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Introduction

Cottonseed cake, known as a rich source of protein, is used 
worldwide in the form of a supplement in the livestock ration to in-
crease productivity. Cottonseed cake contains a high percentage of 
proteins (40-46%) and fiber. It is relatively a cheap protein source 
and comparable to other protein sources used as supplement in 
livestock including soyabean and groundnut cake. However, use of 
cottonseed cake as supplement in both ruminants and simple stom-
ach animals is limited due to presence of toxic substance. Gossypol 
in cottonseed and cotton seed derived products [1]. Cotton (Gossyp 
ium spp.) pigment glands produce various phenols that are toxic  

 
specifically gossypol [2,2-bi(8–formyl-1,6,7–tri–hydroxy–5–isopro-
pyl–3-methylnaphthalene)]. Gossypol is present in all parts of the 
cotton plant, but its high levels are found in the cotton plant seeds. 
Livestock is prone by gossypol toxicity due to consumption of cot-
ton plant by-products procured from processing of cotton plant fi-
ber and cotton seeds, including cotton seed cake and meal [2].

Continuous and prolonged feeding of cottonseed by-products 
causes negative impact on growth performance and fertility in live-
stock. Common clinical signs of gossypol toxicity in both premature 
and mature ruminants are same and include dyspnea, weight loss, 
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anorexia, emaciation and death after prolonged feeding [3]. Sci-
entific literature reported that cotton seed by-products have also 
caused hematological alterations in ruminants and prolonged feed-
ing might be considered dangerous . Studies further reported that 
free gossypol in cotton seed by-products binds to iron (Fe) causing 
loss of Fe and nonavailability for normal process of biosynthesis 
of hemoglobin and might be interacting directly on erythrocyte 
membrane resulting in anemia and increase in erythrocyte fragil-
ity. Therefore, consumption of cotton seed by-products has been 
associated with changes in hematology in ruminants [4]. Prolonged 
supplementation with cotton seed by-products has also caused im-
munosuppression and an increase in rate of various infections in 
animals. Moreover, changes in hematology might result from pro-
longed exposure to gossypol containing cotton seed by-products. 
Therefore, a study was carried out to estimate changes after feeding 
cottonseed cake at various percentage on hematology, biochemical 
parameters and histology of liver and testes in male rabbits.

Materials and Methods
Study design

Twelve apparently healthy male rabbits of local breed weighing 
approximately 1500-1800 g were considered for the current study. 
All rabbits were purchased from the local market. The rabbits 
were distributed in 3 groups randomly containing four biological 
replicates in one group. The rabbits were provided with seasonal 
fodder and fresh tap water ad libitum. Live body weight of rabbits 
was measured weekly. The animals were kept in the animal house 
of the Department of Clinical Medicine and Surgery, University of 
Agriculture- Faisalabad for acclimatization in the maintained envi-
ronmental conditions The study was carried out by following the 
guidelines of the Directorate of Graduate Studies and Institutional 
Animal Ethical Committee. All the study groups were provided with 
diet Group- I (Control ): (Diet with 0% Cotton seed cake ): Group- 
2(Diet with 5% Cotton seed cake);Group- 3 (Diet with 15% Cotton 
seed cake) for eight weeks.

Hematological and Serum Analysis

Before slaughtering the rabbits blood samples (5ml) were tak-
en from jugular vein and shifted to vacutainers with anticoagulant 
(EDTA) for complete blood count (CBC) and without anticoagu-
lant for serum collection. Serum was harvested by centrifugation 
at 1500 revolution per minute (rpm) for 10 minutes and stored at 
-20° C till further analysis. The hematological profile including red 
blood cell count (RBCs), white blood cell count (WBCs) hemoglo-
bin level (Hb), packed cell volume (PCV), and platelets (Plts) were 

determined by following the procedure mentioned in literature 
[5]. Cobas C111 fully automated chemistry analyzer utilized for 
estimation of liver alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST), and Backman coulter analyzer was used 
for estimation of serum testosterone by Chemiluminescent immu-
noassay method.

Histological Analysis

Rabbits were humanely slaughtered under gaseous anesthesia. 
All rabbits were opened for liver and testes tissue collection. Liver 
tissue was transferred to fixative (neutral buffered formalin) and 
testes were transferred to Bouin’s solution immediately after rins-
ing with normal saline [6]. Paraffin embedding technique was used 
on the tissue samples to prepare 5-micron thick sections that were 
subjected to Hematoxylin and Eosin (H&E) staining procedure. 
Slides were examined under microscope at 100X to observe degen-
erative changes in liver and testes.

Statistical Analysis

The data obtained were analyzed by Analysis of variance (ANO-
VA) technique using SPSS version 22 statistical computer software 
at 5% probability.

 Results
Table 1 shows changes in body weight of rabbits in all study 

groups from 1st week to 8th week. No toxicity signs were observed 
in rabbits during the study period. Table 2 shows changes in the 
blood parameters including red blood cells (RBCs), white blood 
cells (WBCs), hemoglobin concentration (Hb), packed cell volume 
(PCV), and platelets counts (Plts) in all study groups. Table 3 shows 
biochemical analysis of serum including alanine aminotransferase 
(ALT). aspartate aminotransferase (AST), and testosterone level 
in all study groups. The histomicrograph of liver tissue in G-1 ap-
peared to be normal arrangement of hepatocytes around the central 
hepatic vein (Figure 1). In G- 2 liver tissue revealed non-significant 
damage to liver cells with minimum infiltration of inflammatory 
cells around the central hepatic vein (Figure 2). In G-3 liver tissue 
revealed non-significant liver cell disruption and derangement of 
hepatocytes around the central hepatic vein (Figure 3). Histomi-
crograph of testes tissue of G-1 revealed normal cellular structure 
of seminiferous tubules with Leydig cells and interstitial tissues 
(Figure 4). Histomicrograph of testes of G-2 presented shrinkage 
in the testicular seminiferous tubules (Figure 5). Histomicrograph 
of testes in G-3 presented shrinkage of the testicular seminiferous 
tubules and the cellular distance was significantly increased with 
few Leydig cells (Figure 6).

Table 1: The mean (±SEM) values of body weight of male rabbits.

Group 1st Week 2nd Week 3rd Week 4th Week 5th Week 6th Week 7th Week 8th Week

G-1 1071.8±39.5b 1091.8±33.5b 1141±21.7ab 1160.8±29.8ab 1176.8±27.7ab 1182.5±28.8ab 1184.3±3.33ab 1257.5±17.8b

G-2 1027.8±48.9c 1041.3±36.6c 1094.8±25.2bc 1117.3±10.3abc 1135.3±15.3abc 1146.8±26.9abc 1187.3±36.6ab 1243.8±16.0a

G-3 1084.8±33.6b 1106.8±41.1ab 1121.8±36.6ab 1151±40.5ab 1168.5±42.8ab 1180±44.4ab 1228.8±42.9ab 1275±12.9a

Different superscripts in the same column mean significant difference at a significant level (P<0.05).
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Table 2:  The mean (±SEM) values of hematological parameters in male rabbits.

Group RBCs (1012/l)
WBCs Hb PCV Platelets

(109/L) (g/dl) (%) (109/L)

G-1

Initial 4.24±0.64a 11.40±1.43a 9.82±1.39b 25.17±3.55b 25.3±34.2a

Final 5.91±0.27b 9.80±2.90a 13.45±0.23a 35.72±0.60a 180.0±47.2a

G-2

Initial 3.67±0.79a 8.53±2.05a 9.28±2.07a 22.92±5.15a 182.0±38.6a

Final 5.15±0.67a 7.40±1.12a 10.98±2.00a 36.08±2.11a 208.5±49.8a

G-3

Initial 5.12±0.81a 11.07±1.63a 11.50±1.55a 22.95±4.35a 254.5±28.6a

Final 5.91±0.27a 7.90±0.42a 14.07±0.58a 36.73±2.01a 150.5±24.5b

Different superscripts in the same column mean significant difference at a significant level (P<0.05).

Table 3: The mean (±SEM) values of   biochemical parameters in male rabbits.

Group ALT (µ/l) AST ((µ/l) Testosterone (ng/ml)

G-1

Initial 31.25±4.27a 40.25±6.33a 2.15±0.28a

Final 34.75±4.25a 46.5±0.95a 2.37±0.48a

G-2

Initial 34.50±4.19a 37.50±4.94a 3.03±0.72a

Final 39.25±3.04a 42.75±2.78a 3.20±0.23a

G-3

Initial 30.75±3.73a 35.25±3.41a 2.44±0.23a

Final 37.25±4.01a 40.75±3.12a 1.11±0.18b

Different superscripts in the same row mean significant difference at a significant level (P<0.05).

Figure 1: Liver tissue section of G-1 showing normal hepatic cord (hc) and normal portal triad (PT) (H&EX100).
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Figure 2: Liver tissue section of G-2 showing non- significant damage in hepatocytes(h) and Inflammatory cell infiltration (If) 
(H&EX100).

Figure 3: Liver tissue section of G-3 showing non-significant damage in hepatocytes(h) and Inflammatory cell infiltration (If) 
(H&EX100).

Figure 4: Testes tissue section of G-1 showing normal pattern of seminiferous tubules with normal Leydig cells(L)   (H&EX100).
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Figure 5: Testes tissue section of G-2 showing significant shrinkage of seminiferous tubules (ST) and few Leydig cells (L)   
(H&EX100).

Figure 6: Testes tissue section of G-3 showing significant shrinkage of seminiferous tubules (ST) and few Leydig cells (L)  
(H&EX100).

Discussion
In concurrence with the increasing trend of supplementing cot-

tonseed cake in livestock diet, various studies were accomplished 
explaining the effects of toxic substance gossypol present in cotton 
by-products affecting different body systems. In the current study 
the body weight of rabbits in all study groups increased significant-
ly the possible reason might be the diet provided with all essen-
tial nutrients along with an acceptable level of protein thus rabbits 
were able to utilize them effectively for growth. Similar findings 
were reported by Amao et al. [7] they reported that cotton seed lev-
el in diet has non- significant effect on growth and performance of 
male rabbits as measured by weekly gain in body weight, final gain 
in body weight ,weekly consumption of feed with feed efficiency. 
The current findings are in contrast to Taha et al. [8] they observed 
that high concentration of gossypol in diet of rabbits caused de-
crease in body weight as compared to control group. Hematological 
findings in our study showed non- significant change in red blood 
cell in contrast to study by Al Tayyar et al. [9] where significant de-
crease in red blood cell count was observed after treatment with 

gossypol for 10 days in male carp. The decline was attributed to 
the alteration in the structure, function and integrity of erythrocyte 
membrane by direct binding of gossypol.

Total white blood cell count indicates functionality of immune 
mechanism of the body and is closely associated to humoral and 
cellular immunity. The findings of our study showed non- sig-
nificant alteration in white blood cells in contrast to the study by 
Al-Tayyar et al. who reported a decrease in white blood cells count 
and attributed it to destruction of blood forming organs in case of 
gossypol toxicity. Moreover, Akingbemi et al. [10] stated that gossy-
pol is associated with malnutrition leading to anemia, leucopenia 
and thrombocytopenia due to a depression in bone marrow activity 
in rats El-Mokadem et al. [11] further explained the possible mech-
anism of toxicity by gossypol as inhibition of glucose-6-phosphate 
dehydrogenase resulting in reduced production of NADPH, needed 
for the activity of an essential cellular antioxidant named glutathi-
one peroxidase. Decreased activity of the enzyme as a part of cel-
lular antioxidant system might initiate an excessive deposition of 
cellular oxidants causing decrease in packed cell volume and hemo-
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globin levels. Similarly, Lindsey et al. [12] observed alterations in 
fragility of erythrocytes and Hb and attributed these physiological 
changes to feeding cotton seed meal in dairy cows. The absence of 
literature in non-ruminants indicates that etiology of gossypol in-
toxication in ruminants might be different from ruminants.

Current study shows non- significant changes in ALT and AST 
in all study groups. Our findings are in alignment with Camara et 
al. who observed no consistent changes in ALT, AST, γ-glutamyl 
transferase and concluded that feeding cotton seed cake in sheep 
did not lead to liver or kidney injury. Current findings are in con-
trast to Akingbemi et al. stated that gossypol significantly increased 
serum ALP and ALT activities in rats. Al Sharaky et al. [13] also ob-
served that liver transaminases (ALT and AST) and alkaline phos-
phatase (ALP) increased at a significant level in rats treated with 
gossypol . The increase in serum transaminases indicate cellular 
damage predominantly in hepatocytes including muscle cells. In 
the present study blood serum testosterone level in G-3 were sig-
nificantly low as compared to G-1. Our findings are consistent with 
El-Mokadem et al. They found reproductive toxicity due to presence 
of gossypol in sheep and concluded that blood serum concentration 
of testosterone reduced due to presence of gossypol in diet. More-
over Taha et al. Evaluated the effect of two dose levels (4 and 20mg/
kg body weight) of gossypol on alternate days on quality of semen 
and hormonal profile of male rabbits for four months. Rabbits treat-
ed with gossypol have reduced blood plasma levels of testosterone 
accompanied by decline in sperm concentration, functional sperms 
fraction and initial concentration of fructose in semen.

Gu et al. [14] explained that in cattle decreased steroidogenesis 
in corpus luteum cells in gossypol treated group might be associat-
ed with enzymes function adenylate cyclase and 3α-hydroxysteroid 
dehydrogenase. Donaldson et al. [15] reported an in vitro study and 
concluded that gossypol inhibited testosterone production by dis-
persion of Leydig cells in rodents. They observed significant increase 
in the activity of 17β-HSD and 17-ketostroid decreased in gossypol 
treated animals that might be a possible explanation for reduction 
in serum testosterone levels. In the present study non -significant 
changes were observed in the liver architecture in all study groups. 
Our findings are in contrast to Wang and Lei [16] where feeding 
gossypol acetic acid to rats manifested marked histopathological 
alterations in liver cells including vacuolization in mitochondria, 
dilation of endoplasmic reticulum , widening of peri-nuclear space 
with proliferation of collagen fibers extensively in the Disse’s space 
.They further stated that gossypol binds to microsome protein in an 
irreversible manner both in presence or absence of electron donor 
NADPH and thus concluded that gossypol acetic acid has potential 
to cause damage to liver cells. Similar findings were reported by 
Akingbemi et al. They found vacuolar degeneration of hepatocytes 
in gossypol treated rats. Dearas et al. [17] reported gossypol as a 
potent toxic agent which can induce severe liver damage including 
biliary hyperplasia, peripheral deposition of iron pigments in the 
liver of young ruminants.

They further stated that gossypol deposited in high concentra-

tion in liver cells. The liver generally appeared pale with distinct 
pinpoint foci of coagulative necrosis. In the present study signifi-
cant shrinkage of seminiferous tubules with increase in cellular 
distance and very few Leydig cells were observed in G-3. Similarly, 
Yan Chang [18] reported that germ cell damage in the seminiferous 
tubules epithelium was observed after in vivo administration of 
gossypol. In contrast to our findings Hassan et al. [19] reported that 
gossypol treated bulls showed non- significant effect on the motil-
ity of sperms, testes morphometry and histological architecture 
of the testes. The toxic effect of feeding gossypol on morphology 
of spermatozoa was reversible. Feeding gossypol for fifty-six days 
showed significant abnormalities in sperms but the abnormalities 
were reversible. Hoffer [20] Studied the effects of various levels 
of gossypol for eleven weeks on rat testes. Under the light micro-
scope, both extensively damaged and entirely normal seminiferous 
tubules placed close to one another in the same tissue. Damage in 
seminiferous tubules manifested as intraepithelial vacuolization 
of different sizes, extensive exfoliation and atrophy of structures 
Moreover, electron microscope observations manifested intraepi-
thelial vacuole formation. Severely damaged Sertoli cells exhibited 
various large vacuoles and decline in cytoplasm ground substance, 
both types of endoplasmic reticulum and also golgi apparatus. 
These changes were manifested as early as 2 weeks after gossypol 
administration and increased significantly with an increase in dose 
of gossypol and feeding time.

Conclusion
The present study suggested that supplementing various levels 

of whole cotton seed cake for a short time showed no adverse ef-
fects on hematological parameters and liver function but induced 
histopathological changes in testes in rabbits.
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