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Background: The gut microbiota is recognized as a major modulator of metabolic
disorders such as type 2 diabetes. Dapagliflozin, sodium glucose cotransporter 2
inhibitors (SGLT2i), enhances renal glucose excretion, and lowers blood glucose levels.
The study aimed to determine the effects of dapagliflozin on fecal microbiota in a type 2
diabetic rat model.

Methods: Four-week-old male Sprague Dawley rats (n = 24) were fed a high-fat
diet (HFD) for 8 weeks and then given a single dose of STZ injection (30 mg/kg,
i.0). They were randomly divided into three groups (n = 8). Each group received
intragastric infusion of normal saline (2ml, 0.9%) or metformin (215.15 mg/kg/day) or
dapagliflozin (1 mg/kg/day) for 4 weeks. Blood glucose levels and plasma insulin levels
were detected during intragastric glucose tolerance. Fecal samples were collected to
access microbiome by 16S ribosomal RNA gene sequencing.

Results: Dapagliflozin significantly decreased fasting and postprandial blood glucose
levels as metformin in type 2 diabetic rats (P < 0.001). Enterotype was composed
of Ruminococcaceae after treatment of dapagliflozin, whereas Ruminococcaceae and
Muribaculaceae were the main enterotypes following metformin treatment. Dapagliflozin
did not increase the abundance of beneficial bacteria including Lactobacillaceae and
Bifidobacteriaceae. However, these were increased in the metformin group. It is
surprising to find that Proteobacteria (especially Desulfovibrionaceae) were enriched in
the dapagliflozin group.

Conclusion: Dapaglifiozin and metformin exerted complementary effects on the main
beneficial bacteria. A combination of these two drugs might be beneficial to improve the
structure of fecal microbiota in the treatment of type 2 diabetes.

Keywords: dapagliflozin, fecal microbiota, type 2 diabetes, metfomiin, high-fat diet

INTRODUCTION

Type 2 diabetes (T2D) affects nearly 373.5 million individuals worldwide. An increasing number
of studies have connected the gut microbiome with metabolic diseases such as diabetes and obesity
(1). It has been reported that there was a decreased amount of beneficial bacteria in patients with
type 2 diabetes (2). Fecal microbiota transplantation holds potential as a promising option in the
treatment of diabetes (3).
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FIGURE 5 | Correlation heatmap of the fecal microbiota with blood glucose indexes. Spearman correlation analysis between the top 50 most abundant bacterial
families and blood glucose levels during intragastric glucose tolerance test. *P < 0.05, **P < 0.01, **P < 0.001.

(KO00561) and  cytochrome P450 (KO00980) were
enriched in dapagliflozin group and three functional
categories, purine metabolism  (KO00230), nucleotide
excision repair (KO03420), and glutathione metabolism
(KO00480) (Supplementary Figure 3B), were enriched in the
metformin group.

DISCUSSION

Our study demonstrated that dapagliflozin and metformin
monotherapy lowered blood glucose levels to a similar extent.
They differentially affected the diversities, and composition
of fecal microbiota in type 2 diabetic rats. Of interest, is
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FIGURE 6 | Linear discriminant analysis (LDA) effect size (LEfSe) analysis on genus level among control, metformin, and dapagliflozin group. (A) LEfSe barplot on the
bacterial genus level. (B) Cladogram demonstrating the taxonomic levels with phyla in the innermost and genera in the outermost ring. Only LDA score > 2 are shown.
All against all as the multiple comparisons. The prefixes “p” represented as phylum, “c” as class, “0” as order, “f” as family, and “g” as genus.
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the result that dapagliflozin had no effects on beneficial
bacteria (the abundance of Lactobacillaceae, Bifidobacteriaceae,
and Akkermansiaceae when compared with control) and
that it increased the relative abundance of Proteobacteria
(especially Desulfovibrionaceae).

In our study, dapagliflozin did not increase diversity
and richness compared with control via alpha diversity
analysis, although it has been indicated that dapagliflozin
could reduce richness and diversity in mice (13). This result
was in line with a recent human study (14). The reason
might be the length and dosage difference of the drug
intervention (4 weeks vs. 8 weeks; 1 mg/kg/day vs. 60mg
dapagliflozin /kg diet). Beta-diversity analysis and enterotypes
were used to further analyze core microbial composition after
different treatments.

The concept of “enterotypes” was driven to get an overview
of the robust clustering of samples species variation (18).
Dapagliflozin and metformin had differential effects on
the composition of fecal microbiota enterotypes on the
family level. The Dapagliflozin group mainly displayed
with Ruminococcaceae and the metformin group presented

Ruminococcaceae and Muribaculaceae (18). Ruminococcaceae
was regarded as certain SCFA-producing bacteria (19). A
Muribaculaceae-history named the S24-7 belongs to the
phylum Bacteroidates (20) and it has been suggested that
Muribaculaceae abundance is an important predictor of SCFAs
levels (21).

Firmicutes and Bacteroidetes are the predominant phyla
in gut microbiota, and account for around 90% of the
known phylogenetic categories (22). The ratio of Firmicutes
to Bacteroidetes was positively related to fecal SCFAs (23). A
Danish study found that the ratio of Firmicutes to Bacteroidetes
in patients with type 2 diabetes was lower than those in
non-diabetic subjects (24, 25). It has been verified that the
ratio of Firmicutes to Bacteroidetes was also negatively correlated
to fasting blood glucose levels and inflammation status (26).
T2DM, induced by HFD and STZ, presented higher contents of
pro-inflammatory cytokines and insulin resistance, accompanied
by a larger proportion of Firmicutes and a relatively lower
Bacteroidetes in the fecal microbiota (27). We did not show any
differences in the ratio of Firmicutes to Bacteroidetes, although
Lee et al. (13) reported that the ratio of Firmicutes to Bacteroidetes
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was decreased in diabetic mice after dosage with dapagliflozin.
Our findings were consistent with a short time intervention
study, which showed that canagliflozin, did not influence the
abundance of the Firmicutes to Bacteroidetes ratio (12).

Proteobacteria are enriched in the fecal microbiota of patients
with obesity and T2DM (28). Desulfovibrionaceae belongs to
the phylum Proteobacteria (Delta) (29). We demonstrated
that dapagliflozin increased the relative abundance of
Proteobacteria  (especially Delta) and Desulfovibrionaceae
compared with the metformin and control group. This study
firstly presented that dapagliflozin increased Desulfovibrionaceae,
but revealed that, on the contrary, metformin decreased
Desulfovibrionaceae which was reported in metabolically
dysfunctional mice (30).

Actinobacteria is a group of Gram-positive bacteria (31).
Bifidobacteriaceae belong to Actinobacteria, and this was
considered to improve metabolic endotoxemia and glucose
intolerance (32). The abundance of Bifidobacteriaceae was
lower in patients with diabetes (32). It has been reported
that canagliflozin increased the abundance of Bifidobacterium
in mice with chronic kidney disease (12). Dapagliflozin is a
much weaker SGLT1 inhibitor as compared with canagliflozin
(33), which suppresses SGLT1 by 40-60% (34). Notably,
we showed that dapagliflozin and metformin exerted a
complementary effect in the relative abundance of Actinobacteria
and Bifidobacteriaceae. They were decreased in dapagliflozin
while increased in the metformin group. This implied that the
combination therapy of dapagliflozin and metformin might be of
clinical significance.

Recently, it was revealed that dapagliflozin sustained beta
cell mass (35). Our study found that dapagliflozin lowered
similar blood glucose levels to metformin and further
improved insulin resistance. However, the relationship
between beta cell function and fecal microbiota remains
uncertain. Whether fecal microbiota improves pancreatic
beta cell growth by generating SCFAs needs to be further
clarified (36).

This study has several limitations. Firstly, 16S rRNR gene
sequencing rather than metagenomics sequencing was used,
which limits species level and function analysis on data
interpretation. Secondly, we employed HFD and STZ induced
diabetic model, which might be a lack of genetic influence. It
might be different in the distribution of the fecal microbiota
from other diabetic models such as Zucker diabetic fatty
rats in our previous study (16). Thirdly, the model of HFD
and low-dose STZ to induce a diabetic model might have
some deficiencies, as STZ can destroy the beta cells thereby
increasing hyperglycemia. However, this is not just the same
case in human T2D since the insulin secretion is unchanged or
increased. As diabetes progressed, the function of beta cells in
some diabetic patients also declined, but there are differences
between animal studies and patients with type 2 diabetes.
Therefore, the results of our study may need to be verified
by diabetic patients. Finally, this study was only a preliminary
observation, and the mechanism needs to be further explored.

In future studies, we would like to detect the roles of the
Desulfovibrionaceae on the pathophysiology and mechanism of
diabetes and obesity.

In conclusion, our study demonstrated preliminary results
that dapagliflozin had no effects on the abundance of beneficial
bacteria. Of interest, is the observation that dapagliflozin
enriched Proteobacteria (especially Desulfovibrionaceae), which
were associated with obesity and diabetes. Combination
dapagliflozin with metformin might have complementary effects
on fecal microbiota in the treatment of diabetes.
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