
Contents lists available at ScienceDirect

Veterinary Parasitology

journal homepage: www.elsevier.com/locate/vetpar

Research paper

Lice induced immuno-oxidative wreckage of goats
Y. Ajitha,⁎, U. Dimria, Shanker K. Singhb, A. Gopalakrishnana, Gopinath Devia, M.R. Vermac,
Vivek Joshia, Shahjahan Alama

a Division of Medicine, Indian Veterinary Research Institute, Izatnagar, UP, 243122, India
b Department of Veterinary Medicine, College of Veterinary Science and Animal Husbandry, DUVASU, Mathura, UP, 281 001, India
c Division of Livestock Economics, Statistics and Information Technology, Indian Veterinary Research Institute, Izatnagar, UP, 243122, India

A R T I C L E I N F O

Keywords:
Caprine pediculosis
Cytokine response
Immunosuppression
Oxidative impairments

A B S T R A C T

The present study aimed to evaluate the immuno-oxidative patho-biology of lice infestation in goats. Sixty goats
were divided into five groups; sucking lice (Linognathus africanus) infested (Group 1, n = 12), chewing lice
(Bovicola caprae) infested-mild (Group 2, n = 12), chewing lice (B. caprae) infested-moderate (Group 3, n = 12),
chewing lice (B. caprae) infested-severe (Group 4, n = 12) and healthy control (Group 5, n = 12). To assess the
pathological changes, markers of oxidative stress (lipid peroxidation-LPO, reduced glutathione-GSH, superoxide
dismutase-SOD, Catalase-CAT and total antioxidant capacity-TAC), the markers of immune status (Tumour
necrosis factor alpha- TNF-α, Interleukin-10- IL-10, Transforming growth factor beta 1- TGF-β1, ratios of TNF-α/
IL-10 and TNF-α/TGF-β1) and hemato-biochemical status were evaluated. Significant anemia, hypoglycemia,
hypoproteinemia and hypoalbuminemia were observed in caprine pediculosis irrespective of the type of lice
infested. Remarkably increased oxidative stress was observed in chewing lice infested goats and no significant
changes in oxidative stress markers were observed in sucking lice infested goats. TGF-β mediated suppression of
Th1 and Th2 immune responses was observed in sucking lice infested goats; whereas, a Th2 cytokine dominant
inflammatory response was observed in chewing lice infested goats. From the present study, it may be concluded
that sucking lice infestation produces remarkable immunosuppression and chewing lice infestation produces
significant oxidative stress and inflammatory responses in goats.

1. Introduction

Goat represents an important part of the livestock industry in India
by fulfilling the economic, cultural, agricultural and even religious
needs of human beings since very early period of human civilization
(Clutton-Brock, 1999). Animal health is one of the factors that affects
the optimum productivity and thus profitability of the livestock farm-
ers. Parasitic infestations represent an important cause of direct and
indirect losses in farm animals. Caprine pediculosis or lice infestation in
goats is a serious problem among the goat flocks worldwide, especially
during winter season (Iqbal et al., 2014). Indian goats are commonly
parasitized by two types of lice; chewing or biting lice (Damalinia
caprae) and hematophagous sucking lice (Linognathus africanus) (Kumar
et al., 1994; Taylor et al., 2007; Giri et al., 2013). Chewing lice usually
move rapidly on host skin surface and feed on skin debris and hair;
whereas, sucking lice are blood feeders, which are least mobile and
remain closely attached to the skin of host for long time. These
differences in feeding and activities of chewing and sucking lice could
impart distinct patho-biology of caprine chewing and sucking pedicu-

losis.
The major clinical manifestations of caprine pediculosis are attrib-

uted to the irritation and hypersensitivity reaction to the antigens
present in the lice saliva. Severe chewing lice infestations induce
alopecia, irritation, papulo-crustous dermatitis and self excoriation
(Taylor et al., 2007). In human pediculosis, the antigens present in lice
saliva induce severe hypersensitivity reaction and results in alterations
in host biological system (Fernandez et al., 2006). Like other ectopar-
asitic infections, pediculosis is also associated with haemato-biochem-
ical impairments and therefore conferring anemia, weakness, and
subsequent substantial loss of productivity (Gibney et al., 1985; Deger
et al., 2002; Dede et al., 2003; Sengupta and Basu, 2008). Lice act as the
second most potent vector in transmission of human diseases, next to
mosquito. Molecular evidences suggest that sucking lice of ruminants
and pigs are involved in the transmission of Anaplasma ovis and
Rickettsia spp. (Hornok et al., 2010). The saliva of hematophagous
ectoparasites contains several compounds which can modulate host
defense responses and helps them to evade host immunity; facilitating
prolonged attachment, successful blood feeding and their perpetuation
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(Kazimirova and Stibraniova, 2013).
The direct effects of lice infestations include the reduced quality of

goat products like leather, mohair and meat, nutritional and metabolic
containments and lowered production performance. While, the indirect
consequences of lice infestations on goat health in context to their
immune regulations and oxidative impairments are by far equally
important and remain unexplored. Therefore, evaluation of immuno-
oxidative permutations of lice infested goats could reveal new insights
into the host-parasite interactions and immuno-pathology of lice
infestation. Therefore, the present study aimed to evaluate and compare
the immuno-oxidative and hemato-biochemical containments of goats
infested with chewing and sucking lice.

2. Materials and methods

2.1. Experimental design

Forty-eight lice infested adult Black Bengal goats were allocated
into four groups (Group 1–4) having twelve infested animals each.
Goats infested with sucking lice (Linognathus africanus) were kept in
Group 1. While, goats infested with chewing lice (Bovicola caprae) were
allocated into three groups considering the severity of the lice infesta-
tion; mild (Group 2, n = 12), moderate (Group 3, n = 12) and severe
(Group 4, n = 12) infested goats. Moreover, the other twelve goats free
of any ectoparasite infestations were kept as healthy control group
(Group 5). The lice were collected in 70% ethanol and identified
microscopically based on the morphological characteristics (Soulsby,
1982). The severity of chewing lice infestation was assessed by
summation of lice counted using the standard counting technique in
10 × 10 cm areas of the six sites on the neck, shoulder, withers,
inguinal, flank and rump (Higgs et al., 1994; Garg et al., 1998;
Holdsworth et al., 2006). Based on the total count, the severity of
infestation was graded as mild (less than 10), moderate (10–100) and
severe (more than 100).

2.2. Sample collection and processing

Blood samples (10 mL) were collected by jugular venipuncture in
sterile vials containing clot activator, EDTA and heparin. Serum
samples were harvested from the blood samples (4 mL) and stored in
deep freezer until the estimation of biochemical and immunological
parameters. Blood samples (3 mL) collected in sterile EDTA vials were
used for haematology. The hemolysate obtained from the heparinized
blood sample (3 mL) was used for the estimation of lipid peroxidation
(LPO), superoxide dismutase (SOD) and catalase (CAT). Whereas, the
RBC suspension obtained from the same sample was used to estimate
the reduced glutathione (GSH). Haemoglobin concentration of hemo-
lysate was estimated by cyanohemoglobin method (Tentori and Salvati,
1981).

2.3. Evaluation of oxidant-antioxidant profile

The LPO level in the RBC hemolysate was determined by the
method described by Placer et al. (1966). The concentration of
malondialdehyde (MDA) per mg haemoglobin was calculated using
the extinction coefficient of 1.56 × 105/M/cm (Utley et al., 1967). The
GSH content of RBCs was estimated using the suggested Prins and Loos
(1969) method. SOD activity was estimated as per the method
described by Madesh and Balasubramanian (1998). CAT activity was
estimated as per the method of Aebi (1983). The TAC of serum samples
was estimated using TAC assay kit (Sigma-aldrich, USA) following the
instruction protocols suggested by the manufacturer.

2.4. Evaluation of immune profile

The serum levels of cytokines Tumour necrosis factor alpha (TNF-

α), Interleukin-10 (IL-10) and Transforming growth factor beta-1 (TGF-
β1) were estimated using goats specific TNF-α (CSB-E09811G, Cusabio
Life Sciences, China), IL-10 (CSB-E09809G, Cusabio Life Sciences,
China) and TGF-β1 (CSB-E12104G, Cusabio Life Sciences, China) kits
respectively, working on quantitative sandwich enzyme linked immu-
noassay technique. The cytokine levels were calculated using standard
curve created by the software “Curve Expert 1.3”. The ratios of TNF-α/
IL-10 and TNF α/TGF-β1 were calculated to evaluate the Th1 and Th2
responses as well as immunosuppressive cytokine responses.

2.5. Evaluation of hemato-biochemical profile

Haematological panels including haemoglobin (Hb), total erythro-
cyte count (TEC), total leukocyte count (TLC) and differential leukocyte
count (DLC) were estimated by routine methods. Moreover, serum
biochemical panels including glucose, total cholesterol, triglyceride,
total protein and albumin were estimated using commercial specific
biochemistry analysis kits following the protocols suggested by the kit
manufacturers.

2.6. Statistical analysis

The results were analyzed using SPSS 16.0. The values were
expressed as Mean ± SE. One way Multiple Analysis of Variance
(MANOVA) along with post hoc Tukey test was used to compare the
significance of variance between the groups. A value of P < 0.05 was
set as statistically significant.

3. Results

On microscopic examination, the chewing lice and sucking lice were
identified as Bovicola caprae and Linognathus africanus, respectively
(Figs. 1 and 2). The mean lice count among the six body regions of
chewing lice infested goats was presented as Table 1. The count was
more in the neck and shoulder regions, followed by withers, inguinal,
flank and rump regions. The lice eggs or “nits” were mostly attached
with long hairs of wither and neck region. The chewing lice infestation
was clinically associated with dermatological lesions related to hyper-
sensitivity reaction, pruritis, alopecia and seborrhea, whereas, sucking
lice infestation was associated with severe anemia and weakness with
least skin manifestations.

In sucking lice infested goats, significant difference was not
observed (p > 0.05) in the levels of oxidative stress markers like,
MDA and GSH as well as SOD and CAT activities as comparison to the
control group. However, serum TAC content was significantly lowered
in sucking lice infested goats (Table 2) as compared to control
(p < 0.05). The MDA level of chewing lice infested goats (Group 2,
3 and 4) were significantly higher in comparison to control and the
levels were directly proportional to the severity of the lice infestation
(p < 0.05). Moreover, the antioxidant parameters like GSH content,
SOD and CAT activities in RBC and serum TAC level of chewing lice
infested goats (Group 2, 3 and 4) was significantly lowered as compared
to control (p < 0.05) (Fig. 3). Additionally, TNF-α, IL-10 and TGF-β1
levels were significantly higher in chewing lice infested goats (Group 2,
3 and 4) as compared to control and the levels of these cytokines were
proportionally elevated to the severity of infestation (p < 0.05).
However, TNF-α and IL-10 levels were remarkably lowered and TGF-
β level was significantly elevated in sucking lice infested goats as
compared to the control (p < 0.05) (Table 3). Moreover, TNF-α/IL-10
ratio was significantly lower in all lice infested groups of goats as
compared to the control (p < 0.05) (Fig. 4). Albeit, in chewing lice
infested goats, concentrations of all estimated cytokines were elevated
in proportional to the severity of infestation, but the TNF-α/IL-10 ratio
was still lower than the control.

Sucking lice infested goats were comparatively more anemic as
compared to the chewing lice infested goats. Moreover, chewing lice
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infested goats also revealed significantly lower Hb content and total
erythrocytes count (TEC), which were directly proportional to the
severity of infestation (p < 0.05). The total leukocyte count (TLC) was
significantly elevated in chewing lice infested goats (p < 0.05). While
TLC of sucking lice infested goats was significantly reduced (Table 4).
Hypoglycemia was evident irrespective of the type of lice infestation
compared to healthy goats. Serum cholesterol and triglyceride levels of
sucking lice infested goats were significantly lower than that of the
control (p < 0.05). However, serum cholesterol and triglyceride levels
of chewing lice infested goats were significantly higher than that of
healthy goats (p< 0.05). Hypoproteinemia with reduced albumin
levels was observed in the both types of lice infestation. However,
chewing lice infestation goats revealed significantly elevated globulin
levels (p < 0.05) (Table 5).

4. Discussion

Various pathogenic microbes induce a pro-inflammatory oxidative
type of immunological attack by activation of cytotoxic Th1 type
cytokine response. Th1 type cytokine response is characterized by the
release of IFN- γ, IL-1, IL2 and TNF- α, which activates macrophages

and leads to phagocyte dependant cell mediated immunity (Allen and
Wynn, 2011). The Th2 type immune response is phagocyte independent
immune activity mostly dominant in parasitic and allergic diseases,
characterized by humoral immunity and eosinophilia. The key cyto-
kines involved in Th2 response are IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13
(Romagnani, 2000). The immunomodulatory cytokines like IL-10 and
TGF-β can suppress the pro-inflammatory responses and the later will
serve as a potent pro-fibrotic mediator also (Allen and Wynn, 2011).

In the present study, the sucking lice infested animals were found to
be in a TGF-β dominant stage; whereas, both TNF-α (Th1 cytokine) and
IL-10 (Th2 cytokine) levels were lower. The interesting finding was that
sucking lice infestation might not produce any significant changes in
markers of oxidative stress in RBC; whereas, serum TAC was reduced
significantly, which may be attributed to deficiency of essential
nutrients. An elevated TGF-β level might be responsible for the down
regulation of both Th1 and Th2 cytokines (Allen and Wynn, 2011).
Therefore, TGF-β mediated immunosuppression could be one of the key
factors of sucking lice to remain attached with the skin surface for
prolonged blood feeding and its perpetuation. The immune responses to
the sucking lice infestation can be best compared with that of the tick
infestation. Agents in tick saliva inhibits surface expression of key

Fig. 1. Magnified view (10x) of Adult chewing or biting louse (Bovicola caprae).
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molecules of humoral immune response such as LFA-1, VLA-4 and CD69
and suppress Th2 type immune response mediated by IL 10 (Hannier
et al., 2003).

In the present study, chewing lice infested goats revealed a Th2
dominant immune response as in other parasitic infestations (Allen and
Wynn, 2011). Eventhough, both Th1 and Th2 type cytokines were
increased with severity of infestation, the lowered TNF-α/IL-10 ratio
indicated Th2 cytokine dominance. The ratio between TNF-α and TGF-

β was significantly more in severe chewing lice infestations, this might
be related to the increased clinical manifestation of hypersensitivity
reactions and secondary infection induced Th1 cytokine response. The
chewing lice infested animals were having increased LPO levels and
significantly lowered antioxidant defense including the reduced ery-
throcyte GSH content. The increased immune activity triggers produc-
tion and release of excess free radicals resultant to the increased
oxidative stress conditions (Dimri et al., 2010). It seems immune
activity can have Th1 or Th2 character depending on the relative
antioxidant status of the cells directing the process (King et al., 2006).
Cellular GSH level affects T helper cell maturation, T cell proliferation,
as well as susceptibility to reactive oxygen species secreted by
inflammatory cells (Shah et al., 2013). It has been reported that GSH
depletion in antigen presenting cells inhibits Th1-related cytokine
production like IFN-γ and IL-12 and supports the Th2-mediated
humoral immune response (Messina and Lawrence, 1989). Further-
more, exposure to IFN-γ, a Th1 cytokine, tends to raise its GSH levels,
thereby reinforcing its orientation toward Th1. On the other hand,
exposure to IL-4, a Th2 cytokine, results in decreased intracellular GSH
and steers it toward Th2 activity (Shah et al., 2013). Thus, antioxidant
status at the level of the immune cell and its microenvironment can
markedly affect the ultimate pattern of immune response. The result of

Fig. 2. Magnified view (10x) of Adult sucking louse (Linognathus africanus).

Table 1
Mean lice count in different body regions of chewing lice (B. caprae) infested goats.

Body Region Mild (n = 12) Moderate
(n = 12)

Severe (n = 12)

Neck 4.33 17.58 38.33
Shoulder 1.42 14.25 32.83
Withers 0.92 9.25 22.17
Inguinal 1.25 6.08 19.33
Flank 0.33 3.92 17.92
Rump 0.17 2.17 13.08
Cumulative count

(Mean)
8.42 53.25 143.66

Bold values indicate cumulative count and is mean value of each group.
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Table 2
Oxidant-antioxidant profile of lice infested goats (Mean ± SE).

Parameter Group 1 (n = 12) Group 2 (n = 12) Group 3 (n = 12) Group 4 (n = 12) Group 5(n = 12)

Lipid per oxidation-LPO (nM MDA/mg Hb) 6.47 ± 0.17 d 7.39 ± 0.27 c 8.52 ± 0.34 b 8.94 ± 0.24 a 6.31 ± 0.25 d

Reduced glutathione-GSH (μMol/ml of packed RBC) 1.34 ± 0.08 a 1.25 ± 0.07 b 0.86 ± 0.04 c 0.63 ± 0.02 d 1.31 ± 0.08 ab

Super Oxide Dismutase-SOD (μmol/mg Hb) 8.54 ± 0.29 a 7.72 ± 0.36 b 4.09 ± 0.25 c 2.54 ± 0.12 d 8.54 ± 0.24 a

Catalase activity-CAT (μmol H2O2 decomposed/min/mg Hb) 6.89 ± 0.22 a 6.11 ± 0.28 b 5.95 ± 0.24 c 5.14 ± 0.14 d 6.99 ± 0.33 a

Total Antioxidant Capacity-TAC (mM/L of serum) 1.59 ± 0.07 b 1.53 ± 0.05 b 1.38 ± 0.06 c 1.30 ± 0.05 c 1.78 ± 0.06 a

Values with different superscripts a, b, c, d, e differ significantly (p < 0.05) in the same row.

Fig. 3. Levels of oxidative stress markers in relation to severity of chewing lice infestation.

Table 3
Immune profile of lice infested goats (Mean ± SE).

Parameter Group 1 (n = 12) Group 2 (n = 12) Group 3 (n = 12) Group 4 (n = 12) Group 5 (n = 12)

Tumour Necrosis Factor Alpha (TNF-α) (pg/ml) 6.52 ± 0.3 e 37.59 ± 0.36 c 43.13 ± 0.45 b 72.01 ± 0.73 a 34.55 ± 0.53 d

Interleukin 10 (IL-10) (pg/ml) 12.12 ± 0.36 d 15.13 ± 0.42 c 28.66 ± 0.60 b 100.11 ± 0.96 a 16.52 ± 0.51 c

Transforming Growth Factor Beta 1 (TGF-β1) (pg/ml) 649.64 ± 27.96 b 335.94 ± 17.25 c 645.26 ± 26.19 b 865.28 ± 27.67 a 196.15 ± 13.1 d

Th1/Th2 ratio (TNF α/IL10 ratio) 0.54 ± 0.03 d 2.51 ± 0.09 a 1.51 ± 0.03 c 0.72 ± 0.01 d 2.11 ± 0.08 b

TNF α/TGF β ratio 0.01 ± 0.00 e 0.11 ± 0.003 b 0.07 ± 0.001 d 0.18 ± 0.005 a 0.09 ± 0.008 c

Values with different superscripts a, b, c, d, e differ significantly (p < 0.05) in the same row.

Fig. 4. Assessment of Th1, Th2 and immunosuppressive cytokine responses in caprine pediculosis.
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the presents study noticeably demonstrated the shifting of oxidant/
antioxidant balance towards oxidative status and reduced corpuscular
contents of GSH in chewing lice infested goats. Therefore, increased
oxidative stress and depletion of cellular GSH contents could be one of
the corroborative factors for Th2 cells dominance in goats with chewing
lice infestation. This implies a shifting of Th1/Th2 cytokines balance
toward Th2 side; might be intricated in the pathogenesis of natural
chewing lice infestation in goats.

Some of the immune cells, might be regulatory T cells (Tr cells), can
intervene to block either Th1 or Th2 activity or both. Type 3 (Tr3) cells
primarily secrete TGF-β and inhibit immune responses through cell-to-
cell contact. Results of the current study demonstrates an over produc-
tion of TGF-β in goats with either types of the lice infestation. TGF-β is
the prototypical member of a super family of pleiotropic cytokines,
which regulate a multitude of biological processes including tissue
homoeostasis, angiogenesis, migration and differentiation. TGF-β acts
as a potent immunosuppressor by regulating the proliferation and
survival of many cells of the immune system. Part of the homoeostatic
function of TGF-β is the cell type-specific induction of apoptosis, which
occurs in several cell types including B cells. In normal circumstances,
TGF-β is a cytokine responsible for homeostasis preservation, inducing
cell cycle arrest and apoptosis in different organs including the liver
(Siegel and Massagué, 2003). Recently, ectoparasites induced an over
production of immunosuppressive cytokines such as IL-10 and TGF-β
and hastened apoptosis of immune cells, responsible for depressing the
host’s protective response allowing these parasites to survive in the skin
has been documented (Singh et al., 2011; Cote et al., 2013; Singh et al.,
2014; Singh and Dimri, 2014; Shang et al., 2014). The present study
clearly demonstrates an over production of TGF-β in either types of the
lice infestations in the goats and therefore, its role in lice-induced
immune dysfunction of goats conferring the state of immunosuppres-
sion could be anticipated.

Anemia in sucking lice infested animals might be resulted from
prolonged blood losses. The loss of essential nutrients and oxidative
stress induced RBC damage might have attributed to anemia of the lice
infested goats. The parasite’s ability to prevent activation of cytotoxic
immune responses is the key mechanism for the perpetuation of these
parasites over host body. The white blood cells, soldiers of animal body,
identify, opsonise and destroy foreign invaders by phagocytosis. The

sucking lice infestation caused suppression of both cell mediated and
humoral immune responses, which was evident by leukopenia and
lymphocytopenia; whereas, chewing lice infestation was associated
with leukocytosis with neutrophilia and eosinophilia, which in turn is
associated with the Th2 mediated humoral immune response. Chronic
loss of nutrients and loss of body reserves might have resulted in
hypoglycemia, hypoproteinemia and hypoalbuminemia irrespective of
the type of lice infested. The activation of humoral immune response in
chewing lice infestation could be associated with the increased serum
globulin content.

5. Conclusions

It can be concluded that sucking lice infestation in goats could elicit
the TGF-β mediated immunosuppressive response which inhibits the
both Th1 and Th2 type immune responses. Whereas, the chewing lice
infestation could induce a Th2 dominant cytokine response in propor-
tional manner to the severity of the infestation. Moreover, sucking lice
infestation could be characterized by normal oxidative status; whereas,
chewing lice infestation results into remarkable inflammatory response
and oxidative impairments. Both types of lice infestation can induce
anemia, hypoglycemia, and hypoproteinemia with hypoalbuminemia,
but, the haematology and serum biochemistry of chewing lice infested
animals reflected a prominent humoral immune response.
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Table 4
Haematological profile of lice infested goats (Mean ± SE).

Parameter Group 1 (n = 12) Group 2 (n = 12) Group 3 (n = 12) Group 4 (n = 12) Group 5 (n = 12)

Hemoglobin concentration (gm/dl) 5.30 ± 0.1 e 8.38 ± 0.16 b 7.44 ± 0.20 c 6.48 ± 0.16 d 9.94 ± 0.21a

Total Erythrocyte count-TEC (million cells/μL) 5.97 ± 0.12 d 7.89 ± 0.14 b 7.00 ± 0.11 c 6.60 ± 0.08 c 8.51 ± 0.16 a

Total Leukocyte count-TLC (Thousand cells/μL) 6.55 ± 0.2 e 13.27 ± 0.17 c 15.12 ± 0.15 b 17.32 ± 0.27 a 11.44 ± 0.21 d

Differential Leukocyte Count-DLC (%)
Neutrophil (%) 45.10 ± 1.21 b 54.20 ± 0.94 a 54.80 ± 0.74 a 56.40 ± 0.92 a 34.50 ± 0.92 c

Lymphocyte (%) 41.90 ± 1.46 b 30.10 ± 0.77 c 29.90 ± 0.94 c 27.00 ± 1.24 c 53.10 ± 0.98 a

Eosinophil (%) 9.70 ± 0.37 b 12.30 ± 0.42 a 11.80 ± 0.51 a 12.70 ± 0.45 a 9.50 ± 0.27 b

Monocyte (%) 3.20 ± 0.0.33 ab 2.90 ± 0.28 ab 3.10 ± 0.32 ab 3.60 ± 0.27 a 2.4 ± 0.27 b

Basophil (%) 0.10 ± 0.10 a 0.50 ± 0.17 a 0.40 ± 0.16 a 0.30 ± 0.15 a 0.50 ± 0.22 a

Values with different superscripts a, b, c, d, e differ significantly (p < 0.05) in the same row.

Table 5
Biochemical profile of lice infested goats (Mean ± SE).

Parameter Group 1 (n = 12) Group 2 (n = 12) Group 3 (n = 12) Group 4 (n = 12) Group 5 (n = 12)

Serum glucose (mg/dL) 36.38 ± 1.3 e 52.45 ± 1.53 b 47.52 ± 1.48 c 43.40 ± 1.33 d 56.60 ± 1.87 a

Serum cholesterol (mg/dL) 39.85 ± 1.8 e 85.68 ± 1.21 c 96.16 ± 1.17 b 117.33 ± 2.38 a 72.98 ± 1.99 d

Serum triglycerides (mg/dL) 7.67 ± 0.30 d 10.31 ± 0.32 c 11.53 ± 0.29 b 13.02 ± 0.32 a 9.81 ± 0.19 c

Serum total protein (g/dL) 5.16 ± 0.14 d 5.36 ± 0.16 cd 5.58 ± 0.17 c 6.10 ± 0.17 b 6.81 ± 0.13 a

Serum albumin (g/dL) 1.82 ± 0.0 e 2.57 ± 0.11 b 2.34 ± 0.12 c 2.03 ± 0.09 d 3.28 ± 0.13 a

Serum globulin (g/dL) 3.34 ± 0.13 bc 2.79 ± 0.12 d 3.25 ± 0.16 c 4.06 ± 0.18 a 3.53 ± 0.12 b

A:G ratio 0.55 ± 0.011 c 0.93 ± 0.027 a 0.72 ± 0.025 b 0.50 ± 0.012 c 0.93 ± 0.010 a

Values with different superscripts a, b, c, d, e differ significantly (p < 0.05) in the same row.
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