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Kaempferol is a dietary ﬂavanol that regulates cellular lipid and glucose metabolism. Its mechanism of action in preventing hepatic
steatosis and obesity-related disorders has yet to be clariﬁed. The purpose of this research was to examine kaempferol’s antiobesity
eﬀects in high-fat diet- (HFD-) fed mice and to investigate its impact on their gut microbiota. Using a completely randomized
design, 30 mice were equally assigned to a control group, receiving a low-fat diet, an HFD group, receiving a high-fat diet, and
an HFD+kaempferol group, receiving a high-fat diet and kaempferol doses of 200 mg/kg in the diet. After eight weeks, the HFD
mice displayed substantial body and liver weight gain and high blood glucose and serum cholesterol levels. However, treatment
with kaempferol moderated body and liver weight gain and elevation of blood glucose and serum cholesterol and triglyceride
levels. Examination of 16S ribosomal RNA showed that HFD mice exhibited decreased microbial diversity, but kaempferol
treatment maintained it to nearly the same levels as those in the control group. In conclusion, kaempferol can protect against
obesity and insulin resistance in mice on a high-fat diet, partly through regulating their gut microbiota and moderating the
decrease in insulin resistance.

1. Introduction
Obesity is the result of the accumulation of excessive
amounts of fat in adipose tissue. Obesity is linked to many
risk factors, including cardiovascular diseases, hypertension,
hepatic steatosis, insulin resistance, and dyslipidemia [1, 2].
The prevalence of obesity and associated metabolic disorders
(e.g., type 2 diabetes mellitus and cardiovascular diseases) has
increased considerably in the last century, not only in developed but also in developing countries [3]. Rat studies indicate
that long-term intake of a high-fat diet (HFD) can lead to
impaired lipid metabolism, as indicated by elevated total cholesterol (TC), triglyceride (TG), and low-density lipoprotein
(LDL) levels [4]. In addition to the disruption of lipid metabolism, low-grade chronic inﬂammation has been identiﬁed as
a potential mechanism of obesity-related conditions [5].
It has been hypothesized that excessive accumulation of
adipose tissue is a precursor to the production of proinﬂammatory cytokines, which can lead to hypertension and insulin

resistance [6]. Moreover, data from both human and animal
studies suggest a close connection between the emergence of
an obese phenotype and the gut microbiome. The microbiota
of obese mice is marked by an increase in the relative abundance of Firmicutes and a decrease in Bacteroidetes [7].
The literature suggests that substantial changes occur in the
composition of the gut microbiota within 24 h of a switch
to an HFD [8]. Presently, various medications are administered to prevent, treat, and manage obesity. However, pharmacological agents of this kind are associated with adverse
side eﬀects and are not always eﬀective [9]. In view of this,
many scholars have focused their eﬀorts on developing novel
therapeutic agents for obesity-related complications.
Polyphenols have attracted considerable interest in
recent years owing to their potential use in the management
of diabetes [10, 11]. As secondary plant metabolites, polyphenolic compounds are the principal source of dietary antioxidants for humans, in whom the normal intake of polyphenols
is approximately 1 g per day [12]. Noteworthily, robust
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research ﬁndings indicate that dietary polyphenols mitigate HFD-induced obesity by regulating the gut microbiota [13, 14].
Kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H1-benzopyran-4-one) is a ﬂavanol that has been identiﬁed
in a variety of edible plants and traditional medicines. Studies
suggest that it may be an eﬀective agent against obesity [15,
16]. In a study involving HFD obese mice, the administration
of kaempferol in daily doses of 50 mg/kg was associated with
signiﬁcant improvements in blood glucose control, which
were in turn attributed to reduced hepatic glucose production and enhanced whole-body insulin sensitivity [16]. Signiﬁcantly, no alterations were observed in terms of body
weight gain, adiposity, or food consumption. However, the
mechanism of action that underpins the antiobesity activity
of this ﬂavanol is not yet understood.
With the above considerations in mind, the purpose of
this study was to identify notable metabolites and to
investigate the potential preventive mechanism of action
associated with kaempferol in HFD-induced obesity in
C57BL/6 mice.

2. Materials and Methods
2.1. Animal Care and Experimental Design. Approval was
obtained from Zhejiang Traditional Chinese Hospital’s Animal Use and Welfare Committee. Thirty C57BL/6 mice aged
nine weeks were procured from Nanjing University’s Model
Animal Research Center, stored in standard, pathogen-free
conditions (temperature: 22 ± 2° C; relative humidity: 50 ± 5
%; and 12 h light/dark cycles), and provided with water and
food ad libitum.
Using a completely randomized design, each mouse was
assigned to one of the following three groups (n = 10 each):
a control group, receiving a low-fat diet; an HFD group,
receiving a high-fat diet; and an HFD+kaempferol group,
receiving a high-fat diet and 200 mg/kg kaempferol in the
diet. The low-fat diet consisted of 10% (kcal%) fat, 20% protein, and 70% carbohydrate, whereas the HFD consisted of
45% fat, 20% protein, and 35% carbohydrate (Research Diets,
Inc., New Brunswick, NJ, USA). The experimental period
was eight weeks.
Upon completion of the experiment, the mice were subjected to fasting for 4 h, after which blood samples were taken
from the retro-orbital sinus. After cervical dislocation, the
inguinal white adipose tissue (iWAT), perirenal white adipose tissue (pWAT), epididymal white adipose tissue
(eWAT), and ﬁnally the liver were weighed.
2.2. Biochemical Analysis. The blood samples were centrifuged at 3,000 rpm at 4°C for 10 min to obtain serum. A Beckman CX4 biochemical analyzer (Beckman Coulter, Brea, CA,
USA) and kits manufactured by Roche (Basel, Switzerland)
were used to measure serum triglyceride (TG), glucose,
high-density lipoprotein (HDL), low-density lipoprotein
(LDL), and total cholesterol (TC) levels.
2.3. Glucose and Insulin Tolerance Measurements. A Glucometer Elite (Bayer, Leverkusen, Germany) was used to mea-
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sure blood glucose levels in blood obtained from the tail vein.
For the glucose tolerance tests (GTT), blood glucose was
measured 0, 15, 30, 60, and 120 min after administration of
bolus intraperitoneal glucose in a dose of 2 g/kg to mice subjected to overnight fasting (12 h). For the insulin tolerance
tests (ITT), blood glucose was measured 0, 15, 30, 60, and
90 min after administration of an intraperitoneal injection
of regular human insulin in a dose of 0.80 U/kg to mice subjected to fasting for 6 h. The homeostasis model assessment
of the insulin resistance index was calculated according to
the following standard formula: basal glucose (mM) and
basal insulin (mU/L)/22.5.
2.4. Gut Microbiota Analysis. A QIAamp DNA Stool Mini Kit
(Qiagen, Duesseldorf, Germany) was used to extract total
DNA from fecal samples according to the manufacturer’s
instructions (QIAamp DNA Stool Handbook, 04/2010). A
MiSeq instrument (Illumina Inc., San Diego, CA, USA) was
used by Majorbio (Shanghai, China) to perform 16S ribosomal RNA (rRNA) high-throughput sequencing. Ampliﬁcation of the variable regions V3-V4 of the 16S rRNA genes was
performed with barcode-indexed primers 338F and 806R.
The forward and reverse primer sequences were 5 ′ -ACTC
CTACGGGAGGCAGCA-3 ′ and 5 ′ -GGACTACHVGGGT
WTCTAAT-3 ′ , respectively. A 2% gel extraction kit (AxyPrep DNA Gel Extraction Kit; Axygen Biosciences, Union
City, CA, USA) was used to purify the amplicons according
to the manufacturer’s instructions. Polymerase chain reaction (PCR) product concentrations were assessed with a
QuantiFluor™-ST (Promega, Madison, WI, USA), and product normalization was performed at equimolar concentrations with paired-end sequencing (2 × 250) using the MiSeq
platform (Illumina Inc.) according to standard protocols.
After sequencing, raw data splicing and ﬁltration were performed to obtain cleaned data. Operational taxonomic unit
(OTU) clustering and species classiﬁcation were performed
to acquire information about the species present and their
abundance distribution.
2.5. Statistical Analysis. One-way analysis of variance
(ANOVA) using SAS 8.2 for Windows (SAS Inc., Cary, NC,
USA) was applied for the statistical tests. Diﬀerences between
the means of each group were comparatively examined with
the Duncan multiple comparison test and unpaired t-tests.
The values were expressed as mean ± standard deviation. A
value of P < 0:05 was considered the cutoﬀ of statistical
signiﬁcance.

3. Results
3.1. Kaempferol Moderated Adipose Accumulation in HFD
Mice. Measurements of the body weight, liver, iWAT,
eWAT, and pWAT were performed to assess the impact
of kaempferol on HFD mice. As shown in Figures 1(a)
and 1(b), the body and liver weight gain of HFD mice
was higher than that of the control group (P < 0:05). However, it was lower in the HFD+kaempferol group than in
the HFD group (P < 0:05). As shown in Figures 1(c)–
1(h), the iWAT, eWAT, and pWAT were signiﬁcantly
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Figure 1: Body, liver, and adipose tissue weight measurements in the control, HFD, and HFD+kaempferol groups. The mice were randomly
assigned to a control group, receiving a low-fat diet, an HFD group, receiving an HFD, and an HFD+kaempferol group, receiving an HFD and
200 mg/kg kaempferol (n = 10 each). (a) Body weight, (b) liver weight, (c) iWAT weight, (d) iWAT/body weight ratio, (e) eWAT weight, (f)
eWAT/body weight ratio, (g) pWAT weight, and (h) pWAT/body weight ratio. Values are expressed as mean ± standard deviation. ∗ P < 0:05.
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Figure 2: Serum concentrations of (a) total cholesterol (TC), (b) triglycerides (TG), (c) high-density lipoprotein (HDL), and (d) low-density
lipoprotein (LDL) in the control, HFD, and HFD+kaempferol groups. Values are expressed as mean ± standard deviation ðSDÞ. ∗ P < 0:05.

heavier in the HFD mice compared to the control group
(P < 0:05) but weighed less in the HFD+kaempferol group
than in the HFD group (P < 0:05).
3.2. Kaempferol Ameliorated Hyperlipidemia in HFD Mice.
To examine the eﬀect of kaempferol on the amelioration of
hyperlipidemia, the concentrations of serum parameters
were measured. Figure 2 shows that serum TC, TG, HDL,
and LDL concentrations were higher in the HFD mice compared to the control group (P < 0:05). However, kaempferol
treatment led to signiﬁcantly lower serum TC, TG, HDL,
and LDL concentrations in the HFD+kaempferol group
compared to the HFD group (P < 0:05).
3.3. Kaempferol Improved Glucose Tolerance and Insulin
Resistance in HFD Mice. Given that obesity is linked to
insulin resistance and glucose tolerance, an analysis of the
concentrations of fasting blood glucose was performed.
Figure 3 shows that kaempferol supplementation kept fasting
blood glucose to near-normal levels. Furthermore, intravenous glucose and insulin tolerance tests, paired with the corresponding values associated with the area under the curve,
demonstrated that kaempferol led to less severe impairment
of glucose tolerance and insulin resistance in the HFD
+kaempferol group than in the HFD group.

3.4. Kaempferol Maintained Microbial Diversity and Altered
Microbial Communities in HFD Mice. The impact of
kaempferol on gut microbiota compositions was assessed
by sequencing the bacterial 16S rRNA V3-V4 region.
Figure 4 shows that gut microbiota diversity was lower in
the HFD group than in the control group, as demonstrated
by the higher Shannon indices in the latter (P < 0:05). Interestingly, the Shannon index in the HFD+kaempferol group
was at the same level as that in the control group
(P < 0:05). The total microbial compositions in the experimental groups at the phylum and genus levels are shown
in Figures 4(b)–4(e) and 4(f)–4(k), respectively. The four
main phyla in the three groups were Bacteroidetes, Firmicutes, Proteobacteria, and Verrucomicrobia (Figure 4(b)).
Firmicutes were more abundant in the HFD group than in
the control group (P < 0:05) and signiﬁcantly less abundant
in the HFD+kaempferol group than in the HFD group
(P < 0:05). Conversely, Bacteroidetes and Proteobacteria
were less abundant in the HFD group than in the control
group (P < 0:05) and signiﬁcantly more abundant in the
HFD+kaempferol group than in the HFD group (P < 0:05
). Moreover, Proteobacteria were signiﬁcantly more abundant in the HFD+kaempferol group than in the control
group (P < 0:05). Comparisons at the genus level revealed
that Akkermansia, Bacteroides, and Lactobacillus were less
abundant in the HFD group than in the control group
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Figure 3: Serum concentrations of (a) blood glucose and (b) insulin, (c) curves of blood glucose levels, (d) calculated area under the curve for
intravenous glucose tolerance tests (IGTT), (e) curves of blood glucose levels, and (f) calculated area under the curve for insulin tolerance tests
in the control, HFD, and HFD+kaempferol groups. Values are expressed as mean ± standard deviation. ∗ P < 0:05.

(P < 0:05) and signiﬁcantly more abundant in the HFD
+kaempferol group than in the HFD group (P < 0:05). In
addition, Akkermansia was more abundant in the HFD
+kaempferol group than in the control group (P < 0:05).

Unclassiﬁed genera were more abundant in the HFD group
than in the control group (P < 0:05) and signiﬁcantly less
abundant in the HFD+kaempferol group than in the HFD
group (P < 0:05).
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Figure 4: Gut microbiota analyses in the control, HFD, and HFD+kaempferol groups. (a) Shannon index in α-diversity analysis, (b) relative
abundance of microbiota at the phylum level, (c) Bacteroidetes, (d) Firmicutes, and (e) Proteobacteria levels, (f) microbiota compositions at
the genus level, (g) Akkermansia, (h) Bacteroides, (i) Helicobacter, (j) Parabacteroides, and (k) unclassiﬁed genus levels. Values are expressed
as mean ± standard deviation. ∗ P < 0:05.

4. Discussion
Pharmacological research indicates that kaempferol, a natural ﬂavonoid found in various plant-based foods, is beneﬁcial
to human health. Antidiabetic activity is associated with
kaempferol administration, including anti-inﬂammatory,
antioxidative, and antihyperlipidemic eﬀects, as well as protection of pancreatic β-cells [17]. However, ﬁndings regarding kaempferol’s impact on gut microbiota and insulin
resistance are scarce. Therefore, it is signiﬁcant that in this
study, kaempferol treatment was associated with fewer

obesity-related complications in HFD mice. A statistically
signiﬁcant diﬀerence in body weight gain was observed
between the HFD+kaempferol group and the HFD group.
When treating obesity-related complications, reduction of
fat storage and body weight is critical. Therefore, this study’s
results indicate that this natural ﬂavonoid can be exploited as
a cost-eﬀective and safe compound for the treatment and
prevention of HFD-induced obesity and insulin resistance.
In this study, kaempferol treatment led to diﬀerences in
the epidermal white adipose tissue mass between the HFD
+kaempferol group and the HFD group. Additionally,
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dietary kaempferol was associated with signiﬁcantly less liver
weight gain and enlargement compared to the HFD group.
Moreover, in the HFD+kaempferol group, kaempferol kept
body weight gain and elevation of blood glucose, serum cholesterol, and triglyceride levels lower than in the HFD group.
It also resulted in lower hepatic lipid accumulation compared
to the HFD group. One way to account for the increase in
lipid metabolism associated with dietary kaempferol is by
observing its impact on the regulation of hepatic expression
of peroxisome proliferator-activated receptor α target genes
[18]. Kaempferol may promote programmed cell death,
thereby exerting an antitoxicological eﬀect in various cancer
cell types (e.g., pancreatic β-cells) [19]. Importantly, this
eﬀect is associated with concentrations of at least 30 μmol/L,
which is signiﬁcant because dietary kaempferol levels are typically lower than 1 μmol/L [20].
This study’s data indicate that kaempferol administration
improved insulin sensitivity and glucose tolerance in HFD
mouse livers. In vivo experiments show that transcriptional
regulation of lipogenesis genes (e.g., Srebp-1c, Fas, and Scd)
is aﬀected by insulin sensitivity changes in the liver [21]. Several in vivo studies indicate that obesity can be prevented by
inhibiting hepatic lipogenesis and suppressing hepatic adipogenesis [22–24]. Thus, the preventive eﬀect of kaempferol on
obesity-related complications is possibly attributable to the
weakened pathological processes of insulin resistance and
inﬂammation [25].
The key to understanding obesity may be related to
changes in the gut microbiota and its function in response
to diet [26]. Several studies conﬁrm that in both human
and rat models, the gut microbiota in obesity exhibits greater
relative abundance of Firmicutes and decreased levels of Bacteroidetes [27–29]. In line with these ﬁndings, this study
found relative changes in the gut microbiota of HFD mice,
showing that kaempferol supplementation led to lower levels
of Firmicutes and higher levels of Bacteroidetes. However,
the way in which kaempferol exerts these eﬀects on the gut
microbiota remains unclear. Its impact, particularly on Bacteroidetes, might be related to a consequent increase in the
production of propionic acid, thereby mediating HFDinduced lipid metabolic dysfunction. These results are consistent with studies showing that an increase in propionate
can attenuate weight gain in overweight human adults [30].
This mechanism may be linked to an increase in the secretion
of gut hormones, including peptide YY and glucagon-like
peptide-1 [30].
Overall, this study found that kaempferol administration in HFD mice moderated body and liver weight gain,
hepatic lipid accumulation, and elevation of serum cholesterol, blood glucose, and triglyceride levels. The results
also indicate that dietary kaempferol mediates the regulation of the gut microbiota, particularly by reversing the
relative abundances of Firmicutes and Bacteroidetes to
the levels observed in organisms with a healthy weight.
This suggests that the gut microbiota may be implicated
in the positive eﬀect of kaempferol in HFD-induced lipid
dysmetabolism. This study demonstrates that kaempferol
supplementation has protective eﬀects against insulin
resistance and obesity in HFD mice, partly through miti-
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gating insulin resistance deterioration and regulating the
gut microbiota.
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