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Abstract

Background
Obesity is a cause of Fgf21 resistance, which affects the browning and thermogenesis process of the
adipose tissue. Decreased receptor expression is in�uenced by microRNA 34a (miR-34a), whose
expression is increased in obesity. While Fgf21-based therapies have been widely investigated, the
potential activity of Hibiscus sabdariffa Linn extract (HSE) against Fgf21 resistance is unknown. This
study aims to determine the effects of HSE on the expression of miR-34a and Fgf21 receptors in white
adipose tissue.

Methods
This experimental study used 24 male Sprague-Dawley rats and divided into four groups: Control (N);
diet-induced-obesity rats (DIO); DIO rats with HSE 200 mg/kgBW/day and DIO rats with HSE
400 mg/kgBW/day. Rats were fed a high-fat diet for 17 weeks. HSE was administered daily for �ve
weeks. The administration of HSE 400 mg/kg BW/day resulted in the equivalent expression of miR-34a to
that of the control (p > 0.05).

Results
Fgfr1 receptor expression was also similar to controls (p > 0.05). Beta-klotho expression was signi�cantly
lower than that of Control (p < 0.05) but equivalent to that of DIO rats (p < 0.05).

Conclusions
H. sabdariffa has the potential to reduce Fgf21 resistance in DIO rats through the suppression of miR-34a
expression and an increase in the number of Fgfr1 and beta-klotho receptors in adipose tissue.

1. Background
Obesity causes low-grade systemic in�ammation, which has an impact on tissue disruption. Systemic
low-grade in�ammation is caused by an increase in proin�ammatory cytokines due to hypoxia of the
adipose tissue. Cell hypertrophy causes hypoxia of the adipose tissue, resulting in macrophage
in�ltration and changing the phenotype of anti-in�ammatory macrophages (M2) to proin�ammatory
macrophages (M1)1. One of the effects of chronic in�ammation is the increased expression of
microRNAs that induces the silencing of the target gene2. Proin�ammatory cytokines, such as tumor
necrosis factor alpha (TNFα) and interleukin 6 (IL-6), increase the expression of microRNAs like miR-34a.
In obesity, the expression of miR-34a increase function as a regulator of �broblast growth factor receptor
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1 (Fgfr1) receptor expression and beta-klotho co-receptor that binds to �broblast growth factor 21
(Fgf21). According to Fu (2016), miR-34a disturbs the Fgf21 signaling cascade in the white adipose
tissue through downregulation of Fgfr receptor expression and beta-klotho co-receptor. Disruption of
Fgf21 signaling cascade results in Fgf21 resistance in the white adipose tissue3.

FGF21, a member of the �broblast growth factor (Fgf) family, located on chromosome 19, is expressed by
several organs, including the liver. FGF21 plays a role in controlling the energy homeostasis through the
regulation of adipose tissue browning and thermogenesis. Fgf21 must bind to its receptors in the adipose
tissue, namely Fgfr1 and beta-klotho, to perform this function. The binding of Fgf21 to its receptors in the
adipose tissue activates the Ras/Raf MAPK signaling pathway. Fgf21 induces adipose tissue browning
through the increased expression of UCP-1, which plays a role in thermogenic activity, which further
increases thermogenesis. Fgf21 binding to its receptor initiates the signal transduction that increases the
activity of Sirtuin-1 (SIRT1), then stimulates PGC1α to increase the expression of UCP-1 3–5.

Considering the potential of FGF21 in browning and thermogenesis, efforts are underway to address
work-based obesity through FGF21. Kartinah et al. (2018) found that high-intensity intermittent physical
exercise can increase the amount of FGF21 released from the muscle, thereby increasing its activity in the
adipose tissue6. Sonoda et al. (2017) reviewed many in vivo experiments and showed FGF21 analogs
and FGFR agonists that resemble the FGF21 receptor-ligand complex 7. However, it is still necessary to
manage obesity using natural ingredients. Natural ingredients that have the potential to handle obesity
include Hibiscus sabdariffa Linn. (H. sabdariffa), otherwise known as roselle 8, 9.

H. sabdariffa (HSE) contains �avonoids, quercetin, polyphenols, catechins, and anthocyanins 8–10. The
polyphenols in HSE prevent weight gain in diet-induced-obesity 10 rats and inhibit lipogenesis in the white
adipose tissue at the molecular level 11.

However, the potential activity of HSE against FGF21 resistance is still unknown. Using an animal model
with speci�c diet to induce obesity and examine the potential activity of HSE against Fgf21 in animal
study is necessary before observing its relevance to human biology. This study aims to assess the
potential of HSE to act against FGF21 resistance by measuring the expression of its receptors in the
adipose tissue (FGFR1 and beta-klotho) and quantifying the levels of the antagonist, miR-34a, in DIO rats.

2. Methods

2.1 Study and Design
The experiments were done in Molecular Biology Laboratory of Faculty of Dentistry, Universitas
Indonesia. A sample size of twenty-four rats were counted using Federer’s formula. Twenty-four male
Sprague-Dawley rats then collected from Animal Facility of Health Research Development, Ministry of
Health Republic of Indonesia. The sample (6- 10 weeks age) were randomized into four groups according
to extract dosage and metabolic conditions (normal/obesity). The groups were as follows: (1) Control (N);
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(2) DIO 12; (3) DIO rats administered with HSE 200 mg/day/kg body weight (BW) (Ob-Hib200); and (4)
DIO rats administered with HSE 400 mg/day/kgBW (Ob-Hib400).

Obesity in rats was induced by administering a high-fat diet (19.09% fat, 24.00% protein), while the
control group was fed a standard diet. The diets were administered for 17 weeks 13. Then the rats were
included in the obesity list. Rats were categorized as DIO if their Lee index was more than 310. Rats’ BW
and body length (naso-anal) were measured using the Lee index formula 14 as follows:

DIO rats were included in the Ob, Ob-Hib200, or Ob-Hib400 group. HSE 200 and 400 mg/day/kgBW doses
were based on the research by Andraini and Yolanda (2014) 15. The high-fat diet was maintained until the
end of the study. The Ethical Committee of Faculty of Medicine, Universitas Indonesia approved all
experiments, in which 24 male Sprague-Dawley rats (Balitbangkes, Jakarta), 6-10 weeks old, were housed
(three rats per cage) following a 12 h:12 h light/dark cycle.

2.2. Provision of HSE Methanol Extract
H. sabdariffa plantswere obtained from the Center for Biopharmaceutical Studies at Bogor Agricultural
University. Extraction was performed using maceration with methanol. Dilution of the extract was based
on seven days of treatment. After dilution, the preparation was stored at 4°C. Rats that were
administered HSE extracthad to be weighed to determine the amount of extract to be administered. H.
sabdariffa was administered orally using a gastric sonde once a day for �ve consecutive weeks for the
Ob-Hib 200 and Ob-Hib 400 groups.

2.3 Sampling Technique
Decapitation was performed following anesthesia using a combination of xylazine hydrochloride 0.01
ml/kgBW and 0.05 ml/kgBW ketamine. Rats were left to fast for 12 h before decapitation. Rats were then
dissected, and adipose tissue was harvested. The sample was put into a pot and stored in a refrigerator
at -80°C. Blood samples from the rats’ sinus orbita were collected into EDTA tubes and centrifuged to
obtain serum. The serum samples were used for lipid pro�le measurements, such as total cholesterol and
triglyceride levels.

2.4 Measurement of Total Cholesterol and Triglyceride
Levels in Rat Serum
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Total cholesterol levels were measured using the CHOD-PAP reagent, while triglyceride levels were
measured using the GPA-PAP reagent, both for enzymatic colorimetric tests that require the same
method. Reagent blank measurement was performed by pipetting 1000 µl R1 into cuvettes and
incubating for 5 min. Then, the absorbance of the blank was measured using a spectrophotometer at a
wavelength of 500 nm. Standard measurement was performed by pipetting 10 µl of standard and 1000 µl
of R1 into cuvettes, which were mixed and incubated for 5 min. Sample measurement was performed by
pipetting 10 µl of the sample and 1000 µl of R1 into cuvettes, which were mixed and incubated for 5 min.
The absorbance of the standard or sample against the reagent blank (ΔA) was measured at a wavelength
of 500 nm. The absorbance results (ΔAstandard and ΔAsample) were then calculated (for mg/dL) as
follows:

2.5 Measurement of Fgfr1, beta-klotho Gene (Klb), and miR-
34a Expression in the Adipose Tissue 
Fgfr1 and Klb expression levels were quanti�ed through several stages: 1) RNA isolation using the Quick-
RNA MiniPrep Plus (Zymo Research, California, US) kit; 2) synthesis of cDNA (from RNA in stage 1) using
the cDNA synthesis kit and a ReverTra Ace® qPCR RT Master Mix with gDNA Remover (Toyobo); 3) real-
time PCR was performed in triplicate to measure the expression of Fgfr1 and Klb using the SensiFAST
SYBR Hi-ROX Kit (Bioline) kit with a two-step method. RNA concentrations were measured using a
nanodrop, and dilutions to obtain the required RNA concentration were performed using nuclease-free
water.

Gene expression was then analyzed using the Micro drop VarioSkan Spectrophotometer. Primers used to
measure the expression of the Fgfr1 receptor, beta-klotho, and a housekeeping gene are in Table 1. RNA
isolation was performed to obtain the RNA necessary for examining miR-34a expression. Total RNA
isolation from adipose tissue was performed using the Quick-RNA MiniPrep Plus (Zymo Research) kit.
cDNA synthesis was performed, such that miRNA could be ampli�ed using real-time PCR. Real-time PCR
was performed in triplicate using the miR- 34a Detection and U6 Calibration Kit (Cohesion Biosciences).

2.6 Statistical Analysis
Six samples were used in each analysis. The Shapiro-Wilk normality test was performed on the collected
data. If the data were distributed normally, then the analysis was continued using parametric tests with
one-way analysis of variance 16. If the data were not distributed normally and remained abnormal after
transformation, a nonparametric test was carried out using the Kruskal-Wallis test. A p-value of <0.05 was
considered statistically signi�cant. Paired T-test was used to analyze the lipid pro�le results and
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determine the signi�cance of pre and post HSE treatment. A Sig. (2-tailed) p-value<0.05 was considered
statistically signi�cant. Data processing was performed using the SPSS 23 software (Statistical Social
Sciences 23).

3. Results

3.1 Effects of H.sabdariffa on Rat Lipid Pro�le
Our experiments showed that there was no difference between the total cholesterol of pre and post
treatment of HSE, as shown in Figure 1. This condition could not explain the in�uence of HSE treatment,
because we were not measuring the low and high density lipoprotein levels.

In pre and post treatment HSE, triglyceride levels were different. After 200mg/KgBW of HSE
administration, there was a decrease in triglyceride levels. The treatment groups had lower levels than
those of the normal control group. The administration of HSE able to maintain triglyceride levels, such
that the value is equivalent to the normal control group (p>0.05).

3.2 Effects of H. sabdariffa on the Lee Index of DIO rats
The Lee index of the Ob group was the highest and was signi�cantly different from that of the control
(p<0.001), Ob-Hib200 (p<0.01), and Ob-Hib400 (p<0.001) groups, as shown in Figure 3. In addition, the
Lee index of rats administered with HSE at doses of 200mg/kgBW and 400mg/kgBW were below 310.
The results indicated that the administration of HSE reduced the Lee index to normal limits.

3.3 Effects of H. sabdariffa on miR-34a expression in the
Rat White Adipose Tissue 
There was a higher expression of miR-34a in the Ob group compared with that of the N group (p <0.001),
as shown in Figure 4. The administration of HSE at a dose of 200 mg/kgBW/day could not reduce the
expression of miR-34a compared with the Ob group (p>0.05), while the administration of extracts at 400
mg/kgBW reduced miR-34a expression (p<0.001).

3.4 Effects of H. sabdariffa on Fgfr1 in the Rat White
Adipose Tissue 
Figure 5 shows Fgfr1 expression in the rat adipose tissue. Fgfr1 expression in theOb group was lower
compared to that of the N group (p<0.01). The administration of HSE in DIO rats at a dose of 400
mg/kgBW maintained the expression of Fgfr1 at levels equivalent to that of the control group (p>0.05).
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Meanwhile the expression of FGFR1 in the DIO rats group administered HSE at a dose of 200 mg/kgBW
was still low and was signi�cantly different from that of the control rats (p<0.05).

3.5 Effects of H. sabdariffa on Klb Expression in Rat White
Adipose Tissue
Figure 6 shows Klb expression in rat adipose tissue, which indicated that Klb expression in the Ob group
was lower compared to that of N group (p<0.001). However, the administration of HSE extract at a dose
of 400 mg/kgBW in DIO rats increased the expression of Klb signi�cantly compared to that of DIO rats
(p<0.001) and the DIO rats administered HSE at a dose of 200 mg/kgBW (p<0.01). However, Klb
expression in DIO rats treated with H. sabdariffa at a dose of 400 mg/kgBW was still lower than that in
the control group (p<0.05).

3.6 Effects of H. sabdariffa on Ppargc1a expression in Rat
White Adipose Tissue
Ppargc1a (encoding PGC1α) expression is shown in Figure 7. We found that Ppargc1a expression in DIO
rats was lower compared to that of the control group (p<0.01). The administration of HSE to DIO rats at a
dose of 200 mg/kgBW did not increase Ppargc1a expression compared to that of the Ob group (p>0.05),
but a signi�cant difference compared to that of the control group (p<0.01) was observed. The
administration of 400mg/KgBW HSE to DIO groups increased Ppargc1a expression; therefore, the relative
expression was not signi�cantly different from that of the control group (p>0.05).

3.7 Effects of H. sabdariffa on Ucp-1 expression in Rat
White Adipose Tissue
The expression of Ucp-1 in DIO rats was lower compared to that of the control group, but not signi�cantly
different, as shown in Figure 8. The administration of HSE at doses of 200 mg/kgBW and 400 mg/kgBW
produced higher Ucp-1 expression compared to that of the Ob group (p <0.01), reaching the normal
levels. 

4. Discussion
There was a higher miR-34a expression in the Ob group. This result is in line with that of Ahmadpour et
al. (2018), who found an increase in the miR-34a expression in DIO rats 17. Increased relative expression
of miR-34a in the white adipose tissue during obesity has a relationship with adipogenesis. Some
miRNAs, along with other adipogenesis master regulators, such as Peroxisome proliferator-activated
receptor gamma (PPARγ) and CCAT-enhancer-binging proteins (C/EBP), increase the transcription of
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adipogenic genes. According to Francisco (2010), miR-34a upregulation is followed by an increase of pre-
adipocyte differentiation gene expression, while downregulation of miR-34a decreases the adipogenic
gene expression 18.

Increased miR-34a causes chronic in�ammation 3. miR-34a plays a role in suppressing the expression of
Kruppel-like factor 4 (Klf4), which causes macrophage in�ltration3. Macrophage in�ltration is associated
with an increase in TNF-α, which causes chronic in�ammation. TNFα produced by macrophages plays an
essential role in the regulation of adipokines in adipocytes. TNF-α induces proin�ammatory cytokines
through nuclear factor kappa B (NFκB). The binding of TNF-α to its receptor induces the production of
proin�ammatory cytokines through NFκB-dependent and -independent mechanisms. It also causes the
production of proin�ammatory cytokines, such as IL-Iβ, and IL-6 19–21.

In this study, we did not measure the in�ammatory cytokines in DIO rats. However, we showed the effects
of miR-34a expression, as evidenced by decreased Fgfr and Klb expression. This study is in line with the
work of Gallego-Escuredo (2015), who reported that obesity leads to the reduced expression of FGFR and
beta-klotho receptors in the white adipose tissue 22. Hale (2012) stated that the expression of beta-klotho,
Fgfr-1c, and Fgfr2c are downregulated in the adipose tissue of DIO rats 23. Del�n et al. (2012) found
decreased expression of Fgfr1 and co-receptor beta-klotho in DIO rats. The decrease in the receptor
numbers reduces the amount of binding with Fgf21. This decrease is supported by our previous research,
which showed that the levels of Fgf21 expression in white adipose tissue in DIO mice are lower than that
of the control group 24.

The decreased expression has an impact on endocrine Fgf21 communication in the adipose tissue and is
the beginning of the development of Fgf21 resistance 19. Fgf21 resistance leads to an increase in Fgf21
secretion in the liver 24. The results of previous studies have shown that the expression of Fgf21 in the
liver of the DIO rats is higher compared to the normal group. Increased expression levels of Fgf21 in the
liver are a result of the disruption of Fgf21 uptake in the white adipose tissue. This happens as a
compensation effect due to Fgf21 resistance. The increase in Fgf21 expression in the liver is followed by
an increase in circulation 24. Our results are in line with those of Geng et al. (2019), who found that serum
Fgf21 levels in the DIO rats are six times higher than that in the normal group 18. Research by Morrice et
al. (2017) showed an increase in Fgf21 expression levels in the liver in mice with Fgf21 resistance 25.

The current study showed that the administration of HSE could manage Fgf21 resistance through
increased expression of Fgfr and Klb 26. H. sabdariffa is suggested to suppress miR-34a as a regulator of
FGFR and beta-klotho expressions 27, 28. However, the mechanism of how HSE downregulates miR-34a
has not been proven. Several studies showed the potential of polyphenol compounds in other plant
extracts that are microRNA modulators. Baselga-Escudero et al. (2015) showed that proanthocyanin, a
component of polyphenols found in grapes and cocoa, downregulates miR-33. It also suppresses miR-
122, which inhibits lipogenesis. Meanwhile, polyphenols from HSE modulate miR-122, miR-103, and miR-
107 in hyperlipidemic rats 29.
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The potential of HSE in suppressing miR-34a has been suggested through PPARγ and C/EBP expression.
Additionally, a decrease in PPARγ and C/EBP expression is associated with miR-34a suppression.
According to Lavery (2016), there is a decrease in the expression of Pparγ and C/EBP in miR-34a
knockout rats 28. According to Kim (2007), HSE suppresses transcription factors PPARγ and CEBP/α 30.
Thus, the inhibition of PPARγ and C/EBP as a result of HSE administration has the potential to suppress
the expression of miR-34a 31.

However, suppressing the expression of miR-34a through the administration of HSE is related to the dose.
Here, we showed that the administration of HSE at a dose of 200 mg/kg in DIO rats did not demonstrate
a signi�cant reduction in miR-34a expression compared to the Ob group. In contrast, the administration
of HSE at a dose of 400 mg/kgBW was found to signi�cantly reduce the expression of miR-34 compared
to that of the Ob group. Even though miR-34 expression levels do not reach normal levels, beta-klotho and
FGFR expression can still increase 32, reaching normal levels of FGFR1 expression.

The increased expression of beta-klotho and FGFR can also be in�uenced by HSE, which directly
suppresses chronic in�ammation. Some studies have found that polyphenols in the HSE can inhibit
proin�ammation by suppressing NFκB. Zeng et al. (2016) found that polyphenols increase the expression
of Fgfr1 and beta-klotho in rats fed with a high-fat diet 33. This is because polyphenols act as anti-
in�ammatory agents by decreasing NFκB expression. The results of Gamboa-Gomez (2015) indicate that
HSE signi�cantly reduces TNFα induced by NFκB 34. In addition, the anthocyanins, namely cyanidin and
delphinidin, in the HSE, also reduce TNFα expression. That is because anthocyanin inhibits the activation
of NFκB by inhibiting the degradation of IκB and inhibiting the activation of IκB kinase, thereby
preventing the phosphorylation of NFκB 19. In the current study, we did not measure NFκB expression
levels; thus, we could not directly prove that the increase in Klb and Fgfr expression was associated with
a decrease in NFκB. This study proves the potential of HSE in increasing the expression of Fgfr and Klb,
such that it can manage Fgf21 resistance in DIO rats 35.

Our previous research showed that there is a higher than normal increase in Fgf21 in the adipose tissue
of DIO mice administered HSE at a dose of 400 mg/kgBW. The management of FGF21 resistance is
indicated by the activation of the FGF21 signaling pathway in the adipose tissue. FGF21 binds with its
receptor to activate signaling via PGC1α, which is a transcription coactivator that controls energy
metabolism. The present study showed an increase in Ppargc1a expression in the Ob-Hib400 group.

SIRT1 stimulates increased PGC1α activity. After FGF21 binds to FGFR and beta-klotho, it induces
browning of white adipose tissue to beige adipose tissue through SIRT1 activation, which results in
PGC1α deacetylation to induce UCP-1 expression 5. The results of the current study also showed an
increase in Ucp-1 expression after HSE administration. The rise in Ucp-1 expression was shown not only
in the Ob-Hib400 group but also in the Ob-Hib200 group.

The increase in UCP-1 expression is not only affected by PGC1α activation but also by other factors 33.
UCP-1 expression is in�uenced by several paths that are regulated by major transcription factors, such as
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PPARγ and PRDM16 36.

PPARγ is a crucial transcription factor in the differentiation of brown and white adipocytes. PPARγ is
needed for the recruitment of PRDM16 to the PPARγ transcription complex, which achieves the browning
process 37. Thus, HSE not only activates the PGC1α pathway but is also thought to play a role in the
PPARγ and PRDM16 pathways. However, further research is needed to prove this. According to Tian
(2017), polyphenol content from green tea improves transcriptional regulators, such as PPARγ, PGC1α,
PRDM16, and UCP1, for the browning process 38.

5. Conclusion
H. sabdariffa has the potential to manage Fgf21 resistance in DIO rats via the suppression of miR-34a
expression, increasing the number of Fgfr1 and beta-klotho co-receptors in the adipose tissue. This
condition affects active FGF21 signaling in the process of browning and thermogenesis.
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Figure 1

Total cholesterol concentration pre- and post-HSE administration Data are depicted as mean ± SD.
Signi�cant differences are shown as *p<0.05. N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats
administered with H. sabdariffa (HSE) at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered
with HSE at a dose of 400 mg/kgBW; SD: standard deviation, HSE: H. Sabdariffa.



Page 16/30

Figure 1

Total cholesterol concentration pre- and post-HSE administration Data are depicted as mean ± SD.
Signi�cant differences are shown as *p<0.05. N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats
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Figure 2

Triglyceride concentration pre- and post-HSE administration Data are depicted as mean ± SD. Signi�cant
differences are shown as *p<0.05. N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats
administered with HSE at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered with HSE at a dose
of 400 mg/kgBW; SD: standard deviation, HSE: H. Sabdariffa.
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Figure 3

Average Lee index Data are depicted as mean ± SD. Signi�cant differences are shown as *p<0.05,
**p<0.01, ***p<0.001; N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats administered with HSE
at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered with HSE at a dose of 400 mg/kgBW; SD:
standard deviation, HSE: H. Sabdariffa.



Page 20/30

Figure 3

Average Lee index Data are depicted as mean ± SD. Signi�cant differences are shown as *p<0.05,
**p<0.01, ***p<0.001; N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats administered with HSE
at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered with HSE at a dose of 400 mg/kgBW; SD:
standard deviation, HSE: H. Sabdariffa.



Page 21/30

Figure 4

Average miR-34a expression Data are depicted as mean ± SD. Signi�cant differences are shown as
*p<0.05, **p<0.01, ***p<0.001. N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats administered
with HSE at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered with HSE at a dose of 400
mg/kgBW; SD: standard deviation, HSE: H. Sabdariffa.
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Figure 5

Average Fgfr1 expression Data are depicted as mean ± SD. Signi�cant differences are shown as *p<0.05,
**p<0.01, ***p<0.001. N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats administered with H.
sabdariffa at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered with H. sabdariffa at a dose of
400 mg/kgBW; SD: standard deviation, HSE: H. Sabdariffa.
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Figure 6

Average Klb expression Data are depicted as mean ± SD. Signi�cant differences are shown as *p<0.05,
**p<0.01, ***p<0.001. N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats administered with HSE
at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered with HSE at a dose of 400 mg/kgBW; SD:
standard deviation, HSE: H. Sabdariffa.
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Figure 7

Average Ppargc1a expression Data are depicted as mean ± SD. Signi�cant differences are shown as
*p<0.05, **p<0.01, ***p<0.001. N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats administered
with HSE at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered with HSE at a dose of 400
mg/kgBW; SD: standard deviation, HSE: H. Sabdariffa.
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Figure 8

Average Ucp1 expression Data are depicted as mean ± SD. Signi�cant differences are shown as *p<0.05,
**p<0.01, ***p<0.001. N: Normal control group; Ob: DIO rats; Ob-Hib 200: DIO rats administered with HSE
at a dose of 200 mg/kgBW; Ob-Hib 400: DIO rats administered with HSE at a dose of 400 mg/kgBW; SD:
standard deviation, HSE: H. Sabdariffa.
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