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Effect of Zinc supplementation on haematology, oxidative stress and plasma 
biochemical parameters in cadmium exposed goats
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ABSTRACT

The present study was designed to assess the effect of zinc supplementation on haematology, oxidative stress and 
plasma biochemical parameters in Cd induced lactating goats. Eighteen crossbred lactating goats were divided into 
three groups (Control, T1 and T2). In T1 and T2 groups, goats were given 10 ppm Cdcl2, while in T2, Zinc @100ppm 
was also supplemented for period of 120 days. At the end of study, blood glucose, TLC, neutrophil % and AST, ALT 
were increased significantly in T1 group and except glucose, Zn supplementation in T2 group showed its protective 
effect on TLC, neutrophil %, lymphocyte %, AST and ALT. There was significant decrease in lymphocyte %, Hb 
and plasma total antioxidant activity in T1 group. At 30 days, the activity of SOD was increased in T1 and T2 but 
thereafter activities were significantly decreased at 120 days in T1 but in T2 it was similar to control. The activity of 
catalase was increased on 30 and 60 days and thereafter decreased from 90 days onwards but the rate of decline was 
comparatively less in T2. Total immunoglobulin and lymphocyte stimulation index were significantly decreased in 
T1 group whereas in Zn supplemented group decline trend was less. Henceforth, it was concluded that 100 ppm Zn 
is helpful in reducing burden of Cd induced biochemical and oxidative stress in goats.
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Due to technological advancement in industry and 
agriculture, many toxic heavy metals, pesticides and 
herbicides are being added to the environment, which 
are of concern because of their persistence in ecosystem 
(Hayat et al. 2019). Since, heavy metals have low threshold 
for toxicity, continuous exposure even at the low doses 
may affect health and performance of living beings. 
Cadmium (Cd) is one of the most toxic elements which 
have no nutritional role in biological system. Its exposure 
is associated with wide range of organ toxicity (Khan et 
al. 2017). Body lacks an effective homeostatic control 
mechanism against Cd and it is having a long biological 
half-life of 10-30 years (Morsy et al. 2020). All these 
factors contribute to its harmful nature towards animals 
and human beings. The primary route of exposure to Cd in 
domestic animals is via ingestion of contaminated herbages 
grown over contaminated soil. Previously Cd  toxicity in 
domestic animals was rather rare, but exposure to cadmium 
is gradually increasing, especially in grazing animals 
by ingestion of Cd taken up by plants (Hooser 2018). 
Fitzgerald et al. (1985) reported that Cd was the only 
metal to accumulate consistently in increased amounts in 

the tissues of the cattle when they were allowed to graze 
pastures treated with anaerobically digested sewage sludge 
for up to 8 years. It has also been reported that cattle 
grazing on sewage sludge-treated pastures consumed three 
times more Cd than cattle on control pastures (Reddy and 
Dorn 1985). Cai et al. (2009) showed that in China, around 
lead-zinc smelter area (soil with 10 ppm), cattle (feed with 
6.6 ppm Cd) had higher level of Cd in kidneys (38 mg/kg)  
and liver (2.5 mg/kg). This is because of accumulation 
of Cd in tissues upoun chronic exposure as body has no 
mechanism for the excretion of Cd. Liver and kidney 
remain the primary target organ upon long-term exposure to 
Cd (Patra et al. 2007). Cd is known to disturb the oxidative 
status of the body. The mechanism of the Cd-induced 
oxidative stress is not fully known. Although Cd does 
not generate free radicals, it elevates lipid peroxidation in 
tissues as well as changes in the activities of antioxidant 
enzymes, including copper-zinc-manganese superoxide 
dismutase (SOD) and catalase (Rahimzadeh et al. 2017). 
Most cadmium in the body is bound by metallothionein 
which also binds essential metals such as copper and zinc 
(Lisic et al. 1996). Zn is found to be antagonist with Cd 
(NRC 2007). The antagonism of Zn and Cd cannot be 
explained by Cd reducing Zn in tissues. However, feeding 
350 ppm to calves decreased Zn absorption, but the effect 
was independent of the lowered feed intake and nitrogen 
balance which resulted from Cd feeding. Cd displaces Zn 
in many vital enzymatic reactions, causing disruption or 

49



SANKAR ET AL. [Indian Journal of Animal Sciences 93 (11) 1078

cessation of enzymatic activities, in turn, supplementation 
of trace mineral, i.e. Zn, Cu could enhance immunity by 
maintaining functional and structural integrity of important 
immune cells (EI Demerdash et al. 2004). In sheep, more 
than 5 ppm Cd in diet causes increased Zn concentration in 
liver and kidney (Underwood and Suttle 2001). Considering 
the above stated facts, in the present study 10 ppm dose of 
Cd is employed to study its cumulative pattern.

Although the mechanism of Cd toxicity has been 
extensively studied on laboratory animals, there are limited 
number of studies on ruminants. Therefore, the present 
study was designed to investigate the effect of Zn on 
oxidative stress and biochemical parameters in Cd exposed 
lactating goats.

MATERIALS AND METHODS

Eighteen crossbred lactating goats (2nd to 3rd lactation) 
were selected from the Cattle Yard of National Dairy 
Research Institute, Karnal, India, and distributed randomly 
into three groups of six each. The distribution of the animals 
was done on the basis of average milk yield (1.66±0.02 kg/
day) and body weight (41.17±0.79 kg). The total duration 
of the experiment was 120 days. The dietary treatment 
were control, basal diet without Cd supplementation; T1, 
Cd @10 mg/kg dietary DM as Cd chloride (CdCl2.H2O, 
Merck Limited, Mumbai, India, minimum assay ≥98% 
purity); T2, Cd 1@10 mg/kg dietary DM with Zn 100 mg/
kg DM as ZnSO4 (ZnSO4.7H2O, S d fine-Chem Limited, 
India, minimum assay 99.5%).

The gelatin capsules containing weighed quantity 
of Cd and Cd plus Zn were prepared and fed on daily to 
animals in group T1 and T2, respectively. The animals were 
given experimental diet after an adaptation period of one 
week. The experimental diets were made as per feeding 
standard of NRC (1981). Chemical composition of the 
diet is presented in Table 1. After taking approval from 
Institutional Animal Ethics Committee (NDRI, India), 
experiment was conducted.

Blood samples collected in two sets of heparinized 
vacuitainer tube (Becon Dickinson India Pvt. Ltd., New 
Delhi, India); one for haematological and another for 
biochemical study. Blood was collected before initiation 
of trial and thereafter at 30 days intervals. Plasma was 
harvested subsequently by centrifuging the whole blood 
samples at 840 g for 15 min in a portable centrifuge machine. 

The heparinized plasma samples were stored at −20oC in 
storage vials and analyzed subsequently. The haemoglobin 
(Hb) content of blood was estimated by Drabkin 
Cyanmethemoglobin Method (1994). Total leukocyte 
count (TLC), blood lymphocyte % and neutrophil % were 
done using hemocytometer. Glucose was analyzed using 
Glucose test kits (Span Diagnostics Ltd., Surat, India). 
Plasma AST and ALT was estimated using commercial 
kit. Total immunoglobulin was estimated by precipitation 
method of McEwan and Fisher (1970). Total antioxidant 
activity was measured by ferric reducing antioxidant power 
(FRAP) assay of Benzie and Strain (1999). Superoxide 
dismutase (SOD) was measured following the method of 
Marklund and Marklund (1974). Catalase (CAT) activity 
in RBC hemolysate was estimated following the method of 
Aebi (1984). The proliferative response of lymphocyte was 
estimated using the colorimetric 3-(4-5-dimethylthiazol-2-
yl) -2,5-diphenyltetrazolium bromide (MTT) according to 
the procedure given by Mosmann (1983). Stimulation index 
is a ratio of optical density of stimulated and unstimulated 
cells. The data were analysed using two-way repeated 
measures ANOVA with two factors, i.e. different treatment 
groups and periods (using SigmPlot 11 ® software package 
(Systat software Inc., USA). The results were represented 
as mean±SE. The model used for the data analysis was as 
follows:

Yijk = µ + Gi + Dj + G*Dij+eijk
Where, Yijk, observation associated with each parameters; 

µ, overall mean; Gi, effect of ith group (i=1, 2 and 3);  
Dj, effect of jth days (j=1, 2, 3, 4 and 5); G*Dij, interaction 
effect of jth days within ith group and eijk, random errors. 

RESULTS AND DISCUSSION

There was no significant effect (P>0.05) of dietary 
treatments on Hb up to 90 days of experiment whereas on 
120th day, there was significant (P=0.015) decline in Hb 
content in T1 group compared to control (Table 2). There 
was no significant interaction (P=0.165) between treatment 
and period. Up to 60 days, there was no significant effect 
(P>0.05) of dietary Cd supplementation on blood TLC 
count (million/mm). From 90 days onwards, TLC was 
increased significantly (P=0.028) in T1 groups than control, 
whereas, in T2 groups increase was less as compared 
to T1 and the values were comparable to control which 
indicated mitigating potential of Zn. Cd supplementation 
significantly (P=0.016) increased the blood neutrophil (%) 
while Zn supplementation was able to reduce this increased 
trend as the final values were statistically at par with 
control values. There was decline trend of lymphocyte % 
in T1 (P=0.002) and T2 groups and Zn supplementation was 
able to mitigate the decline trend (P=0.012) significantly at 
the end of experiment. 

Cd administration had an adverse effect on 
erythropoiesis. Therefore, decrease Hb in the present 
study may be due to increased rate of RBC destruction and 
hyperactivity of bone marrow that resulted in production 
of red blood cells with impaired integrity (Miladenovic  

Table 1. Chemical composition of feeds

Parameter Concentrate 
mixture

Berseem 
fodder

Crude protein (%) 19.94 15.80
Total ash (%) 8.88 10.80
Ether extract (%) 3.20 2.52
Crude fibre (%) 8.26 25.50
Organic matter (%) 91.50 89.20
Nitrogen free extract (%) 59.72 45.38
Zinc (ppm) 39.60 15.10
Cadmium (ppm) 0.30 0.22
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et al. 2014). The results are at par with Oraby et al. (2015) 
and Bayoumi et al. (2013) who observed decrease in Hb 
concentration in Cd intoxicated sheep. Supplementation 
of Zn @100 ppm to Cd exposed goats prevented the 
decrease in the Hb concentration in the blood up to 60 days 
effectively and this may be due to reduction in copper and 
Zn absorption by the Cd supplementation. The results of 
TLC are in accordance with Bose (1999) who reported 
increase in blood TLC count in goats exposed to Cd @150 
mg/day through drinking water but in contrary, Oraby et al. 
(2021) found decrease in TLC. The literature in ruminants 
on this aspect is very meager but on comparing the 
results with monogastric animal similar trend is reported.  

EI Demerdash et al. (2004) found increased blood TLC 
count in Cd exposed male rats. This increase in TLC 
might be due to increased number of neutrophils. The 
observations on neutrophils are similar to Bose (1999) who 
observed significant increase of neutrophil count in chronic 
Cd exposed lactating goats. Present findings are supported 
by Guilhermino et al. (1998) and Lafuente et al. (2004) 
who reported decrease in lymphocyte in peripheral blood 
of adult male rat on being exposed to 10 ppm Cd.

From 90 days onwards, blood glucose concentration 
(mg/100ml) was increased significantly (P<0.001) in T1 and 
T2 groups compared to control and Zn supplementation did 
not reduce the values significantly (Table 3). Throughout 

Table 2. Haematological changes in cadmium intoxicated goats

Parameter Days Control T1 T2 SEM P-value
Haemoglobin (g%) 0 9.87 9.76 9.70 0.05 NS

30 10.85 10.67 10.65 0.06 NS
60 10.88 10.71 10.68 0.06 NS
90 10.86 9.98 10.63 0.26 NS
120 10.42b 8.97a 9.30a 0.44 0.015

TLC (X103 Cmm-1) 0 10.42 9.97 10.30 0.13 NS
30 10.55 10.45 10.32 0.07 NS
60 10.87 11.46 10.62 0.25 NS
90 10.17a 11.98b 10.42a 0.57 0.004
120 10.13a 12.27b 10.68a 0.64 <0.001

Neutrophil (%) 0 27.33 28.50 27.50 0.36 NS
30 32.33 35.00 33.50 0.77 NS
60 33.17 36.33 34.33 0.92 NS
90 32.33a 38.17b 34.83ab 1.69 0.006
120 34.00a 42.67b 36.00a 2.62 <0.001

Lymphocyte (%) 0 71.50 69.67 70.67 0.53 NS
30 67.00 63.67 65.33 0.96 NS
60 65.17 61.50 63.67 1.06 NS
90 66.67b 60.50a 63.33ab 1.78 0.015
120 63.50b 55.67a 62.00b 2.40 0.002

Superscript bearing a,b values in column show significant (P<0.05) effect due to treatment.

Table 3. Blood biochemical profiles of arsenic treated and control goats

Parameter Days Control T1 T2 SEM P-value
Glucose (mg/dl) 0 51.01 50.82 50.83 0.06 NS

30 50.31 50.51 50.54 0.07 NS
60 51.04 54.22 51.25 1.31 NS
90 50.49a 58.33b 55.25b 1.56 <0.001
120 50.85a 67.15b 64.74b 3.00 <0.001

AST (U/L) 0 93.21 94.75 92.60 0.64 NS
30 93.55 95.71 93.86 0.67 NS
60 94.11 105.74 99.02 3.37 NS
90 102.89 117.01 103.53 4.60 NS
120 105.91a 130.91b 118.64ab 7.22 0.011

ALT (U/L) 0 8.42 8.44 9.16 0.24 NS
30 8.85 8.39 9.33 0.27 NS
60 8.48 10.78 9.89 0.67 NS
90 8.44a 11.11b 10.43ab 0.80 0.016
120 9.95ab 12.20b 8.44a 0.92 0.014

Superscript bearing a,b values in column show significant (P<0.05) effect due to treatment.
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the experiment there was increased trend of plasma AST 
and ALT activities (U/l) and at 120 days, compared to 
control, higher (P<0.05) activities were found in T1 group. 
Similarly, T2 groups showed significant (P<0.05) protective 
effect against both AST and ALT, by low increase in their 
activities. 

In current experiment, increase in blood glucose might 
be due to increased secretion of glucocorticoids. These 
findings are in agreements with Orabi et al. (2015) who 
attributed the increase in glucose level due to decrease in 
glucose utilization and disruption in insulin and glucagons 
hormone. The increase in plasma AST and ALT activities 
indicated an active transamination of amino acids. 
Therefore, increase in the activities of AST and ALT in 
plasma is mainly due to the destructive effects of Cd on 
liver and kidney tissues and consequently liberating their 
intra cellular enzymes into the blood stream (Stoev et al. 
2003), which gives an indication of the hepatotoxic effect 
of CdCl2. This is similar to findings of Orabi et al. (2021) 
and Patel et al. (2009). While, in contrast, Erdogan et al. 
(2005) reported that Cd (25 mg/l) administration did not 
results in significant changes in AST and ALT in broilers. 
Zn is one of the nutrients that can reduce the toxicity of 
orally consumed Cd and shows its effect by competing with 
Cd for the same transport system as well as for the binding 
sites in the metallothionine (McDowell 1992). 

On the day 120th, significant (P<0.05) inhibition (11%) 
of SOD activity was observed in T1, however, in T2 group 
it was similar to control. Therefore, Zn supplementation 
was able to mitigate the adverse effect of Cd (Table 4). 
After an initial rise of catalase activity up to 60 days, 

there was significant decrease in the activity in both T1 
(P=0.007) and T2 (P=0.045) groups at 120 days, however, 
between these two groups no difference was observed. 
Plasma total antioxidant activity (µmol/l) significantly 
(P=0.006) decreased in T1 group and Zn supplementation 
did not significantly (P=0.941) recover that activity at 
120 days. Total immunoglobulin concentration (mg/ml) 
were significantly (P<0.001) decreased in T1 group at 120 
days and supplementation of Zn was able to increase this 
value. Average lymphocyte stimulation index at the end 
of 120 days was significantly (P=0.001) lower in T1 group 
as compared to control and T2 due to Cd supplementation 
(Fig. 1 and Table 5) and between treatment and period there 
was no significant interaction (P=0.069). 

Zn played a protective role in counteracting the adverse 
effects of Cd on SOD as seen in T1 group. These findings 
are in agreement with the report of Orabi et al. (2021) and 
Bayoumi et al. (2013) who observed significant decrease 
in SOD activity in sheep exposed to Cd. Amara et al. 
(2008) reported that Zn administration restored the SOD 
activity in testis of the Cd exposed rat. On the contrary, Han  

Table 4. Activity of SOD (Units/g/Hb/min), catalase (mmol of H2O2 consumed/min/mg Hb), total antioxidant activity (mmol/L) and 
total immunoglobulin (mg/ml) in blood of control and experimental goats

Parameter Days Control T1 T2 SEM P-value
SOD 0 1854.09 1859.987 1853.07 2.16 NS

30 1867.78 1864.49 1860.69 2.05 NS
60 1865.34 1841.967 1839.76 7.66 NS
90 1867.65 1743.88 1769.59 41.70 NS
120 1853.86b 1651.17a 1852.16b 46.98 <0.001

Catalase 0 136.47 137.70 136.40 0.42 NS
30 135.32 139.36 139.69 1.41 NS
60 135.42 147.35 145.15 3.59 NS
90 135.04 125.76 124.57 3.31 NS
120 134.92 119.57 122.83 4.67 NS

Total antioxidant activity 0 1040.71 1046.90 1066.31 7.71 NS
30 1051.85 1052.37 1072.64 6.84 NS
60 1107.42 1076.80 1094.31 8.87 NS
90 1192.77b 1036.86a 1053.00a 49.50 0.035
120 1191.28b 997.08a 1016.87a 61.70 0.004

Total immunoglobulin 0 23.65 23.47 23.09 0.16 NS
30 23.66 22.40 23.31 0.38 NS
60 22.90 22.14 23.49 0.39 NS
90 23.26 21.23 23.60 0.74 NS
120 23.23b 18.89a 21.90b 1.28 0.009

Superscript bearing a,b values in column show significant (P<0.05) effect due to treatment.

Table 5. Effect of Zn supplementation on lymphocyte 
proliferation index in Cd exposed lactating goats 

Day Control T1 T2 SEM P-Value
0 0.80 0.82 0.79 0.01 NS
40 0.74 0.77 0.74 0.01 NS
80 0.95ab 0.78a 1.15b 0.11 0.003
120 0.92ab 0.74a 1.14b 0.12 0.001

Superscript bearing a,b values in column show significant 
(P<0.05) effect due to treatment.
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et al. (2005) observed that SOD and catalase activity was 
not changed in pigs fed with 0.5 mg/kg Cd. The increase 
in catalase activity on day 60 may be due to increase in 
catalase synthesis to mitigate oxidative stress as self defence 
mechanism (Pi et al. 2002). But subsequently, reduced 
activity of catalase enzymes in Cd supplemented group was 
observed which might be due to down regulated synthesis 
or over-utilization of antioxidant enzyme resulting failure 
of adaptive mechanism. Also, Zn supplementation did not 
restore catalase activity. These findings are comparable 
with Amara et al. (2008) in rat. The decrease in total 
antioxidant activity in Cd supplemented group might be 
due to increased production of reactive oxygen metabolites 
resulting oxidative stress. Chauhan and Agrawal (1999) 
reported significant reduction in total immunoglobulin 
in Cd exposed calves. Kundu (1993) reported that when 
calves supplemented with Cu and Zn, there was increase in 
humoral immune response (IgG) thus confirming immuno-
modulatory effect of Zn. Cd interferes with the functioning 
of necessary elements like Zn in enzyme system leading 
to its deleterious effect on immunity of man and animals  
(EI-Demerdash et al. 2004).  Lymphocyte stimulation is 
widely used to measure immune competence by stimulation 
of lymphocytes with phyto-mitogens. These results are in 
agreement with Kundu (1993) who reported increased 
cellular immune response in milk fed calves supplemented 
with Cu and Zn. Zn plays an important role in cell-mediated 
immunity through its involvement in cell replication and 
proliferation (Bartoskewitz et al. 2007). 

The results suggest that long term exposure of Cd is 
detrimental to the animals as it induces severe oxidative 
stress, decreases cellular immunity and causes alteration 
in different haemato-biochemical parameters. Moreover, 
supplementation of Zn may be helpful to combat Cd 
induced ill effects in dairy goats. 
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Fig. 1. Effect of Zn supplementation on lymphocyte 
proliferation in Cd exposed lactating goats.
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