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Introduction: Obesity is a chronic metabolic disorder that results in excessive energy accumulated in adipose tissue causing
dysfunction of adipocytes, inflammation, and oxidative stress. Diosgenin (DG), a steroidal saponin produced by several plants, has
been reported to have antioxidant activity. This study aimed to evaluate the effects of diosgenin on oxidative stress and inflammation in
mice fed with a high-fat diet (HFD).
Methods: Thirty adult male mice were divided into three groups including the control group, mice fed with a normal diet; the HFD
group, mice fed with a high-fat diet for 6 weeks; and the HFD+DG group, mice fed with a high-fat diet and diosgenin daily for 6
weeks. Interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), malondialdehyde (MDA), and total antioxidant capacity (TAC)
activities were evaluated. Histopathological changes in the adipose tissues have been investigated.
Results: Data showed that diosgenin increased TAC activities with a concomitant decrease in MDA levels. As well, DG reduces the
TNF and IL-6 levels. The histopathological changes in the adipose tissues due to high-fat consumption were restored upon DG
supplementation.
Conclusion: Our results suggested that diosgenin is a promising agent for regulating obesity by increasing the levels of antioxidants,
modifying oxidative stress and pro-inflammatory cytokines, which might prevent the onset of many diseases.
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Introduction
Obesity is one of the world’s leading causes of death that increases the morbidity rate of certain metabolic disorders such as
type 2 diabetes, heart diseases, metabolic syndrome, and some other chronic diseases including cancer and inflammation.1–3

Excessive energy intake, poor physical exercise, and genetics are instrumental in the development of obesity.4 Obesity is the
reason for increased adipose tissue; studies have shown that adipose tissue has a role in the generation of some bioactive
substances called adipokines.4 There are certain inflammatory cytokines among adipokines including interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNF-α). These cytokines are potent stimulators for the production of reactive oxygen; thus,
an increase in cytokine concentration may be responsible for increased oxidative stress.4

Oxidative stress can be defined as an imbalance between ROS production and antioxidant defenses.5,6 It is well
known that increased oxidative stress is causal to the high metabolic load of fats in obesity.7 In fact, there are some
studies have reported that the oxidative stress caused by obesity may underlie some chronic conditions such as
cardiovascular disease and metabolic syndrome.8,9 On the other hand, antioxidants are considered to be protective agents
that scavenge the excess free radicals caused by the oxidative stress. Therefore, these agents can reduce the metabolic-
inflammatory status associated with the increase in body weight and might be helpful in treating multiple obesity-induced
diseases. Nowadays, there are some synthetic pharmaceutical drugs available for treating obesity. However, they are not
preferred for long-term usage due to adverse side effects.10
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These days over the worldwide serious attempts are made to produce safe and effective medicines based on natural
products for the treatment of obesity.11 Amongst these natural compounds, diosgenin (DG), a steroidal saponin, derived
from different plants, for example, Dioscorea, Trigonella, Costus, is found to have many biological benefits. It is highly
effective against cancer, diabetes, hyperlipidemia, cardiovascular disease, oxidative stress, and inflammation.12–14 Due to
its structure diosgenin acts in different ways as either a precursor of some steroid hormones such as progesterone and
testosterone and both have an anti-inflammatory effect or as a genetic regulator, which upregulates the antiapoptotic and
antioxidant genes15–18. Our lab has reported that diosgenin controlled lipid profile and prevented liver toxicity caused by
high-fat diet in experimental animals.19 Wang et al have shown that diosgenin exerted anti-inflammatory effect in human
osteoarthritis chondrocytes.20 Another study published by Cai et al reported that diosgenin has a potential effect against
some neurological disorders.21 Therefore, the current study is to examine the protective effects of diosgenin on oxidative
stress and inflammation caused by a high-fat diet that induces obesity in mice.

Materials and Methods
Ethics Approval and Consent to Participate
This study was approved by the National Hepatology and Tropical Medicine Research Institute Office for IRB, Egypt.
The work complied with relevant guidelines for animal handling and welfare. (Approval no: 14-2018, Dated:
5 July 2018).

Chemicals
Diosgenin, 98% was purchased from Sigma Chemical Co. (St. Louis, MO). It was dissolved in 0.5% DMSO in saline
before use. Biochemical kits were purchased from Life Span Biosciences. Chemicals used in this study were of high-
quality analytical grade.

Animals
Thirty adult male C57BL/6J mice weighing 25–27 g (7 weeks old) were used in this study. They were picked from the animal
center of the research unit of pharmacology and chemistry, Misr University Science and Technology, Cairo, Egypt. All
animal experiments and methods were carried out in accordance with Local Animal Ethics Committee guidelines.

Experimental Design
Mice were subdivided randomly into three groups (n=10/each group). In all the experimental groups there was no
statistically significant difference in body weights. In the control group, mice were fed with normal diet (12% dietary fat)
and ingested orally by gavage for 6 weeks with the vehicle solution, 0.5% DMSO in saline. In the HFD group, mice were
fed with high-fat diet (60% fat) for 6 weeks. In the HFD+DG group, mice were fed with a high-fat diet (60% fat) and
supplemented in parallel with diosgenin (80 mg/kg b.w/day) orally by gavage for 6 weeks.22 After 6 weeks, blood
samples were collected, and serum was separated by centrifugation at 3000 rpm for 15 min and kept at −20°C for
estimation of TNF-alpha and IL-6. Mice then were killed under anesthesia; adipose tissues of each animal were excised
and preserved in formalin 10% until the histopathological examination.

Body Weight Monitoring
Using an electronic weighing balance, the fasted mice were weighed individually. At the beginning of the experiment and
the end of the experiment, the weights of all mice of each group were recorded.

Biochemical Analysis
Determination of Pro-Inflammatory Marker
The pro-inflammatory cytokines TNF-alpha and IL-6 levels were determined using CUSABIO (Baltimore, USA) mouse
tumor necrosis factor α (TNF-α) ELISA Kit (Cat. No. CSB-E04741m) and mouse interleukin 6 (IL-6) ELISA Kit (Cat.
No. CSB-E04639m).
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Measurement of Oxidative Stress Markers
Oxidative stress induced by the fat accumulation as well as the potent antioxidant impact of DG was evaluated by the
determination of both MDA and TAC levels. The MDA and TAC ELISA kits were purchased from Life Span
Biosciences (LS BIO, North America, Cat. No. LS-F28018) and My BioSource (San Diego, USA, Cat. No.
MBS733414_48T), respectively.

Histopathological Investigation
Adipose tissue from different groups was embedded in paraffin cubes, sliced into sections. Then, the tissue parts were
collected and stained with hematoxylin and eosin (H&E), examined, and photographed under a light microscope.23

Statistical Analysis
Data were expressed as mean ± standard deviation (SD). SPSS-23 software was used for all statistical analyses. P values
(p<0.05) were considered significant.

Results
Effect of Diosgenin on Body Weight
As demonstrated in Table 1, the HFD group reported a significant body weight gain compared to the control group with
percentage changes 12.9%. In contrast, animals received DG along with the HFD showed a significant reduction in their
body weight (by −5.6%) compared with the HFD group, which almost restored to the normal control weight (Table 1).

Regulatory Effect of Diosgenin on the Selected Pro-Inflammatory Cytokines
(TNF-Alpha and IL-6)
Data presented in Table 2 indicate that the TNF-alpha and IL-6 levels were significantly increased by approximately four
folds in the HFD group after the 6 consecutive weeks (242.6% and 219.7% respectively) with p values <0.05
corresponding to the control group. Nevertheless, DG supplementation in combination with HFD ingestion significantly
lowers these elevated levels, in which p values were < 0.05 in both cytokines corresponding to the HFD group as shown
in Table 2.

Effect of Diosgenin on Oxidative Stress Markers
The protective effect of DG on the HFD-induced oxidative stress in mice was evaluated via the determination of MDA
and TAC levels. As shown in Table 3, the level of MDAwas significantly increased among the HFD group (by 380.28%)
compared to the normal control group. Alongside, a significant reduction in the level of TAC was detected in the same
group (by −64.72%), when compared to the normal control group. Obviously, the DG ingestion in parallel with the HFD
significantly suppressed the elevation of MDA (by −55.3%) and almost returned the TAC (by 101.6%) close to the
control levels, as compared to the HFD group. These present results indicate the capacity of DG in promoting the cellular
antioxidant defenses and affirmed its potent antioxidant impact against fat accumulation-induced oxidative stress.

Table 1 Effect of Diosgenin on the Body Weight, at the Start and the End of the Experiment

Groups Parameter Control Group HFD Group HFD+DG Group

Body weight at the start of the experiment (g)
Mean ± SD

24.75 ± 1.2 25.25 ± 1.47 26.0 ± 0.8

Body weight at the end of the experiment (g)
Mean ± SD
%Change

26.73 ± 1.0 30.18 ± 0.7*

12.9%a
28.5 ± 0.8*#

6.6%a

-5.6%b

Notes: Data are represented by mean ± SD (n = 10). Significant difference relative to the control group is indicated as *p < 0.05. Significant difference relative to the the
HFD group is indicated as #P < 0.05. % Change aPercent of change in the different groups compared to the control group. % Change bPercent of change in the HFD+DG
group compared to the HFD group.
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Histopathological Examination of Adipose Tissue
Histopathological examination of the control group’s adipose tissue showed average univacuolated adult fat cells with
a compact nucleus at one side and an intact cell membrane with an average extracellular matrix (Figure 1A). Conversely,
adipose tissue of the HFD group revealed many histological changes, including closely packed overcrowded variable-
sized fat cells with fibrous connective tissue bands and few ruptured fat cells (Figure 1B). On the other hand, in DG
ingestion in parallel with the HFD, univacuolated adult fat cells were seen with one side compressed nucleus and an
intact cell membrane with an average extracellular matrix (Figure 1C). These findings visually indicate the impact of DG
on improving the HFD-induced histopathological alterations. Figure 1D and F shows closely packed overcrowded small-
sized fat cells with multiple vacuoles and centrally located nuclei. In addition, adipose tissue shows ruptured fat cells
with fibrous connective tissue bands as shown in Figure 1E. Figure 1G and H show adipose tissue sections from HFD +
DG group. In Figure 1G the adipose tissue shows average uni-vacuolated adult fat cells with an average extracellular
matrix, while Figure 1H was a high-power view showing uninoculated fat cells with a compressed nucleus at one side
and intact cell membrane with centrally located nuclei.

Discussion
Obesity is a metabolic condition characterized by unhealthy or unnecessary accumulation of fat, which is a significant
risk factor for various diseases. Additionally, there is a lot of evidence that obesity is implicated in a sort of a condition of
chronic oxidative stress due to the oxidation processes that are required for fatty acid degradation, which in turn increases
the reactive oxygen species ROS particularly H2O2.24,25 DG is a versatile bioactive molecule with many therapeutic
benefits that include antioxidant and anti-inflammatory activities. Hence, it is a potential molecule of interest in multiple
disease prevention.26

The findings of many studies included the possible use of DG against a variety of pathologies including obesity,
dyslipidemia, inflammatory diseases, and cancer indicated that DG possesses anti-inflammatory and antioxidant

Table 2 Effect of Diosgenin on Pro-Inflammatory Cytokines TNF-Alpha and IL-6 in Mice

Groups Parameter Control Group HFD Group HFD+DG Group

TNF-a (pg/g tissue)
Mean ± SD
%Change

5.7 ±0.92 19.53 ± 0.55*
242.6%a

9.83 ± 0.35*#

72.46%a

-71.69%b

IL-6 (pg/g tissue)
Mean ± SD
%Change

3.7±0.36 11.83±1.21*

219.7%a
6.5±1.01*#

75.7%a

-45.05%b

Notes: Data are represented by mean ± SD (n = 10). Significant difference corresponding to the control group is indicated as *p < 0.001.
Significant difference corresponding to the HFD group is indicated as #P < 0.001. % Change aPercent of change in the different groups compared
to the control group. % Change bPercent of change in the HFD+DG group compared to the HFD group.

Table 3 Effect of Diosgenin on Malondialdehyde (MDA) and Total Antioxidant Capacity (TAC) in Mice

Groups Parameter Control Group HFD Group HFD+DG Group

MDA (ng/g tissue)
Mean ± SD
%Change

2.13 ±0.25 10.23 ±1.36*

380.28%a
4.57 ±0.65*#

114.55%a

-55.3%b

TAC (ng/g tissue)
Mean ± SD
%Change

5.3± 0.72 1.87± 0.25*

-64.72%a
3.77± 1.25*#

28.87%a

101.6%b

Notes: Data are represented by mean ± SD (n = 10). Significant difference corresponding to the control group is indicated as *p < 0.001.
Significant difference corresponding to the HFD group is indicated as #P < 0.001. % Change aPercent of change in the different groups compared
to the control group. % Change bPercent of change in the HFD+DG group compared to the HFD group.
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Figure 1 Effects of DG on HFD-induced histopathological changes in adipose tissues of mice. (A) and (B) Adipose tissue section from the control: (A) adipose tissue
showing average uni-vacuolated adult fat cells (black arrow) with average extracellular matrix (red arrow), (B) high-power view showing uni-vacuolated adult fat cells with
compressed nucleus at one side (black arrow) with intact cell membrane (red arrow). (C–E) and (F) Adipose tissue sections from the HFD group: (C) adipose tissue
showing closely packed variable-sized fat cells (black arrow) with fibrous connective tissue bands (red arrow), (D) high-power view showing closely packed overcrowded
small-sized fat cells with multiple vacuoles (black arrow) with centrally located nuclei (red arrow), (E) adipose tissue showing ruptured fat cells (black arrow) with fibrous
connective tissue bands (red arrow), (F) another view showing closely packed overcrowded small-sized fat cells (black arrow) with excess connective tissue (red arrow). (G)
and (H) Adipose tissue sections from the HFD + DG group: (G) adipose tissue showing average uni-vacuolated adult fat cells (black arrow) with average extracellular matrix
(red arrow), (H) high-power view showing univacuolated fat cells with compressed nucleus at one side (black arrow) and intact cell membrane (red arrow).
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properties.12,26,27 This study attempted to evaluate the beneficial effects of DG on oxidative stress and inflammation on
mice fed with a high-fat diet. To investigate the effects of DG on oxidative stress and inflammation in mice fed with
a high-fat diet, serum levels of IL-6, TNF-α, MDA, and TAC were estimated in all experimental groups, as well as the
possible histopathological changes in the adipose tissues have been investigated.

Our results showed a significant increase was detected in the body weight in the HFD group, by the end of the sixth
week of HFD consumption. This weight gained reflected the excessive anabolic rate of synthesis of triglycerides over
catabolism. These results are consistent with a previous study reported that consumption of high levels of dietary fat can
cause obesity.28 Nonetheless, DG’s co-administration with HFD decreases this weight gain. This demonstrates the DG ‘s
effect on fat accumulation by enhancing body weight control during HFD intake.

Normal levels of ROS are important for different cellular functions. However, excessive levels of ROS that surpass the
capacity of the antioxidant system can cause oxidative stress leading to membrane lipid peroxidation and ultimately to MDA
production.29 In terms of the role of fat accumulation in oxidative stress, the present findings show that fat accumulation due
to HFD consumption significantly elevated the MDA with a concomitant decrease in the TAC levels. Obesity has been
previously shown to induce systemic oxidative stress due to the generation of ROS in accumulated fat, which was the key
cause of adipocytokine dysregulation and subsequent metabolic syndrome development.8 Notably, DG ingestion along with
HFD returned the MDA levels near to the normal ones and boosted the levels of TAC, indicating that the protective effect of
DG might be due to its ability to defend biomembranes against lipid peroxidation and to enhance the cellular antioxidant
defenses. These data are consistent with a previous study illustrating the potent antioxidant activity of DG via its influence in
the inhibition of lipid peroxidation and significant free radical scavenging ability.30

Inflammation was one of the fat accumulation consequences; TNF-alpha and IL-6 are among the large number of pro-
inflammatory cytokines known to be common in both inflammation and obesity.31 The current study revealed three= to
fourfold increase in the TNF-α and IL-6 as a consequence of HFD for 6 consecutive weeks. IL-6 controls the appetite and
energy intake due to the abundance of its receptor in several regions of the brain. Furthermore, it plays a crucial role in
regulating the energy homeostasis via suppressing the lipoprotein lipase activity.32

Ellulu et al affirmed the association between obesity and inflammation by describing the positive link between obesity
and plasma IL-6 levels.33 Unfortunately, the increased level of IL-6 stimulates the liver to synthesize and release the
C-reactive protein, accelerates fibrinogen production, and hence mediates the inflammatory response.34 Similarly, TNF-α,
a multifunctional cytokine, exerts a crucial regulatory influence on the lipid metabolism, including suppression of free
fatty acid (FFA) uptake and promoting lipogenesis, regulating cholesterol metabolism, in addition to its effect on
regulating other adipocyte-derived adipokines.35 Furthermore, both TNF-α and IL-6 can influence each other’s secretion
levels leading to inflammatory condition persistence.36,37 However, DG co-administration with HFD was shown to
alleviate the inflammation accompanied by obesity via reducing these inflammatory cytokines and restoring their serum
levels to the normal levels. These results illuminate the potent protective impact of DG against oxidative stress and
inflammation on HFD-induced obesity in mice via its anti-inflammatory and antioxidant activity.

Conclusion
In conclusion, oxidative stress and inflammation are two interdependent pathophysiological processes that could be
induced by high-fat consumption, which in turn are implicated for the onset of many diseases. The present data suggest
that DG can limit obesity via its dual effects as either an antioxidant and as an anti-inflammatory mediator, confirming
that DG can be considered as a promising candidate for future consideration in obesity treatment and regulation of its
accompanying metabolic disorders.

Ethical Statement
The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the National
Hepatology and Tropical Medicine Research Institute Office for IRB, Egypt. The work complied with relevant guidelines
for animal handling and welfare (Approval no: 14-2015, Dated: 5 July 2018).
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