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Purpose: To examine the pharmacological effects of Qihu on type 2 diabetes mellitus using
db/db mice.

Materials and Methods: Thirty-seven db/db mice were randomly divided into the follow-
ing 5 groups: diabetes model control group (DM group; n = 7), administered with the
adjuvant 0.3% carboxymethyl cellulose-Na; positive control group (Met group; n = 8),
administered with metformin (0.13 g/kg bodyweight); Qihu-L group (n = 7), administered
with a low dose of Qihu (0.75 g/kg bodyweight), Qihu-M group (n = 7), administered with
a medium dose of Qihu (1.5 g/kg bodyweight); Qihu-H group (n = 8), administered with
a high dose of Qihu (3.0 g/kg bodyweight). BKS mice (n = 8) were used as the negative
control group. The db/db mice were administered with drugs through oral gavage for 28
days. The random blood glucose levels, glucose tolerance test, bodyweight, food intake, and
blood lipid levels of the mice were measured during the experimental period. The liver and
pancreas tissues were collected for pathological, quantitative real-time polymerase chain
reaction, and Western blotting analyses.

Results: Compared with the DM group, the Qihu groups exhibited decreased bodyweight
gain. The blood glucose levels in the Qihu-L, Qihu-M, and Qihu-H were 31.46%, 43.73%,
and 51.83%, respectively, lower than those in the DM group. The triglyceride levels were
significantly downregulated and the swelling and steatosis of the hepatocytes were signifi-
cantly lower in the Qihu-M and Qihu-H groups than in the DM group. Qihu downregulated
the expression of IL-1f, IL-6, and TXNIP and upregulated the AMP-activated protein kinase
(AMPK) signaling pathway in the pancreas and liver tissues of db/db mice.

Conclusion: The anti-diabetic effects of Qihu are mediated through the activation of the
AMPK/Txnip signaling and the downregulation of the secretion of inflammatory factors in
db/db mice.

Keywords: type 2 diabetes mellitus, T2DM, Traditional Chinese medicine, TCM, TXNIP,
anti-inflammatory

Introduction
In addition to energy metabolism dysregulation, the metabolic syndrome type 2
diabetes mellitus (T2DM) is associated with chronic inflammation. According to
the latest data released by the International Diabetes Federation, 425 million indi-
viduals were diagnosed with diabetes in 2017 worldwide with an average incidence
of 1 case in every 11 adults and approximately 5 million diabetes-related deaths.'
T2DM mainly manifests as metabolic disorders characterized by hyperglycemia,
and insulin resistance.”

hyperlipidemia, Chronic dysregulation of glucose
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metabolism can result in serious health complications and
lead to various organ pathologies, such as diabetic retino-
pathy, diabetic nephropathy, and diabetic neuropathy.
Additionally, these complications contribute to diabetes-
associated death.

The major drugs currently used to treat T2DM are
sulfonylureas, biguanides, o-glucosidase inhibitors, and
thiazolidinediones. However, these drugs do not efficiently
regulate blood glucose levels and are associated with var-
ious side effects, such as cardiovascular toxicities and
gastrointestinal discomforts. Traditional Chinese medicine
(TCM) can treat some complex diseases, including
diabetes.®> > Therefore, the development of safe and effec-
tive TCM-based treatment for diabetes has piqued the
interest of Chinese medicine practitioners.

The Qihu preparation (Qihu) comprises more than 10
natural products, including Panax notoginseng (Burkill)
F. H. Chen ex C. H. (Araliaceae), Dendrobium nobile
Lindl., Gen. Sp. Orchid. Pl. (Orchidaceae), Astragalus mem-
branaceus Moench, Methodus (Moench) (Leguminosac),
and Pueraria lobata (Willd) Ohwi. (Fabaceae). According
to the Compendium of Materia Medica, P. notoginseng and
D. nobile can be used to treat diabetes. Consistently, several
studies have demonstrated the anti-diabetic effects of
P, notoginseng and D. nobile.®’ Recent studies have reported
that P. notoginseng and D. nobile exhibit glucose-lowering,
lipid-lowering,  anti-inflammatory, = and  antioxidant
activities.*® According to the principles of TCM, D. nobile
alleviates metabolic disturbances by replenishing yin for
maintaining gastric tonicity, promoting body fluid produc-
tion, nourishing yin, and clearing heat.'® Additionally, Zhang
et al reported that P. notoginseng exerts anti-obesity effects
by downregulating lipid synthesis, inhibiting adipogenesis,
and upregulating energy consumption.'' Yang et al demon-
strated that P. notoginseng can attenuate lung cancer growth
partly by modulating the Met/miR-222 axis.'?> Hu et al
reported that P. notoginseng attenuates the lipopolysacchar-
ide-induced blood-brain barrier disruption and monocyte
adhesion to cerebral endothelial cells in vitro by activating
the Nrf2 antioxidant defense system through a PI3K/Akt-
dependent mechanism and inhibiting the NF-kB inflamma-

13 He et al demonstrated that

tory signaling pathway.
D. nobile exhibits immune-modulatory activities by stimulat-
ing the production of cytokines (tumor necrosis factor
(TNF)-0. and interleukin (IL)-1B) in cells."* Additionally,
D. nobile is reported to exert therapeutic effects on depres-
sion, colon cancer, and ethanol-induced gastric mucosal

injury.">"'” As Qihu contains P. notoginseng and D. nobile,

it can be a potential preventive and therapeutic agent for
diabetes and its complications.

Previously, we had demonstrated that Qihu can effec-
tively decrease the blood glucose levels in KK-Ay mice.'®
However, the pharmacological effects and the underlying
mechanisms of Qihu have not been elucidated. This study
aimed to examine the pharmacological effects and
mechanism of Qihu in db/db mice to promote the clinical
development and application of Qihu.

Materials and Methods

Qualitative Phytochemical Analysis

High-performance liquid chromatography (HPLC) coupled
to electron source ionization (ESI) and quadrupole time-of-
flight mass spectrometry (Q-TOF-MS) (HPLC-ESI-TOF-
MS) analysis was performed to qualitatively analyze the
main phytochemical components of Qihu. The samples
were injected into a Waters BEH C18 (2.1 x 100 mm i.d.;
1.7 um, Waters, Massachusetts, USA) column at 45°C using
a gradient elution at a flow rate of 1.0 mL/min. The mobile
phase comprised 0.1% formic acid-water (A) and methanol
(B). The gradient program was as follows: 0-5 min, 5% B; 5—
10 min, 5-20% B; 8-12 min, 20-25% B; 12-16 min, 25—
30% B; 1620 min, 30-40% B; 20-25 min, 40-60% B; 25—
30 min, 60-70% B. The flow rate was maintained at 0.25 mL/
min and the sample injection volume was 2 pL. All MS
experiments were performed using a triple quadrupole mass
spectrometer equipped with an ESI interface. Nitrogen was
used as both the auxiliary and sheath gases with a flow rate of
12 L/min. The MS analysis was performed in negative scan
mode under the following conditions: dry gas temperature,
320°C; fragmentor voltage, 100 V; nebulizer pressure, 45 psi.
Full scan data acquisition and dependent scan event data
acquisition were performed from m/z 100 to 1000. The
quality deviations of Qihu were within 5 ppm. At the con-
centration range of 1-500 pg/L, a good linear relationship
was observed with the correlation coefficients of more than
0.99. The retention time deviations were less than 0.2%. The
limit of detection of the instrument was 0.5-20 pg/L, while
the limit of quantification was 1-50 pg/L. The analysis was
completed within 40 min. The detection sensitivity, resolu-
tion, and reproducibility satisfied the detection requirements.

Drugs and Reagents
Qihu Qihu
(Chongqing, China). These Chinese herbal medicines

was provided by Biopharmaceutical

were blended in a specific ratio in a three-dimensional
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mixer of SBH-200 series for 30 min and granulated using
a rocking granulator (YK-160 type) after powdering. The
wet granules were placed in a hot air circulation drying
oven (Model TX-881-0) and dried at a constant tempera-
ture of 55 + 2°C for 4.5-5 h until the moisture content of
the material was < 10%. The dried granules were placed in
a ZS-350 vibrating screen and granulated through an 18-
mesh sieve to obtain the preparation.

Metformin hydrochloride was purchased from Squibb
(Shanghai, China). Sodium carboxymethyl cellulose
(CMC-Na) was provided by Aladdin (Shanghai, China).
Blood glucometer and blood glucose test strip were
obtained from Johnson & Johnson (Shanghai, China).
The Trizol kits were purchased from TaKaRa (Dalian,
China). The reverse transcription and quantitative real-
time polymerase chain reaction (qRT-PCR) kits were
USA).
Bicinchoninic acid (BCA) protein assay kit and sodium

obtained from Bimake (Houston, Texas,
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) precast gels were purchased from Beyotime
(Shanghai, China). The anti-AMP-activated protein kinase
(AMPK), anti-p-AMPK, anti-TXNIP, and anti-B-actin
antibodies (Supplemental Table S1) were purchased from
Cell Signaling Technology (Beverly, MA, USA). The

horseradish peroxidase-conjugated secondary antibodies

were purchased from Zhongshan Jingiao (Beijing,
China). The enzyme-linked immunosorbent assay
(ELISA) kits for IL-1f and IL-6 were provided by
ThermoFisher (New York, USA).

Experimental Animals

Thirty-seven BKS-Leprem2Cd479/Nju (db/db) and eight
C57BLKS/INju (BKS) mice (aged 5-6 weeks with
a bodyweight of 15-30 g; males and females in equal
ratio) were purchased from the Nanjing University
Model Animal Research Institute. The animals had free
access to qualified sterilized feed, which was supplied
twice a week, and sterilized tap water in a water bottle.
Additionally, the animals were maintained in a controlled
environment under the following conditions: temperature,
21°C-24°C (daily temperature difference was not more
than 4°C); humidity, 35%—72%; circadian conditions; 12-
h light/dark cycle. The number of air changes in the room
was not less than 10 times/h.

Animal Experiments
The animal experiments were performed according to the
National Guidelines for Animal Care and Use and were

approved by the Animal Care and Use Committee of
Chongqing Medical University. BKS mice were used as
the negative control group (NC; n = 8), which was intra-
gastrically administered with 0.3% CMC-Na. The db/db
mice that satisfied the diagnostic criteria for diabetes (ran-
dom blood glucose >11.1 mmol/L) were randomly divided
into the following 5 groups according to the blood glucose
level and bodyweight: diabetes model control group (DM
group; n = 7), intragastrically administered with 0.3%
CMC-Na; positive control group (Met group; n = 8), intra-
gastrically administered with metformin hydrochloride
(0.13 g/kg bodyweight); Qihu low-dose group (Qihu-L
group; n = 7), intragastrically administered with a low
dose of Qihu (0.75 g/kg bodyweight); Qihu medium-dose
group (Qihu-M group, n = 7), intragastrically administered
with a medium dose of Qihu (1.5 g/kg bodyweight); Qihu
high-dose group (Qihu-H group, n = 8), intragastrically
administered with a high dose of Qihu (3.00 g/kg body-
weight). The drugs were administered twice a day at an
interval of more than 4 h for 28 days.

Observation Indices

The observation indices, including the behavior, health
status, hair, and death, were recorded during the experi-
mental period. The food intake was measured for three
consecutive days every week for 4 weeks and the average
food intake per animal was calculated. The bodyweight
and random blood glucose (RBG) levels were monitored
once a week. Additionally, the glucose tolerance test
(GTT) was performed after 4 weeks administration. The
mice were fasted for 12 h of the next day with free access
to drinking water. The blood glucose were recorded before
the mice were intraperitoneally injected with 10%
D-glucose (1.0 g/kg bodyweight). Blood glucose levels
were measured at 30, 60, 120 and 180 min.

Blood Lipid Level Determination and

Histopathological Examination

At the end of the experiment, the mice were anesthetized
and the blood samples were obtained from the eyeball and
stored at 4°C for 2 h. Next, the blood samples were
centrifuged at 3000 g for 20 min. The serum was used to
determine the lipid levels. The liver and pancreas were
excised and rinsed with cold physiological saline. Some
hepatic tissues were fixed with 4% paraformaldehyde,
embedded in paraffin, and stained with hematoxylin and

eosin.
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qRT_PCR Table | Sequences of Primers Used in qRT-PCR

Total RNA was isolated from the pancreas and liver tissues Genes Sequences

using the Trizol kit, following the manufacturers’ instruc- IL-1p E AGTTGACGGACCCCAAA
tions. The RNA was dissolved in diethylpyrocarbonate- R TCTTGTTGATGTGCTGCTG
treated water. The quality of the RNA was determined L6 . TTCACAAGTCGGAGGCTTA
based on the ratio of optical density at 260 nm to that at R CAAGTGCATCATCGTTGTTC
280 nm using a I\.IanoD?op. ONE spectrophotometer TXNIP COGACGGGTAATAGTGGA
(NanoDrop Technologies, Wilmington, DE). The RNA was R TGTGTCTTCATAGCGCAAG

reverse-transcribed into complementary DNA using the
reverse transcription kit (All-in-One cDNA Synthesis
SuperMix from Bimake), following the manufacturer’s
instructions. The PCR was performed using 2x SYBR
Green qPCR Master Mix and the conditions were as follows:
95°C for 4 min (Hot-Start DNA polymerase activation),
followed by 39 cycles of 95°C for 20 s (denaturation),
66°C for 10 s (annealing), and 70°C for 10 s (extension),
and a final extension at 70°C for 10 s. PCR was performed
using a BioRad CFX Connect Real-Time PCR instrument
(BioRad, Hercules, CA). The primers used for qRT-PCR
analysis are shown in Table 1. The expression levels of the
target genes were normalized to those of B-actin (housekeep-
ing gene). The data were analyzed using the 2 **“* method
[ACt = Ct (target gene) — Ct (housekeeping gene); AACt =
ACt (experimental group) — ACt (control group)].

ELISA

The levels of IL-1B and IL-6 in the liver and pancreas
homogenates were measured using commercial kits, fol-
lowing the manufacturers’ instructions.

Western Blotting

The tissues were homogenized and the total proteins were
buffer
(Beyotime Biotechnology, Shanghai, China) containing 1%

extracted in radioimmunoprecipitation  lysis
phenylmethylsulfonyl fluoride. The proteins were quantified
using the BCA protein assay kit (Beyotime Biotechnology,
Shanghai, China). Western blotting was performed as pre-
viously described."” Briefly, the proteins were subjected to
SDS-PAGE using a 10% gel. The resolved proteins were
transferred to a polyvinylidene difluoride membrane
(Millipore, Shanghai, China). The membrane was blocked
with 5% skimmed milk or bovine serum albumin for 2 h at
room temperature and incubated with primary antibodies
overnight at 4°C. Next, the membrane was washed thrice
with Tris-buffered saline with Tween 20 (TBST) and incu-
bated with secondary antibodies for 2 h at room temperature.
After washing thrice with TBST, the membrane was

Abbreviations: F, forward primer; R, reverse primer.

incubated with SuperSignal Chemiluminescent substrate
(UltraSignal ECL Reagent, 4 A Biotech Co., Ltd, China).
The protein bands were visualized using the Image Lab
detection system (BioRad, Hercules, CA).

Statistical Analysis

All data are expressed as mean =+ standard deviation. The data
were analyzed using with Student’s #-test using GraphPad
Prism 6.0 software (GraphPad, Inc., Chicago, IL, USA). The
differences were considered significant at p < 0.05.

Results
Phytochemical Analysis of Qihu

To qualitatively investigate the main phytochemical con-
stituents of Qihu, HPLC-ESI-Q-TOF-MS analysis was
performed. More than 20 major constituent peaks were
detected within 30 min in the HPLC chromatogram of
Qihu (Figure 1A). The following eight main components
were identified through comparison with our established
formula data of the known chemical constituents of Qihu
(Table 2): quercetin, ferulic acid, dendrobine, sophoradiol,
gigantol, naringin, notoginsenoside R1, and ginsenoside
Rb1 (Figure 1B). The mass spectrum of eight main com-
ponents was shown in supplemental data Figures S1-S8.

Effects of Qihu on Food Intake and
Bodyweight in Db/Db Mice

Compared with that in the NC group, the average food
intake was significantly higher in the DM group in all 4
weeks (p < 0.01) (Figure 2A). This was consistent with
the characteristics of db/db mice. The food intake in the
Qihu-M and Qihu-H groups was significantly lower than
that in the DM group in weeks 2 and 3 (p < 0.05 or p <
0.01). In week 4, the food intake in the Qihu-M and
Qihu-H groups was obviously lower than that in the
DM group but there was no statistical difference.
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Figure | The results of the HPLC-ESI-Q-TOF analysis of Qihu. The results of the HPLC-ESI-Q-TOF analysis of Qihu. (A) The main components chemical structures of Qihu
were |. Quercetin, 2. Ferulic acid, 3. Dendrobine, 4. Sophoradiol, 5. Gigantol, 6. Naringin, 7. Notoginsenoside R, and 8. Ginsenoside Rb/. (B) All of these compounds are the main
ingredients of Panax notoginseng, Dendrobium nobile, Astragalus membranaceus and Pueraria lobata, etc.

Compared with that in the DM group, the food intake was ~ weeks 3 and 4. In addition the food intake in the Met
decreased in the Qihu-L, Qihu-M, and Qihu-H groups in  group was significantly lower than that in the DM group
weeks 1 and 2, and the difference became smaller in  only in week 2 (p < 0.05).
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Table 2 Main Components of Qihu

NO. Formula Mass Extraction Found At Error Found At RT Delta RT %

(Da) Mass (Da) Mass (Da) (ppm) RT (min) (min) Error

| Ci5H,007 302.04265 303.04993 303.04987 -0.2 74 74 0

2 CioH 1004 194.05791 195.06519 195.06531 0.6 8.95 8.95 0

3 CsH25NO, 263.18853 264.1958I 264.19484 =37 9.07 9.07 0

4 C30Hs500, 442.38108 443.38836 443.38846 0.2 9.15 9.15 0

5 Ci6H 1804 274.12051 275.12779 275.12661 —4.3 9.2 9.2 0

6 Cy7H3,0 14 580.17921 581.18648 581.18833 32 9.33 9.33 0

7 C47Hg0O 118 932.53447 933.54174 933.54173 0 10.02 10.02 0

8 Cs4H9,053 1108.60294 1109.61022 1109.60802 -2 12.68 12.68 0

The bodyweight of mice was monitored once a week
(Figure 2B). In the NC group, the bodyweight remained
low and slowly increased during the experimental period.
The bodyweight of the DM group was two times higher
than that of the NC group and continued to increase during
the experimental period. Treatment with metformin
slightly mitigated the bodyweight gain in db/db mice.
The bodyweight of the Qihu-L, Qihu-M, and Qihu-H
groups was significantly lower than that of the DM
group from day 15 to day 29 (p < 0.01). On day 29, the
bodyweights of the DM, Met, Qihu-L, Qihu-M, and Qihu-
H groups were 45.35 + 2.37, 42.12 + 3.96, 40.67 = 2.92,
38.80 = 3.12, and 34.84 + 3.96 g, respectively.

Effects of Qihu on the Levels of Random

Blood Glucose, Glucose Tolerance and
Blood Lipids

The blood glucose levels in the DM group were more than
11.1 mmol/L during the experimental period, which was

A

@ N\C
@8 DM
B Met
@ Qihu-L
Qihu-M
@ Qihu-H

Food intake(g)

N o >
NS g o N

& W & &

the diagnostic criteria for diabetes and consistent with the
characteristics of the T2DM model.
Figure 3A, the random blood glucose level in the Qihu-

As shown in

M and Qihu-H groups was significantly lower than that in
the DM group from day 8 (p < 0.05 or p < 0.01).
Compared with those in the DM group, the random
blood glucose levels were significantly lower in the Met
group from day 15 (p < 0.01). Additionally, the blood
glucose level in the Qihu-L group was significantly
lower than that in the DM group from day 22 (p < 0.05).
Qihu dose-dependently decreased the random blood glu-
cose level in db/db mice. The hypoglycemic effect of the
medium dose of Qihu was similar to that of metformin.
However, the hypoglycemic effect of the high dose of
Qihu was slightly better than that of metformin. This
indicated that Qihu exerts a potent anti-hyperglycemic
effect in db/db mice.

As shown in Figure 3B, the GTT was performed in
mice after 4 weeks of Qihu treatment. Compared with the

B
501 - NC
451 = DM
3 407 -+ Met
.:5’35' < Qihu-L
_;30' Qihu-M
2 254 - Qihu-H
20
15— -

°

N & Vv )
N N O

Figure 2 The effects of Met and Qihu on food intake and body weight in db/db mice. The db/db mice were treated with 0.3% sodium carboxymethyl cellulose (CMC-Na,
used as DM control), Met or different doses of Qihu as described in methods. BKS mice were used as the negative control group, which was intragastrically administered
with 0.3% CMC-Na. (A) The food intake was measured for 3 consecutive days every week for 4 weeks, and then the average food intake per animal was calculated. (B) The
body weight was monitored once a week. All data were expressed as mean * SD (n = 7-8). *p < 0.01 vs NC, *p < 0.05 or *p < 0.0] vs DM.
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Figure 3 The effects of Met and Qihu on the levels of blood glucose and TG in db/db mice. (A) The effects of Met and Qihu on the levels of blood glucose in db/db mice.
The blood glucose levels were monitored once a week. (B) The effect of Met and Qihu on glucose tolerance in db/db mice. (C) The effect of Met and Qihu on TG levels in
db/db mice. All data were expressed as mean + SD (n = 7-8). #p < 0.05 or *p < 0.01 vs NC, *p < 0.05 or *p < 0.01 vs DM.

NC group, the blood glucose levels of the DM group were
significantly higher than that of the NC group at all time
points (p < 0.01). Compared with the DM group, the blood
glucose levels of the Qihu-H group were significantly
lower than that of the DM group from the time point of 60-
minute (p < 0.01). In addition, at the time point of 180-
minute, the blood glucose levels of all the administration
groups were significantly lower than that of the DM group
(» <0.05 or p <0.01).

The effect of Qihu on blood triglyceride (TG) levels is
shown in Figure 3C. Compared with those in the NC
group (1.30 £ 0.22 mmol/L of NC), the TG levels were
significantly higher in the DM group (4.38 &+ 1.45 mmol/L)
(p < 0.01). The TG levels in the Met group were 38.81%
lower than those in the DM group. Additionally, the TG
levels were significantly downregulated in the Qihu-M
(2.75 £ 0.91 mmol/L) and Qihu-H (2.40 £ 0.75 mmol/L)
groups (p < 0.05 vs DM). In contrast, the levels of total
cholesterol, high-density lipoprotein, and low-density

lipoprotein were not significantly different between the
Qihu-L, Qihu-M, Qihu-H, and DM groups (data not
shown).

Effects of Qihu on the Histopathological
Changes in the Liver

The liver specimens of mice from different groups were
subjected to histopathological analyses. The histopatho-
logical damage was scored according to the criteria
described in Table 3. In the NC group, the hepatocytes
exhibited regular arrangement. The pathological score of
the liver section of the NC group was grade 0
(Figure 4A and B). The hepatocytes of the DM group
exhibited disordered arrangement, swelling, and steato-
sis. The pathological score of the liver sections of the
DM group was grade 2 or grade 3. The NC and DM
groups exhibited significantly different pathological
scores (p < 0.01). The swelling and steatosis of the
hepatocytes in the Met, Qihu-M, and Qihu-H groups
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Table 3 Pathological Scoring Criteria of Liver

Scoring Criteri Pathological
Grade

Hepatocyte cord structure disappears, 3

hepatocytes swell and steatosis occurs.

Obvious fat deposition can be observed

Hepatic cell swelling and steatosis are alleviated 2

Hepatocytes have basically returned to normal size |

and steatosis has basically

Disappeared

Hepatocytes are densely packed, without swelling 0

and steatosis

were significantly alleviated when compared with those
in the DM group. The average pathological scores of the
liver sections from the Met, Qihu-M, and Qihu-H
groups were 2, 2, and 1, respectively.

Effects of Qihu on the Expression Levels
of IL-1P and IL-6

Inflammation contributes to the pathogenesis of T2DM.
The effect of Qihu on the expression levels of IL-1p and
IL-6 in db/db mice is shown in Figure 5. The mRNA
levels of IL-1B and IL-6 in the pancreas and liver tissues
of the DM group were significantly higher than those in
the pancreas and liver tissues of the NC group. Compared
with those in the pancreas and liver tissues of the DM
group, the mRNA levels of IL-1pB and IL-6 were down-
regulated in the pancreas and liver tissues of the Qihu-L,
Qihu-M, Qihu-H, and Met groups (Figure SA-D). This
suggests that Met and Qihu downregulate the mRNA
levels of IL-1p and IL-6 in the pancreas and liver tissues
of db/db mice. Consistently, the results of ELISA revealed
that the protein expression levels of IL-1p and IL-6 in the
pancreas and liver tissues of the Qihu-L, Qihu-M, Qihu-H,
and Met groups were significantly lower than those in the
pancreas and liver tissues of the DM group (p < 0.01)
(Figure SE-H).

Effects of Qihu on AMPK Signaling and
TXNIP Expression

AMPK and TXNIP play critical roles in insulin resistance,
inflammation, and regulation of glucose levels in
diabetes.”> ** The effect of Qihu on AMPK signaling
and TXNIP expression was examined in this study
(Figure 6A-D). Qihu increased AMPK phosphorylation

and decreased TXNIP mRNA and protein levels in a dose-
dependent manner in pancreas and liver tissues of db/db

mice.

Discussion
Diabetes, a metabolic disorder, is caused by insufficient
insulin secretion and/or insulin resistance. In addition to
inducing systemic changes, diabetes can result in fatal com-
plications in humans. The key strategy to treat diabetes is to
control hyperglycemia and prevent diabetes-associated
complications. TCM has a long history of treating diabetes,
which was first recorded in Shennong’s Materia Medica.
The natural characteristics and mild and long-lasting effi-
cacy, especially in the prevention and control of chronic
complications of diabetes, are major advantages of TCM for
improving the quality of life of patients. Therefore, the
application of TCM for the treatment of diabetes has piqued
the interest of the scientific community.>*2°

Recent studies have demonstrated that D. nobile and
P. notoginseng have various pharmacological activities,
such as alleviating skeletal muscle insulin resistance and
in db/db
mice.?”*® The db/db mice harbors a mutation in the leptin

anti-glycemic and anti-lipidemic activities

receptor-encoding gene located on chromosome 4, which
results in the induction of diabetes. This spontancous
diabetes model has been recommended for examining the
pharmacodynamics of hypoglycemic drugs by the Ministry
of Health in the “Guide to Research on New Drugs in
Traditional Chinese Medicine.” The pathogenesis of dia-
betes in db/db mice is similar to that in patients with
T2DM. The db/db mice are associated with bulimia and
obesity at 4 weeks of age. Additionally, the blood glucose
and lipid levels increase with age in db/db mice. In this
study, the blood glucose levels in the DM group were 11.1
mmol/L. Additionally, the bodyweight of the DM group
gradually increased during the experimental period. Qihu
significantly downregulated the blood glucose levels and
mitigated the increased bodyweight gain and food intake
in db/db mice. Glycosylated hemoglobin (GHD) can effec-
tively indicate glycemic control in the past 2—-3 months in
patients with diabetes. Hence, GHb, which is the gold
standard for determining glycemic control, is a critical
biomarker for diagnosing and managing diabetes.
Treatment with Qihu or metformin did not markedly
decrease the GHb levels (data not shown), which may be
attributed to the short treatment duration (1 month).
Diabetes is accompanied by dysregulated lipid meta-
bolism and susceptibility to complications, such as
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Figure 4 The effect of Met and Qihu on the pathological changes of liver in db/db mice. (A) The effect of Met and Qihu on the pathological changes of liver in db/db mice.
The liver was excised from db/db mice and part of the tissues was fixed with 4% paraformaldehyde, and then embedded in paraffin and stained with hematoxylin and eosin
(magnification: x400). (B) The result of pathological score in all the groups of mice. All data were expressed as mean * SD (n = 7-8). p < 0.01 vs NC, *p < 0.05 or **p <
0.0l vs DM.
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Figure 5 The effect of Qihu on the expression levels of IL-1B and IL-6 in the liver and pancreas of db/db mice. (A—D) The IL-1B and IL-6 mRNA levels in liver (A and B) and
pancreas (C and D) were detected using qRT-PCR assay. (E and F) The IL-1 and IL-6 protein levels in the liver (E and F) and pancreas (G and H) were detected using ELISA
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Figure 6 The effect of Qihu on AMPK signaling and TXNIP expression in the liver and pancreas of db/db mice. (A and B) The TXNIP mRNA levels in the liver (A) and
pancreas (B) were detected by qRT-PCR assay. All data were expressed as mean * SD (n = 3). (C and D) The protein levels of p-AMPK, AMPK and TXNIP in the liver (C)
and pancreas (D) were detected by Western blot assay. The left panel is the representative Western blot result, and the right panel is the quantitative result of Western blot.

#p < 0.05 or "p < 0.01 vs NC, *p < 0.05 or *p < 0.01 vs DM.

hyperlipidemia, fatty liver, and cirrhosis. Obesity, which is
the main cause of metabolic disorders, decreases insulin
sensitivity and adversely affects pancreatic cell function.?
Compared with the DM group, the Qihu-M and Qihu-H
groups exhibited significantly lower TG levels and lesser
hepatocyte swelling and fat deposition. This indicated that
Qihu can alleviate the pathological changes of the liver in
db/db mice. The kidney and pancreas of the DM group did
not exhibit pathological changes at the end of the experi-
mental period. Hence, the effect of Qihu on kidney com-
plications in db/db mice could not be determined in this
study.

AMPK, a serine/threonine protein kinase, is an important
drug target for metabolic syndrome and diabetes as it regu-
lates cellular energy metabolic homeostasis. Previous studies
have reported that AMPK can maintain cell function by
promoting glycolysis and enhance the absorption of glucose

by activating cell membrane vesicles containing GLUT4,
which leads to the transport of glucose to the muscle
membrane.*® Jaiswal et al demonstrated that activating
AMPK under metabolic stress can promote glucose uptake,
inhibit fatty acid synthesis, and improve insulin sensitivity.”'
Recent studies have reported that upregulating the AMPK
pathway can activate the NRF2/KEAP1 pathway, which
leads to the alleviation of insulin resistance and diabetes-
related complications induced by oxidative stress and
inflammation.>>** TXNIP, also known as vitamin D3-
upregulated gene 1 (VDUP1), plays a critical role in diabetes.
Various epidemiological studies have demonstrated that the
levels of TXNIP in patients with hyperlipidemia and hyper-
glycemia are significantly higher than those in healthy
individuals.** The protein levels of TXNIP are upregulated
in a mouse model of insulin resistance.’> Shalev et al used
gene chip technology and demonstrated that high glucose
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levels can significantly upregulate TXNIP expression in the
pancreatic B-cells.*® AMPK can downregulate the TXNIP
levels by promoting the degradation of TXNIP through the
proteasome pathway.’” Li et al reported that naringin can
alleviate the inflammation in the gestational diabetes mellitus
mouse model by activating the AMPK signaling pathway.*®
Hou et al reported that CD36 knockdown upregulated the
AMPK activity and consequently inhibited the activation of
NLRP3 IL-1P
secretion.”® The overexpression of TXNIP can impair the

inflammasomes and downregulated
cellular antioxidant defense mechanism, induce the release of
proinflammatory mediators, such as TNF-a or IL-1B, and
promote cell cycle arrest and apoptosis. Nyandwi et al
demonstrated that rosmarinic acid can inhibit the assembly
and activation of NLRP3 inflammasomes and decrease the
secretion of IL-1B by downregulating the p38-FOXO1-
TXNIP pathway in diabetic atherosclerosis.*® Additionally,
the enhanced glucose levels can upregulate the mRNA levels
of IL-1B and promote insulin resistance through the upregu-
lation of TXNIP in the human and mouse adipose tissue.*' In
this study, Qihu activated the AMPK signaling pathway and
downregulated Txnip expression in the pancreas and liver
tissues of db/db mice. Moreover, Qihu significantly down-
regulated the mRNA and protein levels of IL-1pB and IL-6 in
the pancreas and liver tissues of db/db mice.

Thus, Qihu can activate the AMPK signaling pathway,
inhibit TXNIP expression, and suppress the secretion of
inflammatory factors (IL-1p and IL-6) in db/db mice.

Conclusion

Qihu effectively decreased the blood glucose levels and alle-
viated histopathological changes in the liver of db/db mice.
The anti-diabetic mechanism of Qihu in db/db mice involves
the activation of the AMPK/TXNIP signaling pathway and
the downregulation of inflammatory factor secretion.
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