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Wine processing is a specialized technology which involves sautéing crude herbal medicine using Chinese rice wine. Herein, we
identified the changes in chemical profiles and antidiabetic effects of Corni Fructus (CF) after wine processing in high-fat diet
(HFD) streptozotocin- (STZ-) induced diabetic mice. A novel high-efficiency method for simultaneously quantifying gallic acid,
5-hydroxymethylfurfural, morroniside, loganin, sweroside, and cornuside by UPLC was developed, and validating crude and
wine-processing CF was done for the first time. Mice were randomly divided into the following groups and orally given different
solutions for 4 weeks: normal group (NC, 0.4% (w/v) CMC-Na), model group (DM, 0.4% (w/v) CMC-Na), crude CF group (CP,
3.87 g/kg), and wine-processing CF group (PP, 3.87 g/kg) followed by HFD and multiple subcutaneous injection of STZ (40 mg/
kg) to induce the diabetes model except the NC group. Biochemical indexes (body weight, fasting blood glucose level, lipid level,
insulin, and free fatty acid) and other parameters involving liver toxicity were measured with commercial kits and immuno-
histochemical method. Comparative studies on pharmacology showed that the crude extracts possess higher efficacy on hy-
poglycemia and hypolipidemia, while wine-processing products exhibit better effects on liver preservation. Our data suggested
that wine processing was recommended when CF was used for protecting the liver; however, crude products should be used as

antidiabetic drugs.

1. Introduction

Type 2 diabetes mellitus (T2DM), also known as noninsulin-
dependent DM, affects more than 90% of the diabetics and/
or leads to serious lipid and protein metabolism disorders,
with a characteristic of hyperglycemia and insulin resistance
(IR), which is caused by impaired insulin secretion [1]. The
current prevalence of T2DM is associated with a high calorie
diet and a sedentary behavior [2], and metformin has be-
come the preferred first-line prescribed oral hypoglycemic
worldwide to treat T2DM. Metformin can improve IR,
notably in the muscle and liver, and reduce hepatic glucose.
However, the applications are limited by adverse effects.
Metformin alone cannot completely control blood sugar,
especially when the disease becomes more severe [3-5].

Furthermore, it cannot facilitate insulin secretion, and high
concentrations of metformin could stimulate intestinal cells
[6, 7]. Therefore, new drugs with low toxicity and high
antidiabetic efficiency from natural resources have been
attracted attention by researchers [8].

Corni Fructus (CF), the dried fruit of Cornus officinalis
Siebold et Zuccarini., also known as “Shan Zhu Yu” in
Chinese, is a tonic capable of nourishing the liver and
kidney, treating impotence, removing internal heat, and so
on [9]. Beyond treating DM-induced reproductive dys-
function in the formulations of traditional Chinese medicine
(TCM), Liu Wei Di Huang tea pills [10], there is accumu-
lating evidence suggesting that CF is widely used for the
treatment of DM. Currently, CF has been extensively in-
vestigated in phytochemistry. The main active components,
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including gallic acid, 5-hydroxymethylfurfural (5-HMEF),
morroniside, sweroside, loganin, and cornuside, possess
different preferable biological activities. Gallic acid could
protect against oxidative stress-induced damage in the di-
abetic state [11]. Loganin had a protective effect against
hepatic oxidative stress [12]. Morroniside showed effective
anti-inflammatory properties in AMI rats [13]. Sweroside
could ameliorate liver injury by decreasing oxidative damage
and inhibiting the production of proinflammatory kinases
[14, 15]. Cornuside has been reported to possess immu-
nomodulatory and anti-inflammatory activities [16, 17]. 5-
HMF helped preventing diabetes-associated vascular dis-
eases [18]. Previous studies demonstrated that CF exhibits
immune-regulating function, antishock effects, and pro-
tective effects on experimental diabetic nephropathy [19]. It
also been reported that loganin, morroniside, and gallic acid
isolated from the CF had a synergistic effect of hypoglycemic
[20].

The processing method (PaoZhi in Chinese) plays a vital
role in detoxification of TCM, which can decompose the
toxic components into less or nontoxic derivatives, stabilize
the effective ingredients, and improve the curative effects of
TCM [21]. There are various processing methods for TCM,
and wine processing, which is sautéing with rice wine, is one
of the most popular technologies for herb processing. Either
crude or wine-processing products of CF were commonly
used clinically. Here, we have evaluated the antidiabetic
activity of the crude and wine-processing CF since the
changes in component content and different functions are
caused by processing.

2. Materials and Methods

2.1. Chemicals and Reagents. A high-fat diet (HFD) D12492
(60 kcal% Fat) (Research Diets Inc., NJ, USA) was purchased
from Yes Service Biotech (Shanghai, China). Metformin
tablets were purchased from Bristol-Myers Squibb (China)
Investment Co., Ltd. (Shanghai, China). Sodium carboxy-
methylcellulose (CMC-Na) was purchased from Anhui
Sunhere Pharmaceutical Excipients Co., Ltd. (Huainan,
China). Test kits of serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total cholesterol (TC),
serum triglycerides (TG), low-density lipoprotein choles-
terol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) were purchased from Beijing BeihuaKangtai
Clinical Reagent Company (Beijing, China). The commercial
kits used for enzyme-linked immunosorbent assay (ELISA)
were obtained from Tianjin Anoric Bio-technology Co., Ltd.
(Tianjin, China). Streptozocin (STZ) injections were pur-
chased from Sigma Chemical Co. (St Louis, MO, USA). One-
touch glucometer was obtained from Hermano Technology
Co., Ltd (Shenzhen, China). The 0.22 ym polyvinylidene
fluoride (PVDEF) millipore syringe filter used was purchased
from Jinteng Co., Ltd. (Tianjin, China).

Chinese rice wine (Huangjiu) as the solvent was acquired
from Shaoxing, Zhejiang province, China. Distilled and
deionized water was produced by a Milli-Q water purification
system (Millipore Co., Ltd., Bedford, MA, USA). Reference gallic
acid (purity >98.0%), 5-HMF (purity >94.0%), morroniside
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(purity > 98.5%), loganin (purity > 98.0%), sweroside (purity >
99.5%), and cornuside scutellarin (purity > 99.5%) were pur-
chased from the National Institute for Food and Drug Control
(Beijing, China). All other chemicals and reagents were of HPLC
or analytical grade.

2.2. Plant Materials. Crude CF was collected from Foping
(Shaanxi, China), in which the best quality of the herbs can
be guaranteed. CF samples were identified with respect to
morphology by College of Life Science, Shaanxi Normal
University. Wine-processing CF was obtained according to
Pharmacopoeia of the People’s Republic of China (2015).
Briefly, the crude CF slices were mixed with Chinese rice
wine (100:15, CF/wine, w/w), and the wine was absorbed
into the slices completely. Then, the moistened slices were
stir-fried in a metallic pan over a low flame at 120-140°C till
they were entirely dried.

2.3. Ultrahigh-Performance Liquid Chromatography (UPLC)
of the Extracts

2.3.1. Extraction of Samples. Methanol (20 mL) was added to
1.0g of the powders of crude and wine-treated CF, re-
spectively. Each mixture was then processed in an ultrasonic
bath for 5min. After suction filtration, the filtrate was
collected and then 80% methanol was used to make up area
weight. Finally, the filtrate was passed through a 0.22 ym
millipore syringe filter for UPLC analysis. The contents of six
main pharmacodynamic components in CF alcohol extracts
were measured quantitatively by the external standard
method using the same chromatography conditions as de-
scribed below.

2.3.2. Chromatographic Conditions. UPLC analysis of
phenolic compounds was performed using Shimadzu LC-
30AC pumps (Shimadzu Co., Kyoto, Japan), and chro-
matographic separations were performed on a Shim-pack
XR-ODS 1IIT column (2.0 mm x 75 mm, 1.6 ym). The mobile
phase consisted of acetonitrile (solvent A) and 1% phos-
phatic acid in water (solvent B) at a flow rate of
0.2mL-min"". Gradient elution was performed as follows: a
linear gradient elution was applied from 2% to 5% solvent A
starting from 0 to 3 min; from 5% to 17% solvent A from 3 to
5 min; from 17% to 17.5% solvent A from 5 to 10 min; from
17.5% to 30% solvent A from 10 to 11 min; and from 30% to
60% solvent A from 11 to 15 min. Operating conditions were
as follows: column temperature, 30°C; injection volume,
10uL; and UV-diode array detection at 250 nm. Six bi-
ologically active compounds (gallic acid, 5-HMF, morro-
niside, loganin, sweroside, and cornuside) in the samples
were identified by comparing their relative retention times
and UV spectra with those of standard compounds and were
detected using an external standard method.

2.3.3. Method Validation. The method was validated for
linearity, precision, repeatability, stability, and recovery
according to the US Food and Drug Administration
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(USFDA) guidelines [22]. A six-point linearity curve was
constructed for each analyte. The calibration curves were run
on each analysis day, and the coefficient of determination
(%) was used to judge linearity. The calibration curves were
plotted with the peak area ratio of gallic acid, 5-HMEF,
morroniside, loganin, sweroside, and cornuside on y-axis
and concentration on the x-axis, and the regression equation
was calculated for each curve. The obtained data were
submitted to the regression analysis, and correlation co-
efficients were calculated for these six alcohol extract
components using Microsoft Excel. The precision was
evaluated using six replicate determinations of a sample, and
the relative standard deviation (RSD) was used to evaluate
the precision of the analysis method. The repeatability was
examined in six replicate samples, and the stabilities of gallic
acid, 5-HMF, morroniside, loganin, sweroside, and cornu-
side were assessed by determining the sample kept at room
temperature for different times after preparation (0, 2, 4, 8,
12, and 24 h), which exceeded the routine preparation time
of samples. Mean peak areas obtained from the analysis of
the stored samples were compared to those obtained from
the analysis of freshly prepared samples. Recoveries were
tested at low, medium, and high concentration levels (n = 6).
A mixture containing the analytes including standard at
concentrations resulting in the low, medium, and high levels,
respectively, were spiked to 3.0mL of blank sample. The
spiked samples were extracted and analyzed according to the
procedure described above. Furthermore, the concentra-
tions of gallic acid, 5-HMF, morroniside, loganin, sweroside,
and cornuside were calculated using the calibration curves.
Recovery was calculated by comparing the determined
amounts for extracted samples with the known amounts
added.

2.4. Development of T2DM

2.4.1. Animals. Kunming male mice (weight 20 +2 g) were
purchased from the College of Medicine, Xi’an Jiaotong
University (Xi’an, China). The mice were housed in standard
cages at a constant temperature (22 + 1°C) and humidity (a
relative humidity of 60 + 5%), under a 12 h light/dark cycle,
with free access to food and water. All the animal studies
were performed in accordance with the Animal Ethics
Committee of Shaanxi Normal University for animal ex-
perimentation. All efforts were made to minimize the
number of animals and their suffering. Animals were ran-
domly divided into five groups, namely, the diabetes model
group (DM), crude products group (CP), wine-processed
products group (PP), metformin tablets group (Met), and
normal control group (NC). Each group included 10 mice.

2.4.2. High-Fat Diet Streptozotocin-Induced Diabetes.
According to the classical method [23], after 3 days of ad-
aptation, 12 mice were fed with a normal diet and other mice
with a HFD (60% kcal% fat). After 4 weeks, HFD-fed mice
were given STZ at the dose of 40 mg per kg body weight (bw)
for 4 consecutive days by intraperitoneal injection. The
normal diet mice were given citrate buffer (PH 4.5)

equivalent to the STZ. Seventy-two hours after the last in-
jection, mice with fasting blood glucose (FBG) levels greater
than 7.8 mmol-L™" were considered as T2DM mice and
selected for further experiments.

2.5. Improving Effect of Wine-Processed CF and Crude CF for
Treating Diabetes

2.5.1. Preparation of Drugs. The powder of CF was set to a
daily administration of 30 g for an adult weighing 70 kg [24].
Thus, the calculation of the dose for mice was 3.87 g/kg. We
used sonication to get a suspension which contained 3.87 g
powder of crude or wine-processed sample and 10 ml 0.4%
CMC-Na. Metformin (0.25g three times a day) was con-
verted to mice’s dosage of 70 mg/kg.

2.5.2. Experimental Design. Grouping and treatment pro-
tocol is listed in Figure 1. The normal and model groups were
given equivalent volumes of 0.4% (w/v) CMC-Na. Other
groups were treated with a gastric perfusion of drugs for 28
days (corresponding dosage). Body weight and fasting blood
glucose (FBG) of mice were measured once a week during
the experimental period. On the last day of the experiment,
the mice were made to fast overnight, blood samples were
collected via the retro-orbital sinus of mice and separated
from serum through centrifugation and were immediately
stored at —80°C for biochemical assays. Following the sac-
rifice of mice via cervical dislocation, liver tissues were
carefully excised and washed with ice-cold saline, and
portions of each were fixed in 10% formalin (pH 7.4) for
biochemical estimations and histological examinations. All
experiments using mice were performed in accordance with
the National Institute of Health’s Guide for the Care and Use
of Laboratory Animals and were approved by the uni-
versity’s Institutional Animal Care and Use Committee of
Shaanxi Normal University (Xi’an, China).

2.5.3. Oral Glucose Tolerance Test (OGTT). To study the
chronic effect of CF on postprandial glycemic control, the
oral glucose tolerance test (OGTT) was performed at week 4.
Before the test, mice were fasted for 12h and the level of
blood glucose was measured. The glucose solution was
prepared at a concentration of 2 g-kg™' and administered to
the mice. Then, blood glucose levels were determined at 30,
60, 120, and 180 min after glucose delivery.

2.5.4. Biochemical Assay. The fasting blood glucose (FBG)
level was determined by using one-touch glucometer. The
fasting serum insulin (FINS) was determined by the ELISA
kit. The insulin resistance index (HOMA-IR) was calculated
as FBG (mmol/L) x FINS (4U/mL)/22.5, IR was defined as
HOMA-IR > 2.6 [25-27], and the homeostasis model as-
sessment- (HOMA-f) was calculated based on the fol-
lowing formula: HOMA-f3 = [(20 % FINS)/(FBG - 3.5)] [28].
All parameters were obtained according to the manufac-
turer’s instructions. Blood samples were stored in a freezer
at —80°C until further use.
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FIGURe 1: Experimental design. ip, intraperitoneal injection; ig, intragastric administration.

2.5.5. Assays of Serum. TG, TC, LDL-C, and HDL-C levels
were measured using commercially available diagnostic kits.
Plasma levels of free fatty acids (FFAs) in all groups were
determined by ELISA kits. ALT and AST levels (as bio-
chemical makers for acute liver injury) were assessed using
commercially available diagnostic kits. All measurements
were carried out according to the manufacturer’s in-
structions of the corresponding Kkits.

2.5.6. Histological Examination. The livers were fixed in 10%
buffered formalin for 24h and dehydrated with a graded
alcohol series (70%, 95%, 100%). Then, the tissues were
embedded in paraffin and cut into 4 ym thick sections. Two
slices from a same liver were stained with Oil Red O and
hematoxylin and eosin (H&E). The slices were observed by
using a light microscope.

2.6. Statistical Analysis. Statistical analysis was conducted
using SPSS software (IBM, USA). Analysis of variance
(ANOVA) was in a completely randomized design and SPSS
software 17.0 was used. The values were expressed as
mean + standard deviation. All determinations were done at
least in triplicate, and all were averaged. A value of P <0.01
was considered statistically significant.

3. Results

3.1. Validation of UPLC Methodology and Elution Profile.
Validation parameters for UPLC are shown in Table 1. The
relationship between the peak area ratio and the concen-
tration is linear within the studied concentration range. The
correlation coefficients (*) obtained from the least square
regression analysis of calibration curve was more than
0.9996 for all the analysts. The precision, repeatability, and
stability of the method, expressed by the RSD, were lower
than 2.2% at each tested sample. These results indicated that
the present method has an acceptable degree of precision,
repeatability, and stability. Absolute recoveries, obtained for
six standards at three different concentration levels, show that
extraction recoveries of gallic acid, 5-HMF, morroniside,

loganin, sweroside, and cornuside ranged between 98.7% and
100.2%. There were no significant differences at different
concentration levels for most of the analytes. These results for
method validation suggested that the proposed UPLC method
that was developed in our study was reliable for evaluating the
alcohol extracts of CF.

The typical UPLC elution profile of CF extracts, in-
cluding standard sample, crude extracts, and wine pro-
cessing, was presented in Figure 2. Clearly, the first elution
peak is gallic acid, and the following are 5-HMF, morro-
niside, loganin, sweroside, and cornuside.

3.2. Composition Changes of CF after Wine-Processing. As
shown in Figure 3, the amounts of gallic acid and 5-HMF in
CF after wine processing increased more than ninefold and
fivefold, respectively, while the amounts of sweroside and
cornuside remained stable. In contrast, the yields of mor-
roniside and loganin in wine-treated CF were significantly
reduced, 42.9% and 40.3% lower than those in crude CF,
respectively. As we expected, wine treatment obviously in-
fluences the chemical composition of CF.

3.3. Effects of Pre- and Postprocessing of CF on Body Weight
and Blood Glucose Levels in STZ/HFD-Induced Diabetic Mice.
As shown in Table 2, body weight of mice in DM group was
significantly lower than that in the NC group during the
experiment period (p <0.01). Body weight of diabetic mice
that received 4 weeks of CF (either CP or PP) and metformin
was increased significantly compared with that of the DM
group (p<0.01). Meanwhile, we administered crude and
wine-processing CF orally to DM mice to measure the
glucose-lowering effects. As shown in Figure 4(a), the FBG
level of mice in the DM group was significantly higher than
that in the NC group. CF exhibited a positive effect on
hypoglycemic activity in diabetic mice, and mice in the CP,
PP, and Met groups all showed significantly decreases of
hypoglycemic activity compared with that of DM group
(p<0.01). It is worth mentioning that compared with PP,
CP has more obvious effect (p <0.01). These results in-
dicated that the effect of crude CF was similar with that of
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TaBLE 1: Validation parameters for UPLC.

. . . Correlation coefficient  Linear range Precision Repeatabilit Stabilit Recove
Chemical Calibration curve' (r2) (n=6)* (ug mL_1§ RSD (%) II{)SD (%) Y RSD (%y) (%) y
Gallic acid  Y=3.7x10°X—1441.3 0.9997 0.00~0.123 0.7 0.9 2.1 99.3
5-HMF Y=52x%x10°X+1336.7 0.9997 0.01~0.210 0.3 0.9 0.9 98.7
Morroniside Y=4.9 x10°X — 8725.4 0.9999 0.05~1.050 1.9 2.1 2.1 98.9
Loganin Y =2.8x10°X + 30041 0.9999 0.05~1.050 0.5 1.6 0.4 99.2
Sweroside Y=8.1x10°X+7581.1 0.9997 0.00~0.105 2.2 1.7 1.7 100.2
Cornuside Y=2.5%10°X + 10751 0.9996 0.03~0.330 1.9 2.2 1.8 98.7

TCalibration curves were fitted to the linear regression equation y = ax + b, where “y” represents the ratio of the peak areas, “a” and “b” are constants, and “x” is
the concentration of the analyzed compounds. *Number of points in calibration curves.
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FIGURE 2: The typical UPLC elution profile of CF extracts, including the control sample (a), the crude extracts (b), and the wine-processed
products (c). The first elution peak is gallic acid (1), and the following ones are 5-HMF (2), morroniside (3), loganin (4), sweroside (5), and
cornuside (6).
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F1GURE 3: The contents of six compounds in crude and wine-processed CF alcohol extracts.

TasLE 2: Effect on body weight of diabetic mice in pre- and postprocessed CF.

Body weight (g)
Group

ow 1w 2w 3w 4w
NC 32.89+1.39 33.39+1.23 34.38 + 1.22% 33.82 +1.06* 33.44 +2.48*
Met 32.51+2.02 32.82+1.96 3297 +1.92* 33.23+1.16" 33.24+1.16*
CP 32.93+2.26 33.05+1.44 33.32+2.5* 33.94 +2.34* 33.81 £1.92*
PP 32.35+2.27 33.07 +2.35 33.19+247F 33.37 £3.03" 33.83+2.01%
DM 33.08 +1.87 32.77 £2.70 30.31 £1.67 29.58 +1.15 29.72 +1.10

The results were shown as mean + SD of 10 mice in each group. We evaluated * p < 0.01 at different weeks which were very significant compared with the DM group.
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F1GURE 4: Effect of pre- and postprocessed CF on FBG (a), OGTT (b), and AUC of panel B (c). NC: normal control group; Met: diabetic mice
treated with 70 mgkg ™' metformin; CP: diabetic mice treated with 2.89 mgkg ™' crude CF; PP: diabetic mice treated with 2.89 mgkg " wine-
processed CF; DM: diabetic mice treated with equivalent volumes of 0.4% (w/v) CMC-Na. Values are expressed as mean + SD of 10 mice in
each group. * p <0.01 compared with the DM group and # P <0.01 compared with PP group were considered as very significant difference.

Met, which increased the body weight and decreased the
FBG level in HFD + STZ-induced diabetic mice.

3.4. Oral Glucose Tolerance Test. OGTT was conducted after
4 weeks of CF treatment, in which all the experimental mice
were fasted overnight. Blood glucose level increased when
the mice were orally given glucose solution (2gkg™') and
reached the peak within 15~30 min continuously. While the
blood glucose level of the NC mice decreased to its initial
level after 3 h, the parameter that remained at a high level in
diabetic mice during the OGTT experiments illustrated that
the glucose tolerance of DM declines. Treatment with both
CP and PP in diabetic mice significantly inhibited the rise in
blood glucose levels after oral glucose administration
(Figure 4(b)). The overall area under curve (AUC) of glucose
was calculated over 3 h, and it is shown that AUC of CP, PP,
and Met groups is significantly lower than that of the DM
group (Figure 4(c), p <0.01).

3.5. Effects of Pre- and Postprocessing of CF on Insulin Sen-
sitivity in STZ/HFD-Induced Diabetic Mice. We further
investigated and compared the insulin sensitizing activity
of pre- and postprocessing of CF on diabetic mice. As
shown in Table 3, FINS level, which could trigger IR, of the
DM group was abnormally elevated compared with that of
the NC group (p <0.01). However, both crude and wine
processing suppressed this trend and lowered the insulin
level to the different extents (CP decreased by 24.64%,
p<0.01, and PP decreased by 12.32% with no significant
difference). HOMA-IR was tested to evaluate the IR in the
diabetic mice, which is epidemiologically practical widely
used and correlates acceptably (R=0.73-0.88) with the
hyperinsulinemic-euglycemic clamp test [29]. Although
our primary study outcome was IR, we also examined
continuous HOMA-IR and beta-cell function (HOMA-f3)
in secondary analyses. Experimental results showed that, in

the presence of CP and PP, the diabetic mice showed re-
duced HOMA-IR and elevated HOMA-$3, and these effects
were significant in the CP group.

3.6. Serum Biochemical Marker Levels. Diabetes mellitus is
one of the most common metabolic diseases, and abnormal
lipid metabolism is usually an important determinant of the
course and condition of the disease [30]. Previous studies
have proved that individuals with higher fasting levels of
plasma FFAs were at modestly higher risk of T2DM [29]. To
turther investigate the ability of pre- and postprocessing of
CF on lipid metabolism regulation, lipid metabolic pa-
rameters were determined in all experimental groups. As
shown in Figure 5, the increased serum levels of TC, TG,
LDL-C, and FFAs in DM were significantly (p <0.01)
compared with those of NC. However, HDL-C was notably
(p<0.01) decreased when the diabetic mice were treated
with CP versus DM. The effects of PP on the lipid profile
level showed a similar pattern. Moreover, FFAs and TG in
the CP group were significantly lower than those in the PP
group (p <0.01), which suggested that the CF in crude had
greater effects on improving the lipid metabolism disorder
and alleviating the liver fatty degeneration.

Some prospective epidemiological studies have dem-
onstrated that AST and ALT, independent of age, alcohol
intake, and obesity, were closely associated with the oc-
currence of T2DM [31, 32]. STZ caused hepatotoxicity in
mice, as indicated by increases in serum AST and ALT levels
after the DM model established. Rise of serum AST and ALT
levels was prevented in Met and both CP and PP-treated
mice (Figure 6). However, Met increased the level of AST
and ALT compared with PP groups, demonstrating that it
causes little damage to the liver. Similarly, CP increased the
levels of AST and ALT. While CP had certain toxicity to the
liver, PP was found to be safe. Thus, we speculated that the
CF processed by wine have effects on reducing the toxicity of
TCM.
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TasLE 3: Effect on insulin sensitivity of diabetic mice in pre- and postprocessed of CF.

Group NC Met CP PP DM

FINS (mIU/L) 11.66 +0.76" 10.92 +1.53* 10.42 +1.02*% 9.39+0.75 8.36£0.72

HOMA-IR 2.86+0.34" 3.62+0.62" 3.65+1.05" 3.66 £0.34" 5.94+0.75

HOMA- 109.06 + 8.78* 56.14 +8.72* 51.84 +5.02*% 35.88 +4.09 13.52+1.71

The results were shown as mean + SD of 12 mice in each group. We evaluated * p < 0.01 compared with the DM group and # p <0.01 compared with the PP
group and these were considered as significant difference. HOMA-IR = (FBG x FINS)/22.5, HOMA-f = (20 x FINS)/(FBG - 3.5).
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FiGure 5: Effects of pre- and postprocessed CF on serum FFA (a), TG (b), TC (c), LDL-C (d), and HDL-C (e) levels in DM mice. NC: normal
control group; Met: diabetic mice treated with 70 mg-kg™' metformin; CP: diabetic mice treated with 2.89 mg-kg™" crude CF; PP: diabetic
mice treated with 2.89 rng-kgf1 wine-processed CF; DM, diabetic mice treated with equivalent volumes of 0.4% (w/v) CMC-Na. Values are
expressed as mean + SD of 10 mice in each group. * p <0.01 compared with the DM group and #p <0.01 compared with PP group were

considered as very significant difference.

3.7. Histopathological Examination of the Mice Liver. The
liver is the indispensable and key part of insulin action and
catabolism and regulates glucose metabolism. T2DM usually
induces the injury and damage the function of the liver [33].
Histopathological studies of the liver further provided
supportive evidences for the biochemical analysis.
According to the result of HE staining (Figure 7(a)) and Oil
red O staining (Figure 7(b)), the liver tissue of the NC group
was intact, the hepatocytes were normal and regular, and the
cytoplasm was homogeneous, and no obvious red lipid
droplets were observed. In contrast, DM mice showed severe
damage including irregular structure of hepatic lobules,
enlarged cell size, many vacuoles in the cytoplasm, and

plenty of red lipid droplets in the hepatocytes. The damage of
liver tissues was repaired in Met, CP, and PP groups, which
showed the basic normal structure of hepatocytes with
decreased signs of fatty degeneration, necrosis, and central
vein. At the same time, in the liver cells of red lipid droplets,
there are different degrees of reduction. It is interesting that
PP in the diabetic mice reduced liver lipid deposition and has
more remarkable effect than CP. Histopathological analysis
gave a perceptual intuition result that PP could be more
beneficial to the management of diabetic organ damage and
complications compared with CP and Met. These histo-
pathological examination results were in accordance with
the plasma parameters.
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F1GURE 6: Effects of pre- and postprocessed CF on serum ALT (a) and AST (b) levels in DM mice. NC: normal control group; Met: diabetic mice
treated with 70 mg-kg™' metformin; CP: diabetic mice treated with 2.89 mg-kg™' crude CF; PP: diabetic mice treated with 2.89 mg-kg ™" wine-
processed CF; DM: diabetic mice treated with equivalent volumes of 0.4% (w/v) CMC-Na. Values are expressed as mean + SD of 10 mice in each
group. *p <0.01 compared with the DM group and * p < 0.01 compared with PP group were considered as very significant difference.

F1GURE 7: Effects of pre- and postprocessed CF on histopathological changes of liver hepatocytes stained with H&E (a) and Oil red O (b) in
DM mice. Images were obtained from each test group. NC: normal control group; Met: diabetic mice treated with 70 mg-kg™' metformin;
CP: diabetic mice treated with 2.89 mg-kg ™" crude CF; PP: diabetic mice treated with 2.89 mg-kg™' wine-processed CF; DM: diabetic mice

treated with equivalent volumes of 0.4% (w/v) CMC-Na.

4, Discussion

In this study, an UPLC method was developed to determine
six active components in CF, simultaneously. This newly
established method is validated as simple, precise, and ac-
curate. It can be used as a valid analytical method for in-
trinsic quality controls of CF. The contents of each
compound between CP and PP varied significantly. Fur-
thermore, the increase of 5-HMF and gallic acid is pre-
dominantly due to the decomposition of hexose after heating
and the hydrolysis of tannins under high temperature, re-
spectively. Accordingly, PP disintegrated during the heating
resulted in a significant reduction of morroniside and
loganin, which are the main components of iridoid glycoside
with strong cardiac antishock effect. Their reduction may
lower the effect of CF on antishock and solid collapse, which
is consistent with the view that CP is conducive to the
absorption of sweat and solid collapse traditionally. In-
terestingly, the reasons that the contents of sweroside and
cornuside increased slightly after wine processing have yet to
be further researched.

The HFD- and STZ-induced diabetic mice were charac-
terized by hyperglycemia, compensatory hyperinsulinemia,
elevated triglycerides, and hypertriglyceridemia, which were
similar to the features of the later stage of T2DM [34]. CF
extracts showed a potential to control postprandial hyper-
glycemia by a-glucosidase inhibition [35]. After adopting
Wily wine-processing methods, the treated herbs enhanced
blood circulation and accelerated drug delivery [36]. How-
ever, for the first time, we showed the comparative study on
the antidiabetic activities of crude and wine-processing CF in
STZ/HFD-induced diabetic mice. It was found that both of
CP and PP could mitigate body weight loss, and some organ
weights were restored to the normal level by alleviating he-
patomegaly and renal swelling. The body weight loss and the
increase of organ index were considered to be the typical
T2DM characteristics induced by STZ and HFD ([37]. The
results indicated that both CP and PP could ameliorate the
decrease in body weight and improve the quality of life in
diabetic mice. Hyperglycemia is the most important symptom
of T2DM [38]. CP could more efficiently reduce FBG and
lower the AUC glucose value, which means that CF in crude
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possesses better curative effect on improving the diabetic mice
glucose tolerance.

T2DM is characterized by increased IR, deteriorating
p-cell function and resulting in chronic hyperglycemia.
From the significant increase of the fasting serum insulin
(FINS) in the CP and PP groups, especially in CP group, it
could be concluded that the crude drug stimulated insulin
secretion more effectively in the islets of diabetic mice. In
addition, HOMA-IR and HOMA-f3, most commonly used
indexes of IR, further confirmed that the effect of crude CF
improving IR is better than that of PP. FFAs, of great sig-
nificance, can lead to an increase in visceral fat [39]. It has
been shown that the continued high levels of blood lipids
and FFAs can directly lead to the IR in the liver and pe-
ripheral cells [23, 40]. The notable decrease in TG, TC, LDL-
C, and FFAs values and the significant increase in HDL-C
levels in the CP and PP groups suggested that crude products
exhibit better improvement of the abnormal lipid meta-
bolism in diabetic mice. Moreover, the effect of CP is more
obvious than that of PP. AST and ALT levels were de-
termined to indicate toxicity of the liver, which plays a vital
role in regulating glucose and lipid metabolism through
severing insulin-mediated events [41]. Our data and his-
topathological results suggest that wine products could re-
duce the toxicity and have protective effects on the liver.

Wine processing is one of the most significant processing
methods, which has a profound influence on the pre-
scription and clinical therapeutic effect of TCM. According
to our present findings, both crude and wine-processing CF
exhibited antidiabetic effect, and in vivo intake for 4 weeks
significantly attenuated the hyperglycemia and hyperlipid-
emia syndromes and improved IR in diabetic mice. Our
results suggest that wine processing was recommended
when CF was used for protecting the liver; however, crude
products should be used as antidiabetic drugs.

Cornus Fructus are, undoubtedly, a rare Chinese med-
icine for hypoglycemia, which has the characteristics of low
toxic and several targets. The processing of CF can con-
tribute to the utilization of health and well-being natural
products, since it can be an effective new drug for the
prevention and treatment of diabetes and liver damage. Our
findings positively contribute to a better understanding of
the distinctions between CP and PP, which may facilitate the
clinical applications of sautéing crude herbal medicine. Such
natural resources represent potential agents as new additives
for food and pharmaceutical products. [42]

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Huailong Bi and Dou Niu contributed equally to this work

Acknowledgments

This work received supported from the National Key
Technologies Research and Development Program for
Modernization of Traditional Chinese Medicine (grant no.
2017YFC1701302) and the Major Project of Shaanxi Prov-
ince, China (grant no. 2017ZDXM-SF-005).

References

[1] W. Liu, Y. Zheng, Z. Zhang, W. Yao, and X. Gao, “Hypo-
glycemic, hypolipidemic and antioxidant effects of Sarcandra
glabra polysaccharide in type 2 diabetic mice,” Food &
Function, vol. 5, no. 11, pp. 2850-2860, 2014.

[2] Y. Y. Shi, Y. Q. Li, J. J. Wang et al., “Association between the
time of sedentary behaviors and risk of type 2 diabetes,”
Zhonghua Yu Fang Yi Xue Za Zhi, vol. 51, no. 8, pp. 734-739,
2017.

[3] X. Du, J. Zhang, Y. Zhang et al., “Decanoic acid grafted
oligochitosan nanoparticles as a carrier for insulin transport
in the gastrointestinal tract,” Carbohydrate Polymers, vol. 111,
pp. 433-441, 2014.

[4] R. T. Chlebowski, A. Mctiernan, J. Wactawski-Wende et al.,
“Diabetes, metformin, and breast cancer in postmenopausal
women,” Journal of Clinical Oncology, vol. 30, no. 23,
pp. 2844-2852, 2012.

[5] Z. Gong, A. K. Aragaki, R. T. Chlebowski et al., “Diabetes,

metformin and incidence of and death from invasive cancer in

postmenopausal women: results from the women’s health

initiative,” International Journal of Cancer, vol. 138, no. 8,

pp. 1915-1927, 2016.

L. Gelin, J. Li, K. L. Corbin, I. Jahan, and C. S. Nunemaker,

“Metformin inhibits mouse islet insulin secretion and alters

intracellular calcium in a concentration-dependent and du-

ration-dependent manner near the circulating range,” Journal
of Diabetes Research, vol. 2018, Article ID 9163052, 10 pages,

2018.

[7] H. Y. Zhou, H. Zhu, X. M. Yao et al., “Metformin regulates
tight junction of intestinal epithelial cells via MLCK-MLC
signaling pathway,” European Review for Medical & Phar-
macological Sciences, vol. 21, no. 22, pp. 5239-5246, 2017.

[8] J. Park and H. J. Jang, “Anti-diabetic effects of natural
products an overview of therapeutic strategies,” Molecular &
Cellular Toxicology, vol. 13, no. 1, pp. 1-20, 2017.

[9] N.P. Committee, Pharmacopoeia of People’s Republic of China
1, Chinese Medical Science and Technology Press, Beijing,
China, 2015.

[10] H.P. Chan,]J.S. Noh, J. C. Park, and T. Yokozawa, “Beneficial
effect of 7-O-Galloyl-D-sedoheptulose, a polyphenol isolated
from Corni Fructus, against diabetes-induced alterations in
kidney and adipose tissue of type 2 diabetic db/db mice,”
Evidence-Based Complementary and Alternative Medicine,
vol. 2013, Article ID 736856, 16 pages, 2013.

[11] L. S. de Oliveira, G. R. Thomé, T. F. Lopes et al., “Effects of
gallic acid on delta—aminolevulinic dehydratase activity and
in the biochemical, histological and oxidative stress param-
eters in the liver and kidney of diabetic rats,” Biomedicine &
Pharmacotherapy, vol. 84, pp. 1291-1299, 2016.

[12] H.P. Chan, T. Tanaka, H. K. Ji et al., “Hepato-protective effects
of loganin, iridoid glycoside from Corni Fructus, against hy-
perglycemia-activated signaling pathway in liver of type 2 di-
abetic db/db mice,” Toxicology, vol. 290, no. 1, pp. 14-21, 2011.

[13] B.Yu, G. Zhang, Y. An, and W. Wang, “Morroniside on anti-
inflammation activities in rats following acute myocardial

[6



10

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

infarction,” The Korean Journal of Physiology ¢ Pharmacol-
ogy, vol. 22, no. 1, p. 17, 2018.

J. Y. Tae, J. S. Chul, H. Jae Sung, and K. J. Hee, “Modulation
effects of sweroside isolated from the Lonicera japonica on
melanin synthesis,” Chemico-Biological Interactions, vol. 238,
pp. 33-39, 2015.

Y.-M. He, S. Zhu, Y.-W. Ge et al., “The anti-inflammatory
secoiridoid glycosides from Gentianae Scabrae Radix: the root
and rhizome of Gentiana scabra,” Journal of Natural Medi-
cines, vol. 69, no. 3, pp. 303-312, 2015.

D. G. Kang, M. K. Moon, A. S. Lee, T. O. Kwon, J. S. Kim, and
H. S. Lee, “Cornuside suppresses cytokine-induced proin-
flammatory and adhesion molecules in the human umbilical
vein endothelial cells,” Biological & Pharmaceutical Bulletin,
vol. 30, no. 9, pp. 1796-1799, 2007.

W.-L. Jiang, X.-G. Chen, H.-B. Zhu, J. Hou, and J.-W. Tian,
“Cornuside attenuates apoptosis and ameliorates mitochon-
drial energy metabolism in rat cortical neurons,” Pharma-
cology, vol. 84, no. 3, pp. 162-170, 2009.

G. Cao, H. Cai, B. Cai, and S. Tu, “Effect of 5-hydrox-
ymethylfurfural derived from processed Cornus officinalis on
the prevention of high glucose-induced oxidative stress in
human umbilical vein endothelial cells and its mechanism,”
Food Chemistry, vol. 140, no. 1-2, pp. 273-279, 2013.

D. Yu, Z. L. Feng, H. B. Chen, F. S. Wang, and J. H. Lu, “Corni
Fructus: a review of chemical constituents and pharmaco-
logical activities,” Chinese Medicine, vol. 13, no. 1, p. 34, 2018.
K. He, S. Song, Z. Zou et al,, “The hypoglycemic and syn-
ergistic effect of loganin, morroniside, and ursolic acid iso-
lated from the fruits of Cornus officinalis,” Phytotherapy
Research, vol. 30, no. 2, pp. 283-291, 2015.

Y. Chen, Y. H. Zhao, X. B. Jia, and M. Hu, “Intestinal ab-
sorption mechanisms of prenylated flavonoids present in the
heat-processed epimedium koreanum nakai (yin yanghuo),”
Pharmaceutical Research, vol. 25, no. 9, pp. 2190-2199, 2008.
H. W. Vohr, Food and Drug Administration (FDA), John
Wiley & Sons, Inc., Hoboken, NJ, USA, 2008.

M. Cree-Green, A. Gupta, G. V. Coe et al., “Insulin resistance
in type 2 diabetes youth relates to serum free fatty acids and
muscle mitochondrial dysfunction,” Journal of Diabetes & its
Complications, vol. 31, no. 1, pp. 141-148, 2016.

W. Hui, “Experimental study on the effect of total glucoside of
Cornus officinalis on bone biomechanics in castrated rats,”
Jilin Journal of Traditional Chinese Medicine, vol. 27, no. 6,
pp. 49-50, 2007.

R. S. Velagaleti, P. Gona, M. L. Chuang et al., “Relations of
insulin resistance and glycemic abnormalities to cardiovas-
cular magnetic resonance measures of cardiac structure and
function,” Circulation: Cardiovascular Imaging, vol. 3, no. 3,
pp. 257-263, 2010.

R. J. Karne, H. Chen, and M. J. Quon, “Diagnosing Insulin
resistance by simple quantitative methods in subjects with
normal glucose metabolism: response to ascaso et al,” Diabetes
Care, vol. 27, no. 5, pp. 1247-1248, 2004.

P. D. Loprinzi and K. Abbott, “Physical activity and total
serum bilirubin levels among insulin sensitive and insulin
resistant U.S. adults,” Journal of Diabetes & Metabolic Dis-
orders, vol. 13, no. 1, p. 47, 2014.

D. R. Matthews, J. P. Hosker, A. S. Rudenski, B. A. Naylor,
D. F. Treacher, and R. C. Turner, “Homeostasis model as-
sessment: insulin resistance and f-cell function from fasting
plasma glucose and insulin concentrations in man,” Dia-
betologia, vol. 28, no. 7, pp. 412-419, 1985.

Evidence-Based Complementary and Alternative Medicine

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

J. S. Pankow, B. B. Duncan, M. I. Schmidt et al., “Fasting
plasma free fatty acids and risk of type 2 diabetes: the ath-
erosclerosis risk in communities study,” Diabetes Care,
vol. 27, no. 1, pp. 77-82, 2004.

G.-K. Xu, X. Y. Qin, G.-K. Wang et al., “Antihyperglycemic,
antihyperlipidemic and antioxidant effects of standard eth-
anol extract of Bombax ceiba leaves in high-fat-diet- and
streptozotocin-induced Type 2 diabetic rats,” Chinese Journal
of Natural Medicines, vol. 15, no. 3, pp. 168-177, 2017.

X. Sheng, H. Che, Q. Ji et al., “The relationship between liver
enzymes and insulin resistance in type 2 diabetes patients with
nonalcoholic fatty liver disease,” Hormone and Metabolic
Research, vol. 50, no. 5, pp. 397-402, 2018.

S. C. Chen, S. P. Tsai, J. Y. Jhao, W. K. Jiang, C. K. Tsao, and
L.Y. Chang, “Liver fat, hepatic enzymes, alkaline phosphatase
and the risk of incident type 2 diabetes: a prospective study of
132,377 adults,” Scientific Reports, vol. 7, no. 1, p. 4649, 2017.
A. Daliry, R. R. Silvares, E. N. G. da Silva Pereira et al,
“[OP.1D.09] liver damage due to diabetes involves multiple
pathways and induces microcirculation alterations,” Journal
of Hypertension, vol. 34, p. el4, 2016.

S. Skovse, “Modeling type 2 diabetes in rats using high fat diet
and streptozotocin,” Journal of Diabetes Investigation, vol. 5,
no. 4, pp. 349-358, 2014.

C. H. Park, J. S. Noh, T. Tanaka, K. Uebaba, E. J. Cho, and
T. Yokozawa, “The effects of Corni Fructus extract and its
fractions against a-glucosidase inhibitory activities in vitro
and sucrose tolerance in normal rats,” The American Journal
of Chinese Medicine, vol. 39, no. 2, pp. 367-380, 2011.

K. Munakata, M. Yamamoto, N. Anjiki et al., “Chemical and
biological assessment of Angelicae Sinensis Radix after pro-
cessing with wine: an orthogonal array design to reveal the
optimized conditions,” Journal of Agricultural and Food
Chemistry, vol. 59, no. 11, pp. 6091-6098, 2011.

E. R. Gilbert, Z. Fu, and D. Liu, “Development of a nongenetic
mouse model of type 2 diabetes,” Experimental Diabetes
Research, vol. 2011, Article ID 416254, 12 pages, 2011.

E. Sezik, M. Aslan, E. Yesilada, and S. Ito, “Hypoglycaemic
activity of Gentiana olivieri and isolation of the active con-
stituent through bioassay- directed fractionation techniques,”
Life Sciences, vol. 76, no. 11, pp. 1223-1238, 2005.

C. Lu and R. Jing, “Correlations of serum free fatty acid and
insulin resistance with metabolic syndrome,” Laboratory
Medicine, vol. 31, no. 7, 2016.

C. N. Ayina, J. J. Noubiap, L. S. Etoundi Ngoa et al., “As-
sociation of serum leptin and adiponectin with anthropo-
morphic indices of obesity, blood lipids and insulin resistance
in a Sub-Saharan African population,” Lipids in Health and
Disease, vol. 15, no. 1, p. 96, 2016.

Y. Chu, L. G. Rosso, P. Huang et al., “Liver Med23 ablation im-
proves glucose and lipid metabolism through modulating FOXO1
activity,” Cell Research, vol. 24, no. 10, pp. 1250-1265, 2014.

S. Man, J. Ma, C. Wang, Y. Li, W. Gao, and F. Lu, “Chemical
composition and hypoglycaemic effect of polyphenol extracts
from Litchi chinensis seeds,” Journal of Functional Foods,
vol. 22, pp. 313-324, 2016.



