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Amelioration of CCl4 and high fat diet -induced 

haematological parameters of C57BL/6 mice through 

lactoferrin 

 
Venkata Rao KV, Usha Rani M, Gopala Reddy A, Lakshman M, Kalyani 

P, Anil Kumar B, Rajender B and Vanitha Sree K 

 
Abstract 
This study was conducted to know the therapeutic efficacy of lactoferrin on haematological parameters in 

the Non-Alcoholic Fatty Liver Disease (NAFLD) model of male C57BL/6 mice induced by 

administration of high-fat diet (HFD) + CCl4 (0.5 mg/kg, mixed in olive oil) twice a week via 

intraperitoneal route for 6 weeks. Thirty-six mice were divided into 6 groups of six animals each. Group 

1 served as sham; Group 2 kept as disease Control (HFD + CCl4); Group 3 treated with lactoferrin per se 

(300 mg/Kg mixed in water) via oral route, Group 4 treated with lactoferrin (300 mg/kg) + HFD + CCl4, 

Group 5 treated with Lactoferrin (100 mg/kg) + HFD + CCl4 and Group 6 treated with simvastatin (10 

mg/kg) + HFD + CCl4.. Blood was collected on the 2nd, 4th and 6th week for the estimation of 

haematological parameters. The study revealed that lactoferrin dose-dependently prevented elevations in 

haematological parameters in the NAFLD mice model. 

 

Keywords: NAFLD, high fat diet (HFD), lactoferrin and haemotological parameters 

 

1. Introduction 

Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease with a 25% of prevalence 

rate worldwide [1]. Damage to the hepatocytes and hepatic tissues is due to drugs which lead to 

NAFLD and prolonged liver diseases [2]. It is estimated that 6% of the adults in developed 

countries have non-alcoholic steatohepatitis of which 40% of them were advancing towards 

fibrosis condition [3]. It has two principal phenotypes i.e. nonalcoholic fatty liver (NAFL) and 

nonalcoholic steatohepatitis (NASH). NAFLD is associated with increased cardiovascular, 

cancer and liver-related mortality [4]. Mortality is mainly due to the progression of the disease 

to cirrhosis, resulting in one-third of deaths worldwide [5, 6]. 

The C57BL/6 strain in mice, Wistar and Sprague Dawley strain in rats are generally preferred 

because of their intrinsic predilection to develop obesity, DM2 and NAFLD [7, 8]. Animal 

models administered with CCl4 and a high-fat diet (HFD) show the features of non-alcoholic 

steatohepatitis were also based on diet and genetics resulting in liver fibrosis due to oxidative 

stress and chronic inflammation [9]. CCl4 is an effective hepatotoxin that increases 

inflammatory response and produces damage to the liver [10]. 

Simvastatin was used to reduce the elevated liver enzymes and hepatic fatty infiltration in 

NAFLD patients [11] and to reverse or stabilize fibrosis [12] and also inhibit the HSC 

proliferation [13] Inhibition of hepatic stellate cells via the Nitric oxide synthase pathway was 

utilized by simvastatin to ameliorate liver fibrosis [14] 

Lactoferrin was first isolated from bovine milk by Sorensen and Sorensen in 1939 [15]. 

Recently, Lactoferrin has been suggested for potential preventative and adjunct treatment for 

COVID-19 [16]. Neutrophils containing lactoferrin were released in the blood and inflamed 

infected tissues [17]. 

Based on the above facts, the present research was undertaken to study the ameliorative 

potential of lactoferrin against NAFLD induced alterations in haematological parameters 

following 6weeks of treatment in male C57BL/6 mice. 

 

2. Materials and Methods 

2.1 Chemicals 

Carbon Tetra Chloride was procured from M/s Sigma-Aldrich, St. Louis, MO, USA, 

Lactoferrin was obtained from Bioven Ingredients, India and Simvastatin (SIMVOTIN, 10
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mg) from Sun pharmaceutical Ind Ltd, India. Millipore 

(reverse osmosis) water was employed for oral gavage. 

 

2.2 Experimental animals 

The mice strain used for the study was C57BL/6, a classic 

murine model for experimental NAFLD of 6-7 weeks of age 

weighing ~28-30g were procured from Vyas Labs, Hyderabad 

(CPCSEA:2085/PO/Rc.Bi.Bt/S/19/CPCSEA).  

This experimental study was approved by the Institutional 

Animal Ethics Committee (IAEC), College of Veterinary 

Science, Hyderabad (IAEC, Approval No. CPCSEA 

1/24/C.V.Sc, Hyd, IAEC.MICE/ dated 012.06.2021). These 

animals were kept in polypropylene cages and maintained 

with 12 hrs dark/light cycle under hygienic conditions having 

ambient temperature (22–24 0C) at Animal house in the 

Department of Veterinary Pharmacology and Toxicology. 

Animals in control groups 1& 3 were placed on commercial 

standard pellet feed and animals in the model groups 2, 4, 5 & 

6 were fed with a High Fat Diet (M/s. VRK Nutritional 

solutions, Hyderabad) and provided water ad libitum 

throughout the experiment 

CCl4 treated group than that of control rats (p<0.05), when 

the CCl4 group treated with a high dose of Thymus vulgaris 

oil significantly (p<0.05) elevated the reduction [23]. The 

values of RBCs count did not significantly (P>0.05) alter 

among the treatment groups [26]. There was a significant 

decrease (P<0.05) in the RBC count, when compared 

between the CCl4 group and the control group, With respect 

to the Lactoferrin-protected groups, a significant increase 

(P<0.05) in the RBC count was observed when compared 

with the CCl4 group [40] the RBC count results showed no 

significant difference (P>0.05) between pre- and post-treated 

in each groups and between post-treatment groups [49]. The 

interaction of Withania somnifera and Vit E could facify the 

haematological alterations as a results of anti tubercular drugs 
[51]. 

 
Table 1: Total erythrocyte Count (million/µl) in different groups of mice 

 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 8.47 ±0.25a 8.67±0.30a 8.80±0.26a 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 6.90±0.13c 6.78±0.30c 6.56±0.11c 

3 LF @300mg/Kg p.o 8.54±0.23a 8.81±0.05a 8.94±0.19a 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 7.28±0.21b 7.47±0.09b 7.70±0.21b 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 7.14±0.08b 7.31±0.19b 7.50±0.13b 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P+Standard drug (Simvastatin @ 10mg/Kg p.o) 7.21±0.12b 7.59±0.14b 7.90±0.17b 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at P<0.05 among the groups. 
 

2.3 Haemoglobin (Hb) 

The mean Hb values were significantly (p<0.05) reduced in 

group 2 (6.78±0.30 and6.56±0.11) when compared with group 

1(8.67±0.30 and8.80±0.26) and group 3(8.81±0.05 and 

8.94±0.19) on 4th and 6th week of experiment respectively. 

Significantly (P<0.05) improved values were recorded in 

group 4(7.47±0.09 &7.70±0.21), group 5(7.31±0.19 & 

7.50±0.13) and group6 (7.59±0.14 & 7.90±0.17) when 

compared with group 2 on 4th and 6th week of experiment 

respectively. Though, there was no significant difference 

between groups 4, 5 and 6 on the 4th week. (Table 2.) On the 

contrary, there was a nonsignificant (P>0.05) decrease in the 

haemoglobin concentration when CCl4-treated compared with 

control rats, but reduced haemoglobin concentration was 

observed in P.americana aqueous leaf extract pretreatment 

group [18]. There was a reduction in the haemoglobin of rabbits 

that received CCl4 alone when compared to normal control 

rabbits [19]. The feeding of withania to the horses also 

increases haemoglobin concentration when horses were under 

stress and rats treated with chlorpyriphos [55, 56]. The current 

study is in agreement with that of observations on the alcohol 

extract of Capparis sepiaria stem against CCl4 intoxicated 

Albino rats [29]. Green tea polyphenol extract (600mg/kg) 

raised the levels of Hb as compared to the CCl4 and high-fat 

diet-fed model (positive control) [20]. 

The study revealed that albino rats treated with a high-fat diet 

and CCl4 showed a decrease in Haemoglobin count [30] there 

was a decrease in haemoglobin count in rats treated with CCl4 

but treatment with miniaturized silymarin & quercetin(MSQ) 

increased the Hb values which were comparable to the 

experimental control group [21]. There was a significant 

reduction (P<0.05) in haemoglobin count in the CCl4-treated 

group when compared with the control group but treatment 

with Hepacare significantly (P<0.05) reversed [22]. 

Haemoglobin was significantly (p<0.05), decreased in the 

CCl4 group when compared to control rats when the CCl4 

group treated with a high dose of Thymus vulgaris oil 

significantly (p<0.05) increased [23]. There was a significant 

decrease (P<0.05) in the haemoglobin content, when 

compared between the CCl4 group and the control group, 

With respect to the Lactoferrin-protected groups, a significant 

increase (P<0.05) in the haemoglobin content was observed 

when compared with the CCl4 group [40] Hemoglobin 

decreased significantly (P<0.05) in the group that received 

CCl4 and was improved with the administration of oil 

obtained from seeds of local Onopordum acanthium L. [52] 

 
Table 2: Haemoglobin concentration (mg / dL) in different groups of mice 

 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 16.47±0.25a 16.62±0.47a 16.97±0.36a 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 13.25±0.21d 12.91±0.25c 12.01±0.29c 

3 LF @300mg/Kg p.o 15.98±0.25b 16.18±0.29a 16.50±0.24a 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 15.19±0.25b 15.31±0.24b 15.50±0.30b 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 14.98±0.11c 15.11±0.18b 15.60±0.25b 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 15.21±0.28b 15.98±0.24b 16.12±0.26a 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 

https://www.thepharmajournal.com/
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2.4 Platelets count 

At 2nd week, there was no significant difference (P>0.05) in 

the platelet count between different groups except group 2. 

But at 4th & 6th week interval, the platelets count in Group-2 

(6.14±0.09 & 5.93±0.24) was significantly (P<0.05) lower 

compared to that of Group1 (8.12±0.14 & 8.45±0.19) and 

Group 3 (8.17±0.21 & 8.55±0.19). Reported that there was a 

reduction in Platelets in rabbits that received CCl4 alone, 

when compared to normal control rabbits [19]. The 

administration of (Zizyphus oxyphyla) at 400 mg/kg body 

weight significantly reduced the elevated level of platelets 

when compared to toxic control animals. The current study is 

in agreement with that of observations on the alcohol extract 

of Capparis sepiaria stem against CCl4 intoxicated Albino 

rats [29]. Observed that treatment with green tea polyphenol 

extract (600mg/kg) raised the levels of platelets as compare to 

the CCl4 and high fat diet fed model (positive control) [20]. 

Study revealed that albino rats treated with high fat diet and 

CCl4 showed a decrease in platelets count [30], indicated that 

there was a decrease in platelets count in rats treated with 

CCl4 but treatment with miniaturized silymarin & quercetin 

(MSQ) increased the red blood cell count [21]. Showed 

significant reduction (P<0.05) in platelets count in the CCl4-

treated group when compared with the control group, but 

treatment with Hepacare significantly (p<0.05) reversed [22]. 

Reported that the platelet count results showed no significant 

difference (P>0.05) between pre- and post-treated in each 

group and between post-treatment groups [49]. 

 
Table 3: Total platelet count (Lakhs/cmm) in different groups of mice 

 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 7.80±0.08a 8.12±0.14a 8.45±0.19a 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 6.57±0.13b 6.14±0.09c 5.93±0.24c 

3 LF @300mg/Kg p.o 7.83±0.18a 8.17±0.21a 8.55±0.19a 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 7.18±0.23a 7.22±0.11b 7.33±0.15b 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 7.07±0.14a 7.10±0.21b 7.19±0.17b 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 7.12±0.18a 7.54±0.18b 7.79±0.12b 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 

 

2.5 Packed cell volume (PCV) 

The mean PCV values were significantly (p<0.05) reduced in 

group 2 (43.14±0.33& 42.15±0.37) when compared with 

group 1(46.14±0.73& 47.56±0.57) and group 3 (46.15±0.16 

& 47.23±0.15) on 4th and 6th week of experiment respectively. 

Significantly (P<0.05) improved values were recorded in 

group 4,5 &6 when compared with group 2 on 4th and 6th 

week of experiment respectively. Though, there was no 

significant difference between groups 4, 5 and 6. (Table 4.) 

On the contrary, there was a nonsignificant (P>0.05) decrease 

in the packed cell volume values when CCl4-treated 

compared with control rats, but reduced packed cell volume 

values was observed in P. americana aqueous leaf extract pre-

treatment group [18]. Significant reduction (P<0.05) in packed 

cell volume in the CCl4-treated group when compared with 

the control group but treatment with Hepacare significantly 

(p<0.05) reversed [22]. Stated that PCV was significantly 

(p<0.05), decreased in the CCl4 group when compared to 

control rats when the CCl4 group treated with a high dose of 

Thymus vulgaris oil significantly (p<0.05) increased [23]. 

There was a significant decrease (P<0.05) in the PCV values, 

when compared between the CCl4 group and the control 

group, With respect to the Lactoferrin-protected groups, 

significant increase (P<0.05) in the PCV values was observed 

when compared with the CCl4 group [40]. 

 
Table 4: PCV (mg / dL) in different groups of mice 

 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 45.57±0.76a 46.14±0.73a 47.56±0.57a 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 43.48±0.39b 43.14±0.33c 42.15±0.37c 

3 LF @300mg/Kg p.o 45.83±0.43a 46.15±0.16a 47.23±0.15a 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 45.11±0.16a 45.84±0.18b 46.83±0.16b 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 45.05±0.17a 45.69±0.19b 46.32±0.11b 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P+Standard drug (Simvastatin @ 10mg/Kg p.o) 45.27±0.22a 45.94±0.20b 46.59±0.15b 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 

 

2.6 Mean corpuscular volume (MCV) 

The mean values of MCV were significantly (P<0.05) low in 

group 2 (49.87±0.50 & 48.54±0.55) when compared with 

group 1(53.88±0.82 & 54.26±0.91) and group 3 (54.93±0.56 

& 55.18±1.04) on 4th and 6th week of experiment respectively. 

Significantly (P<0.05) higher values were recorded in group 

4,5 &6 when compared with group 2 on 4th and 6th week of 

experiment respectively. Though, there was no significant 

difference between groups 4, 5 and 6. (Table 5.) Indicated that 

there was a decreased mean corpuscular volume (MCV) in 

rats treated with CCl4 but, groups treated with miniaturized 

silymarin & quercetin (MSQ) showed increased MCV values 

which were compared with the experimental control group 
[21]. Stated that significantly (p<0.05) higher values of MCV 

were observed in CCl4 treated rats than that of the control 

Meanwhile, the treated CCl4 group with oil of Thymus 

vulgaris changed the values of MCV [23]. Observed that there 

was no significant (P>0.05) change among the treatment 

groups in MCV values [26]. Reported that there was no 

significant difference (P>0.05) in MCV values when 

compared between CCl4 treated group and control group [40]. 
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Table 5: MCV (fL) in different groups of mice 
 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 53.38±0.74b 53.88±0.82b 54.26±0.91b 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 50.96±0.45d 49.87±0.50d 48.54±0.55d 

3 LF @300mg/Kg p.o 54.07±0.39a 54.93±0.56a 55.18±1.04a 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 52.32±0.31c 52.92±0.36c 53.33±0.73c 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 52.00±0.15c 52.53±0.16c 53.18±0.50c 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 52.03±0.14c 52.91±0.17c 53.56±0.49c 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 
 

2.7 Mean corpuscular haemoglobin concentration 

(MCHC) 

The mean values of MCHC were significantly (P<0.05) low 

in group 2 (28.56±1.60&28.02±1.74) when compared with 

group 1(31.50±0.79&31.87±1.23) and group 3 (31.63±1.06 & 

31.99±1.54) on 4th and 6th week of experiment respectively. 

Though, there was no significant difference between groups 

other than group 2 on 4th and 6th week. (Table 6.) indicated 

that there was a decreased mean MCHC count in rats treated 

with CCl4 but, groups treated with miniaturized silymarin & 

quercetin (MSQ) showed increased MCHC count which were 

compared with the experimental control group [21]. Lower 

MCHC values were observed in CCl4 treated rats than that of 

the control (P<0.05) Meanwhile, the group treated with CCl4 

with Thymus vulgaris oil changed the values of MCHC [23]. 

Observed that values of MCHC did not significantly (P>0.05) 

altered among the treatment groups [26]. Reported that there 

was no significant difference (P>0.05) in MCHC values when 

compared between group teated with CCl4 and control group 
[40]. 

 

Table 6: MCHC (g/dL) in different groups of mice 
 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 31.02±0.95a 31.50±0.79a 31.87±1.23a 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 29.15±1.30c 28.56±1.60b 28.02±1.74b 

3 LF @300mg/Kg p.o 31.24±1.58a 31.63±1.06a 31.99±1.54a 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 30.09±1.32b 31.33±1.01a 31.42±1.72a 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 30.11±1.40b 31.12±1.30a 31.17±1.58a 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 30.16±1.30b 31.24±1.15a 31.49±1.21a 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 
 

2.8 White blood cell (WBC) count 

Significantly (P<0.05) increased mean values of WBC were 

recorded in group 2(9.72±0.19& 10.20±0.19) when compared 

with group 1(5.63±0.22&5.50±0.18) and group 3(6.22±0.11& 

6.13±0.19) on 4th and 6th weeks of experiment. Group 3 

recorded significantly (P<0.05) high values when compared 

with groups 1,4,5 & 6 on 4th and 6th week of experiment 

respectively. There was no significant difference between 

groups 1, 4, 5 & 6. (Table 7.) there were significantly reduced 

(p<0.05) total white blood cells (WBC) counts when CCl4-

treated compared with control rats [18], but increased total 

white blood cells (WBC) counts was observed in P. 

americana aqueous leaf extract pre-treatment group 

Administration of CCl4 alone caused leucopenia in the rats 

similar to the findings of [28]. There was a reduction in the 

WBC of rabbits that received CCl4 alone, when compared to 

normal control rabbits [19] The administration of (Zizyphus 

oxyphyla) at 400 mg/kg body weight significantly increased 

the level of WBC when compared to toxic control animals. 

The current study is in agreement with observations on the 

alcohol extract of Capparis sepiaria stem against CCl4 

intoxicated Albino rats [29]. Green tea polyphenol extract 

(600mg/kg) decreased the levels of WBC as compare to the 

CCl4 and high fat diet fed model (positive control) [20]. Study 

revealed that albino rats treated with high fat diet and CCl4 

showed a decrease in WBC count [30], indicated that there was 

a increase in WBC count in rats treated with CCl4 [21]. WBC 

was significantly (p<0.05), decreased in the CCl4 group when 

compared to control rats when the CCl4 group treated with a 

high dose of Thymus vulgaris oil significantly (p<0.05) 

increased [23]. Recorded that there was a significant increase 

(P<0.05) in WBC in the CCl4-induced group but not in 

treated group [23]. Bovine LF supplementation significantly 

(P<0.05) reduced white blood cells (WBC) concentration 

when compared with control group [26]. There was a 

significant decrease (P<0.05) in the WBC count, when 

compared between the CCl4 group and the control group, 

With respect to the Lactoferrin-protected groups, significant 

increase (P<0.05) in the WBC count was observed when 

compared with the CCl4 group [40]. The WBC count results 

showed no significant difference (P>0.05) between pre- and 

post-treated in each group and between post-treatment groups 
[49]. WBC increased significantly (P<0.05) in the group that 

received CCl4 and was improved with administration of oil 

obtained from seeds of local Onopordum acanthium L [52]. 

 

Table 7: White blood cell (WBC) count (x103/µl) in different groups of mice 
 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 5.91±0.23c 5.63±0.22c 5.50±0.18c 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 7.33±0.24a 9.72±0.19a 10.20±0.19a 

3 LF @300mg/Kg p.o 6.84±0.13b 6.22±0.11b 6.13±0.19b 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 6.01±0.21b 5.96±0.10c 5.73±0.16c 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 5.85±0.18c 5.68±0.15c 5.33±0.14c 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 6.16±0.13b 5.95±0.21c 5.75±0.12c 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 
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2.9 Percent lymphocytes 

Mean values of lymphocyte count were significantly (p<0.05) 

reduced in group 2 (50.32±0.23 & 49.63±0.14) when 

compared with group 1(62.83±0.22 & 63.01±0.19) and group 

3(63.61±0.19 & 63.94±0.11) on 4th and 6th week of 

experiment respectively. Significantly (P<0.05) improved 

values were recorded in group 4,5 &6 when compared with 

group 2 on 4th and 6th week of experiment respectively. 

Though, there was no significant difference between groups 1, 

3 and 4 on 6th week. (Table 8.) there were significantly 

increased (p<0.05) lymphocytes counts when CCl4-treated 

compared with control rats [18], but decreased lymphocytes 

counts was observed in P. americana aqueous leaf extract 

pre-treatment group Administration of CCl4 alone caused 

lymphocytosis in the rats similar to the findings of [28]. 

Indicated that there was a decrease in lymphocyte count in 

rats treated with CCl4 but, treatment with miniaturized 

silymarin & quercetin (MSQ) increased the lymphocyte 

number, and the values were comparable to the experimental 

control group [21]. ymphocytic count was significantly 

(p<0.05), decreased in the CCl4 group when compared to 

control rats when the CCl4 group treated with a high dose of 

Thymus vulgaris oil significantly (p<0.05) increased [23]. 

Bovine LF supplementation significantly (P<0.05 increased 

lymphocyte count when compared with control group [26]. 

there was a significant decrease (P<0.05) in the lymphocyte 

counts, when compared between the CCl4 group and the 

control group, With respect to the Lactoferrin-protected 

groups, significant increase (P<0.05) in the lymphocyte 

counts was observed when compared with the CCl4 group [40]. 

 
Table 8: Lymphocytes count (%) in different groups of mice 

 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 62.69±0.19b 62.83±0.22b 63.01±0.19a 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 51.60±0.25d 50.32±0.23c 49.63±0.14c 

3 LF @300mg/Kg p.o 63.27±0.09a 63.61±0.19a 63.94±0.11a 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 62.67±0.19b 62.96±0.22b 63.09±0.13a 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 61.67±0.16c 62.01±0.25b 62.33±0.15b 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 62.38±0.16b 62.69±0.19b 62.98±0.14b 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 
 

2.10 Percent Neutrophils 

Mean values were significantly (P<0.05) increased in the 

neutrophil count was recorded in group2 (38.20±1.43 & 

39.67±1.74) when compared with group 1 (31.44±1.06 & 

30.40±1.63) and group 3 (31.67±1.57 &30.96±1.23) on 4th 

and 6th week of the experiment respectively. Significantly 

(P<0.05) lowered values were recorded in groups 4, 5 & 6 

when compared with group 2 on the 4th and 6th week of the 

experiment respectively. Though, there was no significant 

difference between groups other than group 2 on the 2nd, 4th 

and 6th week. (Table 9.) Brai et al reported that there were 

significantly decreased (p<0.05) neutrophils when CCl4-

treated compared with control rats, but increased neutrophils 

count was observed in P. americana aqueous leaf extract pre-

treatment group [18], Administration of CCl4 alone caused 

neutropenia in the rats similar to the findings of [28]. The study 

revealed that albino rats treated with a high-fat diet and CCl4 

showed a decrease in neutrophils count [30]. There was a 

significant (P<0.05) decrease in neutrophils count when 

compared with the control group [26]. Reported that normally 

neutrophils are the first responders to acute inflammation and 

help in the resolution of inflammation [47]. Reported that G-

CSF-deficient mice fed an HFD exhibited a reduction in 

neutrophil and macrophage infiltration in the liver, alleviating 

NAFLD progression [48]. 

 

Table 9: Neutrophils count (%) in different groups of mice 
 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 31.67±1.41b 31.44±1.06b 30.40±1.63b 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 37.67±1.63a 38.20±1.43a 39.67±1.74a 

3 LF @300mg/Kg p.o 31.94±1.42b 31.67±1.57b 30.96±1.23b 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 31.77±1.09b 31.38±1.30b 30.63±1.43b 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 31.69±1.57b 31.03±1.20b 30.13±1.98b 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 31.62±1.44b 31.05±1.09b 30.17±1.37b 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 
 

2.11 Percent monocytes 

Significantly (P<0.05) increased mean values of monocyte 

count were recorded in group2 (2.73±0.10&3.95±0.05) when 

compared with group (1.71±0.12&1.83±0.11) and group 3 

(1.74±0.21 & 1.95±0.24) on the 4th and 6th week of the 

experiment respectively. Significantly (P<0.05) lowered 

values were recorded in groups 4, 5 &6 when compared with 

group 2 on 4th and 6th week of the experiment respectively. 

Though, there was no significant difference between groups 

other than group 2 on 2nd, 4th and 6th week. (Table 10.) 

Observed that the values of monocytes did not significantly 

(P>0.05) change among the treatment groups [26]. There was a 

significant decrease (P<0.05) in the monocyte counts when 

compared between the CCl4 group and the control group, 

concerning the Lactoferrin group, a significant increase 

(P<0.05) in the monocyte counts was observed when 

compared with the CCl4 group [40]. Noticed that monocytes % 

increased significantly (P<0.05) in the group that received 

CCl4 but reduced with administration of oil obtained from 

seeds of local Onopordum acanthium L [52]. 
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Table 10: Monocytes (%) in different groups of mice 
 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 1.65±0.05b 1.71±0.12b 1.83±0.11b 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 2.28±0.08a 2.73±0.10a 3.95±0.05a 

3 LF @300mg/Kg p.o 1.68±0.07b 1.74±0.21b 1.95±0.24b 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 1.35±0.25b 1.51±0.09b 1.69±0.26b 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 1.35±0.40b 1.46±0.24b 1.61±0.24b 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 1.55±0.07b 1.63±0.20b 1.81±0.13b 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 

 

2.12 Percent Eosinophils 

There was no significant difference in mean values of 

eosinophil count between groups except group2 (1.86±0.10, 

1.98±0.09 &2.08±0.04) on 2nd, 4th and 6th week of experiment 

respectively the values of Eosinophils did not significantly 

(P>0.05) changed among the treatment groups [26] 

 
Table 11: Eosinophils count (%) in different groups of mice 

 

Group Treatment 2nd Week 4th Week 6th Week 

1 Standard diet 1.64±0.06 1.79±0.05 1.85±0.07b 

2 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P 1.86±0.10 1.98±0.09 2.08±0.04a 

3 LF @300mg/Kg p.o 1.69±0.07 1.80±0.14 1.88±0.13b 

4 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 300mg/Kg p.o) 1.62±0.08 1.75±0.08 1.83±0.07b 

5 HFD +CCl4 @ 0.5mg/Kg in olive oil I/P + LF @ 100mg/Kg p.o) 1.61±0.06 1.74±0.04 1.82±0.06b 

6 HFD + CCl4 @ 0.5mg/Kg in olive oil I/P +Standard drug (Simvastatin @ 10mg/Kg p.o) 1.61±0.04 1.73±0.09 1.82±0.04b 

Mean ± SE (n=6); analysed by One way ANOVA with Duncan’s post hoc test (SPSS) Values bearing dissimilar alphabets as superscripts vary 

significantly at p<0.05 among the groups. 
 

CCl4 caused a significant reduction in red blood cells and 

haemoglobin, whereas a significant increase in white blood 

cells, neutrophils, monocytes, eosinophils and basophils in 

disease control rats [50]. The aberrations in haematological 

parameters were normalized by the Datura stramonium leaf 

crude extract in a dose-dependent manner which was identical 

to silymarin given at a 50 mg/kg dose. There was no 

significant (P>0.05) effect of M. fragrans supplementation on 

MCHC, MCV, and PCV among all groups [53]. studies on the 

effects of terpenoid and saponin extracts of I. aquifolium on 

lipid metabolism in the Zucker rat model indicate that there 

was a significant(P<0.05) increase in RBC, WBC, and 

platelets in treated groups than control groups [54] CCl4-treated 

rats displayed a considerable reduction in RBCs count, Hb 

content, and PCV which could be referred to as the disturbing 

hematopoiesis, erythrocytes destruction, reducing the 

erythrocyte formation rate as erythropoiesis is controlled by 

erythropoietin hormone which is primarily liberated by the 

kidney and liver [23] CCl4 intoxication induced macrocytic 

hypochromic anaemia, increased the lipid peroxidation, 

proteins degradation in the cell membrane, alterations of 

membrane-bound enzymes, and also increase osmotic 

fragility of the erythrocyte [31]. Elevation of toxic neutrophils 

may be imputed to the free radicals liberation during CCl4 

metabolism which harmed circulating white blood cell 

membranes and their content and could also induce several 

ultra-structural abnormalities in both cytoplasm and nucleus 

of leukocytes [32] Treating CCl4 intoxicated rats with a high 

dose of Thymus vulgaris essential oil (TEO) significantly 

elevated total leukocytes and lymphocyte count which could 

be correlated to the known anti-inflammatory effects of 

thymol [33]. The release of CCl4 reactive species 

[trichloromethyl (CCl3.) and trichloromethyl peroxy 

(CCl3OO.)] might have possibly caused the significant 

(P<0.05) transient reduction in the Haemoglobin 

concentration and PCV level due to hemolytic anaemia 

caused by oxidation of sulphydryl groups of the erythrocyte 

membrane in addition to disturbing hematopoiesis, 

erythrocytes destruction, rate of formation is reduced and 

removed from circulation [34, 24]. On the other hand, the CCl4 

treatment significantly (P<0.05) increased WBCs count 

which may be attributed to lymphocyte infiltration of 

poisoned cells, an immune response to a chemical antigen by 

the body's defensive mechanism of immune system [35, 36, 37]. 

Meanwhile, treatment with an n-butanol fraction of methanol 

extract of F. glumosa leaves showed significant (P<0.05) 

reversal effects of haematological parameters comparable 

with normal control rats. The consequent reduction in red 

blood cells by hemolysis and enhanced hematopoiesis with 

the decrease in the WBCs count may be ascribed to the 

stabilization of the free radicals by some antioxidants present 

in the n-butanol fraction of methanol extract of F. glumosa 

leaves, that was in agreement with the findings of [38, 39]. 

Aqueous extract of C. aconitifolius leaves produced similar 

action against CCl4-induced hepatotoxicity and 

haemotoxicity in rats [38]. 

Normocytic normochromic anaemia was due to MCV and 

MCHC values where there was no significant difference [40]. 

Anaemia might be due to the hepatic injury caused by CCl4 

and a reduction in the formation of RBC was also observed by 
[28, 41, 42]. However, the groups that were treated with 

Lactoferrin showed alleviated changes which were due to an 

increase in the absorption and utilization of iron as stated by 
[43]. Lactoferrin loaded with iron may bind to the macrophage 

surface receptors and deliver its iron to intracellular ferritin 

stores [44]. The results of the leukogram showed the regulatory 

role of Lactoferrin in up and down-regulation of the immune 

system which was mentioned by [45]. The Lactoferrin action 

may be its ability to stimulate the lymphocyte action [46]. 

 

3. Conclusions 

The results of this study lead to significant alterations in 

hematological parameters in male C57BL/6 mice. Hence, 

Lactoferrin treatment can ameliorate hematological alterations 

induced by administration of high fat diet (HFD) & CCl4 

under experimental conditions. 
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