs and an infiltration of these cells into various organs.
Decrease in neutrophils, basophils and monocytes was also
observed in infected animals on day 0. Several other
researchers (Osman and Al-Gaabary 2007, El-Deeb and
Younis 2009) have also reported a pronounced
lymphocytopenia, neutropenia and monocytopenia in the
theileria infected animals, which is in agreement with our
findings.

Lipid peroxidation: Oxidative stress results when the
production of reactive metabolites of oxygen exceeds their
safe disposal by antioxidant mechanisms. The erythrocytic
membrane is rich in polyunsaturated fatty acids, a primary
target for reactions involving free radicals and is very
susceptible to lipid peroxidation (May et al. 1998, Devasena
et al. 2001). The values of lipid peroxidation (MDA
concentration) and antioxidant enzyme activities in healthy
and infected animals were compared and it was observed
that mean MDA concentration (nmol/ml) on day 0 was
14.15 in animals suffering from schizont stage (group A1)
and 18.74 in animals suffering from piroplasm stage (group
A2) of disease. Mean MDA values in group B were very
high i.e. 14.81nmol/ml and 19.35 nmol/ml, respectively, in
animals infected with schizont stage and piroplasm stage
of disease. This indicated increase in oxidative stress in the
infected animals. MDA values further elevated significantly
(P<0.05) in group A animals on day 3, while declined
significantly in group B animals. The reduction in MDA
values was clearly attributable to administration of ascorbic
acid for 3 days continuously. On day 14 post treatment,
mean MDA values were again elevated in infected animals
of both groups. Also, the MDA values were higher in

piroplasm stage as compared to those in schizont stage of
the disease. The significantly higher levels of lipid
peroxidation (MDA) seen in the present study were similar
to those reported in the plasma and erythrocytic samples of
cattle naturally infected with theileriosis (Rezaei and Dalir-
Naghadeh 2006, El-Deeb and Younis 2009, Razavi et al.
2011). Naziroglu et al. (1999) also reported significantly
higher levels of lipid peroxidation (MDA) in plasma and
erythrocyte samples after treatment with buparvaquone.
 Buparvaquone persists longer in plasma (half-life 7 days)
due to the presence of tertiary-butyl moiety which results
in far slower metabolism to the hydroxy derivative at the
4-position on the cyclohexyl ring (McHardy 1989) and
functions in the treatment of Theileria annulata by forming
free radicals. Thus elevated level of MDA at day 14 post
treatment in the present study animals might be due to
residual effect of buparvaquone in animals.

Glutathione peroxidase enzyme (GPx) level was
significantly (P<0.05) higher on day 0 in infected animals
as compared to healthy animals. Mean GPx values on day
3 were significantly (P<0.05) lower in group B animals as
compared to the GPx values on day 0 while in animals of
group A, GPx level elevated further by day 3. On day 14
post treatment, mean GPx values in animals were again
elevated in both the groups. GPx reduces lipid
hydroperoxides to their corresponding alcohols and free
hydrogen peroxide to water, thus protecting the animals
from oxidative damage. Mean plasma GPx enzyme level,
on day 0, were significantly higher in all the theileria
infected animals than the base values indicating oxidative
stress in the infected animals. However, GPx values were
higher in piroplasm stage compared to schizont stage. The
significant rise in GPx activity was not in line with the
findings of Naziroglu et al. (1999), who reported that GPx
activities in plasma and erythrocytes did not differ
significantly between a group of cattle naturally infected
with T. annulata and treated with buparvaquone as well as
uninfected, untreated controls. Similarly, Rezaei and Dalir-
Naghadeh (2006), Baghshani et al. (2011) and Razavi et
al. (2011) also reported activities of erythrocyte glutathione
peroxidase, superoxide dismutase and glucose-6-phosphate
dehydrogenase were significantly lower in the theileria
affected cattle than in healthy ones. However, the significant
rise in GPx activity in our study could be due to the fact
that GPx appeared to be the major mechanism for
intracellular decomposition of lipid peroxides
(Christophersen 1966, Flohe 1971). Hafeman et al. (1974)
also proposed that GPx played a crucial role in preventing
membranes from peroxide damage induced by lipid
peroxides. Grewal et al. (2005) also reported that infection
with theileria led to increased oxidative stress in the animals
and even a significant rise in the activities of antioxidant
enzymes could not lower the oxidative stress. The mean
GPx values were observed to be elevated after 3 days of
start of buparvaquone treatment in both stages of disease
in group A animals. However, on day 14, mean GPx values
were still higher than that at day 3, although the increase at
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day 14 was non-significant.
In group B animals, mean GPx values were significantly

lower on day 3 as compared to day 0 values which might
be attributed to the administration of ascorbic acid
continuously for 3 days. On day 14 post treatment, mean
GPx values in animals suffering from either schizont or
piroplasm stages were again elevated. Mean GPx values
on day 14 post treatment with antioxidant i.e., in group B,
were non-significantly higher in schizont stage but
significantly higher in piroplasm stage as compared to
corresponding values on day 3 post treatment but less than
the values on day 1 of observation. Though the values in
animals of group B were higher but still lower than the
animals of group A indicated that ascorbic acid lowered
the oxidative stress when administered for three consecutive
days but oxidative stress somehow increased after arresting
the ascorbic acid supplementation.

SOD values were higher in all the animals suffering from
bovine tropical theileriosis as compared to those of control
group, though the differences were statistically non-
significant at schizont stage and significant (P<0.05) at
piroplasm stage of disease (Table 4). On day 3 post
treatment, mean SOD values in animals of group A showed
an increasing trend while SOD values decreased in animals

of group B. On day 14 post treatment, mean SOD values in
group A animals were similar to those observed at day 3
post treatment while mean SOD values in group B animals
were comparable to those on day 0 although slightly higher
than the value recorded on day 3 post treatment.The SOD
catalyzes the dismutation of superoxide (O2

-) into oxygen
and hydrogen peroxide. Thus, it is an important antioxidant
defense in nearly all cells exposed to oxygen. Significant
increase was observed at piroplasm stage of disease. Grewal
et al. (2005) also reported non-significant changes in SOD
levels in theileria infected animals. However, significant
rise in SOD activity in the present study was not in line
with the findings of Rezaei and Dalir-Naghadeh (2006) and
Razavi et al. (2011). They reported significantly lower
activities of erythrocyte glutathione peroxidase, superoxide
dismutase and glucose-6-phosphate dehydrogenase in
theileria affected cattle than in healthy ones. This might be
due to the fact that the rise in GPx activity in the present
study was probably a consequence of the activation of the
RBCs safeguard mechanisms in response to the oxidative
damages in the earlier stages of the disease, but the activity
of the antioxidant enzymes gradually decreased as a squeal
of insufficient capability of such mechanisms to neutralize
the oxidant agents in the later stages of the acute disease.

Table 4. Biochemical parameters of animals infected with T. annulata and treated with buparvaquone alone (Group A) or in
combination with ascorbic acid (Group B)

Parameter Groups

Control (6) Group A (buparvaquone) Group B (buparvaquone+ascorbic acid)

Subgroup Subgroup Subgroup Subgroup
A1schizont (5) A2 piroplasm (5) B1schizont (5) B2 piroplasm (5)

Day 0 Day 3 Day 14 Day 0 Day 3 Day 14 Day 0 Day 3 Day 14 Day 0 Day 3 Day 14

Protein (g/dl) 6.93a 5.95bc 5.62c 6.11bc 5.74bc 5.63c 6.03bc 5.96bc 5.92bc 6.34ab 6.93a 5.95bc 5.62c

±0.243 ±0.344 ±0.195 ±0.236 ±0.110 ±0.104 ±0.144 ±0.163 ±0.187 ±0.339 ±0.243 ±0.344 ±0.195

MDA (nmol/ml) 4.13a 14.15c 22.57d 28.09ef 18.74d 26.90e 33.46f 14.81c 8.92b 20.72cd 4.13a 14.15c 22.57d

±0.135 ±1.05 ±0.93 ±2.23 ±0.68 ±1.34 ±2.35 ±0.79 ±0.86 ±3.44 ±0.135 ±1.05 ±0.93

GPx (U/mg protein) 1.37a 2.30b 3.49c 3.79c 3.82c 4.70d 5.05d 2.36b 1.38a 1.59ab 1.37a 2.30b 3.49c

±0.33 ±0.34 ±0.34 ±0.35 ±0.36 ±0.39 ±0.40 ±0.40 ±0.37 ±0.38 ±0.33 ±0.34 ±0.34

SOD (U/mg protein) 0.305a 0.331ab 0.367b 0.379b 0.491bc 0.522c 0.521c 0.347ab 0.297a 0.342ab 0.305a 0.331ab 0.367b

±0.007 ±0.019 ±0.031 ±0.031 ±0.053 ±0.054 ±0.069 ±0.032 ±0.021 ±0.030 ±0.007 ±0.019 ±0.031

Means with different lower case superscripts indicate significant difference (P<0.05) within a row for a parameter.

Table 3. Differential leucocyte count (106/ml) of animals infected with T. annulata and treated with
buparvaquone alone (Group A) or in combination with ascorbic acid (Group B)

Group Control (6) Group A (buparvaquone) Group B (buparvaquone+ ascorbic acid)
(10)  (10)

Day 0 Day 3 Day 14 Day 0 Day 3 Day 14

Neutrophils 1.77± 0.25 1.39± 0.16 1.32± 0.08 1.63± 0.21 1.48 ± 0.10 1.509± 0.11 1.698± 0.15
Lymphocytes 3.56a± 0.13 2.26b± 0.26 2.011b± 0.11 2.41b± 0.33 2.28b± 0.18 2.236b± 0.17 2.532b± 0.27
Eosinophils 0.17± 0.04 0.19± 0.05 0.133± 0.02 0.12± 0.02 0.19± 0.03 0.142± 0.03 0.154± 0.03
Basophils 0.06a± 0.01 0.054ab± 0.01 0.038b± 0.003 0.04ab± 0.01 0.04ab± 0.009 0.048ab± 0.01 0.053ab± 0.007
Monocytes 0.08a± 0.01 0.051b± 0.01 0.047b± 0.006 0.04b± 0.006 0.04b± 0.007 0.046b± 0.005 0.052b± 0.012

30
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Among the 3 biochemical parameters to determine the
oxidative stress, MDA and GPx levels are sensitive as well
as more responsive to the presence of T. annulata parasites
and buparvaquone treatment. Enhanced antioxidant
administration had led to significant reduction in oxidative
stress. Thus, it is likely that in ascorbic acid supplemented
group, ascorbate has played a major role as an antioxidant
and maintained the activities of GPx and SOD.
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