
Biomedical & Pharmacology Journal, September 2022.	 Vol. 15(3), p. 1551-1560

Published by Oriental Scientific Publishing Company © 2022

This is an    Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

In Vivo Assessment of Lycopene Effect on Obesity-Induced 
Inflammation

 
Samar Kamel1, Dalia W. Zeidan2, Howayda E. Khaled3,

Zinab Abd-Elhady Ali4, Nadia G. Elrefaei4 and Mohamed S. El-Naggar5*

1Department of Physiology, Faculty of Veterinary Medicine, Suez Canal University, Ismailia, Egypt.
2Department of Home and Economics, Nutrition and Food Science Branch,

Faculty of Education, Suez Canal University, Ismailia, Egypt.
3Zoology Department, Faculty of Sciences, Suez University, Suez, Egypt.

4Clinical Skills Lab Department, College of Medicine, Imam Abdulrahman
Bin Faisal University, P.O. 1982, Dammam 31441, Saudi Arabia.

5Zoology Department, Faculty of Science, Suez Canal University, Ismailia, 41522, Egypt.
*Corresponding Author E-mail: msemaenr@science.suez.edu.eg

https://dx.doi.org/10.13005/bpj/2493 

(Received: 21 May 2022; accepted: 28 July 2022)

	 A chronic low-grade inflammation is one of etiologic conditions closely associated with 
obesity. The study aims to examine the effect of lycopene on obesity inflammatory conditions 
in rats. 20 adult male albino rats were divided into four groups (n=5) and for 30-day treatment 
they were divided into the control group received corn oil as a vehicle, lycopene control group 
received lycopene extract (10 mg/kg) daily with gavage, obese control group subjected to high 
fat (HF) diet and received corn oil and obese/lycopene group subjected to HF diet and daily 
received lycopene extract by the same dose. Bodyweight, weight of thymus and spleen, cytokines 
[Resistin, Interleukin-1ß (IL-1ß), Tumor Necrosis Factor a (TNF-a) and Interleukin-6 (IL-6)], 
lipid profile, and immunohistochemical assay for the Nuclear Factor kappa-B receptors (NF-?B) 
expression were measured and analyzed. The results revealed that the induced obesity caused 
a remarkable increase in bodyweight, relative weight of thymus and spleen, levels of serum 
cytokines, total cholesterol and triglycerides and NF-?B receptors expression, but decreased 
high-density lipid (HDL) level significantly. Administration of lycopene to obese rats caused a 
significant depletion in the levels of serum cytokines, total cholesterol (TC) and triglycerides 
(TG) with a significant increase in HDL level and caused no change in bodyweight, while the 
relative weight of the spleen and thymus was improved. Also, lycopene caused a marked decline 
in NF-?B receptors expression in thymus and spleen. These results supported the importance of 
lycopene as a beneficial carotenoid in combating obesity and companied disturbed fat index 
and metabolism.
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	 Obesi ty  is  a  medicinal  disorder 
characterized by excess body fat and body mass 
index (BMI) greater than 30 kg/m2, leading to 
harmful health problems 1. There are more than 
500 million people worldwide presently suffer 

from obesity and high pathological diseases such 
as disordered metabolic syndrome, diabetes, 
cardiovascular problems, chronic inflammatory 
diseases and sleep complaints cause the main 
health syndromes in developed and developing 
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countries 2. Obesity as a lifestyle issue caused by 
an imbalance in energy expenditure and intake has 
previously been linked to more severe and complex 
pathogenic outcomes.
	 The adipose tissue is considered not 
only as body store of energy but also endocrine 
organ producing a variety of biologically active 
proteins and peptides known as adipokines 3. These 
released adipokines are a heterogeneous group 
including cytokines, hormones, growth factors, 
prostaglandins, acute-phase proteins, sex steroids 
and glucocorticoids, with complicated efficacy on 
the receptor organs such as kidneys, hypothalamus, 
immune system, skeletal muscle, pancreas and 
liver 4. In the obesity situation, the secretion of 
additional adipokines and numerous cytokines 
is supposed to cause a low-grade inflammation 
within the adipose tissue, and subsequently causes 
the progress of multiple secondary disorders like 
metabolic syndrome, diabetes, insulin resistance, 
asthma and arterial hypertension 5 , 6.
	 These alterations in cytokine secretion 
are associated with releasing some chemo-
attractant mediators like free fatty acids and 
tumor-necrosis-factor alpha (TNF-á), which attract 
macrophages to penetrate the adipose tissue 7. In 
obesity situation, several cytokines enhance the 
alteration of stimulating process of macrophage 
from the main alternatively activated phase (M2) 
to the classic activated phase (M1) 8 , 9. Also, in 
obese persons, the release of pro-inflammatory 
adipokines by hypertrophied adipocytes of visceral 
adipose tissue, basically TNF-á and interleukin–6 
(IL-6), was recorded to be increased 3 and the anti-
inflammatory adipokines secretion appears to be 
inhibited 10.
	 Lycopene is considered a lipophilic non-
provitamin A carotenoid, which gives rise to the 
red colour in different vegetables and fruits like 
tomato, guava, grapefruits and watermelon 11. This 
carotenoid is well-recognized for its antioxidant 
characteristics 12. It is beneficial for inhibiting of 
multiple inflammation-accompanied disorders 
such as cancer, cardiovascular diseases 13 , 14 and 
obesity 12 , 15. Lycopene is primarily stored in human 
adipose tissue due to its hydrophobicity 16. It was 
investigated that higher consumption of lycopene 
was accompanied by a lower waist circumference 
and lower fat mass 17. The efficacy of lycopene in 
adipose tissue can be accredited, at least, to its anti-

inflammatory and anti-oxidative effects, depending 
on several studies. Primarily, lycopene reduced the 
mRNA expression of pro-inflammatory cytokines 
in adipose tissues of high-fat (HF) diet-fed mice 18 , 

19.  Moreover, lycopene decreased TNF-á release in 
lipopolysaccharide (LPS)-stimulated macrophages, 
which was accompanied by reduced NF-êB 
and mitogen-activated protein kinase (MAPK) 
signaling 20. So, lycopene appears to block the link 
between macrophages and adipocytes and thus 
inhibit obesity-accompanied adipose inflammation. 
On the other hand, it is still unclear whether and 
how lycopene modifies the inflammatory case of 
tissue macrophages in obese mice 21.
	 The current study aimed to examine 
the effect of lycopene on obesity inflammatory 
condition via assessment of bodyweight, the 
weight of the thymus and spleen, analysis of 
cytokines (Resistin, TNF-á, Interleukin-1â and 
Interleukin-6) and measurement of lipid profile. 
Also, immunohistochemical assay was used to 
evaluate their content of NF-êB receptors. 

Materials and methods 

Experimental animals and Ethics 
	 Twenty adult male albino rats (94–100 g 
BW) were used in the current study. Animals were 
brought at the Faculty of Veterinary Medicine, 
Suez Canal University, Egypt, kept in polyethylene 
cages with free access for food and water, and left 
for a week for acclimatization to animal house 
conditions. Rats were maintained at a controlled 
60 % humidity, 21 ± 1°C temperature and under 
a 12-hour light and dark program. The strategy 
of this experiment was approved by the Research 
Ethical Committee of the Faculty of Veterinary 
Medicine, Suez Canal University, Egypt (approval 
No. 2019030).
Study design and diet
	 The rats were divided into four groups 
(n=5), as the control group received corn oil as 
the vehicle, group 2 was the lycopene control, 
which received lycopene (Sigma-Aldrich, Egypt) 
extract (10 mg/kg BW) daily via gavage according 
to Kravchenko et al., 22, group 3 was the obese 
control and subjected to high fat (HF) diet and 
received corn oil. Group 4, the obese lycopene, 
was subjected to HF diet and received the same 
dose of lycopene extract. All treatments were 
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sustained for 30 days. The control diet was 
designed to accomplish the nutritional supplies 
of rats according to National Research Council 
23. According to Axen and Axen, 24, rats suffered 
from induced obesity after obtaining HF diet for 
12 weeks (Table 1). 
Bodyweight, thymus & spleen relative weights
	 According to Abdel-Rahman et al., 
25 method, rats were weighed on the first day 
of experiment and then weighed on the last 
experiment day, and the bodyweight gain (Bwt.G) 
was measured by subtracting the initial bodyweight 
from the final (F.Bwt). At the study period end, 
rats were anesthetized, to dissect the organs. For 
each rat, the thymus and spleen were extracted 
and weighed, and the relative organ weight was 
detected as follows: (Absolute organ weight / 
F.Bwt) × 100.
Blood sampling
	 Blood samples were drawn from retro-
orbital venous plexus using non-heparinized 
microhematocrit tube and centrifuged at 3000 rpm 
for 20 min and serum is separated and kept at -20°C 
till analysis of cytokines and lipid profile. 
Cytokines assessment
	 Resistin, Interleukin-1â, Tumor necrosis 
factor -á (TNF-á) and Interleukin-6 were assessed, 
using Elisa kits for murine (Bioassay Technology 
Laboratory Company, China).  
Lipid profile
	 Total cholesterol (TC) , triglyceride (TG) 
and high-density lipoprotein (HDL) were measured 
by using a commercial enzymatic calorimetric 
method (Bio-diagnostic Company, Dokki, Giza, 
Egypt) for triglycerides (Cat. No. TR 20 30), 
total cholesterol (Cat. No. CH 12 20) and HDL- 
cholesterol (Cat. No. CH 12 30). 
Immunohistochemistry of NF-KB receptors
	 According to Liu et al., 26, NF-êB protein 
expression was analyzed by immunohistochemistry 
technique. In a standard method, sections were 
microwaved for antigen retrieval, pretreated 
with 0.3 % H2O2, then blocked with goat serum 
and incubated overnight at 4 °C in a primary 
antibody solution containing rabbit anti-NF-êB 
p65 antibody. The sections were washed and 
incubated for one hour at room temperature in a 
suitable secondary antibody solution. The next 
step is to incubate the sections for one hour at 

room temperature in HRP—streptavidin and then 
treated with diaminobenzidine to develop the color 
reaction. Finally, the sections were counterstained, 
dehydrated and investigated under a simple light 
microscope. The NF†êB staining degree was 
measured in both the nucleus and cytoplasm of the 
thymus and spleen.   
Statistical analysis
	 Statistical analyses were performed by 
one-way ANOVA by using the statistical software 
package (SPSS; ver. 20). Values were expressed 
as mean ± SE, and (P<0.05) was the statistical 
significant limit.

RESULTS

Cytokines assessment
	 Figure 1 demonstrates serum levels of 
cytokines in control and treated groups. There 
was a marked (P<0.05) increase in serum Resistin, 
IL-1â, TNF-á and IL-6 in the obese group when 
compared with the control and lycopene control 
groups. Serum cytokines were significantly 
(P<0.05) decreased in the obese lycopene group 
as compared with the obese one.
Lipid profile assay
	 There was a significant (P<0.05) increase 
in serum TG and TC, and a significant decrease 
(P<0.05) in HDL level in the obese group as 

Table 1. The diet constituents for control and high fat 
diet groups

Ingredients 	 Control 	 High fat 
(%)	 diet (%)	 diet (%)

Yellow Corn	 70.24	 29.50
Corn Gluten	 5.00	 2.1
Soybean	 8.80	 3.70
Casein	 5.00	 13.84
Wheat Bran	 4.00	 1.68
Sucrose	 —–	 5.14
Vegetable Oil	 4.74	 1.99
Animal Fat	 —–	 38.20
Cellulose	 —–	 1.50
Methionine	 0.34	 0.39
Lysine	 0.07	 —-
Ground Limestone	 0.82	 0.42
Dicalcium Phosphate	 0.56	 1.11
Common Salt	 0.13	 0.13
Premix	 0.30	 0.30
Total	 100	 100
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Figure 1. Effect of lycopene extract administration on level of cytokines (Resistin, TNF-a, Interleukin1-ß and  
nterleukin 6) in albino rats. Values are presented as the group means

Figure 2. Effect of lycopene extract administration on lipid profile in albino rats. Values are presented as the 
group means. (*) represents a significant difference between control and treated groups (P = 0.05)

compared with the control and lycopene control 
groups (Fig. 2). 
Body & organ relative weights 
	 Concerning body & organ relative 
weights, the total body weight of the obese 

group was significantly (P<0.05) increased when 
compared with the control value, but lycopene 
administration didn’t show any effect in both 
lycopene control and lycopene obese groups (Fig. 
3A). On the other hand, there was a significant 
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Figure 3. Effect of administration of lycopene extract on (A) Body weight & (B) organ relative weights in albino 
rats. Values are presented as the group mean. (*) represents a significant difference between control and treated 

groups (P = 0.05)

elevation (P<0.05) in relative weight of the thymus 
and spleen in the obese group compared with the 
control one. After lycopene treatment, it showed 
a significant decrease (P<0.05) in relative weight 
of the thymus and spleen (Fig. 3B).
Immunohistochemistry of NF-êB 
	 Both spleen and the thymus of the obese 
group showed a marked increase in NF-êB receptor 

expression, which is significantly decreased in the 
lycopene treated group (Fig. 4 and 5, respectively).

DISCUSSION

	 Obesity is abnormal excess of fat 
accumulation caused by the imbalance between 
energy expenditure and intake 27 , 28. In the current 
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Figure 4. NF-κB immunoreactivity of spleen (a) control group. (b) lycopene extract at a dose of 10 mg/kg B.wt 
(c) high fat diet; obese group showed marked increase in NF-κB receptors expression

Figure 5. NF-κB immunoreactivity of thymus. (a) control group. (b) lycopene extract at a dose of 10 mg/kg B.wt 
(c) high fat diet; obese group showed marked increase in NF-κB receptors expression



1557 Kamel et al., Biomed. & Pharmacol. J,  Vol. 15(3), 1551-1560 (2022)

study, we revealed that lycopene is an extremely 
valuable antioxidant carotenoid in combating 
obesity. 
	 Concerning the cytokines measurement, 
it was revealed that there was a significant increase 
(P<0.05) in serum Resistin, IL-1â, TNF-á and IL-6 
in obese animals compared with control animals. 
However, these serum cytokines were significantly 
decreased (P<0.05) in lycopene treated group 
compared with the obese one. These results 
indicated that lycopene has the ability to reduce 
these serum cytokines in obese individuals, and 
they are in general accord with a study of Riso et al., 
29 that reported moderate efficacy on the released 
mediators of inflammation, like TNF-á, after the 
regular administration of lycopene by healthy 
volunteers. Also, Watzl et al., 30 explained that the 
highest TNF-á production was accompanied by a 
low lycopene intake. Also, Hazewindus et al., 31 
in their investigation on lycopene recorded that 
lycopene significantly reduced inflammation by 
preventing the secretion of TNF-á and triggering 
production of IL-10. In vitro, lycopene reduced 
the release of IL-6 32. It has been also revealed that 
lycopene diminished pro-inflammatory cytokines 
(IL-6, IL-1â and TNF-á) expression in human 
macrophages 33.  
	 Another study proved that lycopene 
declines the NF-êB translocation leads to reduction 
of inflammatory biomarkers expression, including 
TNF-á and IL-8 34. The redox feature of Lycopene 
is the reason for this anti-inflammatory influence 
35. Furthermore, some studies have revealed that 
lycopene stimulates I-êB, the main inhibitory agent 
of NF-êB, leading to declining of its translocation 
33 , 36. During the investigation of molecular 
mechanism, Gouranton et al., 18 observed that the 
existence of lycopene blocks the luciferase gene 
reporter under the control of the NF-êB-responsive 
element. Moreover, the lycopene/NF-êB interaction 
pathway was revealed to play a main role in the 
phosphorylation change of Iê kinase á/â 37

	 Regarding the lipid profile, there were 
a significant increase (P<0.05) in TC and TG 
contents and a significant decrease in HDL level 
the serum of the obese group compared with the 
control and lycopene control groups, while TC and 
TG were significantly decreased, and HDL was 
significantly increased after treatment of obese rats 
with lycopene, compared with the obese one. It was 

recorded that lycopene has the ability to decrease 
lipid content by diminishing TC, TGs as well as 
synthesizing of dysfunctional HDL-C 38. Moreover, 
lycopene had been reported to prevent the synthesis 
of harmful cholesterol by suppressing â-Hydroxy 
â-methylglutaryl-CoA (HMG-CoA) reductase that 
induces low density lipid-C (LDL-C) degradation 
39 , 40. Furthermore, other studies have reported 
that lycopene could prevent the nitric oxide (NO) 
synthesis pathway 41 which would make more 
activation of lipolysis in adipose tissues and NEFA 
generation 39 , 42

	 The total bodyweight was significantly 
increased in the obese rats compared with control, 
and the lycopene administration didn’t improve it 
in both the control and obese groups. On the other 
hand, the obese animals had a significant increase 
in spleen and thymus relative weights those were 
decreased significantly after lycopene treatment. 
The increase of weight gain was due to the high 
fat content of animal’s diet. These results were in 
agreement with the observations of Santos et al., 43; 
Santos et al., 44 and Kostrycki et al., 45. The possible 
cause is that higher energy intake in HF-diet 
rats caused increased fat mass and consequently 
the weight gain. Otherwise, studies by Wang et 
al., 46 and Jiang et al., 47 found that treatment of 
HF-diet rats with lycopene caused a significant 
decrease in bodyweight. Fenni et al., 19  found 
that lycopene modulated most of the phenotypical 
disorders except for the total bodyweight, which 
was not improved. Similar deficiency of lycopene 
influence on the bodyweight had previously 
been investigated in rats 48, contrary to the lately 
recorded data in mice 49. Tis conflict is currently 
unsolved due to possible interspecific variation and 
genetic differences between used animal models. 
	 The present study showed also marked 
increase in NF-KB receptors expression in obese 
group, which is significantly decreased in the 
lycopene treated group. These results are parallel 
with that reported by Carlsen et al., 50 who found 
that the activity of NF-êB is enhanced in mice fed 
HF-diet. It was found that weight gain in HF-diet 
mice may be a powerful predictor of NF-êB action 
in the thoracic region of female mice. It is of great 
importance to observe that HF-diet and obesity 
typically stimulate the activity of NF-êB about 
twofold, which is much lower than the 10–100 fold 
stimulation in acute inflammatory reactions. This 
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result typically explained the diagnosis of obesity 
as a chronic low-grade inflammatory disorder. The 
enhanced NF-êB activity in the thoracic region of 
HF-diet fed female mice is an indicator of enhanced 
activity of the thymic tissue. Former studies showed 
that mice fed HF-diet have larger thymus glands 
than mice fed a control diet 51. Accordingly, it is 
remarkable that the anti-inflammatory influence of 
lycopene in adipocytes, denoting that both direct 
and indirect effects are possibly responsible of the 
general anti-inflammatory efficacy 19.

Conclusion

	 The induced obesity is accompanied with 
metabolic disturbances associated with marked 
increase in serum Resistin, IL-1â, TNF-á and IL-6 
with significant disturbance in lipid profile picture. 
Also obesity adversely affected thymus and spleen 
function through stimulation of NF-êB expression. 
Administration of lycopene to HF diet rats resulted 
in marked improvement of metabolic disturbances 
induced by obesity, thymus and spleen functional 
inefficiency. In addition, lycopene could diminish 
obesity-induced inflammatory cytokines as well as 
NF-êB expression.  
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