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ABSTRACT

Background: Mulberry marc (MM) which as a wasted residue
contains many available resources and one of the valuable nutrients
is anthocyanin. In this study, the extraction, purification, content
analysis, and hypoglycemic effect of anthocyanin from MM were
studied. Materials and Methods: The total anthocyanin and
cyanidin-3-O-glucoside of the purified anthocyanin of mulberry
marc (MMA) were determined using pH differential method and
high-performance liquid chromatography. The hypoglycemic effects were
studied by streptozotocin and high-fat diet-induced type 2 diabetic rats.
The rats were given MMA for 4 weeks and at the end of experiment; the
blood was collected for determination serum indexes; the tissue of liver,
kidney, pancreas, and spleen was removed for weighting and observing
pathological changes. Results: The content of total anthocyanin and
cyanidin-3-O-glucoside of MMA was 39.72% and 18.63%, respectively.
The fasting blood glucose of rats in the MMA treatment groups was
decreased. The lipid metabolites (triglycerides and total cholesterol)
and malondialdehyde were decreased and superoxide dismutase was
increased of type 2 diabetes rats after MMA treated; the pathological
changes were alleviated in various degrees. Conclusion: The content
of anthocyanin in mulberry marc is higher than mulberry juice, and the
MMA has a good hypoglycemic effect.

Key words: Anthocyanins, extraction, mulberry marc, pathological, type 2
diabetic

SUMMARY

e Mulberry marc (MM) can be used as a resource for anthocyanin extraction

¢ The total anthocyanin of MM is much higher than that of mulberry juice

e Purified anthocyanin of MM has a good effect of hypoglycemia and improving
type 2 diabetes.

INTRODUCTION

There were 425 million in the world suffered from diabetes according
to the public health data.! Moreover, the prevalence of diabetes is
predicted to increase to 592 million by 2035.%) It is the main disease
that causes rising mortality and is a global health problem of which
type 2 diabetes (T2D) accounting for 90%.°! It characterized by
hyperglycemia will cause a serious metabolic disorder, such as
glucose, lipid, and protein.® Furthermore, T2D is also associated
with many complications such as nephropathy and cardiovascular and
cerebrovascular diseases.””’ Most diabetics have hyperlipidemia, which
suggested that lipid metabolism may contribute to insulin resistance.!®!
Moreover, numerous documents reported that oxidative stress is closely
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Abbreviations used: MMA: Purified anthocyanin of mulberry marc;
STZ: Streptozotocin; T2D: Type 2 diabetes; ROS: Reactive oxygen
species; RNS: Active nitrogen species; MM: Mulberry marc; Cy-3-O-glu:
Cyanidin-3-O-glucoside; HPLC: High-performance liquid chromatography;
NC: Normal; Met: Metformin; FBG: Fasting blood glucose; OGTT.
Oral glucose tolerance test; SOD: Superoxide dismutase; MDA:
Malondialdehyde; TC: Total cholesterol; TG: Triglyceride.
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related to the occurrence of diabetes. Hyperglycemia-generated reactive
oxygen species (ROS) and active nitrogen species will damage the
pancreatic islet B-cell and compromises the quantity and quality of
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insulin secreted.®'” Insulin resistance and islet 3-cell dysfunction are
the fundamental mechanisms of diabetes, and reducing oxidative stress
to protection islet B-cells may be an effective method for treatment
of T2D.I""" At present, drug therapy combined with diet has been a
conventional strategy against diabetes, specific components of some
functional foods have proven to be of important health value, and
dietary intervention may be a significant method to prevention and
therapy of T2D.!'>!¢]

Anthocyanin is a kind of water-soluble natural pigment widely existed
in plants, which belongs to flavonoids that can show different colors
with the changes of season and cell fluid composition.'"”! Moreover,
its molecular structure is small, which is easy to be absorbed. It has
reported that anthocyanin has various functions including antioxidant,
anti-inflammatory, antibacterial, antiaging, anticancer, and protective
effects on the liver, cardiovascular and cerebrovascular, and vision."®
Mulberry is a kind of fruit that sets in both nutrition and medicine and
has the reputation “the best health product of the 21* century,” which
has multiple nutritional ingredients such as flavonoid, polysaccharide,
and vitamin." To our knowledge, the utilization rate of the mulberry
marc (MM) is very low after the mulberry juice is squeezed. It is mainly
wasted or a small amount used for feed.” However, MM has multiple
nutrient substances and will be deodorized rotten quickly when discarded
in the environment, which not only wastes resources but also causes
environmental pollution. Therefore, it is particularly important to study
how to improve the utilization value of MM. In this paper, we extracted
and purified anthocyanin of Mulberry marc (MMA) and then studied it’s
hypoglycemic effect and mechanism to provide the theoretical basis for
improving the utilization value of MM.

MATERIALS AND METHODS

Materials

Mulberry (Morus alba L.) from dashi breed was collected from Zhejiang,
China, and identified by Zhi-Qiang Lv from Zhejiang Academy of
Agricultural Sciences. Cyanidin-3-O-glucoside (Cy-3-O-glu) standard
and streptozotocin (STZ) were purchased from Sigma Chemical

Co. (Shanghai, China). Glucose, triglycerides, total cholesterol,
malondialdehyde, and superoxide dismutase kits were purchased from
Nanjing Jiancheng Co., Ltd. (Nanjing, China). Metformin was purchased
from Yunnan Kunming Co., Ltd (Kunming, China).

Preparation of purified anthocyanin of Mulberry
marc

Five kilograms of fresh fruit of mulberry was squeezed and filtered,
and the obtained MM was ultrasonically extracted with 50% ethanol
solution (pH=2.0 + 0.1) for three times (40 min/time). The extract was
concentrated by flash evaporation concentration method until there
was no ethanol and the MM concentrate was obtained. The concentrate
was passed through disposed resin columns (Diaion HP 2MGL) and
eluted with water and then with acidified 60% ethanol (pH=3.0 £ 0.1)
until there was no color in the eluent. The eluent was concentrated on
a rotary evaporator (RV3V, Staufen, Germany) under reduced pressure
at 60°C to get MMA purification power. The flowchart is shown in
Figure 1.

Determination of total anthocyanin in MM

Potassium chloride and hydrochloric acid buffer with pH 1.0 and
hydrochloric acid and sodium acetate buffer with pH 4.5 were
prepared. The purified anthocyanins from MM and mulberry juice
were dissolved with 10% diluted alcohol. They were immobilized in
the buffer solutions of pH 1.0 and pH 4.5. After incubation at dark for
1 h, the absorbance value was determined using a UV-2102 PCS UV
spectrophotometer (Shanghai UNICO Co., Ltd., Shanghai, China), and
the total anthocyanin was calculated using equation (1).

TA (w/w) = (A x M x DF x V)/(€ x L x Wt)

Where TA is total anthocyanin, A = (A510 nm pH 1.0 - A700 nm pH 1.0)
- (A510 nm pH 4.5—- A700 nm pH 4.5), M is the molecular weight, DF
is the dilution factor, V is the volume, € is the extinction coefficient, L is
the optical path, and Wt is the fruit weight.

Morus alba L Squeeze juice

Hypoglycemic
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Figure 1: The experimental flowchart
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Quantitation of cyanidin-3-O-glucoside in mulberry
marc by high-performance liquid chromatography

The sample solution and the standard solution were prepared by
dissolving the MMA (0.01 g) and Cy-3-O-glu standard sample (0.002 g)
in methanol solution of 2% hydrochloric acid (pH = 3) and volume to
10 mL, respectively. Moreover, the standard solution was then diluted
with methanol solution of 2% hydrochloric acid to prepare standard
solutions with concentrations of 0.001, 0.002, 0.003, 0.004, 0.005,
and 0.006 mg/mL, respectively. Moreover, the standard curve was
prepared with the peak area as the ordinate and the mixed standard
solution concentration as the abscissa. The content of Cy-3-O-glu
in MMA was determined using the prepared standard curve. The
peak area of samples was determined by high-performance liquid
chromatography (HPLC) (Waters 2695 Milford, MA, USA), which
includes Waters 2695 separation unit, type 2996 diode array detector,
evaporative light scattering detector 2420, and chromatographic
management workstation. Sample analysis was performed with
SunFire-C18 column (4.6 mm x 250 mm, 5 um). The mobile phase is 2%
hydrochloric acid methanol (A) and water/methanol/acetonitrile/acetic
acid at a ratio of 160:90:90:40 (v/v/v/v) (B). Using an isocratic elution
with the ratio of A:B as 93:7 at a flow rate of 1.0 mL/min, detection
wavelength was set at 530 nm. The measurements were performed in
triplicate.

Experimental animals

Standard deviation (SD) male rats (180-200 g) were provided by
the experimental animal center, Zhejiang Academy of Medical
Science, China (SCXK 2014-0001). They were adaptive feeding with
23°C £ 1°C and a humidity of 50% + 5% with a 12/12-h light-dark
cycle for 1 week before starting experiments. All experimental
procedures were in accordance with the Guide for the Care and
Use of Laboratory Animals of Zhejiang and were approved by the
Committee on the Ethics of Animal Experiments at Animal Center
of Zhejiang Agriculture and Forestry University (Ethics Certificate
No. 2014001812184).

Experimental design

All rats were divided into two groups: normal (NC) group (n = 10) and
STZ-injected group (n = 50). The NC group was fed with chow diet
consisting of 20% casein, 70% corn starch, and 10% corn oil and milk
fat. The STZ-injected group was administrated with high-fat diet which
contains 20% casein, 20% corn starch, and 60% corn oil and milk fat?"
and 25% sucrose water for 4 weeks. Then, the rats in the STZ-injected
group were injected intraperitoneally with STZ (30 mg/kg).**! After STZ
injection, the STZ-induced rats were randomly divided into five groups
(n=10): type 2 diabetic (T2D), metformin (Met), MMA 50 mg/kg, MMA
100 mg/kg, and MMA 200 mg/kg groups. The rats of the NC and T2D
groups were intragastrically (ig) equivalent volume of normal saline, Met
group was ig metformin (100 mg/kg), and MMA 50, 100, and 200 groups
were ig 50, 100, and 200 mg/kg total anthocyanin of MMA for 4 weeks.
At the end of experiment, the rats were sacrificed under deep anesthesia
(ip. chloral hydrate) after fasting overnight, and blood was collected
and then centrifuged immediately. The livers, kidneys, pancreas, and
spleen were collected, washed with cold phosphate-buffered saline, and
weighed and conserved in 10% neutral formaldehyde for further study.

Fasting blood glucose measurement and oral
glucose tolerance test

Fasting blood glucose (FBG) was measured by glucose kit according to
the commercial instruction. The oral glucose tolerance test (OGTT) was
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performed after rats were fasted overnight in the 3™ week of treatment.
All animals received aload of 1.5 g of glucose/kg body weight. Blood was
sampled from the tail vessels of conscious animals before load ¢ = 0, 30,
60, and 120 min after glucose administration. Glucose was determined
by a glucose kit.

Biochemical measurements

The superoxide dismutase (SOD) malonyldialdehyde (MDA), total
cholesterol (TC) and triglycerides (TG) of serum were respectively
measured using commercially available kits according to the commercial
instruction.

Histopathological examinations

Liver, kidney, and pancreas were excised from the rats at the end of
the experiment and fixed in 10% neutral formaldehyde for 24 h and
then paraffin-embedded. Paraffin sections of 5-7 um thickness were
carved up and stained with hematoxylin and eosin. Histopathological
changes were observed under a light microscope (BX20, Olympus,
Tokyo, Japan).

Statistical analysis

All data were expressed as mean + SD and analyzed by the SPSS
statistical software (SPSS 19.0 Inc., Chicago, IL, USA). One-way ANOVA
with Duncan’s test was used for inter-group comparison. P < 0.05 was
considered statistically significant and P < 0.01 was considered extremely
significant.

RESULTS

The content of total anthocyanin and
cyanidin-3-O-glucoside in mulberry marc

Mulberry is a kind of fruit that is rich in anthocyanin. The total
anthocyanin from purified sample of MM was
as 38531 =+ 4.73 mg/g which is higher than mulberry
juice (152.26 *+ 2.25 mg/g). The content of total anthocyanin could
reach 39.72% of MMA. The determined regression equation of
Cy-3-O-glu was y = 3958554x-782711.3, R* = 0.9992, and the content of
Cy-3-0-glu was measured as 186.3 mg/g, which was about 50% of total
anthocyanin. It is supposed that Cy-3-O-glu is the major component
of MMA. The HPLC chromatogram of Cy-3-O-glu and MMA is shown
in Figure 2.
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Figure 2: High-performance liquid chromatography chromatogram of
Cy-3-O-glu in standard liquid and purified anthocyanin of mulberry marc.
The MM-1, MM-2, and MM-3 standing for the purified anthocyanin of
mulberry marc was repeated measured for three times
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Effects of purified anthocyanin of mulberry marc on
body and organ weight of rats

As shown in Figure 3a, the body weight of
significantly (P < 0.01) lower after STZ induced compared with the
NC group. With the duration of the medication, the weight of the Met
and MMA treatment groups increased continually, and after 4 weeks
of administration, they were significantly (P < 0.01) higher than that
of the T2D group. Moreover, the result of organ weight was showed in
Figure 3b, compared with the NC group; the weight of liver, kidney,
and spleen was significantly (P < 0.01) increased in the T2D group,
whereas the Met and MMA treatment groups were decreased when
compared with the T2D group. Moreover, there is a dose-dependent
in the MMA treatment groups.

rats was

Effects of purified anthocyanin of mulberry marc
on oral glucose tolerance test and fasting blood

glucose of rats

As shown in Figure 4b, the FBG was significantly (P < 0.01) increased in
the T2D group when compared with the NC group, while significantly
decreased in the Met and MMA treatment groups when compared with
the T2D group. OGTT is used to detect abnormal glucose metabolism
in patients.® The result of OGTT is shown in Figure 4a; the glucose
level of the T2D group was significantly (P < 0.01) higher than the NC
group in at 0, 30, 60, and 120 min; it indicated that insulin resistance may
have been occurred.? The glucose level in the Met and MMA treatment
groups was lowed in a degree at 0, 30, 60, and 120 min compared with
the T2D group, and there is a dose-dependent in the MMA treatment
groups.

Effects of purified anthocyanin of mulberry marc

on total cholesterol, triglycerides, superoxide
dismutase, and malondialdehyde of rats

As shown in Figure 5, compared with the NC group, the content of TG,
TC, and MDA in serum was significantly (P < 0.01) increased in the T2D
group, while the content of SOD in serum was significantly (P < 0.01)
decreased. Conversely, the SOD in the Met and MMA treatment groups
was significantly (P < 0.05) increased and TG, TC, and MDA were
significantly (P < 0.05) decreased compared with the T2D group, and
there is a dose-dependent.

Effect of purified anthocyanin of mulberry marc on
histopathological changes of rat liver

The histopathological changes of the liver are showed in Figure 6; the
liver tissue structure of NC group was intact and hepatocytes were
arranged radially around the central venous center. Compared with
the NC group, the hepatocyte cytoplasm was found lipid droplets and
hepatic cord disorder of rats in the T2D group; there were obviously
necrosis, degeneration, and infiltration of inflammatory cells. Compared
with the T2D group, liver pathological changes of rats in the MMA
treatment groups were improved in varying degrees.

Effect of purified anthocyanin of mulberry marc on
histopathological changes of rat kidney

The histopathological changes of the kidney are shown in Figure 7; the
kidney structure was clear and the glomerular structure was regular of

rats in the NC group. Compared with the NC group, the glomerular
volume of rats in the T2D group was enlarging and the base membrane
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Figure 3: Effect of purified anthocyanin of mulberry marc on body weight (a) and organ weight of rats (b). The data were expressed as mean + standard
deviation (n = 10), *P < 0.05, *#P < 0.01 versus NC group; *P < 0.05, **P < 0.01, versus type 2 diabetes group

#
—a—NC 154
—e-T2D
25 —A— MM200
—y— MM100 ~ 124
~ ——MM50 <
= 20 £
= —<— Met =
[} S 94
£ £
£ 15 £ ]
= g
Q 10 [
=) 3
5 0
T T T T T 9 S N S
0 30 60 9 120 SR & § > 9
o s & &
E Time (min) m

Figure 4: The effect of purified anthocyanin of mulberry marc anthocyanin on oral glucose tolerance test (a) and fasting blood glucose (b) of rats. The data
were expressed as mean + standard deviation (n = 10), *P < 0.05, #P < 0.01 versus NC group; *P < 0.05, **P < 0.01, versus type 2 diabetes group
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Figure 5: The effect of purified anthocyanin of mulberry marc on total cholesterol (a), triglycerides (b), superoxide dismutase (c) and malondialdehyde (d) of
rats. The data were expressed as mean + standard deviation (n = 10), *P < 0.05, #P < 0.01 versus NC group; *P < 0.05, **P < 0.01, versus type 2 diabetes group

(b) type 2 diabetes group, (c) Met group, (d) 50 mg/kg group, (e) 100 mg/kg group, (f) 200 mg/kg group, (AN): Hepatocyte; (AN): Inflammatory cell; CV: Central
venous; BD: Bile ductile

thickening; the lumen was expanded, and the epithelial cells were
vacuolated. Compared with the T2D group, the glomerular volume was
decreased of rats in the MMA treatment groups, the number of mesangial
cells decreased, and the mesangial matrix was mild hyperplasia.

Effect of purified anthocyanin of mulberry marc on
histopathological changes of rat pancreas

The histopathological changes of the kidney are shown in Figure 8;
the morphology of islet in the NC group was complete, the boundary
between the islet and exocrine glands is clear, the number of cells in the
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islet is very large, and the arrangement is closely uniform. Compared
with the NC group, pancreatic islet was an obvious modification of rats
in the T2D group, volume was smaller, and the number of cells in the
islet decreased; the boundary was vague and the structure is unclear.
Compared with the T2D group, the changes of islet tissue in each MMA
treatment groups were improved in various degrees.

DISCUSSION

T2D is an endocrine and metabolic disease based on pathological
of insulin resistance insulin secretion defects. STZ is a hydrophilic

Pharmacognosy Magazine, Volume 16, Issue 67, January-March 2020
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Figure 7: Effect of purified anthocyanin of mulberry marc on histopathological of the kidney. Histological observation (a-e, X200, f, X400), (a) NC group,
(b) type 2 diabetes group, (c) met group, (d) 50 mg/kg group, (e) 100 mg/kg group, (f) 200 mg/kg group, (AN\): Glomerular; (4\): Base membrane; CE: Epithelial
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diabetes group; ¢, Met group; d, 50 mg/kg group; e, 100 mg/kg group; f, 200 mg/kg group; (AN): Islet cell; (4N): Islet

compound that can pass cellular membrane via GLUT2 transporters®’!
which make DNA alkylation and lead to 3-cell apoptosis and eventually
develop diabetes.?! Furthermore, GLUT2 transporters are not only
expressed in the pancreas but also in liver and kidney, and this is the
reason why STZ can injure these organs.?”! The fat-enriched diet has
an important influence on insulin resistance.?® The T2D was induced
by high-fat diet combined with STZ which can well simulate the
development of human diabetes and changes that gradually occur
in metabolism of humans.””! We found that the body weight was
obviously (P < 0.05) decreased, and FBG (P < 0.01) was significantly
increased after induced by high-fat diet and STZ. The average weight of
induced rats in each group was at least lighter than the NC group 9.44 g
and FBG was higher 8.74 mmol/mL. It indicated that the T2D was
occurred.

Many clinical researches showed that abnormal blood glucose metabolism
is often accompanied by abnormal blood lipid metabolism.*” TG and TC

Pharmacognosy Magazine, Volume 16, Issue 67, January-March 2020

are the main parameters of lipid metabolism in diabetic patients; the rate of
synthesis of TC is altered by the influence of insulin, that is to say, insulin
can promote the conversion of sugars to TC.®! In general, patients with
T2D have insulin resistance which will cause the increase of TC. In general,
the TG was esterification by free fatty acids in peripheral circulation that
released from fat tissues®! or by acetyl-CoA which is the glucose oxidation
product.”® Under normal physiological conditions, esterification of free
fatty acids dominates the TG generation, followed by glycolipid conversion.
Moreover, in T2D patients, the TC produced by glycolipid conversion will
increase. The increase of TG and TC is a risk factor for complications of
cardiovascular and cerebrovascular diseases in diabetes.***! Therefore,
improving lipid metabolism can normalize glucose metabolism. Our study
showed that TC and TG levels were significantly (P < 0.05) decreased and
the reduction range is 1.71-2.25 and 0.46-0.55 mmol/mL in the MMA
treatment groups when compared to the T2D group; it indicated that MMA
can improve the T2D rats’ lipid metabolism.
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In patients with T2D, the body cannot fully utilize glucose because of
dysglycemia which accelerates the decomposition of fat and protein to
supplement energy and calories. As a result, the body’s carbohydrates,
fats, and proteins are hugely consumed, coupled with the loss of water,
leading to weight loss.*®) Moreover, in hyperglycemia, free radicals
can come from many pathways; the free radicals are closely related
to the activation of angiotensin IL7 Studies have shown that the
content of angiotensin II is increased in T2D."**! Angiotensin II is not
only a vasoactive substance but also a growth factor that can induce
hypertrophy, proliferation of renal cells, and protein production to
cause an increase of kidney weight. In recent decades, a large number
of studies have proved that T2D is an autoimmune disease, which is
related to multi-organ inflammation, and the spleen, as one of the main
organs of immune response, may gain weight due to splenomegaly
caused by inflammation."” In addition, clinical and pathophysiological
studies have shown that the liver and pancreas of T2D patients would
accumulate excessive fat, which will lead to an increase in their
liver weight.*!) Our results showed that body and organ weight was
significantly (P < 0.05) reversed after 4-week MMA treatment, the range
of body weight increased was 10.76-14.01 g, and the range of the liver,
kidney, and spleen decreased was 1.66-1.73, 0.11-0.23, and 0.24-0.41 g
in the MMA treatment groups, respectively, which may indicate that
diabetes was improved after MMA treatment.

Metabolic disorders of lipids and glucose can cause the increase of
oxidative stress level and damage the antioxidant defense system in
T2D patients, and the oxidative stress is defined as excessive of
ROS, such as superoxide, hydrogen peroxide, and hydroxyl radical
ions.® Excessive ROS will destroy the basic structure of cells, induces
mitochondrial division, and results in actions on both the insulin
receptor pathway and stress proteins.*! In addition, the increased
ROS will regulate the expression of Bcl-2 and induce the changes of
mitochondrial membrane potential, leading to the release of cytochrome
C, and then activate the caspase cascade reaction, leading to apoptosis.
Therefore, insufficient insulin secretion is appeared because quantity
and quality of B-cells are reduced.””! Furthermore, the accumulation of
oxidation products will directly damage the sensitive macromolecules
in the islet tissue and reduce the sensitivity of insulin." MDA is a
biomarker of intensified lipid peroxidation and also indirect evidence
of high free radical production in diabetes.*”? SOD plays a pivotal role
in the balance of oxidation and antioxidation, scavenging free radical
and protecting against cell damage."®! As a strong antioxidant, we found
that the SOD was significantly (P < 0.05) increased (26.88-43.32 U/mL)
while MAD significantly (P < 0.05) decreased (1.83-4.46 mmol/mL) in
the MMA treatment groups compared to the NC group. It suggested that
MMA increased antioxidant capacity of T2D rats.

Persistent hyperglycemia can cause damage to various tissues, especially
the kidney, pancreas, and liver, which can aggravate the disease and
cause a series of complications. The liver plays an important role
in maintaining blood glucose homeostasis, balancing the uptake,
storage, and production of glucose via glycogenesis, glycogenolysis,
and gluconeogenesis.”” Therefore, liver injury will lead to excessive
glucose output, increased the expression of gluconeogenesis, and
reduced glycogen synthesis, resulting in hepatic insulin resistance.’*"
Insulin is secreted by irregular cells scattered in the pancreas, and the
destruction of the pancreas directly affects the secretion of insulin and
aggravates diabetes. It was found in the pathological observations that
the pathological changes of liver, kidney, and pancreas of diabetic rats
treated with MMA were obviously improved, which suggested that the
MMA can improve diabetes and its complications.
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CONCLUSION

The study concluded that the content of anthocyanin in MM was very
high, and there was a good hypoglycemic effect of MMA. Moreover,
it possessed hypoglycemic and amelioration diabetes properties by
improving glucose and lipid metabolism and decreasing oxidative stress
and thereby reduced insulin resistance and f-cell apoptosis. MMA is
expected to become an inexpensive natural antioxidant and hypoglycemic
agent as a raw material for the development of hypoglycemic functional
foods and health-care products, so as to realize waste utilization, save
resources, and protect the environment.

Financial support and sponsorship

This study was financially supported by the National Natural Science
Foundation of China (No. 31971641) and the Zhejiang Provincial
Natural Science Foundation of China (LY16C160011).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Nie QX, Hu JL, Gao H, Fan LL, Chen HH, Nie SP Polysaccharide from Plantago asiatica L.
attenuates hyperglycemia, hyperlipidemia and affects colon microbiota in type 2 diabetic
rats. Food Hydrocolloid 2018;86:34-42.

2. Ding M, Pan A, Manson JE, Willett WC, Malik V, Rosner B, et al. Consumption of soy foods
and isoflavones and risk of type 2 diabetes: A pooled analysis of three US cohorts. Eur J Clin
Nutr 2016;70:1381-7.

w

. Mulvihill EE. Dipeptidyl peptidase inhibitor therapy in type 2 diabetes: Control of the incretin

axis and regulation of postprandial glucose and lipid metabolism. Peptides 2018;100:158-64.

4. Mazzola N. Review of current and emerging therapies in type 2 diabetes mellitus. Am J
Manag Care 2012;18:S17-26.

5. Kapoor D, Goodwin E, Channer KS, Jones TH. Testosterone replacement therapy improves
insulin resistance, glycaemic control, visceral adiposity and hypercholesterolaemia in
hypogonadal men with type 2 diabetes. Eur J Endocrinol 2006;154:899-906.

. Hagberg CE, Mehlem A, Falkevall A, Muhl L, Fam BC, Ortsater H, et al. Targeting VEGF-B

as a novel treatment for insulin resistance and type 2 diabetes. Nature 2012;490:426-30.

o

~

Akindele AJ, Otuguor E, Singh D, Ota D, Benebo AS. Hypoglycemic, antilipidemic and
antioxidant effects of valproic acid in alloxan-induced diabetic rats. Eur J Pharmacol
2015;762:174-83.

o]

. Corriere M, Rooparinesingh N, Kalyani RR. Epidemiology of diabetes and diabetes
complications in the elderly: An emerging public health burden. Curr Diab Rep 2013;13:805-13.

©

. Krishnapuram R, Kirk-Ballard H, Dhurandhar EJ, Dubuisson O, Messier V, Rabasa-Lhoret R,
et al. Insulin receptor-independent upregulation of cellular glucose uptake. Int J Obes (Lond)
2013;37:146-53.

10. Nyenwe EA, Jerkins TW, Umpierrez GE, Kitabchi AE. Management of type 2 diabetes:

Evolving strategies for the treatment of patients with type 2 diabetes. Metabolism

2011;60:1-23.

. Talchai C, Xuan S, Lin HV, Sussel L, Accili D. Pancreatic § cell dedifferentiation as a mechanism
of diabetic f cell failure. Cell 2012;150:1223-34.

12. DorY, Glaser B. B-cell dedifferentiation and type 2 diabetes. N Engl J Med 2013;368:572-3.
13. Jaidane H, Sané F Gharbi J, Aouni M, Romond MB, Hober D. Coxsackievirus B4 and

type 1 diabetes pathogenesis: Contribution of animal models. Diabetes Metab Res Rev
2009;25:591-603.

14. Jia W. Diabetes research in China: Making progress. Lancet Diabetes Endocrinol 2017;5:9-10.

15. Yin Y, Zheng Z, Jiang Z. Effects of lycopene on metabolism of glycolipid in type 2 diabetic
rats. Biomed Pharmacother 2019;109:2070-7.

16. Jin DX, He JF, Luo XG, Zhang TC. Hypoglycemic effect of Hypericum attenuatum Choisy
extracts on type 2 diabetes by regulating glucolipid metabolism and modulating gut
microbiota. J Funct Food 2019;52:479-91.

17. Cooper-Driver GA. Contributions of Jeffrey harborne and co-workers to the study of
anthocyanins. Phytochemistry 2001;56:229-36.

18. Lule SU, Xia W. Food phenolics, pros and cons. A review. Food Rev Int 2005;21:367-88.

Pharmacognosy Magazine, Volume 16, Issue 67, January-March 2020



JI-LI FANG, et al.: Study of Mulberry marc Anthocyanin

20.

21

22.

23.

24.

25.

26.

27

28.

29.

30.

31

32.

33.

34.

35.

36.

. Chen QL, Xue LL, Fan Y, Dai MC. Study on optimization of extraction process of resveratrol

from mulberry pomace by response surface methodology. J Shanxi Agric Sci 2016;44:836-9.
Jiang DQ, Guo Y, Xu DH, Huang YS, Yuan K, Lv ZQ. Antioxidant and anti-fatigue effects

of anthocyanins of mulberry juice purification (MJP) and mulberry marc purification (MMP)

from different varieties mulberry fruit in China. Food Chem Toxicol 2013;59:1-7.

Xia H, Tang H, Wang F, Yang X, Wang Z, Liu H, et al. An untargeted metabolomics
approach reveals further insights of Lycium barbarum polysaccharides in high fat diet and
streptozotocin-induced diabetic rats. Food Res Int 2019;116:20-9.

Cheng HS, Ton SH, Phang SC, Tan JB, Abdul Kadir K. Increased susceptibility of post-weaning
rats on high-fat diet to metabolic syndrome. J Adv Res 2017,8:743-52.

Sezik E, Aslan M, Yesilada E, Ito S. Hypoglycaemic activity of Gentiana olivieri and isolation
of the active constituent through bioassay-directed fractionation techniques. Life Sci
2005;76:1223-38.

Hwang IS, Ho H, Hoffman BB, Reaven GM. Fructose-induced insulin resistance and
hypertension in rats. Hypertension 1987;10:512-6.

Lenzen S. The mechanisms of alloxan- and streptozotocin-induced diabetes. Diabetologia
2008;51:216-26.

Nain P Saini V, Sharma S, Nain J. Antidiabetic and antioxidant potential of Emblica officinalis
gaertn. leaves extract in streptozotocin-induced type-2 diabetes mellitus (T2DM) rats.
J Ethnopharmacol 2012;142:65-71.

Radenkovi C, Marko SC, Milica P Experimental diabetes induced by alloxan and
streptozotocin: The current state of the art, Miroslav. J Pharmacol Toxicol 2015;15:3002-12.
Reed MJ, Meszaros K, Entes LJ, Claypool MD, Pinkett JG, Gadbois TM, et al. A new rat model
of type 2 diabetes: The fat-fed, streptozotocin-treated rat. Metabolism 2000;49:1390-4.
Radenkovi¢ M, Stojanovi¢ M, Prostran M. Experimental diabetes induced by alloxan and
streptozotocin: The current state of the art. J Pharmacol Toxicol Methods 2016;78:13-31.
Shams E, Alyayya M, Akat A. Type 2 diabetes mellitus-induced hyperglycemia in patients with
NAFLD and normal LETs: Relationship to lipid profile, oxidative stress and pro-inflammatory
eytokines. Lipids 2011;46:931-41.

Dandona F, Aljada A, Bandyopadhyay A. Inflammation: The link between insulin resistance,
obesity and diabetes. Trends Immunol 2004;25:4-7.

Emamaullee JA, Shapiro AM. Interventional strategies to prevent beta-cell apoptosis in islet
transplantation. Diabetes 2006;55:1907-14.

Samuel VT, Shulman Gl. The pathogenesis of insulin resistance: Integrating signaling
pathways and substrate flux. J Clin Invest 2016;126:12-22.

Tracey TJ, Steyn FJ, Wolvetang EJ, Ngo ST. Neuronal lipid metabolism: Multiple pathways
driving functional outcomes in health and disease. Front Mol Neurosci 2018;11:10.

Giandalia A, Romeo EL, Ruffo MC, Muscianisi M, Giorgianni L, Forte F, et al. Clinical
correlates of persistently elevated liver enzymes in type 2 diabetic outpatients. Prim Care
Diabetes 2017;11:226-32.

Goboza M, Aboua YG, Chegou N, Oguntibeju OO. Vindoline effectively ameliorated

Pharmacognosy Magazine, Volume 16, Issue 67, January-March 2020

37

38.

39.

40.

41.

42.

43.

44.

45.

46.

4

~

48.

49.

50.

diabetes-induced hepatotoxicity by docking oxidative stress, inflammation and
hypertriglyceridemia in type 2 diabetes-induced male wistar rats. Biomed Pharmacother

2019;112:108638.

Manju S, Neha A, Nites H, Pankaj G. Effect of petroleum ether extract of
Sesbania sesban (Merr.) roots in streptozotocin (STZ) induced diabetes in mice. Asian Pac J
Trop Biomed 2012;1:254-60.

Min SH, Kong SH, Lee JE, Lee DH, Oh TJ, Kim KM, et al. Association of angiotensin-II
levels with albuminuria in subjects with normal glucose metabolism, prediabetes, and type 2

diabetes mellitus. J Diabetes Complications 2017;31:1499-505.

Kedziora-Kornatowska K. Effect of angiotensin convertase inhibitors and AT1 angiotensin
receptor antagonists on the development of oxidative stress in the kidney of diabetic rats.
Clin Chim Acta 1999;287:19-27.

Manna P Ghosh J, Das J, Sil PC. Streptozotocin induced activation of oxidative stress
responsive splenic cell signaling pathways: Protective role of arjunolic acid. Toxicol Appl

Pharmacol 2010;244:114-29.

Balasub R, Srinivasan T, Melanie D. Glycaemic management of type 2 diabetes. Medicine
2019;47:32-9.

Safari MR, Sheikh N. Effects of flavonoids on the susceptibility of low-density lipoprotein to
oxidative modification. Prostaglandins Leukot Essent Fatty Acids 2003;69:73-7.

Sen S, Roy M, Chakraborti AS. Ameliorative effects of glycyrrhizin on streptozotocin-induced
diabetes in rats. J Pharm Pharmacol 2011;63:287-96.

Schieber M, Chandel NS. ROS function in redox signaling and oxidative stress. Curr Biol
2014;24:R453-62.
Boucher J, Kleinridders A, Kahn CR. Insulin receptor signaling in normal and insulin-resistant

states. Cold Spring Harb Perspect Biol 2014;6. pii: a009191.

Yang F, Pei R, Zhang Z, Liao J, Yu W, Qiao N, et al. Copper induces oxidative stress and
apoptosis through mitochondria-mediated pathway in chicken hepatocytes. Toxicol /n Vitro
2019;54:310-6.

Grimsrud PA, Xie H, Griffin TJ, Bernlohr DA. Oxidative stress and covalent modification of
protein with bioactive aldehydes. J Biol Chem 2008;283:21837-41.

Dawud FA, Eze ED, Ardja AA. Ameliorative effects of Vitamin C and zinc in Alloxan-induced
diabetes and oxidative stress in wistar rats. Curr Res J Biol Sci 2012;4:123-9.
Lopez-Carreras N, Fernandez-Vallinas S, Hernédndez R, Miguel M, Amaya, A. Short-term
effect of an aqueous Fraxinus excelsior L. seed extract in spontaneously hypertensive rats.
Food Res Int 2013;563:81-7.

Roy Taylor AM, Sviatlana Z, Carl Peters A, Barnes C, Benjamin S. Remission of human type 2
diabetes requires decrease in liver and pancreas fat content but is dependent upon capacity

for B cell recovery. Cell Metab 2018;28:547-56.

75



