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ABSTRACT 

Background: Metabolic syndrome is defined as a cluster of metabolic disorders, including hypertension, insulin resistance, 
dyslipidemia, diabetes, cardiovascular disease and abdominal [central] obesity. It is also found under different names, such 
as syndrome X, “deadly quartet” and insulin resistance syndrome.  

The aim of the work: to investigate the potential effect of curcumin and compare it with the effect of metformin and atorvastatin on 
hepatic and metabolic changes in metabolic syndrome. 

Materials and Methods: Fifty male Sprague–Dawley [8 weeks old] weighting 150-200 g obtained from animal house of the department 
of pharmacology, Al-Azhar Faculty of Medicine. Rats were kept in regular dark – light cycle with free access to groups [specific 
diet and water] that were renewed daily and were observed for water intake, food intake, changes in body weight and 
abdominal circumference during 16-week study period. 

Results: Histopathological changes after administration of high carbohydrate high fat [HCHF] diet, revealed fatty changes, ballooning 
degeneration [vacuoles] and fibrosis. Infiltration by large numbers of inflammatory cells was detected in the portal area and 
there was an inflammatory reaction dividing the hepatic parenchyma into lobules. On the other side, the treated rats with 
curcumin showed improved inflammation [few inflammatory cells, slight ballooning and fibrosis, but still present moderate 
steatosis in liver samples. The atorvastatin group revealed comparable results to the curcumin group. However, when 
combined together, they were able to restore hepatic tissue to nearly its normal structure.  

Conclusions: Combination therapy by curcumin and atorvastatin was more effective in the management of non-alcoholic fatty liver/non-
alcoholic steatohepatitis [NAFL/NASH]. However, further studies are required to evaluate the applicability of the present 
results in human beings and to judge the safety and efficacy of curcumin, atorvastatin and their combination. 
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INTRODUCTION 

According to the National Cholesterol Education 
Program’s Adult Treatment Panel III [ATPIII], metabolic 
syndrome is a combination of multiple risk factors that 
increases an individual’s chance to develop cardio-
vascular disease [CVD] or Type II Diabetes [1, 2].  

Curcuma longa [turmeric] is a rhizomatous 
herbaceous perennial plant of the ginger family 
[Zingiberaceae]. The deep orange-yellow powder 
known as turmeric is prepared from boiled and dried 
rhizomes of the plant. It has been commonly used as 
spice [3].  

Presently, a growing interest in herbal medicine has 
prompted a large number of scientific investigations 
about the biological and pharmacological properties of 
curcuma longa extract main component curcumin, 
which exerts several biological actions [4]. 

The statins are a class of drugs, which act to lower 
total cholesterol and low-density lipoprotein [LDL] 
levels by reducing hepatic cholesterol production 
through inhibition of hydroxyl-methyl-glutamyl Co-A 
[HMG-CoA] reductase and a reduced cardiovascular 
disease [CVD] incidence [5]. 

THE AIM OF THE WORK 

The current study aimed to investigate the potential 
effect of curcumin and compare it with the effect of 
metformin and atorvastatin on hepatic and metabolic 
changes in metabolic syndrome 

MATERIALS AND METHODS: 

Drugs and chemicals 

Curcumin [purity ~99%] was purchased from 
Sigma-Aldrich Chemical Company [Cairo, Egypt] in the 
form of a bottle containing 100 gm of yellow powder 
[Catalog number C1386]. The required daily dose was 
weighted, suspended in 2 ml corn oil and given orally 
through gastric gavage at a dose of 200 mg/Kg/bw [6]. 
Atorvastatin calcium salt trihydrate in the form of pure 
powder in glass bottle was obtained from Sigma 
[Sigma Chemical Co., St. Louis, MO, USA]. The daily 
dose was prepared and administered by orally through 
gastric gavage in a dose of 30mg/kg/day. 

Animals  

Fifty male Sprague–Dawley [8 weeks old] weighing 
150-200g were obtained from the animal house of the 
department of pharmacology, Al-Azhar Faculty of 
Medicine. Rats were kept in a regular dark – light cycle 
with free access to groups [specific diet and water] that 
were renewed daily and were observed for water 
intake, food intake, changes in body weight and 
abdominal circumference during the 16 weeks study 
duration. 

All group-specific diet was prepared in our 
laboratory. The cornstarch [CS] diet was prepared by 
mixing cornstarch- powdered rat feed, Hubble, Mendel 
and Wakeman salt mixture, and water. The cornstarch 
was replaced with condensed milk, fructose, and beef 
tallow in the high carbohydrate, high fat [HCHF] diet. 
The drinking water for the HCHF diet groups was 
augmented with fructose. HCHF diet contained 50% 
carbohydrate [mainly fructose] and 24% fat [mainly 
beef tallow] with 25% fructose in drinking water. Control 
rats fed a corn starch-rich diet contained 68% 
carbohydrate [mainly cornstarch] and 0.7% fat. Drugs 
were given once daily at 10: 00 AM to 11:00 AM for the 
last 8 weeks of the experiment [7] 

Experimental design 

Group 1: Control corn starch [16- weeks] group: 
rats in this group were fed corn starch diet throughout 
the 16-weeks protocol and served as the control 
normal group.  

Group 2: High carbohydrate, high fat [16-weeks] 
group. Rats in this group were fed HCHF diet 
throughout 16 weeks protocol served as the control 
diseased group [8]. 

Group 3: Atorvastatin 30 mg/kg/day treated high 
carbohydrate high fat group. Rats in this group were 
fed HCHF diet throughout 16-weeks, treated with 
atorvastatin 30mg/kg day administered by gavage for 
the last 8 weeks of the protocol [9]. 

Group 4: Curcumin-treated group [200 mg/kg/day]. 
Rats in this group were fed HCHF diet throughout 16-
weeks, treated with curcumin 200 mg/kg/day 
administered by gavage for the last 8 weeks of the 
protocol. 
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Group 5: Curcumin and atorvastatin- treated group. 
Rats in this group were fed HCHF diet throughout 16- 
weeks, treated with curcumin 200mg/kg/day and 
atorvastatin 30mg/kg administered by gavage for the 
last 8 weeks of the protocol. 

Collection of blood samples 

At the end of the experiment, laparotomy was done 
and blood samples were collected by cardiac puncture. 
Blood samples were collected with 10 IU of heparin left 
for 10 minutes, and then centrifuged for 10 minutes at 
4000g to obtain plasma and serum, respectively, which 
are stored at -20oC until biochemical analysis.  

We investigated the effect of HCHF diet feeding for 
16-weeks on plasma glucose, serum adiponectin, final 
body weight [FBW], final abdominal circumference 
[FAC], food intake [FI], water intake [WI], serum 
aspartate transaminase [AST], serum alanine 
transaminase [ALT], plasma total cholesterol [TC], 
plasma triglycerides [TG], plasma high-density 
lipoprotein [HDL] cholesterol and plasma low -density 
lipoprotein [LDL] cholesterol. These biological 
variables were measured to assess the pathophysio-
logical changes prior to drug intervention and 
compared with their corresponding in cornstarch [CS] 
fed rats for the same period [16-weeks].  

Preparation of liver homogenate 

For all groups, the liver was harvested, cut, coded 
and immediately washed in 0.9% NaCl and embedded 
in 10% buffered formalin for three days. Formalin 
solution was changed daily to prevent the presence of 
blood traces in the tissue. After that, liver sections were 
sent for pathological evaluations. The liver specimens 
were then dehydrated and fixed in paraffin wax. 
Sections of 5-μm thickness were cut, deparaffinized 
with xylene and then rehydrated through decreasing 
concentrations of ethanol for staining with hematoxylin 
and eosin. Microscopic examination of these liver 
samples was done at 10× and 40× power of 
magnification for steatosis, inflammation and fibrosis 
assessment according to Panchal et al. [10].  

Mild steatosis was recorded as less than 25% of 
hepatocytes showed fatty changes in liver sections in 
10 high-power field. Moderate steatosis defined as 
more than 50% of hepatocytes in sections in 10 high- 

power field showed fatty changes. Sever steatosis was 
defined as nearly all hepatocytes showed massive fatty 
changes in sections in 10 high-power fields. Hepatic 
inflammation was defined as the ratio of the area of 
inflammatory foci to the total area of the section [11]. 

Statistical analysis 

All statistical calculations were done using 
computer programs. Microsoft Excel version 10 and 
SPSS [statistical package for the social science version 
20.00]. The One-way analysis of variance [ANOVA] 
and Post Hoc- least significant differences [LSD] tests 
were used to compare numerical data, which was 
presented using mean ± standard deviation [SD]. 
Additionally, paired samples “t” test used to compare 
between one value at two different points of time. 
However, qualitative data were presented as frequency 
and percentages and Chi square test was used to 
check for association. P value < 0.05 was set as a 
significant.  

RESULTS 

In this study, feeding the rats with HCHF diet for 16 
weeks increased plasma glucose level from 4.77± 0.8 
mmoL/L to 6.82±1.3 mmoL/L [p < 0. 05]. Also, in the 
rat group treated with curcumin, Plasma glucose level 
decreased from 6.82±1.3 mmoL/L to 6. 1± 1.2 mmol/l. 
In rats treated with curcumin plus atorvastatin, plasma 
glucose levels decreased from 6.82 ±1.3 mmoL/L to 
5.61±1.2 mmoL/L [p < 0. 05] [table 1, figure 1].  

 Feeding rats with HCHF diet for 16-weeks, plasma 
adiponectin decreased significantly from 65.50 ±16.8 
pg/ml to 9.83 ± 2.6 pg/ml; while in atorvastatin treated 
group, adiponectin increased significantly from 9.83± 
2.6 pg/ml to 37.00±10.2 pg/ml. 

In rats treated with curcumin, plasma adiponectin 
significantly increased from 9.83±2.6pg/ml to 41.00± 
9.1pg/ml, while in combined treatment group, plasma 
adiponectin increased significantly from 9.83±2.6pg/ml 
to 42.21±10.2pg/ml [Table 1, Figure 2]. 

Rats on HCHF diet for 16-weeks showed significant 
increase of final body weight [FBW] from 245.0±34.6 
gm to 340.0±58.6gm. Final abdominal circumference 
[FAC] significantly increased from 16.50±2.7cm to 
22.12 ± 4.60 cm. In rats treated with atorvastatin, FBW 
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decreased from 340.00±58.6 gm to 327.50±49.3 gm. 
In addition, FAC significantly decreased from 22.12 ± 
4.60 cm to 17.2 ± 2.8 cm. In curcumin treated rats, 
FBW was significantly decreased from 340.00 ±58.6 
gm to 300 ± 41.3 gm, and FAC significantly decreased 
from 22.12 ± 4.60 cm to17.1 ± 2.7 cm. Furthermore, in 
combined treatment group, FBW significantly 
decreased from 340.0±58.6 gm to 285.1 ± 41.3 gm. 
FAC significantly decreased from 22.12 ± 4.60 cm 
to16.9 ± 2.8 cm [Table 2, figures 3, 4]  

Results of liver enzymes throughout the study 
duration and comparison between groups was 
presented in detail in table 3 and figure 5; while results 
of lipid profile was presented in table 4 and figure 6.  
Other laboratory data and blood pressure were 
presented in subsequent table [5] and figures 7 and 8.  

 2. Histopathological examination of hepatic 
tissue specimens: 

 The CS group: microscopic examination showed no 
histopathological alterations. Normal histological 

structure of the central vein and surrounding 
hepatocytes [Figure 9] 

  The HCHF group: liver showed necrotic lesions, 
fatty infiltration [F], mild inflammatory cell infiltration 
[L], dilatation of central vein [V] with vascular 
congestion [C], disorganization of hepatic cords [H], 
and dilatation of blood sinusoid [S] [Figure 10]. 

  The atorvastatin group: there was mild restoration 
of hepatic plate organization [H], low grade of 
central vein [V] dilatation, moderate congestion [C], 
moderate degree of fatty cell infiltration [F], few 
inflammatory cell infiltration [L], and moderate 
dilatation of blood sinusoid [S] [Figure 11]. 

  The curcumin group: there was improvement of 
inflammatory reaction [few inflammatory cells, slight 
ballooning and fibrosis], but still present moderate 
steatosis in liver samples [Figure 12]. 

  Curcumin plus atorvastatin: there was small 
vacuoles in the cytoplasm of hepatocytes with little 
fatty change [Figure 13].  

 

 
Table [1]: Effect of curcumin, Atorvastatin and combination of them on plasma glucose 

 CS 16w 
 [n=10] 

HCHF 
 [n=10] 

Curcumin 
 [n=10] 

A Tor  
[n=10] 

Curcumin + A Tor 
 [n=10] 

F p-value 

FBG [mmol/L]  4.63±1.20  7.78±1.60a  6.10±1.20ab  5.95±1.50ab  5.61±1.20b  7.132  <0.001 

Adiponectin [pg/mL]  65.50±16.80  9.83±2.60a  41.00±9.10ab  37.00±10.20ab  44.12±10.20ab  34.191  <0.001 

One Way Analysis of Variance [F]; Post HOC Test, LSD: a. Significant difference with CS 16w; b. Significant difference with HCHF; c. Significant difference with curcumin; 
d. Significant difference with A Tor; This table shows statistically significant difference between groups according to FBG and adiponectin. 

 

Table [2]: Effect of curcumin, Atorvastatin and combination of them on final body weight [FBW], final abdominal circumference [FAC], 
food intake [FI] and water intake [WI].  

Parameters CS 16w 
[n=10] 

HCHF 
[n=10] 

Curcumin 
[n=10] 

Ator 
[n=10] 

Curcumin + Ator [n=10] ANOVA p-value 

 FBW [gm] 245.00±34.60 340.00±58.60a 300.00±41.30ab 327.50±49.30a 285.10±41.30abd 6.686  <0.001 

 FAC [cm] 16.50±2.70 22.12±4.60a 17.10±2.70b 17.20±2.80b 16.90±2.80b 5.318  <0.001 

FI [gm/d] 29.83±8.60 21.00±5.40a 23.20±4.10a 21.00±5.30a 17.90±5.10ac 5.735  <0.001 

WI [mL/d] 36.83±9.70 22.50±6.40a 24.50±5.40a 22.17±5.80a 23.00±5.20a 8.630  <0.001 

Using: One Way Analysis of Variance; Post HOC Test, LSD: a. Significant difference with CS 16w; b. Significant difference with HCHF; c. Significant difference with curcumin; d. Significant difference 
with A Tor; This table shows statistically significant difference between groups according to FBW, FAC, FI and WI. 
 

Table [3]: Effect of curcumin, Atorvastatin and combination of them on aspartate transaminase [AST] and alanine Transaminase [ALT] 

Parameters CS 16w 
 [n=10] 

HCHF 
 [n=10] 

Curcumin 
 [n=10] 

A Tor 
 [n=10] 

Curcumin+Ator 
 [n=10] 

ANOVA p-value 

AST [u/L]  10.00±2.30  35.00±9.40 a  25.00±6.50 ab  31.83±8.50 ac  24.97±5.50 abd  19.453  <0.001 

ALT [u/L]  6.00±1.70  27.33±8.30 a  20.61±5.60 ab  22.67±6.90 ab  20.91±5.60 ab  17.629  <0.001 

Using: One Way Analysis of Variance; Post HOC Test, LSD: a. Significant difference with CS 16w; b. Significant difference with HCHF; c. Significant difference with curcumin; 
d. Significant difference with A Tor This table shows statistically significant difference between groups according to ALT, AST. 
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Table [4]: Effect of curcumin, Atorvastatin and combination of them on total cholesterol [TC], Triglyceride [TG], High- density lipoprotein 
cholesterol [HDL] and low- density lipoprotein cholesterol [LDL]. 

Parameters CS 16w 
[n=10] 

HCHF 
[n=10] 

Curcumin 
[n=10] 

A Tor 
[n=10] 

Curcumin + Ator 
[n=10] 

ANOVA p-value 

TC [mg/dL]  114.50±21.40  251.20±32.30a  195.20±40.40ab  152.83±43.80abc  140.40±33.50abc  23.235  <0.001 

TG [mg/dL]  100.30±23.70  170.83±42.90a  145.17±33.30a  125.17±31.40ab  119.50±31.40b  6.586  <0.001 

HDL [mg/dL]  55.17±11.4  32.76±9.6a  37.71±7.7a  49.67±11.4bc  50.80±11.50bc  8.314  <0.001 

LDL [mg/dL]  40.33±10.6  178.4±32.6a  121.61±31.3ab  69.67±14.3abc  61.81±12.80abc  61.400  <0.001 

Using: One Way Analysis of Variance; Post HOC Test, LSD: a. Significant difference with CS 16w; b. Significant difference with HCHF; c. Significant difference with curcumin; 
d. Significant difference with A Tor; This table shows statistically significant difference between groups according to TC, TG, HDL and LDL. 
 

Table [5]: Effect of curcumin, Atorvastatin and combination of them on malondialdehyde and SBP.  

 CS 16w 
[n=10] 

HCHF 
[n=10] 

Curcumin 
[n=10] 

A Tor 
[n=10] 

Curcumin + A Tor 
[n=10] 

ANOVA p-
value 

 Malondialdehyde 10.99±0.22 40.18±0.28a 33.50±0.40ab 31.50±0.35ab 27.80±0.80abcd 683.312 <0.001 

 SBP [mm/Hg] 95.63±3.2 142.50±9.22a 117.70±4.75ab 119.50±9.26ab 109.60±6.75abd 58.454 <0.001 

Using: One Way Analysis of Variance; Post HOC Test, LSD: a. Significant difference with CS 16w; b. Significant difference with HCHF; c. Significant difference with curcumin; 
d. Significant difference with A Tor; This table shows statistically significant difference between groups according to malondialdehyde and SBP. 

   

Figure [1]: Effect of curcumin, atorvastatin and 
combination of them on BG. 

Figure [2]: Effect of curcumin, atorvastatin and 
combination of them on adiponectin [pg/mL]. 

Figure [3]: Effect of curcumin, atorvastatin and on 
FBW 
. 

   
Figure [4]: Effect of curcumin, atorvastatin and 
combination of them on FAC, FI and WI. 

Figure [5]: Effect of curcumin, atorvastatin and 
combination of them on AST and ALT. 

Figure [6]: Effect of curcumin, atorvastatin and 
combination of them on TC, TG, HDL, and LDL. 

  

 

Figure [7]: Effect of curcumin, atorvastatin and 
combination on malondialdehyde 

Figure [8]: Effect of curcumin, atorvastatin of them on 
SBP [mm/Hg]. 
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Figure [9]: Histopathological image from the 
CS group 

Figure [10]: Histopathological image from 
HCHF group 

Figure [11]: Histopathological image  of 
atorvastatin-treated group 

  

 

Figure [12]: Histopathological image  of 
curcumin-treated group 

Figure [13]: Histopathological image  from 
curcumin plus atorvastatin treated group 

 

DISCUSSION 

Metabolic syndrome is the clustering of a 
multitude of cardiometabolic symptoms including 
central obesity, hypertension, insulin resistance, 
chronic low-grade inflammation and atherogenic 
dyslipidemia [12]. No medication is presently shown 
for the treatment of NAFLD/NASH. The standard 
care is represented by lifestyle intervention. 
However, because this approach has several 
limitations, such as a lack of compliance, the use of 
many drugs has been proposed [13].  

In this study, we assessed the effect of 
curcumin, and atorvastatin either alone or in 
combination in a high carbohydrate high fat [HCHF] 
diet model of metabolic syndrome. The HCHF diet 
successfully generated a phenotype associated 
with diet-induced metabolic syndrome, including 
obesity, metabolic abnormalities, hypertension and 
ectopic fat deposition in the liver. The findings of this 
study indicate that the high dose of curcumin 
administered daily to rats which diet-induced 
metabolic syndrome was able to normalize SBP, 
lower visceral adiposity and reduce inflammation, 
and reduce body weight or total body fat content 
which conflicted with the majority of similar studies 
[14]. Young male Sprague-Dawley rats fed [HCHF] 

diet in comparison with corn starch [CS] diet that 
contained the same number of carbohydrates 
showed significant increase in glucose levels 
together with marked increase in insulin resistance 
and with reduced serum adiponectin, significant 
decrease in food and water intake, with a greater 
FBW and FAC, dyslipidemia in the form of elevated 
plasma TC, TG, and LDL cholesterol with reduced 
plasma level of high- density lipoprotein [HDL] 
cholesterol, in addition HCHF diet produced 
significant increase in serum alanine transaminase 
[ALT] and aspartate transaminase [AST]. Also, in 
this study liver of rats fed HCHF diet showed who 
used [HCHF] diet model of metabolic syndrome but 
in rats [15]. 

 In present study we tried to test [HCHF] diet 
model of metabolic syndrome in Sprague- Dawley 
rats. Several previous studies test the drugs on 
NAFLD/NASH used several dietary models for the 
disease; mainly high gat [HF] diet model, and 
Methionine and Choline deficient diet model. Such 
results occurred with HCHF diet, but not in CS diet, 
however both of them contained the same number 
of carbohydrates, but the carbohydrate components 
were different in their type. The [CS] diet contains a 
slowly digestible starch [15].  
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On the other hand, fructose and fat present in 
the [HCHF] diet, produced changes in metabolic 
variables, and liver structure and function. In this 
study, dyslipidemia can be explained by NASH 
associated with visceral obesity, insulin resistance 
and adipokines such as TNF- α that increases FFA 
releases from adipocytes with consequent 
enhancement of lipid delivery to the liver [16].  

Treating rats with atorvastatin 30 mg/ kg /day- 
decreased plasma glucose, but in lesser extent to 
that with combination therapy, beside that ator-
vastatin significantly improved homeostasis model 
assessment [HOMA] of insulin resistance. Treating 
rats with curcumin 200mg/kg /day-decreased 
plasma glucose, but in lesser extent to that with 
combination therapy too. These results were 
consistent with the pervious study by Huptas et al. 
and Matafome et al. [17,18] that evaluated the effect 
of 6 weeks of atorvastatin in insulin-resistant 
subjects and found that atorvastatin resulted in a 
significant reduction in glucose. On the other hand, 
it was observed that atorvastatin has no effect on 
insulin resistance in dyslipidemic patients [19].  

In this study, atorvastatin can improve hyper-
glycemia and insulin resistance, that could be 
attributed to the elevation of both plasma insulin 
growth factor 1 [IGF- 1] and its mRNA expression in 
the liver. IGF-1, an important metabolic regulatory 
hormone synthesized and released mainly by the 
liver, has beneficial effects on glucose homeostasis 
due to its glucose lowering and insulin- sensitizing 
action [20]. IGF-1 has hypoglycemic effects and 
enhances insulin sensitivity. In skeletal muscle cells 
of type 2 diabetic patients, IGF-1 was found to be a 
more potent stimulant of glucose transport than 
insulin itself [21]. 

Treating rats with atorvastatin produced 
significant increase in the levels of adiponectin that 
was in consistency with balance-colio [22] who found 
that, three months of 10 mg/d atorvastatin increased 
the level of adiponectin in human beings with 
hypercholesterolemia and ischemic heart disease. 
Such results may be due to atorvastatin ability to 
increase adiponectin production and secretion in 
adipocytes. On the other hand, Shetty et al. [23] 
found that atorvastatin had no effect on circulating 

adiponectin levels in patient with diabetes.  

In the current work, treating rats with curcumin 
increased serum adiponectin significantly. That was 
in accordance with Ding et al. [14], and Um et al. [24]  

In addition, atorvastatin significantly decreased 
FAC, but it can't significantly decrease FBW, FI and 
WI.  However, the Combination of curcumin and 
atorvastatin in the same previous doses decreased 
both FAC and FBW significantly with none 
significant reduction in FI or WI. Matafome et al. [18] 
reported that atorvastatin therapy cannot affect 
FBW. 

Elevated liver enzymes can be explained by 
NASH associated damage to the liver cells caused 
by ALT and AST to leak into the blood stream [25].  

In the current work, treating rats with curcumin 
was associated with significant reduction of liver 
enzymes, that agrees with previous reports [26-28].  

In this study dyslipidemia can be explained by 
NASH associated with visceral obesity, insulin 
resistance and adipokines such as tumor necrosis 
alpha [TNF-α] that increases free fatty acids [FFA] 
release from adipocytes with enhancement of lipid 
delivery to the liver [16].  

The obtained results revealed that, curcumin in 
rats fed high cholesterol diet resulted in reduction of 
lipid profile. Curcumin might decrease absorption of 
cholesterol and increase the activity of cholesterol-
7α-hydroxylase [29].  

Treating rats with atorvastatin significantly 
reduced TC, TG, and LDL-c with increased HDL-c 
that was in agreement with previous study of 
Hernandez et al. [30], who stated that atorvastatin, 
an inhibitor of [HMG-CoA] reductase decreased 
hepatic triglyceride secretion without an increase in 
hepatic triglyceride concentration beside reduction 
of hepatic FFA and the cholesteryl ester availability 
derived from newly synthesized cholesterol that 
limits the secretion of VLDL cholesterol. Also, 
adiponectin, induced by atorvastatin, directly 
stimulates AMP-activated protein kinase [AMPK] 
and prevents hepatic lipid accumulation by 
increasing β-oxidation of free fatty acids and by 
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diminishing their de novo synthesis [31].  

HCHF diet feeding had induced hypertension 
in all of the HCHF diet groups, whereas the corn 
starch diet groups remained normotensive as in 
previous studies with this model [32].  

The findings of this study indicate that the high 
dose of curcumin administered daily to rats with 
diet-induced metabolic syndrome was able to 
normalize SBP, lower visceral adiposity and reduce 
inflammation, and reduce body weight or total body 
fat content which conflicted with the majority of 
similar studies [14].  

The high dose of atorvastatin administered 
daily for 16-weeks, led to a decrease in SBP 
independently of the lipid lowering effect, changes 
in endothelial function and oxidative stress. This is 
in agreement with wassmann and nickenig [33]. 

Conclusion: we recommend the use of 
curcumin if the prominent feature in NASH is insulin 
resistance while use atorvastatin if the prominent 
feature is dyslipidemia, and both drugs in 
combination if there are both dyslipidemia and 
insulin resistance. Future studies are recommended 
to test for the safety of both drugs and to calculate 
the minimum effective dose of both drugs in human 
being. Therefore, in our opinion, curcumin remains 
a promising drug for the treatment of NAFLD due to 
its metabolic effects and safety profile.  
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