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ABSTRACT
Background: The consumption of a high-fat diet affects fat metabolism in the body, and it gets progressively worse by adding
high fructose to the diet. Similarly, the chemical compound carbon tetrachloride (CCl4) can cause toxic effects in multiple
organs. High sensitivity C reactive protein (hsCRP) is a micro-inflammatory marker used as a primary preventive tool against
several diseases. This study aimed to determine the impact of giving a high-fat, high-fructose diet (HFHFD) and CCl4 on hsCRP
levels of Wistar rats.
Methods: An experimental study among 24 male Wistar rats aged 8-12 weeks divided into four groups. Rats were fed an HFHFD
and were either administered CCl4 biweekly (0.08 mL/kg, peritoneal) or not. The other two groups were fed with standard chow
meal with CCl4 injection, and the un-injected group stands as a control group. All groups were monitored for eight weeks, and
serum parameters were examined. Data were analyzed using SPSS version 17 for Windows. P-value <0.05 was significant.
Results: The intake of a high fat and high-fructose diet for eight weeks was proven to have higher levels of hsCRP than those
without the diet. Similar to the administration of 0.8 ml/kg peritoneal CCl4 biweekly shown to have higher levels of hsCRP
compared to the control group. This study also showed increased body weight except for the group that received a standard
meal and CCl4 peritoneal injection.
Conclusion: High-fat high fructose diet and carbon tetrachloride had a significant effect on hsCRP level.
Keywords: high-fat, high-fructose diet (HFHFD), carbon tetrachloride (CCl4), high sensitivity C reactive protein (hsCRP), Wistar.
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INTRODUCTION
Ever since many health complications
caused by food habits, many studies have
found various diets to make similar animal
models for identifying the main factors
contributing to its development. High-fat
diets are known to lead to adipose mass
accumulation.1 An excess of body fat tissue
may closely be associated with several
non-communicable diseases.2 Dietary
fructose has been implicated in risk
factors for cardiovascular disease (CVD)
with increased plasma triglycerides.3 A
high-fat, high fructose diet (HFHFD) can
also trigger oxidative stress in tissue and
plasma, metabolic syndrome, and obesityrelated-disease such as nonalcoholic
fatty liver disease (NAFLD).4 The critical

factors in developing metabolic diseases,
including obesity, are chronic low-grade
inflammation triggered by nutrients and
metabolic signals, also known as metabolic
inflammation.5
Carbon tetrachloride (CCl4) has
been a frequently used chemical to
experimentally induced hepatic fibrosis
depending on the dose and duration.6
Some studies also use CCl4 to accelerate
and aggravate the progression of NAFLD
in rats.7 Kubota et al. developed a combined
HFD feeding and CCl4 administration;
this study demonstrates that multiple
administration of CCl4 to HFD-fed obese
mice induces chronic oxidative stress that
triggers inflammation apoptosis and leads
to the development of fibrosis in the liver,
resulting in progression from fatty liver to
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steatohepatitis.8
C-reactive protein (CRP) is commonly
associated with inflammatory reactions,
high-sensitivity CRP (hsCRP), has been
linked to several chronic low-grade
inflammatory processes leading to
cardiovascular disease (CVD).9 Highsensitivity CRP levels report having
a significant correlation with obesity
indices.10 Various inflammatory markers
have been assessed and evaluated in
NAFLD; hsCRP has also been part of
the scoring system in a Japanese study
that predicts the disease progression.11
Besides, hsCRP may be used as a predictor
of NAFLD and other obesity-associated
diseases.12 Therefore, the present study
aimed to determine the effect of a
high-fat, high fructose diet and carbon
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tetrachloride on hsCRP levels. Moreover,
to determine hsCRP as a preventive tool
in short-term HFHFD feeding and minor
induced oxidative stress by microdose
CCl4 administration as a novelty of this
study.

METHODS
Experimental animals
This study’s sample was Wistar rats
(Rattus norvegicus) Wistar aged 8-12
weeks with a weight between 200-250
grams characterized by active and healthy
movement. Wistar rats were placed in a
room with adequate air circulation and
standard temperature room (28±2⁰C) with
50%±10% humidity to maintain a stable
environmental atmosphere. Room lights
were set in a cycle of 12 hours of darkness
and 12 hours of light.
Preparation of diet and CCl4
Standard food was prepared in the
Laboratory of Animal Food Chemistry,
formulated based on NutriSurvey®
software to calculate the calorie intake
and the percentage of macro and
micronutrients per gram pellet. A standard
meal’s nutritional composition consists of
3.1% fat, 16.1% protein, 3.9% fiber, 5.1%
ash/mineral with tap water. High-fat meals
consist of 40% fat, 11.6% protein, 4.5%
fiber, and 4.5% ash/minerals with 20%
fructose in drinks. Fat percentage is 42%
of total calories.
Rats will receive CCl4 by peritoneal
injection using a microdose of 1.5ml/
kg BW of rats. Pure CCl4 solution was
diluted into corn oil with the final volume
of 10cc to obtain a final concentration
of 0.08 ml/kg. The solution is injected
intraperitoneally (IP) twice a week.7
Experimental design
Twenty-four rats were randomly divided
into four groups with the same amount
in each group. Group A includes rats
with HFHFD. Group B is a group of rats
given HFHFD and received a peritoneal
injection of CCl4. Group C as a control
group with standard chow meal. Group
D includes rats given a standard chow
meal with CCl4 injection. During the
treatment for eight weeks, experimental
animals’ weight weighed every week to see
body weight changes. Blood samples were
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taken at the end of treatment to measure
the serum. Blood was collected into a
red-cap vacutainer tube and centrifuged
at 3000 rpm for fifteen minutes to obtain
serum. Rat blood serum was studied using
a Bioassay Technology Laboratory kit
with the ELISA method in Anonymous
University Medical Research Center. The
test was entirely done according to the
manufacturer’s guidance.
Data analysis
An independent sample T-test was used
to evaluate the significant difference
between control and experimental groups.
Differences in body weight changes levels
between the analysis groups were tested
with one-way ANOVA and showed the
significance of body weight changes with
sample paired T-test. To show statistically
significant differences, a p-value <0.05 was
determined. The data were processed using
SPSS software version 17 for Windows.
Ethical Clearance
This study was approved by the Committee
of Health Research Ethics, Anonymous,
under letter number 75/UN4.6.4.5.31/
PP36/2021.

RESULTS
The weighing results showed an increase
in rat’s body weight in three groups during
treatment, including both the high-fat
Table 1.

high-fructose diet group (with or without
CCl4 injection) and also in the control
group. Rats’ body weight in the control
group significantly increased (p=0.007),
followed by HFHFD with the CCl4
injection group (p=0.035). In contrast,
the CCl4 injection group with a standard
meal food showed a static change in body
weight and decreased at the final week.
Statistically, there is a significant change
in body weight between the sample groups
(p=0.004) (Table 1).
After eight weeks of treatment, hsCRP
levels in all three groups (Figure 1)
increased. The increase in hsCRP levels
in the high-fat, high-fructose diet group
was higher than the rats with the standard
meal group (p=0.004) (Table 2). The
hsCRP level also increased in the group
given CCl4 injection (p=0.039) (Table
4) and groups that received both CCl4
injection and high-fat and high-fructose
diet (p=0.018) (Table 3). Data have shown
that the increase in hsCRP levels in each
treatment group increased significantly
compared to the control group.

DISCUSSION
After eight weeks of treatment, the control
group experienced the most significant
increase in body weight (p=0.007)
compared to the group with a high-fat
high fructose diet. Some other studies may
support our findings; a study shows that

The changes in body weight (g) after eight weeks of treatment

Sample

Initial weight

Final weight

Weight Changes

**p-value

Group A

278.7 ±54.24

357.3 ± 21.08

78.7 ± 33.25

0.055

Group B

251.5 ±49.13

309.8 ± 55.15

58.3 ± 31.64

0.035

Group C

215.3 ± 11.15

304.0 ± 23.39

88.7 ± 12.50

0.007

Group D

254.7 ±4.63

246.0 ± 8.54

-8.7 ± 4.73

0.086

0.004

p-value*

Notes: Significance was tested with *one way ANOVA (p<0.05) and **paired sample T-test
(p<0.05)
Group A (HFHFD); Group B (HFHFD+CCl4 injection); Group C (control with standard meal);
Group D (standard meal+CCl4 injection)

Table 2.

Comparison value of the hsCRP (ng/mL) serum between HFHFD
group and control group
Sample Group

Mean

SD

HFHFD

Group A

1.503

0.0067

control

Group C

1.062

0.1272

p-value*
0.004

Notes: *Significance was tested with Independent Samples T-test (p<0.05)
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Table 3.

Comparison value of the hsCRP (ng/mL) serum between HFHFD with
CCl4 injection group and control group
Sample Group

Mean

SD

HFHFD + CCl4

Group B

1.861

0.3347

control

Group C

1.062

0.1272

p-value*
0.018

Notes: *Significance was tested with Independent Samples T-test (p<0.05)

Table 4.

Comparison value of the hsCRP (ng/mL) serum between CCl4 group
and control group
Sample Group

Mean

SD

CCl4

Group D

1.796

0.4341

control

Group C

1.062

0.1272

p-value*
0.039

Notes: *Significance was tested with Independent Samples T-test (p<0.05)

Figure 1. Mean of hsCRP levels between experimental and control groups
Notes: Group B, which was given HFHFD and CCl4 injection, produced the highest mean value
of hsCRP levels, followed by group D with a standard meal and CCl4 injection. Group A with
HFHFD alone also had a higher hsCRP level than the control group (Group C)

a ketogenic diet by giving 60% of fat on
rats for 60 days significantly affects weight
loss by around 100 g from their baseline
body weight.13 Buettner et al. found a
different high-fat source on the diet result
varying body weight changes.14 A study
shown rats fed high fructose did not differ
body weight among the control group but
shown a significantly higher grade of liver
steatosis.15
Both groups that received a CCl4
injection biweekly were found to have
lighter body weight. The group with a
standard meal and CCl4 injection tend

to reduce body weight in the final week.
Similar to Nhung et al., rats administered
with CCl4 (1.0 mL/kg) caused significant
weight loss in mice after eight weeks
of treatment.16 Two subsequent studies
showed that a combination of a high-fat
diet with CCl4 leads to prominent fibrosis
after 24 weeks of protocol yet induced
body weight increases.17,18
The present study found that the
group with HFHFD had increased hsCRP
levels. The same finding was reported by
Hou et al.19 Rats were fed with a high-fat
diet after 24 weeks resulting in elevated
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plasma triglyceride and hsCRP levels
(p<0.05). Opposite to the study, Shahi et
al. showed that restriction of calorie intake
caused weight loss and subsequently
led to a significant decrease in hsCRP
levels (p<0.001).20 Another study on
humans states that body mass index and
triglyceride are significantly higher in
subjects with the highest hsCRP levels in
38.6% of participants NAFLD. Therefore,
the risk for NAFLD increased as the
hsCRP level increased (p<0.001).12
For several years, carbon tetrachloride
has been known as a classic toxin to induce
liver damage. CCl4 intoxication of the liver
affected the lipoproteins’ morphology and
function, which drastically impaired their
ability to act as transport vehicles for lipids
from the liver to the circulation.21 A study
using active smokers populations shown
lipid peroxide toxicity causes oxidative
stress, and systemic inflammation plays
a role in producing hsCRP. The study
concludes a relationship between total
cholesterol level and hsCRP in active
smokers with a solid correlation level.22
In this study, rats with CCl4 injection
biweekly were proven to have higher
hsCRP levels than the other groups
without CCl4 injection, followed by the
group with HFHFD alone. Indicates
significant liver damage occurred unto
the group—similar findings from Kubota
et al.8 However, all three experimental
groups produce higher hsCRP levels than
the control group. Nevertheless, further
studies of organ involvement in hsCRP
levels were a limitation of this study; we
also propose other studies to examine
liver steatosis levels to assess the fatty liver
disease.

CONCLUSION
This study demonstrated high-fat, high
fructose diet and carbon tetrachloride
significantly affected hsCRP levels
compared to the control group. Based on
statistical tests, HFHFD, HFHFD with
CCl4, and CCl4 groups have raised hsCRP
levels.
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