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ABSTRACT 

The anemia is worldwide problem and generally defined as decrease in the haematological parameters such as 
haemoglobin, haematocrit percentage and erythrocyte count. Iron deficiency is the most common nutritional deficiency 
in the world related to changes in trace elements (iron, zinc, copper, and cobalt) as well as vitamins like Vitamin B12 
and Vitamin B9 (Folate), which are essential for erythropoiesis. Phenylhydrazine acts through production of reactive 
oxygen species that contribute for oxidative stress on the animal body leading to development of haemolytic anemia. In 
the present research 56 wistar rats of 8-10 weeks of age were selected and divided into 7 different groups. Group 1 was 
kept as healthy control and group 2 to 7 were induced anemia with phenylhydrazine. The efficacy of ferrous sulphate 
and copper sulphate and their combination were evaluated by studying haematological, biochemical and 
histopathological parameters. The group III and VII had highest improvement in all the haematological parameters as 
compared with other control and treatment groups, whereas group VII had highest levels of TEC on 14th day of the 
experiment itself suggesting role of copper in erythropoiesis mechanism.   

Keywords: Anemia, anti-anemic activity, Ferrous sulphate, Copper sulphate, Phenylhydrazine.   

INTRODUCTION  

Anemia is characterised by reduction in haemoglobin, haematocrit, total erythrocyte count that affects 
blood’s ability to supply tissues with adequate oxygen, thereafter metabolic processes depended on 
oxygen gets hampered as well. Anemia is one of the most important clinical manifestations of diseases 
seen in livestock as well as in companion animals. The major clinical infection involving Ehrlichiosis, 
Anaplasmosis, Theileriosis, Babesiosis, Trypanosomiasis have wide range of impact on animals [1]. The 
leptospirosis, clostridium infections, equine infectious anemia have serious contribution in development 
of anemia. Iron deficiency is the most common nutritional deficiency in the world often related to changes 
in trace elements (iron, zinc, copper, and cobalt) as well as vitamins like Vitamin B12 and Vitamin B9 
(Folate), which are essential for erythropoiesis. "Iron deficiency" and "anemia" are two different 
conditions Although they are frequently linked, people can be iron deficient without being anemic [2]. The 
term "iron deficiency" refers to a lack of iron in the body's stores, whereas "anaemia" to a lack of iron in 
the red blood cells. 

The 5th National family health survey conducted in 2019-2021 across India revealed that anemia was 
major concern among the women and young children. About 64.2% of urban and 68.3% rural children who 
aged between 6-59 months were found to be anemic. The data concerned with women aged between 15-
19 years showed about 56.5% of the urban women and 60.2% rural women were found to be anemic. All 
women age 15-49 years who are anemic accounted for 53.8% of urban and 58.5% rural population. 

Phenylhydrazine is drug discovered by Fisher H.E in 1895, which was mainly used as antipyretic drug, as an 
intermediate constituent in agrochemical, pharmaceutical and chemical industries, besides it was earlier 
being used to treat conditions like polycythemia vera. Phenylhydrazine is known for producing acute 
haemolytic anemia models. It is known to decrease the haematological parameters such as haemoglobin, 
packed cell volume, total erythrocyte count. It mainly acts through production of reactive oxygen species 
that contribute for oxidative stress on the animal body leading to development of haemolytic 
anemia.Considering the scenario of anemia as global problem among humans and animals, the present 
research was planned to evaluate the efficacy of ferrous sulphate and copper sulphate on anemic rat 
induced with phenylhydrazine.  
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MATERIALS AND METHODS 

Animals and Experimental Design  

The research was carried out in small animal laboratory house of 

college of veterinary and animal sciences, Parbhani, Maharashtra. 

During the experiment 56 rats of 8-10 weeks of age weighing 180-200 

gm body weight were selected. The acclimatization period of one week 

was followed before start of the experiment. The selected animals 

were grouped into 7 different groups, viz one healthy control (without 

induction and treatment), group II served as anaemic control (induced 

with phenylhydrazine but without treatment), group III to VII were 

induced with phenylhydrazine @ 20 mg/kg intraperitoneal to develop 

anemia and followed by the treatment as mentioned below. The drop 

in the level of haemoglobin below 8 g/dl was observed in the treated 

groups and rats were said to be anaemic. 

Groups Name of the group Treatment Dose & Route 

I Healthy control Distilled water 1 ml/kg P.0 

II Anaemic control Distilled water 1 ml/kg P.0 

III Ferrous sulphate low dose Ferrous sulphate @ 50 mg/kg P.0 

IV Ferrous sulphate high dose Ferrous sulphate @ 100 mg/kg P.0 

V Copper sulphate low dose Copper sulphate @ 50 mg/kg P.0 

VI Copper sulphate high dose Copper sulphate @ 100 mg/kg P.0 

VII Combination Group 
Ferrous sulphate & 

Copper sulphate 
Both @ 50 mg/kg 

 

Sample collection and analysis 

Blood sample was collected on days 0, 14th and 28th day of the 

experiment for haematological and biochemical Parameters. In 

haematological, total erythrocyte count, Packed cell volume, total 

leucocyte count and differential leucocyte count was evaluated and in 

biochemical Parameters, SGOT, SGPT, Blood urea nitrogen, creatinine 

and total protein values were recorded. 

Histopathological examination  

At the end of experiment, the rats were sacrificed animals and liver, 

kidney, lung, spleen and bone marrow were collected in 10% formalin 

for histopathological examination. 

 Statistical Analysis  

  The data obtained from various parameters from all the groups was 

analyzed as per method suggested by Snedecor and Cochran (1994) 

using factorial randomised block design (FRBD) and completely 

randomised block design (CRD) using WASP 

RESULTS AND DISCUSSION 

After induction of anemia in the rats there was decreased in activity 

was noted, the rats were lethargic along with decreased in the appetite 

was seen. The rats in the control group appeared active, bright, alert 

and healthy throughout the experiment. Though the weights in the 

treatment group were increased as compared with the positive group, 

no decreased in weight was observed after administration of 

phenylhydrazine in those treatment groups. So, no effect of drugs/ 

treatment was imposed on the mean body weight gain of the 

experimental animals, similar pattern of results was obtained by He [3] 

and Urso [4] where after treatment with ferrous sulphate increase in the 

body weight was noted. However, Lee [5], Elaby and Ali [6], Allahmoradi 

[7] and Parvaz [8] found significant decrease in the mean body weights of 

rats treated with phenylhydrazine which was contrasting with the 

current study may be because dose and duration of exposure of 

phenylhydrazine used in their respective research. 

The haematological values 

The mean haemoglobin, total erythrocyte, total leucocytes, packed cell 

volume and platelet count were analysed on 0. 14 and 28th day of 

experiment and represented in table 1. The decrease in the mean 

haemoglobin levels after treatment with phenylhydrazine was 

observed in II to VII group on 0 day of experiment confirmed that the 

anaemia has been induced in the rats. Ssimilar observation were 

obtained Kamble[9] and Beshel[10]. Then after the treatment in te II to 

VII group the haemoglobin values were increased  from 14 to 28th day 

of treatment and was dose and duration dependant. Beshel[10], 

Srivastava[11], Mandal[12],  Goklaney[13], Drowdy and Matrone[14] also 

reported the same observation in their research. 

Mean erythrocyte count in groups II to VII had significantly lower on 0 

day of the experiment as compared with control group of non-anaemic 

rats. All the treatment groups showed increase in total erythrocyte 

count values from day 14 and 28 with increase in dose and duration of 

the treatment. On 14th day the groups IV, VI and VII achieved the total 

erythrocyte values within the normal range. On 28th day of treatment 

groups the total erythrocyte values were in the normal physiological 

limits. The study concludes that the ferrous sulphate @ 100 mg shown 

increase in total erythrocyte values on 28th day of experiment when 

compared with the copper sulphate. But the combined dose of ferrous 

sulphate and copper sulphate enhance the total erythrocyte values 

from 14 day onwards similar results were procured by the researchers 

Suva and Tirgar[15], Chaudhary[16], Tang[17], Ghada[1], after treatment 

with ferrous sulphate.  

There was significant increase in total leucocytes count in group II to 

VII on 0 day of experiment was observed.  The increased values were 

higher than normal physiological limits in the respective groups. On 

14th day of experiment the total leucocytes values were gradually come 

down to its normal physiological levels in the treatment groups and on 

28th day the total leucocytes values were reached within their normal 

limits but were at higher side as compared with the control group. 

Ousaaid[18], Abdo[19] Elaby and Ali[6]. and Gheith and El-Mahmoudy[20] 

found similar rise in the TLC levels after treatment with 

phenylhydrazine. The decreasing trend of total leucocyte count after 

treatment with minerals was seen based on dose and duration manner 

similar findings were procured by Khandaker[21] and Rahman[22].  

On day 0 of the experiment there was reduction in packed cell volume 

of groups from II to VII. On day 14 treatment groups had significantly 

lower packed cell values as compared with the non-anaemic control 

group and found lower than the normal physiological range. On 28th 

day, groups III, IV, V, VII have no significant difference in packed cell 

values and were significantly higher than II group, these increase in the 

levels of packed cell volume was dose and duration dependent. Lee, et 

al (2012), Gheith, and Mahmoudy[20], and Ousaaid[18], Even some of 

researcher, Aduwamai[23], Elaby and Ali[6], Agbor[24] and Ashour[25] 
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(2014) Sheth[26] and Ogbe[27] obtained similar results where the packed 

cell volume dropped after phenylhydrazine induction. Al-Shebli, and 

Ali[28], and Mandal[12] obtained similar results where there was increase 

in the packed cell volume was observed which was dose and duration 

dependent. 

The mean platelet count there was significantly increased in the 

platelet count after the phenylhydrazine administration. Similar 

observation was also noted by Meena[29], and Ibe[30], where the 

platelet count found higher than the normal range after induction of 

anaemia in rats, at the end of the experiment there was linear 

decrease in these levels noticed in the treatment groups. 

The biochemical values 

SGOT, SGPT, Blood urea nitrogen, serum creatinine and total protein 

levels were analysed on 0. 14 and 28th day of experiment and 

represented in table 2. The significant increase in the levels of liver 

enzymes SGOT and SGPT was observed in the groups treated with 

phenylhydrazine on day 0 of the experiment which further dropped 

down to the normal physiological range during the course of the 

treatment on day 14 and 28th of the experiment. similar findings were 

obtained by Henneh[31], Allahmoradi[32], Abdo[19], Shen[33] and 

Ezeigwe[34]. 

There was no significant difference observed in levels of Blood urea 

nitrogen in treatment and control groups, all the values were within 

the normal physiological range. However, Nwauche[35] and Ezugwu[36] 

reported that after induction of anaemia with phenylhydrazine the 

blood urea nitrogen levels were significantly increased in the anaemic 

rats when compared with control groups, may be because of use of 

higher dose rate for induction of anemia but all the values were within 

normal physiological limits. 

The levels of serum creatinine were evaluated; there was non-

significant increase in the mean serum creatinine levels in the groups 

treated with phenylhydrazine. During the course of the experiment on 

days 14 and day 28these values dropped down and stayed within 

normal physiological range, similar observations were obtained by 

Ezugwu[36], and Henneh[31]. 

No significant difference observed in the values of mean total protein 

levels in control as well as the treatment groups during the course of 

experiment on day 0, 14th and 28th and all values identified were within 

the normal physiological range. Similar findings were obtained by 

Mohammed[37], Kale[38] as after induction of anemia with 

phenylhydrazine non-significant difference was observed. 

Histopathological examinations 

After completion of the experiment animals from each group were 

scarified on 29th day. The vital organs such as heart, liver, spleen, lung, 

kidney, and bone marrow were collected and preserved in 10% 

formalin solution until processing for microscopic examination. The 

control group animal had no significant alteration of histoarchitecture 

in studied organs. Heart of the control group reveals normal 

histoarchitecture i.e., skeletal, cardiac muscle fibre, intercalated disc, 

normal striation of muscle. The section of liver from control group 

revealed normal hepatic parenchyma i.e., normal hepatocytes, central 

vein, bile duct, hepatic triad. The rats from the control group showed 

normal splenic parenchyma composed of red and white pulp. The rats 

from the control group revealed no abnormal alteration in the 

histoarchitecture of the lung. The kidney form control rats revealed 

structure involving normal glomeruli, proximal and distal convoluted 

tubule. Control group of animals showed no abnormal alterations in 

the architecture of the bone marrow. 

As far as anaemic control group was concerned there was mild to 

moderate intensity changes were observed. The heart from anaemic 

control group revealed separation of cardiacmusclefibre with mild to 

moderate dilatation of muscle fibre. Some of the sections revealed 

severe degeneration, congestion; focal areas of necrosis. The 

microscopical examination of liver revealed moderate congestion, 

degeneration of hepatocytes, moderate to severe dilatation of 

sinusoidal space, focal necrotic patches at some places, and along with 

mononuclear cell infiltration. The spleen of the rats from the positive 

control group treated with phenylhydrazine showed moderate 

depletion of cellular contents specially lymphocytes. Lung from 

anaemic control group rats revealed moderate congestion, 

degeneration; rupture of bronchioles and thickened alveolar septa 

along with enlarged alveolar space. mild vacuolar degeneration, focal 

areas of necrosis, and mild congestion in glomerular tufts along with 

variation in the glomeruli was noted in histoarchitecture of kidney in 

anaemic control group. Further depletion of the cellular contents and 

presence of small amount of the adipose tissue was revealed in 

sections of bone marrow from rats treated with phenylhydrazine. 
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Table 1: Hematological values 

Group Hb g/dl TEC 106/μl PCV % TLC ×103/μl 
Mean Platelets level 

Mean ± SE × 10³/mm³ 

Days 0 day 14 day 28 day 0 day 14 day 28 day 0 day 14 day 28 day 0 day 14 day 28 day 0 day 14 day 28 day 

Group I 
13.87a 

±0.26 
13.93a 

±0.31 
15.12p 

±0.22 
8.45ak 

±0.25 
8.31k 

±0.22 
8.46pk 

±0.19 
42.46a 

±0.81 
41.95a 
±1.13 

46.56p 

±0.56 
11.98c 

±0.74 
11.6lc 

±1.0 
10.65qc 

±1.29 
1035cp 

±45.82 
898.75l 

±64.59 
853.75q 

±72.38 

Group II 
7.37b 

±0.18 
9.81m 

±0.16 
10.68sml 

±0.20 
3.76c 

±0.14 
5.15n 

±0.22 
6.88sm 

±0.21 
20.67c 
±0.51 

29.35m 
±0.45 

32.05sm 

±0.78 
21.22ab 

±0.56 
17.42m 

±0.62 
15.32p 

±0.48 
1725a 

±50.63 
1275k 

±48.29 
1121.2pk 

±60.25 

Group III 
6.98b 

±0.21 
11.56l 

±0.31 
14.41pa 

±0.50 
4.34bc 

±0.19 
6.93m 

±0.21 
8.36pk 

±0.26 
21.73c 
±0.60 

35.43ls 
±0.76 

42.41qt 

±0.94 
20.27b 

±0.76 
17m 

±0.59 
12.08q 

±0.74 
1702.5b 

±94.12 
1277.5k 

±39.31 
906.25q 

±19.90 

Group IV 
8.35b 

±0.52 
11.52l 

±0.49 
15.02pa 

±0.62 
4.73b 

±0.15 
7.8lq 

±0.48 
8.91pk 

±0.40 
26.23b 
±1.23 

35.57l 
±1.28 

44.9pta 

±0.92 
21.12ab 

±0.38 
15.98k 

±0.62 
11.41q 

±1.2 
1687.5b 

±56.49 
1137.5k 

±52.39 
912.5q 

±53.24 

Group V 
8.45b 

±0.46 
11.52l 

±0.32 
13.98pa 

±0.54 
4.64b 

±0.20 
6.49m 

±0.14 
7.92q 

±0.27 
26.56b 
±1.18 

35.85l 
±0.54 

42.37qt 

±1.09 
21.93ab 

±0.89 
17.45km 

±0.6 
11.12qc 

±0.66 
1743.75a±

41.65 
1196.2k 

±74.49 
818.75q 

±45.25 

Group VI 
7.22b 

±0.48 
11l 

±0.35 
12.02rl 

±0.66 
4.66b 

±0.25 
7.14l 

±0.21 
7.86q 

±0.28 
22.86c 
±1.27 

35.12ls 
±0.75 

37.75rl 

±1.97 
23.11a 

±1.05 
16.96km 

±0.32 
12.27q 

±1.27. 
1868.75a±

79.58 
1196.2k 

±64.33 
787.5q 

±54.07 

Group VII 
7.01b 

±0.50 
12.05l 

±0.36 
13.76qa 

±0.48 
4.53b 

±0.25 
8.56k 

±0.21 
8.51pk 

±0.28 
22.01c 
±1.53 

37.3l 
±1.16 

42.73qta 

±1.61 
22.17ab 

±0.85 
16.45km 

±0.48 
11.73qc 

±0.96 
1712.5a 

±30.98 
1275k 

±38.95 
887.5q 

±53.24 

Hb: Superscript a, b, l, m p, q, r, s shows significant difference between the groups and within the groups on different days 
CD: At 5% =1.151    At 1%=1.513. 
TEC: Superscript a, b, c, k, l, m, n, p, q, r, s shows significant difference between the groups and within the groups on different days 
CD: At 5% = 0.693;         At 1%= 0.911 
PCV: Superscript a, b, c, l, m, p, q, r, s, t shows significant difference between the groups and within the groups on different days 
CD: At 5% = 3.001; At 1%= 3.944 
TLC: Superscript a, b, c, k, l, m, p, q shows significant difference between the groups and within the groups on different days 
CD: At 5% =0.693   At 1% = 0.911 
Platelet: Superscript a, b, c, k, l, p, q shows significant difference between the groups and within the groups on different days 
CD: At 5% =159.421; At 1% 209.524 
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Table 2: Biochemical values 

Group 
AST 

Mean + SE, IU/L 
ALT 

Mean + SE, IU/L 
BUN 

Mean + SE, mg/dl 
Creatinine 

Mean ± SE, mg/dl 
Total Protein 

Mean ± SE, g/dl 

Days 0 day 14 day 28 day 0 day 14 day 28 day 0 day 14 day 28 day 0 day 14 day 28 day 0 day 14 day 28 day 

Group I 
97.5b 

±17.20 
107.37n 
±17.55 

80.87t 
±12.1 

55.75b 

±7.33 
41.62l 

±5.64 
39.75rl 

±5.84 
21.25a 

±1.448 
14.25kb 

±1.520 
16.87pb 

±1.684 
1.08a 

+0.11 
0.93kb 

+0.08 
0.90p 

+0.06 
7.30a 

±0.353 
6.74kb 

± 0.343 
6.92pb 

±0.242 

Group II 
202.7ak 
±20.68 

194.12k 
±6.97 

185.37p 
±6.64 

103.25a 

±11.43 
88.25kp 

±4.94 
97.62pa 

±4.34 
18a 

±1.085 
17.12akb 

±1.826 
17.5ap 

±1.782 
1.11a 

+0.07 
1.00ka 

+0.10 
1.04pa 

+0.08 
7.86a 

±0.166 
7.27ka 

±0.448 
7.18pa 

±0.266 

Group III 
195.1ak 
±1.09 

185.6l 

±1.96 
165.12q 
±1.65 

94.25ak 

±1.47 
85.75k 

±1.34 
73.25q 

±0.94 
15.25b 

±1.555 
15.5kb 

±1.414 
16bq 

±1.52 
1.01a 

+0.05 
0.70l 

+0.02 
0.53q 

+0.02 
6.87b 

±0.438 
7.18ka 

± 0.204 
6.80pb 

±0.404 

Group IV 
195.8ak 
±1.25 

183.87l 
±2.89 

147.75s 
±2.52 

97.75ak 

±1.14 
83.37k 

±3.6 
69.37q 

±0.77 
16.87b 

±1.287 
14.12kb 

±1.076 
15bq 

±1.36 
1.01a 

+0.07 
0.7l 

+0.03 
0.53q 

+0.02 
6.82b 

±0.159 
6.94kb 

±0.280 
6.85pb 

±0.165 

Group V 
201.5ak 
±2.93 

181.2l 
±1.63 

162.12q 
±2.54 

98.62ak 

±1.23 
79.62k 

±2.92 
66.87q 

±4.02 
17.5a 

± 1.295 
15.37kb 

± 1.308 
15.37bq 

±1.721 
1.06a 

+0.07 
0.69l 

+0.01 
0.52qs 

+0.02 
6.66b 

±0.340 
7.32ka 

± 0.310 
6.72pb 

±0.191 

Group VI 
190ak 
±2.54 

175.6m 
±1.83 

158.37r 
±1.95 

98.12ak 

±1.44 
84.87k 

±1.02 
73.62q 

±0.99 
14.75b 

±1.622 
14.12kb 

± 1.407 
17.37ap 

± 1.148 
0.92b 

+0.05 
0.70l 

+0.03 

0.51rs 

+0.01 
6.91b 

±0.218 
7.51pa 

± 0.241 
6.91pb 

± 0.268 

Group 
VII 

203.37a 
±1.98 

179.2l 
±1.75 

146.5s 
±3.54 

97.75ak 

±1.69 
83k 

±1.26 
65.37q 

±2.92 
16.25b± 
1.176 

16.75kb 

± 1.305 
14.25bq 

± 1.161 
1.02a 

+0.06 
0.62m 

+0.02 
0.44r 

+0.02 
6.24b 

±0.304 
6.87kb 

± 0.269 
6.58pb 

±0.130 

AST: Superscript a, b, k, l, m, n, p, q, r, s shows significant difference between the groups and within the group on different days 
CD: At 5% =5.218;  at 1% 6.858 
ALT: Superscript a, b, k, l, p, q, r shows significant difference within the groups and between the groups on different days 
CD: At 5% = 3.99;     At 1% = 5.247 
BUN: Superscript a, b, k, p, q shows significant difference between the groups and within the groups on different days 
CD: At 5% = 3.99         At 1% = 5.247 
Creatinine: Superscript a, b, k, l, m, p, q, r, s shows significant difference between the groups and within the groups on different days 
CD: At 5%0.165; At 1%0.217 
Total Protein: Superscript a, b, k, p shows significant difference between the groups and within the groups on different days 
CD: At 5%=0.78;  1%=1.03 
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Plate 1: Heart showing dilation and separation of cardiac muscle fibre along 

with degenerative changes.(H&E 400x) 

 

Plate 2: Liver showing mild to moderate lesion of dilatation of sinusoidal space 

and degeneration along with congestion at some places H&E 100X 

 

Plate 3: Bone marrow showing depletion in cells along with adipose tissue(H&E 

400x) 

 

 

 

Plate 4: bone marrow showing minimal adipose tissue, megakaryocytes 

(H&E400x) 

 

Plate 5: Spleen showing mild congestion and degeneration in splenic 

parenchyma (H&E400x) 

 

Plate 6: Liver showing degeneration, congestion, focal areas of necrosis, 

mononuclear cell infiltration and dilatation of sinusoidal space (H&E 100x) 
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