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ABSTRACT

Background: Among the dietary polyphenolic, quercetin is the
most common compound available in vegetables and fruits. The
phytochemicals are used to treat diabetic wounds and diabetes, and
specifically dietary polyphenols are being extensively studied for their
anti-inflammatory and antioxidant abilities. Objective: The objective of
the study was to assess the hypoglycemic, hypolipidemic, and wound
healing potential of quercetin in streptozotocin (STZ)-induced diabetic
Wistar rats. Materials and Methods: Induction of diabetes was done by
intraperitoneally administration of STZ at the dose of 55 mg/kg in Wistar
rats. An excision wound was created in diabetic rats that were treated
with quercetin (100 mg/kg) orally and quercetin ointment topically to
evaluate the antidiabetic and wound healing potential of quercetin.
Results: Repeated oral administration of quercetin along with topical
application of quercetin ointment in diabetic rats normalized the altered
blood glucose, hydroxyproline, and glucosamine levels. Topical application
of quercetin ointment alone on the excised wound was sufficient enough
to heal the wound area in diabetic rats. Conclusions: The result of the
present study indicates that quercetin produces hypoglycemic effect in
STZ-induced diabetic rats and normalized plasma lipids and protein profiles.
Besides, this quercetin also has an excellent wound healing property when
applied topically on the wound area in diabetic rats.

Key words: Diabetes, hydroxyproline, quercetin, Wistar rats, wound
healing

SUMMARY

e Quercetin has hypoglycaemic and hypolipidemic potential in streptozotocin
induced diabetes in wistar rats

e Dermal application along with oral administrations of quercetin has more
effective in wound healing in diabetic animals

¢ Histopathological studies of pancreas, skin and liver shows significant
reduction in archaeological alterations on quercetin administrations in
diabetic rats.

INTRODUCTION

The prevalence of noncommunicable diseases is expanding at an
increasing rate.!! Diabetes is the third killer of humankind after tumor, and
cardiovascular ailments as a result of its high pervasiveness, morbidity, and
mortality.” The prevalence of diabetes has risen steeply with an increase
of mortality and morbidity rates.”! Diabetes is a worldwide epidemic with
an expected worldwide prevalence of 246 million people in 2007 and is
predicted to rise to 300 million by 2025." Diabetes is related with anomalous
lipid/carbohydrate metabolism and is considered as the main risk factor for
developing atherosclerosis and cardiovascular complications.”!

Wounds and the
treatment and healing of wounds is a craftsmanship as old as
humankind.”! Increasing life expectancy coupled with change in
lifestyle, wounds, particularly chronic wounds, increasingly affect elder
patients.”’ The current assessments show that almost 6 million people
are affected with interminable wounds causing great physiological and

have affected humans since ancient times,
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mental trauma.® The pathological conditions such as diabetes, immune
disorders, ischemia, venous stasis, and injuries such as burns, frostbite,
and gunshot wounds impair wound healing. Venous insufficiency
related with diabetes build up a profound ulceration/injuries of the
lower appendages.””’ Studies have demonstrated that there is a strong
relationship between inflammatory processes and the development and
advancement of diabetic complications.!'
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Numerous epidemiological reviews have recommended that intake of
vegetable, fruits, red wine, and green tea on a regular basis, decreases the
mortality rate."! Plants are a source of various bioactive compounds,
and many of these compounds are customarily used to accelerate the
process of healing.'” Plants bioactive constituents, flavonoids, have
received considerable attention in recent years. Flavonoids have been
referred as “nature’s biological response modifiers” as a result of their
intrinsic capacity to alter the body response to allergens, viruses, and
carcinogens.”! The enthusiasm for dietary flavonoids has developed
over the most recent 15 years after the publication of few logical
reviews demonstrating an inverse correlation between the dietary
utilization of flavonoids and abatement in frequency as well as mortality
from cardiovascular diseases. Among the tested bioflavonoid,
quercetin is known to have the highest antioxidant activity."* Quercetin
belongs to a class called flavonols that exists abundantly in onions,
apples, berries, nuts, cauliflower, cabbage, red wine, and Chinese
herbs.!" Quercetin has been reported for an extensive variety of natural
activities such as antioxidant, anti-inflammatory, antiatherosclerotic,
and anticarcinogenic properties.'”!®¥ Keeping this in view the present
study was conducted to evaluate the hypoglycemic, hypolipidemic, and
wound healing potential of quercetin on diabetic wound in Wistar rats.

MATERIALS AND METHODS
Experimental animals

The study was conducted on healthy Wistar rats of either sex weighing
180-220 g obtained from Indian Institute of Integrative Medicine,
Jammu, India. The rats were given standard pelleted ration and
ad libitum drinking water. Before the beginning of the experiment, the
rats were acclimatized to the research laboratory condition for a period
of >3 weeks. The trial convention was affirmed and supervised by the
Institutional Animal Ethics Committee.

Induction of diabetes

Nearly 0.5% of streptozotocin (STZ) solution was prepared freshly in ice
cold sodium citrate buffer (0.1M; pH 4.5) bearing strength of 10 mg/ml
and was injected intraperitoneally to overnight fasted Wistar rats at the
dose of 55 mg/kg body weight.!'*2!l After STZ administration, there occurs
a massive release of insulin from pancreas, so rats were kept on 0.5%
glucose water to avoid hypoglycemic condition for the next 24 h.?>%! After
72 h of STZ administrations, the blood glucose level was estimated using
glucometer® and the rats indicating >225 mg/dl blood glucose level were
considered as diabetic rats and included in the study.*!

Creation of wound and its measurement

Group I to VI containing six Wistar rats in each were selected to create
excision wound after anesthetizing with intramuscular administration
of ketamine hydrochloride (75 mg/kg) and xylazine (10 mg/kg). The
dorsal surface of rats was shaved and an area of 2 cm x 2 cm was marked
using transparent tracing paper. A full thickness excision wound of area
2 cm x 2 cm (400 mm?) was made along the markings.**! The wound
was then measured on 4%, 8%, 12%, 16", and 21 day of treatment. The
percentage wound area contraction was calculated using formula:

Percent ( % )

Woundareaonday0-Woundareaonday ‘n’ 100
X

wound closure =
Woundareaonday0

Where “n” is the number of days.
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Experimental design

Thirty diabetic rats and six healthy Wistar rats were chosen and divided
into six groups containing six animals in each group. Induction of
diabetes was done in all groups (Group II to Group VI) except in
Group I which served as vehicle control group receiving 1 ml/day/rat
carboxymethyl cellulose (CMC 0.01%) orally and petroleum jelly for
21 days. Group II diabetic rats were treated with CMC and petroleum
jelly topically for 21 days. Group III was treated with 5% povidone
ointment topically and CMC orally for 21 days. The diabetic rats of both
Group IV and Group V received quercetin ointment topically, and in
addition, Group V received quercetin orally after mixing it in CMC at the
dose of 100 mg/kg body weight for 21 days. Group VI diabetic rats were
treated with glibenclamide at the dose of 5 mg/kg body weight orally for
21 days. One gram of quercetin was mixed with 99 g of petroleum jelly
to make quercetin ointment (1%).

Biochemical profile

The biochemical parameters, namely, blood glucose, total plasma
proteins, albumin, total cholesterol, high-density lipoprotein (HDL),
low-density lipoprotein (LDL) along with the levels of glucosamine,?”!
and hydroxyproline®®® were estimated on 21* day of the experiment to
analyze the effect of quercetin on wound induced in diabetic rats.

Histopathological studies

The histopathological studies of the skin, liver, and pancreatic tissues
were performed in accordance with the standard method. Briefly, a small
portion of tissue was quickly fixed in 10% formalin. After the formalin
fixation, fixed tissues were embedded in paraffin, sectioned, stained with
hematoxylin and eosin, and examined under a light microscope for
further histopathological examination.

Statistical analysis

The statistical analysis was carried out in completely randomized design
and the significance level was tested using Duncan multiple test®! at 5%
level (P < 0.05).
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Figure 1: Effect of repeated oral administration of quercetin on the blood
glucose level (mg/dl) of control and diabetic Wistar rats at 0 and 21° day
of administration
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RESULTS

Effect of quercetin on blood glucose level

The blood glucose level was significantly (P < 0.05) increased in
Group IL III, IV, V, and VI diabetic Wistar rats on day 0 compared
to that of Group I Wistar rats [Figure 1]. After treating the diabetic
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Figure 2: Effect of repeated oral administrations of quercetin on percent
wound contraction in control and diabetic Wistar rats at different time
intervals

rats of Group V with quercetin (100 mg/kg) and topical application
of quercetin (1%), the blood glucose level was significantly reduced
on 21* day of treatment and the levels were comparable to Group I
control rats.

Effect of quercetin on wound contraction

The present study revealed that the percentage wound contraction on
21 day was significantly (P < 0.05) decreased in Group II when compared
to day 4 [Figures 2 and 3]. A significant increase in the percentage
wound contraction was observed in Group III, IV, V, and VI after the
treatment period of 21 days. The glucosamine levels of Group III and
Group V were comparable with the level of Group I on 21* day of the
experiment [Figure 4]. A significant decline was observed in Group II,
Group 1V, and Group VI glucosamine levels as compared to Group 1.
However, the glucosamine level of Group III, V, and VI was increased
significantly as compared to Group II. The levels of hydroxyproline were
significantly increased in Group II, Group IV, and Group VI as compared
to the level of hydroxyproline in Group I. The hydroxyproline levels of
Group III and Group V were comparable with the levels in Group I
[Figure 4].

Effect of quercetin on lipid and total plasma protein
profiles

Group II, III, and IV showed a significant increase in the total cholesterol
levels compared to Group I. However, in Group V and Group VI treated
with quercetin and glibenclamide, respectively, for 21 days, a significant
decline in the total cholesterol levels was observed as compared to Group II.
The HDL cholesterol levels were significantly increased in Group V and VI

4* day 8™ day

Group-I

Group-ll

Group-IlI

Group-VI

12* day 16 day

Figure 3: The effect of repeated oral administration of quercetin on wound contraction in Wistar rats at 4", 8, 12th, 16, and 21t day of treatment period
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Table 1: Effect of repeated oral administration of quercetin on plasma lipid profile of control and diabetic rats

Groups Total cholesterol (mg/dl) HDL cholesterol (mg/dl) Triglycerides (mg/dl) LDL cholesterol (mg/dl)
Group I 65.49+2.25% 34.48+1.82* 41.50+1.78° 22.71+3.22°
Group II 83.02+2.98° 20.97+2.14° 72.54+2.83" 47.55+3.24°
Group III 77.5945.34b¢ 24.50+1.47° 69.74+3.94° 39.15+6.03"
Group IV 75.63£3.195¢ 24.53+2.75° 68.91+2.84° 37.32+4.13°
Group V 68.59+2.04*¢ 35.68+1.25% 44.68+1.18° 23.97+2.10°
Group VI 65.25+2.54* 33.74+2.03* 43.01+3.90° 22.91+3.02°

Values are presented in mean+SE (n=6). Values having different superscript in a column differ significantly at 5% (P<0.05) level of significance. SE: Standard error;

HDL: High-density lipoprotein; LDL: Low-density lipoprotein

Table 2: Effect of repeated oral administration of quercetin on plasma protein
profile of control and diabetic Wistar rats

Groups Total plasma proteins (g/dl) Albumin (g/dl)
Group I 6.193+0.283° 5.60+0.29°
Group II 5.008+0.254° 4.05+0.10°
Group III 5.0950.132° 2.70+0.30¢
Group IV 4.752+0.197° 3.5140.23%¢
Group V 5.968+0.145* 5.06+0.31°
Group VI 6.433+0.472* 5.45+0.46°

Values are presented in mean+SE (n=6). Values having different superscript in
a column differ significantly at 5% (P<0.05) level of significance. SE: Standard
error

when compared to Group II and the levels were comparable to Group I on
21* day of the experiment. However, a significant decline in HDL cholesterol
levels was found in Group II, III, and IV as compared to Group I [Table 1].
The triglyceride levels and LDL cholesterol levels of Group V and VI showed
a significant decrease from Group II, respectively, and the levels were
comparable to Group I on 21 day of the experiment. A significant increase in
the triglyceride and LDL cholesterol levels was found in Group IL, III, and IV,
respectively, compared to the level of triglyceride and LDL cholesterol level
in Group I [Table 1]. The level of total plasma proteins in Group V and VI
showed a significant increase compared to the level of total protein in Group
1T and the total protein levels of both Group V and VI were comparable with
Group I. A significant decrease in the total protein level was found in Group
IL, 11T, and IV as compared to Group 1. The albumin level of Group V and VI
was significantly increased as compared to Group II. Furthermore, the level
of albumin in Group V and VI was comparable with the level of albumin in
Group I. There was a significant decline in the albumin levels of Group IT, II,
and IV as compared to Group I [Table 2].

Effect of quercetin on histopathology of skin

A mild keratinization was seen in skin of Wistar rats of Group II. The
keratinization along with the normal epidermis and hair follicles was seen
in Group III The keratinization along with the presence of inflammatory
cells was seen in Group IV. In Group V, hyperkeratinization was seen
and keratinization along with collagen fibers was observed in Group VI
[Figure 5].

Effect of quercetin on histopathology of liver

In Group II, severe necrosis of hepatocytes was observed. Dilation of
central vein and mild pericentral vacuolar degeneration of hepatocytes
was observed in Group III. Binucleation of hepatocytes and fatty
degeneration was seen in Group IV. In Group V, mild fibrotic changes
were observed, and in Group VI, normal cord pattern of hepatocytes
was seen [Figure 6].

Effect of quercetin on histopathology of pancreas

Severe degeneration and necrosis of acinar cells were seen in Group
I1. Degenerative changes such as cellular infiltration and fibrosis were
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Figure 4: Effect of repeated oral administration of quercetin on
hydroxyproline and glucosamine levels in control and diabetic Wistar rats

seen in Group III and IV. Persistent necrosis of islets of Langerhans was
seen in Group V even after treating the rats with quercetin (100 mg/kg).
However, mild cellular infiltration was seen in Group VI after treating
the rats with glibenclamide [Figure 7].

DISCUSSION

Diabetes induced by STZ in Wistar rats serves as an efficient and effective
model for studying antidiabetic potential of phytochemicals in animal
model. In the present study, a single intraperitoneal administration of STZ
significantly increased the glucose level of blood to >225 mg/dl. A similar
increase in blood glucose level has been reported due to STZ-induced
diabetes in Wistar rats.***? A significant decline in blood glucose
level was found when hyperglycemic rats were treated with quercetin
indicating the hypoglycemic activity of quercetin. The hypoglycemic
potential of polyphenols is mainly due to the decreased intestinal
assimilation of dietary carbohydrates, regulation of enzymes involved
in glucose metabolism, change of 3-cell functioning, and insulin activity
and stimulation of insulin secretion.*®! Kwon et al.* also reported a
similar decrease in the blood glucose level and the possible mechanism
due to which quercetin enhances glycemic control is because of decreased
intestinal glucose assimilation at the level of glucose transporters (GLUTs).
It is also thought that quercetin may block tyrosine kinase,* but as per
Strobel et al.,*®! the inhibitory impact of quercetin on glucose uptake is
because of direct activity on the transporter GLUT4 as opposed to its
impact on cellular protein tyrosine kinase. Various studies have reported
that oxidative stress results in the production of reactive nitrogen
and oxygen species due to which the mitochondrial cell membrane
potential changes resulting in release of cytochrome C and activating
cell apoptosis.’”! The pancreatic cells of diabetic rats were regenerated
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Figure 5: Photomicrograph of hematoxylin and eosin (H and E, x100)
stained sections of formalin-fixed skin of control and treated groups of
diabetic Wistar rats

after treating them with quercetin similar to that of Vessal et al.**! who
proposed that quercetin supplementation is beneficial in diminishing
blood glucose concentration, advancing recovery of pancreatic islets, and
increasing insulin release in diabetic rats. The possible mechanism may
be because of the protective role of quercetin against oxidative damage,
thus protecting the pancreatic 3-cells.

The elevated blood glucose level in diabetes may cause endothelial
damage with potential occlusion of capillary vessels as well as
hyperglycemia-induced leukocyte dysfunction, decrease chemotaxis
and phagocytosis resulting in impaired wound healing, and increased
infection rate. Defective collagen metabolism in diabetes is thought
to be a factor in delayed wound healing.” The impaired healing in
diabetic rats is predominantly due to hypoxia, fibroblast and epidermal
cell dysfunction, impairment in angiogenesis, neovascularization,
and increased levels of metalloproteases.*” Besides, this an increased
production of reactive oxygen species (ROS), lipid peroxidation,
and ineffective scavenging has a vital role in skin lesions and in
modulation of fibroblast proliferation.!! The histopathological study
revealed well-organized collagen fibers, increase in fibroblast cells,
and new blood vessel formation after the wound was treated with
quercetin. The quercetin ointment (1%) alone and in combination with
quercetin orally resulted in significant increase in wound contraction
by enhanced epithelization and the possible mechanism of improved
healing by quercetin is due to the ability of quercetin to improve the
tissue antioxidant levels. Our findings were similar to the findings

Pharmacognosy Magazine, Volume 13, Issue 51, July-September 2017 (Supplement 3)
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Figure 6: Photomicrograph of hematoxylin and eosin (H and E, x100)
stained sections of formalin-fixed liver of different groups in control and
diabetic rats

of Rajamanickam et al.*?! who evaluated the antibacterial and wound
healing activity of quercetin. Maha et al.**) also found that quercetin
due to its antifibrotic and antihistaminic effect could be an effective
treatment for hypertrophic scars. Ghorbani et al./*! also reported that
2% quercetin cream was effective in treating phlebitis. Flavonoid helps
in increasing collagen synthesis, promotes cross-linking of collagen,
decreases the degradation of soluble collagen, promotes conversion of
soluble collagen to insoluble collagen, and hinders the catabolism of
soluble collagen. Disintegration of collagen releases free hydroxyproline
and its peptides; subsequently, hydroxyproline estimation is used as an
indicator for collagen turnover.*’!

Hyperlipidemia due to diabetes is mainly because of the increased
mobilization of lipids from adipose tissue.® In diabetic condition,
lipoprotein lipase is decreased due to which level of lipoproteins
increases in blood."” In the present study, a significant decline in the
levels of total cholesterol, triglyceride, and LDL cholesterol was seen
along with a significant increase in the HDL cholesterol levels after
treating STZ-induced rats with quercetin, and the results were in
accordance with Kobori et al.*8! who found that quercetin resulted in
diminished expression of peroxisome proliferator-activated receptor
o and sterol regulatory element-binding-protein-1c, thus resulting in
decreased synthesis of triglycerides in the liver of mice. Gnoni ef al.**!
also reported that quercetin reduces the synthesis of triglycerides and
fatty acid synthesis. Quercetin is also found to decrease the activity
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Figure 7: Photomicrograph of hematoxylin and eosin (H and E, x100)
stained sections of formalin-fixed pancreas of different groups in control
and diabetic rats

of acetyl-CoA carboxylase in rat hepatocytes and thus resulting in
hypotriglyceridemic effect. Khaki® reported that quercetin has a
defensive impact against putrefaction and apoptosis instigated by
experimental ischemia and reperfusion in rat liver reccommending that
quercetin treatment may have a part at subcellular level in counteracting
ischemia and reperfusion incited apoptosis. It likewise protects the
hepatobiliary functions and the liver structure in hepatic damage.

Oxidation of proteins due to ROS is one of the important and deleterious
responses of membrane proteins implicated in the manifestation
of critical illness. Some metabolic modifications prompt a negative
nitrogen balance, improved proteolysis, and decrease the synthesis of
proteins in experimental diabetes.*! In the present study, an increase
in total plasma proteins after the oral administration of quercetin may
be due to reduced oxidation of plasma proteins. These findings were as
per the study of Dene et al.,* who detailed that hypoglycemic impact of
quercetin results in decreased glycation of cellular proteins.

CONCLUSION

Observations of the present study indicate that quercetin not only
possesses hypoglycemic, hypolipidemic, potential but also an excellent
wound healing property in diabetic rats.
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