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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 influ-

enced bymiR-34a, whose expression is increased in obesity.While FGF21-based ther-

apies have been widely investigated, the potential activity of Hibiscus sabdariffa Linn.

extract (HSE) against FGF21 resistance is unknown.

Objective: 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 5 weeks. The administration of

HSE 400mg/kgBW/day resulted in the equivalent expression ofmiR-34a to that of the

control (p> 0.05).

Results:FGFR1 receptor expressionwas also similar to controls (p>0.05). Beta-klotho

expressionwas significantly 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.
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1 BACKGROUND

Obesity causes low-grade systemic inflammation, which has an impact

on tissue disruption. Systemic low-grade inflammation is caused by an

increase in proinflammatory cytokines due to hypoxia of the adipose
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tissue. Cell hypertrophy causes hypoxia of the adipose tissue, result-

ing in macrophage infiltration and changing the phenotype of anti-

inflammatory macrophages (M2) to proinflammatory macrophages

(M1) (Pan et al., 2019). Moreover, the mechanism of changing the

macrophage phenotype can be caused by the deletion of PPAR-γ and
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PPAR-δ which these genes serve a protective role in immune and

metabolic homeostasis (Garg et al., 2014). One of the effects of chronic

inflammation is the increased expression of microRNAs that induces

the silencing of the target gene (Balasubramaniam et al., 2018). Proin-

flammatory cytokines produced by M1, such as tumour necrosis fac-

tor α (TNFα) and interleukin 6 (IL6), increase the expression of microR-

NAs such as miR-34a. In obesity, the expression of miR-34a increases

function as a regulator of FGFR1 receptor expression and beta-klotho

co-receptor that binds to FGF21. According to Fu (2014), miR-34a dis-

turbs the FGF21 signalling cascade in thewhite adipose tissue through

down regulation of FGFR receptor expression and beta-klotho co-

receptor. Disruption of FGF21 signalling cascade results in FGF21

resistance in the white adipose tissue (Fu et al., 2014).

FGF21, a member of the fibroblast growth factor (FGF) family,

located on chromosome 19, is expressed by several organs, including

the liver (Fisher & Maratos-Flier, 2016). FGF21 plays a role in con-

trolling the energy homeostasis through the regulation of adipose tis-

sue browning and thermogenesis. FGF21 must bind to its receptors

in the adipose tissue, namely FGFR1 and beta-klotho, to perform this

function (Fu et al., 2014). The binding of FGF21 to its receptors in the

adipose tissue activates the Ras/Raf MAPK signalling pathway. FGF21

induces adipose tissue browning through the increased expression of

UCP-1, which plays a role in the thermogenic activity, which further

increases thermogenesis (Kilkenny&Rocheleau, 2016). FGF21binding

to its receptor initiates the signal transduction that increases the activ-

ity of sirtuin-1 (SIRT1), then stimulates PGC1α to increase the expres-
sion of UCP-1 (Crichton et al., 2017; Fisher et al., 2012; Fu et al., 2014).

Considering the potential of FGF21 in browning and thermogenesis,

efforts are underway to address work-based obesity through FGF21.

Tine Kartinah et al. (2018) found that high-intensity intermittent phys-

ical exercise can increase the amount of FGF21 released from themus-

cle, thereby increasing its activity in the adipose tissue. Sonoda et al.

(2017) reviewed many in vivo experiments and showed FGF21 ana-

logues and FGFR agonists that resemble the FGF21 receptor-ligand

complex (Sonoda et al., 2017). However, it is still necessary to man-

age obesity using natural ingredients. Natural ingredients that have the

potential to handle obesity include Hibiscus sabdariffa Linn., otherwise

known as roselle (Morales-Luna et al., 2019; Riaz & Chopra, 2018).

H. sabdariffa extract (HSE) contains flavonoids, quercetin, polyphe-

nols, catechins, and anthocyanins (Guardiola & Mach, 2014; Morales-

Luna et al., 2019; Riaz & Chopra, 2018). H. sabdariffa Linn. has been

knownas anti-obesity because it has preventedor reducedbodyweight

in obese rats (Anna Sheba & Ilakkia, 2016; J. K. Kim et al., 2007; Omar

et al., 2018). The polyphenols in HSE prevent weight gain in diet-

induced-obesity (Guardiola and Mach) rats and inhibit lipogenesis in

the white adipose tissue at the molecular level (Herranz-Lopez et al.,

2017).

However, the potential activity of HSE against FGF21 resistance is

still unknown. Using an animal model with specific diet to induce obe-

sity 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

F IGURE 1 Total cholesterol concentration pre- and post-H.
sabdariffa extract (HSE) administration. Data are depicted asmean±
SD. N: Normal control group; Ob: diet-induced-obesity (DIO) rats;
Ob-Hib 200: DIO rats administered with HSE at a dose of
200mg/kgBW;Ob-Hib 400: DIO rats administered with HSE at a dose
of 400mg/kgBW

tissue (FGFR1 and beta-klotho) and quantifying the levels of the antag-

onist, miR-34a, in diet-induced-obesity (DIO) rats. Thus, this study will

prove the molecular mechanism that describes H. sabdariffa Linn. in

managing FGF 21 resistance throughmiR-34 in obese.

2 METHODS

2.1 Study and design

The experimentswere done inMolecular Biology Laboratory. A sample

size of twenty-four ratswere countedusingFederer’s formula. Twenty-

four male Sprague-Dawley rats then collected from Animal Facility

of Health Research Development, Ministry of Health. 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); (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 400mg/day/kgBW (Ob-Hib400).

Obesity in ratswas induced by administering a high-fat diet (19.09%

fat, 24.00% protein), while the control group was fed a standard diet.

The dietswere administered for 17weeks (Marques et al., 2016). 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 (Jamali et al., 2016)

as follows:

Lee index =

3
√
bodyweight

body length
× 1000

The obese rat model refers to index Lee > 310. Figure 1 shows the

score of the Lee index after being given a high fat diet for 17weeks.

DIO rats were included in theOb, Ob-Hib200, or Ob-Hib400 group.

HSE 200 and 400 mg/day/kgBW doses were based on the research by

Andraini and Yolanda (2014). The high-fat diet was maintained until

the end of the study. The 24 male Sprague-Dawley rats, 6–10 weeks
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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 Linn. plant was obtained from the centre of the biophar-

maca studies, Bogor Agriculture University. Then, methanol extraction

was carried out using the maceration method. Maceration involved

soaking plantmaterials (powdered) in a stoppered containerwith a sol-

vent and allowed to stand at room temperature for minimum of 3 days

with frequent agitation (Azwanida, 2015). The extract was dissolved in

methanol and a paste was formed.

The pastawas diluted using distilledwater, and then the preparation

was stored at 4◦C for 7 days of treatment to avoid preparation damage

if stored for more than 7 days.

HSE was given at 200 and 400 mg/kg/day in the obesity treatment

group. Before giving the extract, the rats were weighed to determine

the amount of HSE to be given. The dose is given orally using a gastric

lavage once a day and is carried out for 5weeks. In contrast, the control

groupwas given distilled water 2ml as a placebo.

Long-term use of methanol extract does not have side effects. The

methanol extract was found safe to the no-observed-adverse-effect-

level (NOAEL) for the single-dose and repeated-dose toxicity tests in

rats (Sharwan et al., 2016).

2.3 Sampling technique

Decapitation was performed following anaesthesia using a combi-

nation of xylazine hydrochloride 0.01 ml/kgBW and 0.05 ml/kgBW

ketamine. Ratswere left to fast for 12 h before decapitation. Rats were

then dissected, and adipose tissue was harvested. The sample was put

into apot and stored in a refrigerator at−80◦C.Blood samples fromthe

rats’ sinus orbita were collected into ethylenediaminetetraacetic acid

tubes and centrifuged to obtain serum. The serum samples were used

for lipid profile measurements, such as total cholesterol and triglyc-

eride levels.

2.4 Measurement of total cholesterol and
triglyceride levels in rat serum

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 incu-

bated for5min. Samplemeasurementwasperformedbypipetting10μl
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 (ΔAstandardand ΔAsample) were then calculated

(for mg/dl) as follows:

C = 200 ×
ΔAsample
ΔAstandard

2.5 Measurement of FGFR1, beta-klotho gene
(Klb), and miR-34a expression in the adipose tissue

FGFR1 and Klb expression levels were quantified 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

Mixwith gDNARemover (Toyobo); (3) real-time PCRwas performed in

triplicate to measure the expression of FGFR1 and Klb using the Sensi-

FAST SYBRHi-ROX Kit (Bioline) kit with a two-step method. RNA con-

centrations were measured using a nanodrop, and dilutions to obtain

the required RNA concentration were performed using nuclease-free

water.

Gene expressionwas then analyzed using theMicro drop VarioSkan

Spectrophotometer. RNA isolation was performed to obtain the RNA

necessary for examiningmiR-34a expression. Total RNA isolation from

adipose tissue was performed using the Quick-RNA MiniPrep Plus

(ZymoResearch) kit. cDNA synthesis was performed, such thatmiRNA

could be amplified using real-time PCR. Delta-delta CT method was

compared to housekeeping gene glyceraldehyde 3-phosphate dehy-

drogenase (GAPDH) (Perez et al., 2017). Real-timePCRwas performed

in triplicate using themiR-34aDetection andU6CalibrationKit (Cohe-

sion Biosciences).

2.6 Statistical analysis

Six samples were used in each analysis. The Shapiro–Wilk normal-

ity test was performed on the collected data. If the data were dis-

tributed normally, then the analysis was continued using paramet-

ric tests with one-way analysis of variance (Baselga-Escudero et al.,

2015). If the data were not distributed normally and remained abnor-

mal after transformation, a nonparametric test was carried out using

theKruskal–Wallis test. Ap-valueof<0.05was considered statistically

significant. Paired t-test was used to analyze the lipid profile results

and determine the significance of pre- and post-HSE treatment. A (2-

tailed) p-value<0.05was considered statistically significant. Data pro-

cessing was performed using the SPSS 23 software (Statistical Social

Sciences 23).

3 RESULTS

3.1 Effects of H. sabdariffa on rat lipid profile

Our experiments showed that there was no difference between

the total cholesterol of pre- and post-treatment of HSE, as shown

in Figure 1. The total cholesterol cannot describe low density
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F IGURE 2 Triglyceride concentration pre- and post-H. sabdariffa
extract (HSE) administration. Data are depicted asmean± SD. N:
Normal control group; Ob: diet-induced-obesity (DIO) rats; Ob-Hib
200: DIO rats administered with HSE at a dose of 200mg/kgBW;
Ob-Hib 400: DIO rats administered with HSE at a dose of
400mg/kgBW

lipoprotein (LDL) and high density lipoprotein levels. After 17 weeks

of HFD administration, total cholesterol levels were obtained average

(43.424 mg/dl) in obese rats. The normal level of total cholesterol in

rats is 10–54 mg/dl (Mahdi et al., 2020). Thus, the obese model had

normal total cholesterol. However, the limitation of this study did

not measure the LDL and DL levels. Likewise, triglyceride levels were

obtained average (50.583 mg/dl). The normal triglyceride level in the

rat is 26–145 mg/dl (Mahdi et al., 2020). Thus, this obese model has a

normal triglyceride level.

In pre- and post-treatment HSE, triglyceride levels were different.

After 200 mg/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 is able tomain-

tain triglyceride levels, such that the value is equivalent to the normal

control group (p> 0.05), as shown in Figure 2.

HFD administration for 17 weeks resulted fat accumulation associ-

ated with an increase in the BW and the Lee index, as shown in Table 1,

but it was not accompanied with changing of the blood lipid profiles.

3.2 Effects of H. sabdariffa on the Lee index of
DIO rats

The Lee index of the Ob group was the highest and significantly dif-

ferent 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/kgBWand

400mg/kgBWwere below310. The results indicated that the adminis-

tration 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 admin-

TABLE 1 The score of the Lee index

Group Weight (g) Height (cm) Lee index

Ob 386 22 330.958

303 20 335.828

314 19 357.731

310 20 338.395

257 19.5 326.044

335 19.5 356.162

Ob-Hib200 289 19.5 339.051

245 19.5 320.710

305 19 354.280

310 19.5 347.072

351 21.5 328.093

296 19 350.892

Ob-Hib400 283 20 328.271

241 19 327.531

328 19.5 353.663

350 20 352.386

300 20 334.716

309 19.5 346.698

istration 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 400mg/kgBWreducedmiR-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 groupwas lower compared to that of the N group

(p < 0.01). FGF 21 resistance was indicated by decreasing FGFR in the

DIO group significantly different from the control group. Our previous

study showed that FGF 21 resistance is associated with increasing the

FGF 21 level in the liver and decreasing the FGF21 level in the adipose

tissue (Kartinah et al., 2019). The administration of HSE in DIO rats at

a dose of 400 mg/kgBW maintained the expression of FGFR1 at lev-

els equivalent to that of the control group (p > 0.05). Meanwhile, the

expression of FGFR1 in the DIO rats group administeredHSE at a dose

of 200 mg/kgBW was still low and significantly 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
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F IGURE 3 Average Lee index. Data are depicted asmean± SD.
Significant differences are shown as *p< 0.05, **p< 0.01, ***p< 0.001;
N: Normal control group; Ob: diet-induced-obesity (DIO) rats; Ob-Hib
200: DIO rats administered withH. sabdariffa extract (HSE) at a dose
of 200mg/kgBW;Ob-Hib 400: DIO rats administered with HSE at a
dose of 400mg/kgBW

F IGURE 4 AveragemiR-34a expression. Data are depicted as
mean± SD. Significant differences are shown as *p< 0.05, **p< 0.01,
***p< 0.001. N: Normal control group; Ob: diet-induced-obesity (DIO)
rats; Ob-Hib 200: DIO rats administered withH. sabdariffa extract
(HSE) at a dose of 200mg/kgBW;Ob-Hib 400: DIO rats administered
with HSE at a dose of 400mg/kgBW

group (p<0.001). However, the administration ofHSE extract at a dose

of 400 mg/kgBW in DIO rats increased the expression of Klb signifi-

cantly compared to that ofDIO rats (p<0.001) and theDIO rats admin-

isteredHSE at a dose of 200mg/kgBW (p<0.01). However,Klb expres-

sion 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).

F IGURE 5 Average FGFR1 expression. Data are depicted asmean
± SD. Significant differences are shown as *p< 0.05, **p< 0.01,
***p< 0.001. N: Normal control group; Ob: diet-induced-obesity (DIO)
rats; Ob-Hib 200: DIO rats administered withH. sabdariffa at a dose of
200mg/kgBW;Ob-Hib 400: DIO rats administered withH. sabdariffa
at a dose of 400mg/kgBW

F IGURE 6 Average Klb expression. Data are depicted asmean±
SD. Significant differences are shown as *p< 0.05, **p< 0.01,
***p< 0.001. N: Normal control group; Ob: diet-induced-obesity (DIO)
rats; Ob-Hib 200: DIO rats administered with HSE at a dose of
200mg/kgBW;Ob-Hib 400: DIO rats administered with HSE at a dose
of 400mg/kgBW

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 toDIO rats at a

dose of 200mg/kgBWdid not increase Ppargc1a expression compared

to that of theObgroup (p>0.05), but a significant difference compared

to that of the control group (p<0.01)wasobserved. Theadministration

of 400 mg/kgBW HSE to DIO groups increased Ppargc1a expression;
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F IGURE 7 Average Ppargc1a expression. Data are depicted as
mean± SD. Significant differences are shown as *p< 0.05, **p< 0.01,
***p< 0.001. N: Normal control group; Ob: diet-induced-obesity (DIO)
rats; Ob-Hib 200: DIO rats administered withH. sabdariffa extract
(HSE) at a dose of 200mg/kgBW;Ob-Hib 400: DIO rats administered
with HSE at a dose of 400mg/kgBW

therefore, the relative expression was not significantly 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 significantly 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 (Ahmadpour et al., 2018).

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 PPARγ and
C/EBP, increase the transcription of adipogenic genes. According to

Cuevas Ramos (2012),miR-34a upregulation is followed by an increase

of pre-adipocyte differentiation gene expression, while downregula-

tion of miR-34a decreases the adipogenic gene expression (Cuevas-

Ramos et al., 2012).

Increased miR-34a causes chronic inflammation (Fu et al., 2014).

miR-34aplays a role in suppressing theexpressionofKlf4, which causes

macrophage infiltration (Fu et al., 2014). Macrophage infiltration is

F IGURE 8 Average Ucp1 expression. Data are depicted asmean±
SD. Significant differences are shown as *p< 0.05, **p< 0.01,
***p< 0.001. N: Normal control group; Ob: diet-induced-obesity (DIO)
rats; Ob-Hib 200: DIO rats administered with HSE at a dose of
200mg/kgBW;Ob-Hib 400: DIO rats administered withH. sabdariffa
extract (HSE) at a dose of 400mg/kgBW

associated with an increase in TNF-α, which causes chronic inflamma-

tion. TNFα produced by macrophages plays an essential role in the

regulation of adipokines in adipocytes. TNF-α induces proinflamma-

tory cytokines through nuclear factor kappa B (NF-κB). The binding

of TNF-α to its receptor induces the production of proinflammatory

cytokines through NF-κB-dependent and NF-κB-independent mecha-

nisms. It also causes theproductionof proinflammatory cytokines, such

as IL-Iβ, and IL-6 (Diaz-Delfin et al., 2012;McArdle et al., 2013; X.Wang

et al., 2013).

In this study, we did notmeasure the inflammatory cytokines inDIO

rats. However, we showed the effects of miR-34a expression, as evi-

dencedbydecreasedFGFRandKlb expression. This study is in linewith

the work of Gallego-Escuredo et al. (2015), who reported that obesity

leads to the reduced expression of FGFR and beta-klotho receptors in

the white adipose tissue (Gallego-Escuredo et al., 2015). Hale (2012)

stated that the expression of beta-klotho,FGFR-1c, and FGFR2c are

downregulated in the adipose tissue of DIO rats (Hale et al., 2012).

Diaz-Delfin 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 (0.193 ± 0.134

pg/mg protein) are significantly lower than that of the control group

(0.413 ± 0.139 pg/mg protein) (Kartinah et al., 2019). Besides, the

decrease in FGF 21 in adipose tissue was also due to the activation of

PPAR and CREB to increase CEBP and suppress FGF 21 transcription.

Fisher et al. (2010) also shows the decrease in FGF 21 in adipose tissue

was associated with FGF 21 resistance.
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The decreased expression FGFR has an impact on endocrine FGF21

communication in the adipose tissue and is the beginning of the devel-

opment of Fgf21 resistance (Diaz-Delfin et al., 2012). Our previous

study shows FGF21 resistance leads to an increase in FGF21 secre-

tion in the liver. The level of FGF21 in the liver of the DIO rats

(9.105 ± 2.260 pg/mg protein) is significantly higher compared to the

normal group (5.899 ± 0.876 pg/mg protein) (Kartinah et al., 2019).

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 (Gamboa-Gomez

et al., 2015; Y. Wang et al., 2015). The increase in FGF21 expression

in the liver is followed by an increase in circulation. Cuevas-Ramos

et al. (2012) found that serum Fgf21 levels in the DIO rats are six

times higher than that in the normal group (Cuevas-Ramos et al., 2012).

Research by Hondares et al. (2011) showed an increase in FGF21

expression levels in the liver in mice with FGF21 resistance (Hondares

et al., 2011).

The current study showed that the administration of HSE could

manage FGF21 resistance through increased expression of FGFR and

Klb (BonDurant et al., 2017). H. sabdariffa is suggested to suppress

miR-34a as a regulator of FGFR and beta-klotho expressions (Lavery

et al., 2016; Shi et al., 2016). 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, andmiR-107 in hyperlipidemic rats (Yang et al., 2015).

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 suppres-

sion. According to Lavery (2016), there is a decrease in the expression

of PPARγ and C/EBP in miR-34a knockout rats (Lavery et al., 2016).

According to J. K. Kim (2007), HSE suppresses transcription factors

of PPARγ and CEBP/α (M. S. Kim et al., 2003). Thus, the inhibition of

PPARγ and C/EBP, as a result of HSE administration, has the potential

to suppress the expression of miR-34a (Hausman et al., 2014).

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 significant reduction in miR-34a expression compared

to the Ob group. In contrast, the administration of HSE at a dose of

400mg/kgBWwas found to significantly reduce the expression ofmiR-

34 compared to that of the Ob group. Even though miR-34 expres-

sion levels do not reach normal levels, beta-klotho and FGFR expres-

sion can still increase (Agrawal et al., 2018), reaching normal levels of

FGFR1 expression. Limitations of our study did notmeasure FGFRpro-

tein level in the adipose tissue.

The increased expression of beta-klotho and FGFR can also be influ-

enced by HSE, which directly suppresses chronic inflammation. Some

studies have found that polyphenols in the HSE can inhibit proinflam-

mation by suppressing NF-κB. Zeng et al. (2017) found that polyphe-

nols increase the expression of FGFR1 and beta-klotho in rats fed with

a high-fat diet (Zeng et al., 2017). This is because polyphenols act as

anti-inflammatory agents by decreasing NF-κB expression. The results

of Gamboa-Gomez et al. (2015) indicate that HSE significantly reduces

TNFα induced by NF-κB . In addition, the anthocyanins, namely cyani-

din and delphinidin, in the HSE also reduce TNFα expression. That is

because anthocyanin inhibits the activation of NF-κB by inhibiting the

degradation of IκB and inhibiting the activation of IκB kinase, thereby

preventing the phosphorylation of NF-κB (Diaz-Delfin et al., 2012). In

the current study, we did not measure NF-κB expression levels; thus,

we could not directly prove that the increase in Klb and FGFR expres-

sion was associated with a decrease in NF-κB. This study proves the

potential ofHSE in increasing theexpressionof FGFRandKlb, such that

it canmanage FGF21 resistance in DIO rats (Fisher et al., 2010).

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 (Kartinah et al., 2019). The management of

FGF21 resistance is indicated by the activation of the FGF21 signalling

pathway in the adipose tissue. FGF21 binds to its receptor to activate

signalling via PGC1α, which is a transcription coactivator that controls
energymetabolism. The present study showed an increase in Ppargc1a

expression in theOb-Hib400group.

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 (Crichton et al., 2017). The

results of the current study also showed an increase in Ucp-1 expres-

sion 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.

However, the limitation of this study did not measure protein of SIRTI

and UCP1.

The increase in UCP-1 expression is not only affected by PGC1α
activation but also by other factors (Zeng et al., 2017). UCP-1 expres-

sion is influenced by several paths that are regulated by major tran-

scription factors, such as PPARγ and PRDM16 (Lo & Sun, 2013).

PPARγ is a crucial transcription factor in thedifferentiationofbrown
andwhite adipocytes. PPARγ is needed for the recruitment ofPRDM16

to the PPARγ transcription complex, which achieves the browning pro-

cess (Xie et al., 2016). 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

et al. (2013), polyphenol content from green tea improves transcrip-

tional regulators, such as PPARγ, PGC1α, PRDM16, and UCP1, for the

browning process.

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 con-

dition affects active FGF21 signalling in the process of browning and

thermogenesis.
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