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INTRODUCTION 
 

Non-alcoholic fatty liver disease (NAFLD) is a band of 

clinical and pathological conditions characterized by 

excessive lipid deposition in the liver parenchyma in the 

absence of significant alcohol consumption.
[1]

 Several 

literatures have pointed out the NAFLD a hepatic 

module of the metabolic syndrome, a syndrome that also 

includes central obesity, dyslipidaemia, hypertension and 

insulin resistance/ impaired glucose tolerance.
[2] 

 

Epidemiological data shows the global prevalence of 

NAFLD in diverse population as follows: In the United 

States, the prevalence of NAFLD in adults is 24.13%, 

and it is projected to be 33.5% in 2030 and cases will 

reach 100.9 million in the general population. In Asian, 

the prevalence of NAFLD is 27.37%, with 20.09% in 

China. In South America 30%, Europe 24% with wide 

variations in the prevalence identified among different 

ethnic groups of these populations.
[3]

 In some developing 

countries, such as Sudan and Nigeria is 8.7% and 20% 

respectively.
[4] 

 

It has been hypothesized that NAFLD may present an 

endothelial dysfunction that could be one of the earliest 

factors associated to fat accumulation and liver 

damage.
[5]

 Since its discovery, NAFLD has been broadly 

associated to cardiometabolic syndrome and its 

components: hepatic and systemic insulin resistance, 

dyslipidaemia, visceral obesity, hypertension and 

impaired fasting glucose.
[6] 

 

Spirulina platensis is a microscopic blue green algae 

(microalgae) that is reported to have hepatoprotective 

properties by decreasing liver lipid profile, 

lipoperoxidation products and it also has a hypolipaemic 

effect, especially on the concentrations of triglyceride 

and the cholesterol associated to low density lipoprotein 

and indirectly on total cholesterol and cholesterol 

associated to high density lipoprotein.
[7] 
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ABSTRACT 
 

The Spirulina platensis has been extensively used in the therapeutic management of 

chronic metabolic and non-metabolic disorders. However, Non-alcoholic fatty liver 

disease (NAFLD) is a common chronic liver disease known as hepatic module of the 

metabolic syndrome. In this study, the efficacy of atorvastatin treatment and graded 

doses of S. platensis on the NAFLD rats were assessed. Forty-six (46) Wistar rats were 

randomly grouped into 2 groups comprising of 8 rats as a controls and 38 rats as test 

group. Control group received only basal diet and water while the test group was fed 

with high fat diet (HFD) and carbon tetrachloride (CCL4) intragastric twice a week for 

8 weeks. Thereafter, 2 rats were sacrificed from each group and hepatic histological 

examination carried out to establish the occurrence of non-alcoholic liver disease. The 

negative control and test group were regrouped into six groups (n=6). Positive control 

(NAFLD), received high fatty diet and CCL4 intragastric, group 3 received 10 mg/kg 

b.w. of atorvastatin and groups 4, 5, 6 and 7 received (200 mg, 400 mg, 600 mg and 

800 mg/kg b.w respectively) of S. platensis extract intragastric for 4 weeks. Serum 

nitric oxide (NO), endothelial nitric oxide synthase activity (eNOS), liver function test, 

lipid profile and histologic analysis were performed using standard techniques. 

Administration of atorvastatin and high doses of S. platensis exerted more potent 

effects against necrosis of the hepatocytes, steatohepatitis, hyperlipidemia, and obesity 

in NAFLD rats, and this may be a future aid tool for developing a novel challenge 

against NAFLD impacts. The results indicated that high doses of spirulina exhibited 

better effects comparing to the atorvastatin.  
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Atorvastatin has cholesterol-lowering properties, statins 

exert cholesterol-independent pleiotropic effects that are 

not mediated by HMG-CoA reductase inhibition, which 

include up-regulation of hepatic low density lipoprotein 

receptors which reduce proatherogenic circulating LDL 

cholesterol.
[7] 

 

Carbon tetrachloride (CCl4) is reported to induce 

chemical hepatitis and liver injuries in experimental 

animals. An exposure to CCl4 as being a strong 

hepatotoxic xenobiotic will directly leads to severe liver 

necrosis and steatosis through its strongly reactive free 

radical metabolites, trichloromethyl and trichloromethyl 

peroxy.
[8]

 And treatment with spirulina platensis and 

atorvastatin was reported to alleviate oxidative stress. 

Therefore the present study was designed to investigate 

the effect of spirulina platensis and atorvastatin on 

serum endothelial nitric oxide synthase activity in 

NAFLD in wistar rats. 

 

MATERIALS AND METHODS 
 

All chemicals and reagents used in this study were of 

analytical grade and used before their expiration date. 

Endothelial Nitric oxide synthase and Nitric oxide 

ELISA Kits were products of Glory Science Co.Ltd 

China, while Aspartate Aminotransferase, Alanine 

Aminotransferase, Alkaline phosphatase, Total protein, 

Albumin, Bilirubin, and lipid profile (Total cholesterol, 

HDL-c and Triglyceride) assay kits were products of 

Agappe Diagnostics Switzerland. The study was 

conducted at the Department of Chemical Pathology, 

School of Medical Laboratory Science and Animal 

House of Faculty of Pharmaceutical Sciences, Usmanu 

Danfodiyo University, Sokoto-Nigeria. Based on sample 

size calculation, forty-six.
[46]

 wistar rats (aged 8-12 

weeks old), weighing between 120-140 g were purchased 

from the Animal House of  the Faculty of Pharmaceutical 

Sciences, Usmanu Danfodiyo University, Sokoto. They 

were allowed to acclimatize for a period of 2 weeks and 

allowed access to drinking water ad libitum. 

 

Plant Collection: A 100% pure Spirulina Platensis in 

powder form was purchased from Neneeys Optimal 

Skincare, 32 Road, Kenjul Plaza, Opposite 321 Junction, 

Festac Town, Lagos and was aqueously extracted and 

administered in graded doses of 200mg/kg body weight 

(b.w), 400 mg/kg b.w., 600 mg/kg b.w., and 800 mg/kg 

b.w. to the experimental rats. 

 

Preparation of Extract: The spirulina powder (100 g) 

was soaked in 1 litre of ultrapure water and shaken 

occasionally for 24 hours at room temperature. The 

mixture was then centrifuged at 5,000 rpm for 10 

minutes and the supernatant was filtered using Whatman 

No. 1 to remove the cell debris. The sample was freeze-

dried and the dried extract was stored at 4
0
C until use for 

the experiment. 

 

Formulation of Non-alcoholic Fatty Liver Disease in 

Rats: Non-alcoholic fatty liver disease (NAFLD) was 

formulated in accordance with Neoman et al., 2011 with 

some modifications. The formulation consist of 54.7% 

fat, 20% carbohydrates, 20.3% protein and 5% fibre. 

And carbontetrachloride (CCl4) intragastric twice a week 

for 8 weeks. Formulation induce high fatty liver and liver 

damage was induced by intragastric administration of 

30% CCl4 (dissolved in olive oil, v/v) at 1.0 ml/kg b.w. 

twice a week for 8 weeks as described by 9; 10). 

 

Experimental Design: The forty-six (46) wistar albino 

rats were randomly grouped into two groups comprising 

of 8 rats as control  and 38 rats as a test groups. The 

control group received only basal diet and water. The test 

groups were fed with high fat diet (HFD) and CCl4 

intragastric twice a week for 8 weeks. After 8 weeks, two 

rats were sacrifificed from each group and hepatic 

histological examination was carried out to establish the 

occurrence of non-alcoholic fatty liver disease. The 

animals were regrouped and treated as follows: 

Group 1(n=6): Control rats,received clean distilled 

water and  rodent chow ad-libitum 

Group 2 (n=6): NAFLD Control rats, received high 

fatty diet and I ml/kg CCl4 intragastric 

Group 3 (n=6): Test rats, received 10 mg/kg b.w. of  

atorvastatin 

Group 4 (n=6): Test rats, received 200 mg/kg b.w. of S. 

Platensis extract 

Group 5 (n=6): Test rats, received 400 mg/kg b.w. of S. 

Platensis extract 

Group 6 (n=6): Test rats, received 600 mg/kg b.w. of S. 

Platensis extract 

Group 7 (n=6): Test rats, received 800 mg/kg b.w. of S. 

Platensis extract 

 

The appropriate doses of the treatment regiments were 

administered orally/intragastric to the animals according 

to their body weight once daily by intubation using 

intravenous cannula tube for 4 weeks. The rats were 

fasted for 12 hours, and anaesthetized in a glass jar 

containing wool soaked with chloroform. Blood samples 

were collected from the animals through cardiac 

puncture into clean plain bottles. The rats were later 

sacrificed through lumbar dislocation and their liver was 

removed. The sample collected in the plain tubes were 

allowed to clot at room temperature and later centrifuged 

at 4000 rpm for 10 minutes. The sera were transferred 

into labelled clean serum bottles with tighten cap and 

stored at -20
0
C until required. 

 

The Ethical approval was sorted from the ethics and 

research committee, Department of Pharmacy and 

Toxicology, Usmanu Danfodiyo University, Sokoto, 

with the approved number PTAC/SP/0T/30-21. The 

following methods were adopted in the measurement of 

biochemical parameters: Serum Endothelial Nitric oxide 

synthase described by Engvall and Peter (1971),
[11]

 Nitric 

oxide was determined by method of Mesaros and 

Grunfeld (1997),
[12] 

Aspartate Aminotransferase and 

Alanine Aminotransferase activities were determined by 

method of Reitman and Frankel (1957),
[13]

 Alkaline 
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phosphatase activity was determined by method of 

Belfield and Goldberg (1971),
[14]

 Total protein was 

determined by method of Lowry et al. (1951),
[15]

 

Albumin concentration determined by method of 

Spencer and Price (1977),
[16]

 Bilirubin was determined 

by method of Basil et al. (1958),
[17]

 LDL-cholesterol was 

calculated using Friedwald et al. (1972),
[18]

 formular: 

Serum LDL-c = Total cholesterol- (HDL-c +VLDL), 

Atherogenic index (AIX) was calculated using  Kazemi 

et al. (2018),
[19]

 formular: Serum AIX = (LDL-c/HDL-c). 

 

The results of the data were presented as mean ± 

Standard Error of Mean (SEM). Group comparisons 

were made using one-way analysis of variance 

(ANOVA) and Pearson’s correlation was used to 

correlate the parameters. Significant difference was taken 

at 5% (P <0.05). 

 

RESULTS 
 

 
Figure 1: Effects of S. platensis and atorvastatin treatment on serum endothelial nitric oxide synthase (eNOS) 

(pg/mL) activity and nitric oxide (NO) (µmol/L) level in non-alcoholic fatty liver disease Wistar rats.  

 

Grp1: Negative control; Grp2: Positive control; Grp3: 

Test received 10mg/kg Atorvastatin Grp4: Test received 

200mg/kg Spirulina platensis; Grp5: Test received 

400mg/kg Spirulina platensis; Grp6: Test received 

600mg/kg Spirulina platensis; Grp7: Test received 

800mg/kg Spirulina platensis. Values are expressed as 

mean ± standard error; Data analysis was carried out 

using One Way ANOVA followed by Tukey’s test. 

Values with superscript differ significantly at 
a
p < 0.05 

and 
b
p < 0.01 and 

c
p < 0.001 when compared within 

groups (p, q, r, s, x, y and z represented group 1, 2, 3, 4, 

5, 6 and 7). 
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Plate 1: Negative Control showed radiating chords of hepatocytes (H0 and sinusoid (S) converging into the 

central vein (CV) within the portal area. (H&E. x 400). 

 

 
Plate 2: Positive Control showed HFD and CCl4 induced necrosis of the hepatocytes (N), infiltrating leukocytes, 

disorganized sinusoids (S) surrounding the central vein, and steatohepatitis (SH). (H&E. x 400). 
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Table 1: Effects of S. platensis and atorvastatin treatment on liver function test in non-alcoholic fatty liver 

disease Wistar rats. 
 

Group 

 

N  ALT 

   (U/L) 

AST 

(U/L) 

ALP 

(U/L) 

TP 

(g/L) 

ALB 

(g/L) 

TBIL 

(µmol/l) 

DBIL 

(µmol/l) 

1 6 45.69 ± 3.10 30.66 ± 1.24 170.91 ± 8.52 62.04 ± 2.40 38.23 ± 1.44 8.41 ± 1.61 2.32 ± 0.69 

2 6 79.63 ± 2.91
c
 109.63 ± 3.45

c
 402.93 ± 38.81

c
 49.22 ± 2.20

a
 31.00 ± 0.78 16.68 ± 1.77

b
 1.83 ± 0.55 

3 6 63.66 ± 4.16
b,a

 99.83 ± 3.30
c
 276.04 ± 22.65

a,b
 64.13 ± 1.77

a
 40.65 ± 2.82

a
 5.13 ± 0.70

 c
 2.87 ± 0.86 

4 6 61.39 ± 1.91
a,b

 91.04 ± 3.39
c,a

 216.75 ± 12.59
c
 63.43 ± 2.25

a
 38.79 ± 2.14 11.76 ± 0.62 2.87 ± 0.86 

5 6 64.01 ± 2.24
b,c

 81.04 ± 0.70
c,a

 195.35 ± 6.94
c
 69.62 ± 3.11

c
 37.77 ± 2.33 11.43 ± 1.21 3.29 ± 1.40 

6 6 50.49 ± 3.39
c
 67.87 ± 7.56

c,b
 161.24 ± 3.44

c,a
 77.03 ± 4.81

b,c
 50.90 ± 4.22

c,b,a
 11.20 ± 1.03 1.99 ± 0.28 

7 6 45.40 ± 3.37
a,b

 55.68 ± 5.04
c,b

 138.58 ± 5.62
c,b

 81.71 ± 2.46
c,b

 53.93 ± 1.69
c,b

 9.09 ± 1.91
a
 2.66 ± 0.72 

P-values  0.000 0.000 0.000 0.000 0.000 0.001 0.702 

F values  17.493 63.410 21.714 16.248 14.725 5.629 0.634 

Values are expressed as mean ± standard errors; N: Number of rats; ALT: Alanine transaminase; AST: Aspartate 

transaminase; ALP: Alkaline phosphatase; TP: Total protein; ALB: Albumin; TBIL: Total bilirubin; DBIL: Direct 

bilirubin; Grp 1: Negative control; Grp 2: Positive control; Grp3: Test received 10mg/kg Atorvastatin; Grp4: Test 

received 200mg/kg Spirulina platensis; Grp5: Test  received 400mg/kg Spirulina platensis; Grp6: Test received 

600mg/kg Spirulina platensis; Grp7: Test received 800mg/kg Spirulina platensis. Data 

 

Table 2:  Serum Lipid profile in non-alcoholic fatty liver disease wistar rats treated with S. platensis and 

atorvastatin. 
 

Group 

 

N TC 

(mmol/L) 

TG 

(mmol/L) 

HDL 

(mmol/L) 

LDL 

(mmol/L) 

VLDL 

(mmol/L) 

AIX 

1 6 1.09 ± 0.08 0.72 ± 0.07 0.53 ± 0.05 0.42 ± 0.06 0.14 ± 0.02 0.83 ± 0.14 

2 6 2.57 ± 0.25
c
 1.67 ± 0.21

c
 0.24 ± 0.04

b
 1.95 ± 0.24

c
 0.33 ± 0.04

c
 8.80 ± 1.27

c
 

3 6 1.59 ± 0.10
b
 1.03 ± 0.08

a
 0.50 ± 0.09

a
 0.88 ± 0.39

c
 0.21 ± 0.02

a
 2.11 ± 0.67

c
 

4 6 1.44 ± 0.09
c
 1.14 ± 0.19 0.59 ± 0.05

b
 0.62 ± 0.05

c
 0.23 ± 0.04 1.05 ± 0.06

c
 

5 6 1.11 ± 0.12
c
 0.69 ± 0.11

c
 0.52 ± 0.06

a
 0.45 ± 0.11

c
 0.14 ± 0.02

c
 0.93 ± 0.23

c
 

6 6 1.17 ± 0.14
c
 0.64 ± 0.11

c 
0.53 ± 0.06

a
 0.51 ± 0.10

c
 0.13 ± 0.02

c
 0.96 ± 0.11

c
 

7 6 0.83 ± 0.07
c,a

 0.55 ± 0.07
c
 0.58 ± 0.03

b
 0.15 ± 0.05

c,a
 0.11 ± 0.02

c
 0.28 ± 0.10

c
 

P value  0.000 0.000 0.000 0.000 0.000 0.000 

F value  17.418 9.496 6.059 21.951 9.608 25.104 

Values are expressed  as mean  ± standard error; N: number of rats; TC: Total cholesterol; TG: Triglyceride; HDL: 

High density lipoprotein; LDL: Low density lipoprotein; VLDL: Very low density lipoproteins; AIX: Artherogenic 

index; Grp1: Negative control; Grp2: Positive control; Grp3: Test received 10mg/kg Atorvastatin; Grp4: Test 

received 200mg/kg Spirulina platensis; Grp5: Test received 400mg/kg Spirulina platensis; Grp6: Test received 

600mg/kg Spirulina platensis; Grp7: Test received 800mg/kg Spirulina platensis. Data analysis was carried out using 

One Way ANOVA followed by Tukey’s test. Value differs significantly when 
a
p < 0.05, 

b
p < 0.01 and 

c
p < 0. 

 

DISCUSSION 
 

Plate 2 results evidence the confirmation of NAFLD in 

wister rats, which is consistent with the work of,
[9]

 

characterized by necrosis of the hepatocytes, infiltrating 

leukocytes, disorganized sinusoids surrounding the 

central vein, steatohepatitis and infiltration of 

inflammatory cells. The hepatic damage causes elevated 

liver enzymes and reduced TP and ALB level, through 

endothelial cell capillarization, activation of HSCs, 

accompanied by extracellular matrix (ECM) 

deposition,
[22]

 and associated endothelial dysfunction 

with impaired NO production. Treatment with 

atorvastatin and different doses of Spirulina platensis 

extracts significantly improved the liver damage, 

indicated a proliferation of undamaged hepatocytes, 

revascularization and sinusoid remodel in necrotic area 

crucial for repair processes via increase protein and 

albumin and consequently improving eNOS and NO 

(plate 1). 

Following  post S. Platensis intervention  we reported the 

following important findings: there was significantly  

decreased MDA, eNOS, NO, AST, ALT, ALP, total 

bilirubin, total cholesterol, triglyceride, LDL-C, and AIX 

and increased SOD, GPx, CAT, protein, albumin, and 

HDL-C levels. 

 

Following treatment of NAFLD rats with atorvastatin 

and Spirulina extracts for 4 weeks, there was decreased 

in oxidative damage produced by HFD + CCL4 via 

enhancement of eNOS activities and NO levels. This is 

in line with,
[22]

 that reported the increased effect of 

statins on NO level and eNOS expression which has been 

observed in several species, including human cell 

culture, in mice, rats, rabbits and dogs.      

 

There were also significantly decreased serum 

concentrations of ALT, ALP and total bilirubin and 

increased total proteins and albumin concentrations. 
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These findings are consistent with those of.
[25]

 This 

functional activity may be related to its hypolipidaemic 

activity.
[26] 

 

Also, graded doses of S. platensis considerably decreased 

the concentrations of liver enzymes, increased total 

proteins, albumin and total bilirubin concentrations 

compared to positive control. This is in line with the 

study of.
[27]

 Other studies have reported that, Spirulina 

platensis prevents the development of fatty liver, and its 

antioxidant properties seem to mediate such a protective 

effect, indicated by the reduction of malondialdehyde 

(MDA) as well as the elevation of reduced glutathione 

(GSH) and superoxide dismutase levels in liver tissue.
[28] 

 

Furthermore, treatment with atorvastatin and S. platensis 

mitigated the hepatic damages, which was associated 

with the improvement of liver function, and the higher 

concentration of spirulina platensis shows a remarkable 

significance against atorvastatin group leading to 

reduction in the severity in NAFLD rats. Therefore, the 

result in this study, present that S. platensis is critical for 

the control of liver damage associated with NAFLD in a 

rat model study. 

 

This study also presented the hypolipidaemic activity of 

atorvastatin and graded doses of S. platensis which is 

supported with the decreased in serum TC TG, LDL-C, 

VLDL-C, AIX and increased level of HDL-C. The result 

of this study is in line with the previous studies of.
[25,29,30]

 

 

CONCLUSION 
 

The study reported that, atorvastatin and spirulina 

treatment exerts a protective effect on liver through 

enhancement of liver function test parameters and 

reduced hyperlipidaemia in NAFLD rats. Conversely, 

administration of atorvastatin and high doses of S. 

platensis exerted more potent effects against necrosis of 

the hepatocytes and steatohepatitis in NAFLD rats 

indicating their antioxidant and anti-inflammatory 

activity. The results indicated that high doses of spirulina 

exhibited better effects comparing to the atorvastatin. 

 

However, the multifunctional role of Spirulina species 

makes it an ideal natural drug with enormous 

prophylactic and therapeutic properties. 

 

Recommendation 

We recommend use of S.Platensis instead of 

conventional drugs in the treatment of NAFLD since is 

cheaper, affordable and more effective compare to 

atorvastatin. 
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