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1  | INTRODUC TION

There are currently more than 150 million people with diabetes 
worldwide, and there will be 366 million people with diabetes 
around the world at 2030s (Shaw et al., 2010). The majority of 
people with diabetes in China are type II diabetes, usually be-
tween the ages of 35 and 40 (Saeedi et al., 2019). Type II diabetes 

mainly caused by insulin resistance or minor pancreas damage 
is characterized by hyperglycemia. In the development of insu-
lin resistance, blood glucose levels do not rise significantly until 
islet β-cell is damaged and insulin secretion begins to decrease 
(Tushuizen et al., 2007). It is well known that long-term high-fat 
diet can cause insulin resistance which will develop into liver and 
pancreas fatification (Heiskanen et al., 2018). Fatty pancreas can 
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Abstract
Sulforaphane (SFN) which is abundant in broccoli florets, seeds, and sprouts has been 
reported to have beneficial effects on attenuating metabolic diseases, such as an-
tiobesity, antidiabetes, and antioxidative activities. However, the effects of SFN on 
the regulation of type II diabetes through easing nonalcoholic fatty liver (NAFLD) 
and repairing pancreas tissue are rarely reported. In this study, we found that the 
administration with different dosages of SFN was able to increase serum insulin level, 
enhance HOMA-β index, decrease fasting blood glucose and serum total cholesterol, 
triglyceride, low-density lipoprotein (LDL-C), fibroblast growth factor21 (FGF21) lev-
els, ease NAFLD level, and repair the pancreas tissue. In addition, SFN was able to 
increase liver antioxidant capacities. In particular, high (10 mg/kg) dosage of SFN 
exerted a significant beneficial effect for decreasing serum lipopolysaccharide levels. 
Furthermore, the administration of SFN could also decrease the relative abundance of 
Allobaculum at the genus level. Low dosage (2 mg/kg) of SFN could increase the rela-
tive abundance of Bacteroidetes and decrease the relative abundance of Firmicutes at 
the phylum level. Overall, our results showed that SFN exerted its antidiabetic effect 
through easing NAFLD and repairing pancreas tissue in association with modulation 
of gut microbiota. The ease of NAFLD by SFN was accompanied by enhancing liver 
antioxidant abilities and improving FGF21 resistance.
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lead to damage to islet cells which in turn leads to a decrease in 
insulin secretion (Lim et al., 2011). In addition, fatty liver can lead 
to the decrease of glucose metabolism in the liver tissue which 
in turn exacerbates the incidence of diabetes (Ryan et al., 2013). 
Recent evidences have shown that bioactive compounds ex-
tracted from natural plants can protect mice from type II diabe-
tes. For instance, it has been reported that cinnamon polyphenols, 
edgeworthia gardneri flos, and shubat protect diet-induced diabe-
tes through repairing impaired pancreas (Chen & Zhan, 2019; Liao 
et al., 2019; Manaer et al., 2015). Furthermore, the mixed lactoba-
cillus and sea cucumber oligopeptide cannot only effectively alle-
viate hyperglycemia but also alleviate the liver antioxidant ability 
of diabetes (Li et al., 2018; Wang et al., 2019).

The intestine is the main area of human material metabolism and 
nutritional absorption, the total amount of intestinal bacteria is al-
most 10 times that of human cells, forming a total weight of about 
1.5 kg of the flora intestinal microecosystem (Xu & Gordon, 2003). 
There are a wide variety of intestinal microorganisms; the largest 
flora is Firmicutes and Bacteroides (Eckburg et al., 2005). As the sec-
ond genome acquired by human beings, the intestinal flora interacts 
with the human body, affecting the physiological functions of the 
body, such as nutrition, metabolism, and immunity. Previous stud-
ies have demonstrated that the imbalances of intestinal flora may 
increase the rate of obesity, genetics, islet dysfunction, insulin resis-
tance, and type II diabetes (Ma et al., 2019). Therefore, it is import-
ant to understand the relationship between gut microbes and hosts, 
and to provide effective strategies for human beings to prevent dia-
betes and other metabolic diseases.

Sulforaphane derived from the hydrolysis of glucoraphanin has 
been reported to have important medicinal value. SFN has been re-
ported to exhibit antioxidant, neuroprotective and anticancer prop-
erties (Guerrero-Beltran et al., 2012; Liang & Yuan, 2012). It has also 
been reported that SFN has a potential effect to fight obesity by ac-
tivating AMPK signaling pathway (Choi et al., 2014; Lee et al., 2012; 
Yao et al., 2015). SFN has been used for a long time in reducing 
hyperglycemia activity. In the previous study, SFN was reported 
to improve insulin sensitivity but did not change the antioxidant 
response of diabetic rats (Souza et al., 2016). In addition, Axelsson 
et al. found that SFN can reduce the production of glucose in he-
patocytes induced by palmitate in (Axelsson et al., 2017). SFN was 
also reported to protect diabetic retinopathy through activating of 
the Nrf2 pathway and inhibiting of NLRP3 inflammasome formation 
(Li et al., 2019). Moreover, despite of the improving hyperglycemia, 
the mechanism involved in easing NAFLD and repairing pancreas 
tissue on ameliorating type II diabetes are not observed, and direct 
evidence for the effect of the SFN on regulating the gut microbi-
ota is rarely reported. Thus, the aim of this study was to estimate 
the antidiabetic effect of SFN and to explore whether SFN could 
protect high-fat and STZ-induced type II diabetes by easing NAFLD 
and repairing pancreas tissue. Additionally, the 16S rRNA-V4 gene 
sequencing technique is used to understand whether SFN could 
show the improvement of intestinal flora which is involved in type 
II diabetes.

2  | CHEMIC AL S AND METHODS

2.1 | Chemicals and reagents

Sulforaphane (Sigma Chemical Co.), Dimethyl sulfoxide (Aladdin), 
Insulin (Yuanye Biotechnology), and PBS phosphate buffer (Solable) 
were obtained from different chemicals companies in the United 
States and China.

2.2 | Animal experiments and methods

The high-fat diet (D12492) was purchased from the American 
Research diet company. Animal experimental environment (tempera-
ture 20°C–23°C, humidity 40%–70% [(50 ± 5)%], wind speed 0.1 m/s–
0.2 m/s, airflow ≥ 28 times/min) were provided by Nanjing Agricultural 
University (SYXK 2017-0007). After 2 weeks of acclimation, 60 mice 
were separated into six groups: CN: mice fed low-fat diet; DM: mice fed 
high-fat diet; PC: mice fed high-fat diet plus 300 mg/kg metformin; LS: 
mice fed a high-fat diet plus 2 mg/kg SFN; HS: mice fed high-fat diet 
plus 10 mg/kg SFN; DS: mice fed high-fat diet plus 1.875% DMSO. SFN 
was dissolved in 1.875% DMSO. After eight weeks of gavage, mice were 
fasted for 12 hr. Then, DM, PC, LS, and HS groups injected with STZ 
(55 mg/kg) (Sigma Chemical Co.) which was dissolved in 1x PBS buffer, 
while CN group injected with an equivalent volume of PBS buffer. After 
intraperitoneal injection, mice were gavaged for another four weeks. 
At week 10, the fasting blood glucose (FBG) level in the DM group was 
higher than 11.1 mM which was confirmed as a type II diabetes model 
(Gao et al., 2015). Mice feces are collected at the last week. At the end 
of 12 weeks, the mice were fasted for 12 hr to execute by dislocation. 
Blood samples were taken from eyeball and prepared for serum analysis 
by centrifugation at 850 g for 15 min. The livers, pancreas, and epididymal 
white adipose (eWAT) were collected, weighted, and freezed at −80°C.

2.3 | Serum biochemical analysis

Low-density lipoprotein (LDL-C), high-density lipoprotein (HDL), 
total cholesterol (TC), triglyceride (TG), malondialdehyde (MDA), su-
peroxide dismutase (SOD), glutathione (GSH), and glutathione per-
oxidase (GSH-Px) were measured according to the commercial kits 
(Nanjing Jiancheng Biology Engineering Institute). Insulin, lipopoly-
saccharide (LPS), and fibroblast growth factor21 (FGF21) were meas-
ured according to the commercial kits (Elabscience Biotechnology, 
WuHan, Hubei, China). Homeostasis model assessment-β 
(HOMA-β) = (20 × FINS)/(FBG − 3.5) (Haffner et al., 2002).

2.4 | Histological analysis

Specimens of liver, eWAT, and pancreas tissues were collected and 
fixed in 10% buffered formalin for 48 hr. After the successful tis-
sue fixation, it needs to be pruned to 25px * 25px * 5px, placed in 
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a packed box, and rinsed with flowing water (remove formalin from 
the tissue) for 30 mins. The tissue blocks were placed in the trans-
parent agent xylene which was able to dissolve alcohol and paraffin 
wax. Then, the transparent tissue was put into the melt paraffin and 
insulated in the wax box, encapsulated after the paraffin completely 
immersed into the tissue blocks. Finally, the blocks were sectioned 
at 5 µm, deparaffinated and stained with hematoxylin and captured 
using an Olympus CX41 camera (Olympus).

2.5 | Analysis of intestinal flora

Four mice were selected from every group casually for intestinal flora 
analysis. Weighed cecum (100 mg) from each mouse were pretreated 
and tested by BGI (The Beijing Genomics Institute) for amplification 
on the V4 region of 16sRNA. The analysis was based on species an-
notation and OTU results through high-throughput sequencing.

2.6 | Statistical analysis

The results were presented as means ± SEM (n = 8). SPSS 24.0 was 
used in the expression of experimental results. All groups were ana-
lyzed using a one-way analysis of variance (ANOVA) with Tukey's HSD 
post hoc test (p < .05). Statistical significance was declared at p < .05.

3  | RESULTS AND DISCUSSION

3.1 | Effect of Different Dosages of SFN on body 
weight, organ coefficient in type II diabetes

Most of patients with type II diabetes have a “history” of being 
overweight and their weight is lower during the development of 

disease, but it is less pronounced due to their large weight base 
(Beebe, 2003). Our result demonstrated that in comparison with 
the CN group, the body weight of diabetic mice was markedly 
higher than that of the CN group. Oral supplementation of SFN and 
metformin had a significant lower body weight compared to DM 
group (Figure 1a). In addition, diabetes mice were found to signifi-
cantly raise the levels of fat and liver coefficients. Especially, oral 
administration of different dosages of SFN and metformin all re-
markably recovered the levels of fat coefficient and liver coefficient 
compared to the DM group (Figure 1b,c). However, high dosages of 
SFN remarkably reduced the pancreas coefficient level compared 
to CN group (Figure 1d). Both of our body weight and organ coeffi-
cient results demonstrated that SFN and metformin had the benefi-
cial effects on fighting with overweight which was consistent with 
previous studies.

3.2 | The effect of different dosages of SFN on 
serum lipid in type II diabetes

Serum lipid metabolism disorder serotonin is a key reason for type 
II diabetes and is also the main cause of cardiovascular disease 
(Chen et al., 2014). Shubat was demonstrated to decrease serum TC, 
TG, and LDL-C levels and increase HDL-C level in type II diabetes 
(Manaer et al., 2015). Previous study has demonstrated that SFN 
was able to decrease serum TC level; however, it had no significant 
influence on serum TG, LDL-C, and HDL-C levels compared to dia-
betic mice (Choi et al., 2014). As presented in Table 1, the DM group 
contained markedly higher concentrations of TC, TG, and LDL-C lev-
els compared to the CN group. The treatment of LS and HS led to a 
significant reduction in the levels of TC, TG, and LDL-C. However, 
the level of HDL-C in the HS group was markedly higher compared 
to DM group. Thus, SFN showed the significant effects on improving 
the serum lipid index in type II diabetes.

F I G U R E  1   Effect of different dosages 
of SFN on body weight, organ coefficient 
in type II diabetes. (a) Body weight. (b) 
Fat coefficient. (c) Liver coefficient. 
(d) Pancreas coefficient. Value is the 
mean ± SEM (n = 8). Data not sharing a 
common superscript differ significantly 
among groups (p < .05, ANOVA)



750  |     TIAN eT Al.

3.3 | Effects of different dosages of SFN on glucose 
tolerance and FBG in type II diabetes

Currently, the oral glucose tolerance (OGTT) test is used to deter-
mine β-cell function in clinical practice. It has been reported that 
SFN can reduce hepatic glucose production and improves glucose 
tolerance in patients with type II diabetes (Axelsson et al., 2017). 
At week 12, OGTT (2 mg/kg glucose by gavage) was performed in 
overnight-fasted mice for every mouse. The results of blood glucose 

levels at 0, 30, 60, and 120 min were depicted in Figure 2a. The 
blood glucose levels of the DM group were higher than that of the 
CN group at 0, 30, 60, and 120 min, respectively (Figure 2a). Oral 
administration of HS and PC revealed a decrease at the points of 60 
and 120 min.

Fasting blood glucose level of the DM group was significantly 
higher than that of the CN group. Supplement of PC, LS, and HS 
to the diabetic mice generated a positive effect on hypoglycemic 
action. However, the FBG levels of the mice in the DM and DS 

Items TC (mM) TG (mM) HDL-C (mM) LDL-C (mM)

CN 9.98 ± 0.54a 1.01 ± 0.12a 8.22 ± 0.40a 0.56 ± 0.07a

DM 14.15 ± 1.09c 1.45 ± 0.13b 9.33 ± 0.19b 1.58 ± 0.11d

PC 13.11 ± 1.64bc 1.02 ± 0.04a 7.90 ± 0.44a 0.80 ± 0.13b

LS 12.55 ± 0.94b 0.99 ± 0.09a 8.18 ± 0.32a 0.85 ± 0.06b

HS 10.01 ± 0.50a 1.01 ± 0.06a 10.25 ± 0.88b 0.79 ± 0.06b

DS 11.09 ± 0.79a 1.32 ± 0.13b 11.23 ± 0.55c 1.22 ± 0.12c

Note: Value is the mean ± SEM (n = 8). Data not sharing a common superscript differ significantly 
among groups (p < .05, ANOVA).
Abbreviations: HDL, high-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein 
cholesterol; SFN, sulforaphane; TC, total cholesterol; TG, triglyceride.

TA B L E  1   Effect of different dosages of 
SFN on TC, TG, HDL-C, and LDL-C levels

F I G U R E  2   Effect of different dosages 
of SFN on (a) Oral glucose tolerance. (b) 
Fasting serum glucose levels. (c) Fasting 
serum insulin levels. (d) HOMA-β. Value is 
the mean ± SEM (n = 8). Data not sharing 
a common superscript differ significantly 
among groups (p < .05, ANOVA).
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groups showed no significant differences (Figure 2b). The fasting 
blood insulin level of the DM group was lower than CN, PC, and HS 
groups. The PC and HS administration significantly increased the 
fasting blood insulin levels (Figure 2c). HOMA-β is an indicator used 
to evaluate the function of islet β-cell in individuals. For patients 
with diabetes, the HOMA-β index deviates from normal values 
due to different disease progressions. The function of islet β-cell 
decreases when diabetes becomes seriously (Daems et al., 2019). 
As the result showed, the HOMA-β index in the DM group was 
pronounced reduced compared to the CN group. However, PC, 
LS, and HS administration could markedly increase HOMA-β index 
(Figure 2d). Based on the results of fasting blood insulin level and 
HOMA-β index, the islet β-cell function was impaired in the DM 
group, and the supplement of PC, LS, and HS to the diabetic mice 
could attenuate glucose intolerance and decrease FBG by repairing 
islet β-cell function. Figure 2e showed the changes in the FBG level 
of all groups. After 1 week of STZ injection, the FBG levels of the 
PC, LS, DM, and HS groups did not significantly increase, but from 
week 10, the blood glucose levels of the PC, LS, and HS groups 
showed a significant increase compared to CN group, the blood 
glucose of the DM group was more than 11.1 mM, which met the 
standard for type II diabetes (Gao et al., 2015). However, the blood 
glucose of LS, HS, and PC groups was lower than DM group, it con-
tributed to the protective effect of SFN on type II diabetes.

3.4 | Effects of different dosages of SFN on liver 
antioxidant capacity in type II diabetes

The development of type II diabetes is accompanied by oxidative stress 
and the destruction of the antioxygenation system (Betteridge, 2000). 
The SFN protect mice from oxidative stress may through activating 
Nrf2/Keap1 pathway (Calabrese et al., 2012). In addition, SFN has 
been reported to protect cells against high glucose-induced oxidative 
stress by decreasing the TNF-α and IL-6 levels, and increasing GSH, 
SOD, and CAT activities (Li et al., 2019). The MDA in liver of the CN 
group was significantly lower than DM group (Figure 3a). However, 
GSH and SOD activities in liver of the CN group were higher than DM 
group (Figure 3b,c). Following treatment with LS and HS, the activity 
of MDA decreased significantly. In particular, high dosage of SFN was 
better at decreasing liver MDA. When treated with PC, LS, and HS, 
the activity of GSH and SOD was significantly increased compared to 
DM group. However, there was no significant difference between CN, 
DM, PC, LS, HS, and DS groups in liver GSH-PX activity (Figure 3d). 
Hence, the administration of PC, LS, and HS was effective for the im-
provement of liver antioxidant ability.

3.5 | Effects of different dosages of SFN on serum 
FGF21 and LPS level in type II diabetes

Numerous studies have shown that FGF21 has a significant ben-
eficial effect on regulating glucose and lipid metabolism, including 

increased insulin sensitivity, reduced triglyceride levels, attenuat-
ing hepatic steatosis and reduced blood glucose (Kharitonenkov 
et al., 2005). Previous studies have reported that white pitaya (hy-
locereus undatus) juice produced the antidiabetic and anti-NAFLD 
effect by improving FGF21 resistance (Song et al., 2015). Our re-
sult demonstrated that DM group had a significantly higher con-
centration of serum FGF21 level than other groups; PC, LS, and HS 
treatment could markedly decrease serum FGF21 level (Figure 4a). 
Therefore, SFN could alleviate FGF21 resistance, which had ben-
eficial effects on improving NAFLD and diabetic symptoms. LPS is 
an endotoxin that affects insulin signaling pathways through the 
JNK pathway by activating inflammation reflection (Cani, Amar, 
et al., 2007). In addition, the accumulation of serum LPS resulted in 
body weight gain and eventually increased the risk of type II diabe-
tes (Cani, Neyrinck, et al., 2007). Serum LPS level of all diabetic mice 
was significantly higher than those of the CN mice, supplement with 
PC, LS, and DS had no beneficial effect on reducing serum LPS con-
centration. However, HS supplement had a marked effect on reduc-
ing serum LPS concentration which had beneficial effect on easing 
type II diabetes (Figure 4b).

3.6 | Effect of SFN on NAFLD in type II diabetes

It has been reported that liver lipid accumulation is a marker of 
liver steatosis, which is associated with oxidative stress and inflam-
mation (Charlton, 2004). Liver impairment and steatosis will influ-
ence glucose metabolism and aggravate type II diabetes. SFN was 
reported to attenuate HFD-induced visceral adiposity, adipocyte 
hypertrophy, and liver fat accumulation (Choi et al., 2014). Our study 
was conducted to assess the effect of SFN supplement on type II 
diabetes-related NAFLD. H&E staining of livers revealed an obvious 
hepatic lipid droplet accumulation in diabetic mice. When treated 
with LS, HS, and PC, the hepatic lipid droplets were pronounced re-
duced, which indicated that LS, HS, and PC administration had the 
potential to alleviate NAFLD (Figure 5). Based on our result of liver 
H&E staining with liver antioxidant capacity and serum FGF21 level, 
we speculate that SFN may restore its glucose metabolism function 
by easing NAFLD which involved in enhancing of liver antioxidant 
ability and attenuating FGF21 resistance.

3.7 | Effect of different dosages of SFN on the 
pancreas dysfunction in type II diabetes

A long-term high-fat diet caused the augmentation of body adipo-
cyte tissue, such as pancreas and liver lipid droplets accumulation 
(Heiskanen et al., 2018). In addition, a small dosage of STZ (55 mg/
kg) induces mild apoptosis of pancreatic cells. Both high-fat diet and 
a small dosage of STZ (55 mg/kg) contributed to islet β cells dysfunc-
tion. H&E staining of the pancreas suggested that the lipid droplets 
were very serious in islet cells and the number of pancreatic cells 
was impaired in the DM group compared to that in the CN group. 
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DM mice treated with LS, HS, and PC showed an improvement of se-
vere lipid bubbles to a certain extent (Figure 6). After the destruction 
of pancreatic β cells, the function of β cells will be impaired and the 
HOMA-β index will be decreased (Daems et al., 2019). Our results 
demonstrated that the easing of lipid droplets accumulation in pan-
creas tissue by SFN led to higher glucose tolerance, HOMA-β index, 
and insulin secretion.

3.8 | Effect of different dosages of SFN on intestinal 
flora in type II diabetes

Intestinal flora is significant in regulating the energy metabolism of 
host cells and the changes of intestinal flora induce various meta-
bolic diseases, such as obesity and type II diabetes (Qin et al., 2012; 

F I G U R E  3   Effects of different dosages 
of SFN on liver antioxidant capacity in 
type II diabetes. (a) Effect of SFN on liver 
MDA. (b) Effect of SFN on liver GSH. (c) 
Effect of SFN on liver SOD. (d) Effect 
of SFN on liver GSH-PX. Value is the 
mean ± SEM (n = 8). Data not sharing a 
common superscript differ significantly 
among groups (p < .05, ANOVA)

F I G U R E  4   Effects of different dosages 
of SFN on serum FGF21 and LPS level in 
type II diabetes. (a) Serum FGF21 level. (b) 
Serum LPS level. Value is the mean ± SEM 
(n = 8). Data not sharing a common 
superscript differ significantly among 
groups (p < .05, ANOVA)

F I G U R E  5   Effect of SFN on fatty 
liver in type II diabetes. Value is the 
mean ± SEM (n = 4)
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Turnbaugh et al., 2006). Numerous studies have reported that the 
number of Bifidobacteria, Clostridium, and Lactobacillus in the intes-
tinal flora of diabetic mice was significantly reduced, the number of 

Desulfovibrio and Enterococcus was markedly increased compared to 
the normal people (Qin et al., 2012; Sato et al., 2014). Firmicutes and 
Bacteroidetes play an important role in the energy metabolism of host 

F I G U R E  6   Effect of different dosages 
of SFN on the pancreas in type II diabetes. 
Value is the mean ± SEM (n = 4)

F I G U R E  7   Effect of different dosages of SFN on intestinal flora in type II diabetes. (a) The composition and relative abundance of 
bacterial communities at the phylum level. (b) Heatmap analysis of the microbiota changes with different dietary interventions at the genus 
level. Value is the mean ± SEM (n = 4)
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cells, and the proportion of Firmicutesto Bacteroidetes in many obese 
patients is much higher than that of the normal group (Hildebrandt 
et al., 2009). Our results are consistent with the conclusion, which 
demonstrated that the DM group had a greater relative abundance 
of Firmicutes and a lower relative abundance of Bacteroidetes com-
pared to the CN group. PC and LS supplement significantly reduced 
the ratio of Firmicutes to Bacteroides, and HS did not change this 
proportion. Additionally, PC administration induced the occurrence 
of Verrucomicrobia at the phylum level (Figure 7a). Studies have 
shown that Allobaculum which belong to Firmicutes increased with 
the exacerbation of the pathological state of diabetes process and 
accompanied by high blood glucose levels in rats (Gu et al., 2016). 
In addition, we found that relative abundance of Allobaculum was 
higher in the HFD group than in the Hugan Qingzhi tablet (HQT) 
group, Allobaculum demonstrated significant (p < 0. 001) positive 
correlations with TG, TC, LDL-C, IL-6, IL-1β, TNF-α, and body weight 
and negative correlations with HDL-C levels (Tang et al., 2018). Our 
results indicated that the mice with type II diabetes had a great rela-
tive abundance of Allobaculum. PC administration induced the oc-
currence of Akkermansia and decreased the relative abundance of 
Allobaculum at the genus level. Akkermansia can hinder the devel-
opment of obesity, reduce fat accumulation, promote insulin sen-
sitivity, and attenuate type II diabetes by affecting intestinal urea 
metabolism and energy absorption (Plovier et al., 2017). However, 
HS administration induced a particular increase in the relative 
abundance of Mucispirillum. LS and HS administration significantly 
increased the relative abundance of odoribacter and decreased the 
relative abundance of Allobaculum at the genus level (Figure 7b,c). 
Thus, SFN protect type II diabetes may involved in decreasing the 
relative abundance of Allobaculum.

4  | CONCLUSION

Our results showed that SFN had a protective effect on type II dia-
betes. The supplement of SFN (2 m/kg, 10 mg/kg) increased serum 
insulin level, HOMA-β index, and liver SOD and GSH activities as 
well as decreased the FBG, liver MDA, serum TC, TG, LDL-C, and 
FGF21 levels. Remarkably, high dosage SFN (10 mg/kg) was able to 
decrease serum LPS level and increase the relative abundance of 
Mucispirillum at the genus level. In addition, SFN (2 m/kg, 10 mg/kg) 
was able to attenuate NAFLD, repair pancreas tissue, and decrease 
the relative abundance of Allobaculum at the genus level compared 
to diabetic mice. Oral supplement of SFN improves OGTT through 
easing NAFLD and repairing pancreas tissue in association with 
modulation of gut microbiota. The ease of NAFLD may be involved 
in enhancing liver antioxidant ability and decreasing FGF21 resist-
ance by SFN. Our report provided a significant influence of SFN in 
the prevention and treatment of oxidative stress, NAFLD, and type 
II diabetes.
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