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Abstract

Abnormal glucose metabolism causes various complications in many metabolic

diseases such as obesity, hypertension, cardiovascular diseases and mainly

diabetes. But commonly used oral hypoglycemic drugs cause severe side effects.

Hence, there is a need to find the medicine without side effects. Compounds of

medicinal plants were nontoxic, inexpensive and less or no side effects. Syzygium

paniculatum Gaertn. (Magenta Cherry) is one of the important medicinal plants

in the genus Syzygium. The fruit of S. paniculatum is sour apple-like flavor

which tribes using for diabetes without scientific evidence. The purpose of study

was to investigate the phytochemical analysis, antihyperglycemic,
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antihyperlipidemic, antioxidative stress and antioxidant activities of the daily oral

administration of the fruit aqueous extract of S. paniculatum at a dose of 100

mg/kg bw over a period of 120 days in Streptozotocin-induced diabetic rats.

The plant material collected, shade dried and the extracts prepared in increasing

order of polarity and screened for different phytoconstituents by Harborne

method. The extract with significant antihyperglycemic activity evaluated for

antihyperlipidemic, antioxidative stress, antioxidant activity and also for insulin

resistance by OGTT. The levels of insulin, HbA1c, lipid profile, glycogen, total

proteins, liver and kidney functional markers were measured. The changes in

antioxidant defense system were evaluated by TBARS assay. Histopathological

examination of pancreas sections carried by hematoxylin and eosin stain. The

findings confirm that S. paniculatum possesses potential antihyperglycemic,

antihyperlipidemic, antioxidative stress and antioxidant activity. The histological

changes also coincide with its potential on insulin secretion, glycemic control,

lipid metabolisms, oxidative stress and antioxidant enzyme activities. This

investigation confirms the traditional use of this plant in the folk medicine.

Keywords: Biochemistry, Cell biology, Systems biology

1. Introduction

Diabetes mellitus is a progressive carbohydrate metabolic disorder andmost common

oxidative-stress related disease. It has overwhelmed a large number of populations all

over the world. At present 2.8% of the world’s population affected by diabetes, it may

increase to 4.4% of the total world’s population by 2030 [1]. The mechanism of path-

ogenesis of diabetes type 1 and type 2 are diverse, but the complications allied with

hyperglycemia remain similar in both the types. In diabetes chronic hyperglycemia

is main cause for the higher production of free radicals which can leads to the forma-

tion of the reactive oxygen species (ROS), intern activate oxidative stress and which

measured by the index of lipid peroxidation. The upturn in lipid peroxidation leads to

remarkable increase in the levels of thiobarbituric acid reactive substances (TBARS)

which expressed regardingmalondialdehyde (MDA) content and fatty acid hydroper-

oxides in diabetic condition [2]. Due to hyperglycemia, various factors like defect in

the mechanism of insulin, hyperlipidemia, and oxidative stress were triggering severe

complications like diabetic retinopathy, diabetic myopathy, diabetic neuropathy, car-

diovascular disorders, ulcers, and amputations.

Now a days, the diabetes is controlled by using various pharmacological agents and

different non-pharmacologic methods, like as diet and exercise. But, it was reported

that the most commonly available oral hypoglycemic synthetic agents can generate

severe adverse symptoms. In this context as a result of the serious adverse side effects

associated with synthetic oral hypoglycemic drugs, compounds ofmedicinal plant are
on.2019.e01373
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nontoxic, inexpensive and much productive for the management of diabetes. So that,

present research is going on traditional medicinal plants, which can be applied as an

alternative medicine for the treatment of diabetes. The various phytoconstituents with

antidiabetic potential activity were isolated and reported from various medicinal

plants. Last few years, different extracts from different traditional medicinal plants

have been studied which helpful for management of diabetes mellitus.

Species of Syzygium was ethnopharmacologically reported for various medicinal

properties. Moreover the fruits of Syzgium sp. edible and used for ethnobotanical

practices for treating chronic diseases like cancer, diabetes and cardiovascular disor-

ders [3]. Syzygium paniculatum Gaertn. (Syn. Eugenia paniculata (Gaertn.) Britten

[Illegitimate]) one such a crucial medicinal plant in the genus Syzygium belongs to

the family of Myrtaceae. Syzygium paniculatum (SP) is also known by the names of

Magenta Cherry, Magenta Lilly Pilly, and Brush Cherry (Locally known as Adavi

Neredu). The leaves of S. paniculatum are dark glossy above and paler below, the

white color of flowers generates in the cluster and the eatable fruits are generally

magenta colour but can be white, pink or purple with a pleasantly sour apple-like

flavor. It is mostly edible fresh or used to cook into jams. SP has a great medicinal

value and reported for various medicinal activities, as the fruit contain essential

bioactive constituents with significant anti-cancer properties [4]. Tribes using the

fruit of SP for diabetes without scientific evidence [5]. Therefore, this study has

been aimed to assess the antihyperglycemic, antihyperlipidemic, oxidative stress sta-

tus and antioxidant potential activities of the fruit aqueous extract of S. paniculatum

in streptozotocin (STZ)-induced diabetic wistar rats.
2. Materials and methods

2.1. Plant material

Ripened SP fruit was collected from the foothills of the Seshachalam hill ranges of

the Eastern Ghats, Tirupati. The plants were authenticated by the botanist, Sri Ven-

kateswara University, Tirupati, Andhra Pradesh, India. A voucher specimen (Her-

barium Accession Number: 1143) has kept in the library herbarium for future

reference. Full-grown Syzygium paniculatum Gaertn. fruits were collected and

brought to our laboratory and frozen immediately in liquid nitrogen and freeze-

dried. By using a blender, the dried fruits were powdered, sieved by using a steel

mesh and sealed in an airtight container for storage at 4 �C for experimentation.
2.2. Preparation of hexane, ethyl acetate, methanol and aqueous
extracts

The SP fruits powder was used to prepare different solvent extracts like hexane, ethyl

acetate and methanol extracts by Soxhlet extractor at 68e70 �C. The obtained
on.2019.e01373

ors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

censes/by-nc-nd/4.0/).

https://doi.org/10.1016/j.heliyon.2019.e01373
http://creativecommons.org/licenses/by-nc-nd/4.0/


4 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01373
filtrates further distilled and concentrated by using Buchi rotavapor R-200 under

reduced pressure at low temperature (40e45 �C) and the resultant was finally

freeze-dried. The yields of the hexane, ethyl acetate, and methanol extracts were

25%, 20%, and 25% w/w, respectively. Finally, the powder obtained from the fruits

of SP was soaked in a glass jar for 48 h at room temperature and the solvent has been

filtered. The extraction was continued 3 to 4 times repeatedly, till the colorless filtrate

obtained. The filtrate was concentrated to dryness using a Buchi Rotavapor R-200

rotary at 40 �C under reduced pressure and resultant was freeze-dried. The yield

of the extract was 30% (w/w). All the extracts were preserved at -20 �C in airtight

containers till required.
2.3. Phytochemical analysis of solvent extracts

The freshly prepared different extracts of SP qualitatively analyzed to identify the

presence of different phytochemical constituents by standard method proposed by

Harborne [6].
2.4. Experimental animal model

Albino Wistar rats (Male) with the specifications of aged 3e4 months and body

weights 200 � 10g were used for the experiment. The animals have been fed with

regular controlled diet and kept in a well-ventilated animal house at 25 � 5 �C
with 12 h light/dark cycle. The care and use of animals was followed by the institu-

tional ethical committee guidelines.
2.5. Diabetes induction by STZ

Diabetes was induced by intraperitoneal administration of STZ (Sigma, Detroit,

USA) with a single dose concentration of 45 mg/kg bw dissolved in freshly prepared

0.01 M citrate buffer pH 4.5. After 48 h the rat whose fasting blood glucose was

higher than 250 mg/dL were used for the experiments. All the animals were

permitted, free access to water and pellet diet and retained at room temperature in

plastic cages, as per the advice of the IAEC.
2.6. Effect of extracts of the fruit of SP on antihyperglycemic
activity

The rats divided into 6 groups, each group consisting of 6 rats.

Group 1: Control (C)

Group 2: Diabetic Control (DC)

Group 3: DC þ 50 mg of Hexane extract/kg bw
on.2019.e01373
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Group 4: DC þ 50 mg of Ethyl acetate extract/kg bw

Group 5: DC þ 50 mg of Methanol extract/kg bw

Group 6: DC þ 50 mg of Aqueous extract/kg bw

After, an overnight fasting, the rats of group 1 and group 2 were taken only distilled

water. Whereas group 3, group 4, group 5 and group 6 diabetic rats received the fruit

of hexane extract, ethyl acetate, methanol and aqueous extracts each at a dosage of

50 mg/kg bw respectively. The blood samples were collected for the analysis of fast-

ing blood glucose (FBG) from the tail vein at 0, 1, 2, 3, 4, 5 and 6 h after feeding the

extracts. The FBG levels were measured by using glucose oxidase-peroxidase reac-

tive strips with a glucometer. The results were analyzed and compared with the con-

trol and diabetic control groups.
2.7. Effect of different doses of fruit aqueous extract of Syzygium
paniculatum (FAESP); dose fixation study

The rats divided into 9 groups and each group consisting of 6 rats.

Group 1: Control (C)

Group 2: Diabetic Control (DC)

Group 3: C þ 50 mg of FAESP/kg bw/day

Group 4: C þ 100 mg of FAESP/kg bw/day

Group 5: C þ 200 mg of FAESP/kg bw/day

Group 6: DC þ 50 mg of FAESP/kg bw/day

Group 7: DC þ 100 mg of FAESP/kg bw/day

Group 8: DC þ 200 mg of FAESP/kg bw/day

Group 9: DC þ 10 mg of glibenclamide (Gli)/kg bw/day

After the overnight fasting, the group 1 control and group 2 diabetic control rats

taken only distilled water. While group 3, 4, 5 control-treated rats and group 6, 7,

8 diabetic control rats consumed FAESP at a dosage of 50, 100 and 200 mg/kg

bw, respectively. But, group 9 rats received standard drug glibenclamide at a dosage

of 10 mg/kg bw. The blood samples were collected for the analysis of blood glucose

from the tail vein at 0, 1, 2, 3, 4, 5 and 6 h after feeding the extract. Moreover, blood

glucose levels analyzed by using glucose oxidase-peroxidase reactive strips with a

glucometer. The results were analyzed and compared with the control and diabetic

control groups.
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2.8. Effect of 120 days long-term treatment at a dose of 100 mg of
FAESP/kg bw on glycemic control, glycosylated hemoglobin
(HbA1c), insulin, OGTT, lipid profile, hepatic, renal function
markers, oxidative stress status and antioxidant enzyme activities

The rats divided into 5 groups, and each group consisted of 6 rats.

Group 1: Control (C)

Group 2: C þ 100 mg of FAESP/kg bw/day/120 days

Group 3: Diabetic Control (DC)

Group 4: DC þ 100 mg of FAESP/kg bw/day/120 days

Group 5: DC þ 10 mg glibenclamide/kg bw/day/120 days

The FAESP and standard drug glibenclamide (Gli) were orally administered to the

animals of the respective groups in every day morning for 120 days by gastric intu-

bation with a force-feeding needle. Before the end of the experiment, the oral

glucose tolerance test (OGTT) was done in overnight fasted control and STZ-

induced diabetic rats. Glucose (2 g/kg bw) was administered orally to all groups

of rats using a force-feeding needle. The group 2 and group 4 rats were administered

with FAESP and group 5 treated with glibenclamide respectively. Control rats

(group 1) and control treated rats (group 2) were fed with distilled water alone.

The blood samples were collected from the tail veins of all groups of the rats

from 0 min to 180 min at every 30 min of the time interval. The blood glucose levels

were determined by using dextrostix with a basic one-touch accu-chek glucometer.

The body weights of all groups rats were recorded before the treatment and during

the experimental period at regular intervals. Finally, on 121st day, after an overnight-

fasting, all the 5 groups rats were sacrificed by cervical dislocation. The blood, liver,

kidney, muscle, and pancreas were collected and stored immediately at -80oCfor

further examinations.
2.9. Biochemical assessments

The fasting blood glucose was performed by glucose oxidase-peroxidase through the

process of Kesari et al. [7]. Glycosylated haemoglobin (HbA1c) was assessed by the

technique of Eross et al. [8]. Insulin level was estimated by themodified process ofHer-

bert et al. [9]. Cholesterol (Chol) level was measured by method of Zlatkis et al. [10].

The levels of triglycerides (TG) were measured by the technique of Foster and Dunn

[11] and high-density lipoprotein cholesterol (HDL-C) levels analyzed by Burstein

technique ofBurstein et al. [12]. Plasmacreatinine levelswere estimated by Jaffe’s tech-

nique Wybenga et al. (1971) [13] and urea levels measured by diacetyl monoxime

method Slot [14]. Serum alanine transaminase (ALT) and aspartate transaminase
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(AST) activities were analyzed by the enzymatic technique of Reitman and Frankel

[15]. Serum alkaline phosphatase (ALP) activity was determined by P-Nitro Phenyl

Phosphate method of Bessey et al. [16]. Oral glucose tolerance test (OGTT) was per-

formed according to the standard method of Du Vigneaud and Karr [17].
2.10. Effect of FAESP on glycogen and protein levels in tissue
homogenates

The liver and muscle tissue glycogen levels were estimated by method of Kemp and

Van Hejnigen [18]. The liver and kidney tissues protein levels were estimated by the

method of Lowry et al. [19].
2.11. Effect of FAESP on oxidative stress (lipid peroxidation)

The oxidative degradation of lipids in liver and kidney were determined by the

method of Fraga et al. [20] through measuring the concentration of thiobarbituric

acid reactive substances (TBARS) which were expressed regarding malondialde-

hyde (MDA) content in tissues.
2.12. Effect of FAESP on enzymatic antioxidants

The activity of catalase (CAT) was measured by the method of Sinha [21], the ac-

tivity of superoxide dismutase (SOD) was measured by the method of Kakkar

et al. [22], glutathione peroxidase (GPx) activity was analyzed by the method of Ro-

truck et al. [23], Glutathione-S-transferase (GST) activity was estimated by the

method of Habig et al. [24].
2.13. Effect of FAESP on non-enzymatic antioxidants

The levels of vitamin-C were calculated according to Omaye et al. [25], vitamin-E

levels were estimated according to Jachec et al. [26] and the levels of reduced gluta-

thione (GSH) were measured according to Ellman [27].
2.14. Histopathological study

The pancreas was dissected and fixed in 10% formalin, then implanted in paraffin, and

made 5mm thick sections, and finally stained with the hematoxylin and eosin [28]. The

effect of FAESP on pancreatic sections was observed under light microscope.
2.15. Statistical analysis of the data

The results reported as Mean � SEM. Statistical analysis of the results was executed

by Student t-test and one-way analysis (ANOVA) followed by DMRT.
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3. Results

3.1. Phytochemical analysis

The phytochemical evaluation for various extracts of the fruit of SP was showed the

occurrence of steroids and triterpenes in hexane extract. Proteins, steroids and triter-

penes in ethyl acetate extract. Alkaloids, carbohydrates, flavonoids, proteins and

phenols in methanol extract. Presence of carbohydrates, glycosides, flavonoids, pro-

teins, and phenols was found in aqueous extract (Table 1).
3.2. Evaluation of the antihyperglycemic activity of different
extracts

The activities of various extracts like hexane, ethyl acetate, methanol, and aqueous

extracts on the FBG levels of diabetic rats (Fig. 1) were expressively greater than

those of control rats (Group 1). When different extracts of the fruit of SP evaluated

for their blood glucose lowering effects, the methanol and aqueous extracts each at a

dose of 50 mg/kg bw revealed the maximum fall of 40% and 55% respectively in the

FBG levels of diabetic rats after 6 h of treatment. Either hexane or ethyl acetate ex-

tracts did not show any antihyperglycemic activity in STZ induced diabetic rats.
3.3. Effect of different doses of FAESP in STZ-induced diabetic
rats

The effect of different doses 50 mg, 100 mg, and 200 mg of fruit aqueous extract of

SP on the fasting blood glucose levels of diabetic rats were shown in Fig. 2, among

the doses, the fruit aqueous extract at the dose of 100 mg/kg bw has revealed a

maximum fall of 70% in the FBG levels of diabetic rats after 6 h of treatment, but
Table 1. The Phytochemical analysis of different extracts of the fruit of Syzygium

paniculatum.

Different solvent extracts

Phytoconstituents Hexane Ethyl acetate Methanol Aqueous

Alkaloids e e þ e

Carbohydrates e e þ þ
Glycosides e e e þ
Flavonoids e e þ þ
Proteins e þ þ þ
Phenols e e þ þ
Steroids þ þ e e

Triterpenes þ þ e e

þ Presence of constituents, e Absence of constituents.
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Fig. 1. Effect of different solvent extracts of the FSP in STZ-induced diabetic rats. FSP: Fruit of Syzy-

gium paniculatum, STZ: Streptozotocin, FPG: Fasting Plasma Glucose, C: Control, DC: Diabetic Con-

trol, HE: Hexane Extract, EE: Ethyl acetate Extract, ME: Methanol Extract, AE: Aqueous Extract. Each

point expressed as Mean � SEM of each independent parameters. ***p � 0.001 vs. C group, ###p �
0.001 vs. DC group. *p � 0.05 and ***p � 0.001vs. FAESP treated group.

Fig. 2. Effect of different doses of FAESP in STZ-induced diabetic rats. FAESP: Fruit aqueous extract of

Syzygium paniculatum, GLI: Glibenclamide. Each point represents the Mean � SEM of each indepen-

dent parameter. ***p � 0.001 vs. C group, ###p � 0.001 vs. DC group. *p � 0.05; **p � 0.01 and

***p � 0.001 vs. FAESP treated group.
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the other doses like 50 mg and 200 mg/kg bw of aqueous extract revealed a fall of

60% and 50% respectively. The treatment with standard drug glibenclamide at a dose

of 10 mg/kg bw of diabetic rats showed a 30% fall of blood glucose after 6 h of

treatment.
3.4. The 120 days long-termeffect of FAESP on fasting plasma
glucose (FPG), glycosylated hemoglobin (HbA1C), insulin and
body weights

FPG levels of diabetic control rats (Group-3) were considerably greater than those of

the control group (Group-1) before starting the experiment. But, at the end of 120

days of treatment, there was a 78% decrease (P < 0.001) in FPG levels of diabetic

rats treated with aqueous extract, while there was a further increase in the FPG levels
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of diabetic control rats was observed. The treatment with glibenclamide has pro-

duced only 55% decrease in the FPG levels (Fig. 3A).

The levels of glycosylated haemoglobin (HbA1C) (14.00 � 0.53%) of the diabetic

control group were considerably greater than those in the control group (5.47 �
0.15%). But treatment with the FAESP in diabetic rats reduced the HbA1C signifi-

cantly (Fig. 3B). Plasma insulin levels (10.17 � 0.70mU/ml) of diabetic control

rats were considerably lesser (25.6 � 0.86mU/ml) than in control rats after 120

days. Diabetic rats treated with the FAESP have shown a significant increase in

the insulin levels to 21.83 � 1.51mU/ml. The glibenclamide treated diabetic rats
Fig. 3. Effect of FAESP on Fasting Blood Glucose, Glycosylated hemoglobin, Insulin, Body weights

and OGTT was performed to assess glucose tolerance. (A) Glucose, (B) Glycosylated hemoglobin,

(C) Insulin, (D) Body weights, and (E) OGTT. FAESP: Fruit aqueous extract of Syzygium paniculatum,

HbA1C: Glycosylated hemoglobin, OGTT: Oral glucose tolerance test, GLI: Glibenclamide. BT: Before

treatment, AT: After treatment. Each point represents the Mean � SEM of each independent parameter.

***p � 0.001 vs. C group, ###p � 0.001 vs. DC group. *p � 0.05; **p � 0.01 and ***p � 0.001 vs.

FAESP treated group.
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also substantially upturn in the levels of insulin to 20.83 � 1.08mU/ml. In control-

treated rats, there was insignificant variation in the plasma insulin levels (Fig. 3C).

After 120 days of treatment, the body weights of the control rats, diabetic rats treated

with FAESP and glibenclamide also increased considerably, however, the body

weight of diabetic control group declined (Fig. 3D).
3.5. Effect of FAESP on oral glucose tolerance in control and
diabetic control rats

The FPG levels of all the groups of animals calculated from 0 to 180 min. In all the

groups, FPG levels were upturned after 30 min after the glucose load. Treatment

with FAESP at a dose of 100 mg/kg bw along with 2g glucose/kg bw has consider-

ably enhanced the glucose acceptance in diabetic rats. In diabetic control rats, the

glucose levels stayed greater without considerably changes at 180 min after glucose

load. But after treatment with FAESP and glibenclamide found to be falling in blood

glucose levels started from 60 min after a glucose load, and there was a consistent

reduction in the blood glucose levels till the end of 180 min after glucose load.

The results are depicted in Fig. 3E.
3.6. Effect of FAESP on lipid metabolism

In diabetic control rats, the levels of TC (Fig. 4A), and TG (Fig. 4B) were found to be

significantly elevated; whereas the HDL-C (Fig. 4C) levels significantly reduced.

But after treatment with FAESP (100 mg/kg bw) and glibenclamide, there was a sub-

stantial reduction in the levels of TC, TG and a considerable upturn in HDL-C was

observed.
3.7. Effect of FAESP on hepatic and renal functional markers

The activities of hepatic functional markers AST, ALT, and ALP are found to be

increased in diabetic control rats. The treatment with FAESP and glibenclamide

reversed these levels to the standard range (Fig. 4D, E, and F). Renal functional

markers, urea and creatinine levels found to be increased in diabetic control rats,

however, the treatment with FAESP and glibenclamide has considerably reduced

these levels to the standard range (Fig. 4G and H).
3.8. Effect of FAESP on glycogen and total protein

The levels of glycogen in both liver and muscle of diabetic control rats found to be

reduced. The treatment with the FAESP (100 mg/kg bw) and glibenclamide were

resulted an improvement in the liver and muscle glycogen levels (Fig. 5A and B).

The total protein (TP) levels in both liver and kidney of diabetic control rats were
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Fig. 4. Effect of FAESP on lipid profile, Hepatic and Renal Functional markers. (A) Total Cholesterol,

(B) TG, (C) HDL-Cholesterol, (D) AST, (E) ALT, (F) ALP, (G) Urea, and (H) Creatinine. TG: Triglyc-

erides, HDL: High density lipoproteins, AST: Aspartate amino-transferase, ALT: Alanine aminotrans-

ferase, ALP: Alkaline phosphatase. Each point represents the Mean � SEM of each independent

parameter. ***p � 0.001 vs. C group, ###p � 0.001 vs. DC group. *p � 0.05; **p � 0.01 and ***p

� 0.001 vs. FAESP treated group.

12 https://doi.org/10.1016/j.heliy

2405-8440/� 2019 The Auth

(http://creativecommons.org/li

Article Nowe01373
found to be decreased. But after treatment with the FAESP (100 mg/kg bw) and gli-

benclamide significantly increased the levels of total proteins (Fig. 5C and D).
3.9. Effect of FAESP on oxidative stress (lipid peroxidation)

The oxidative degradation of lipids in liver and kidney were determined by evalu-

ating the concentration of thiobarbituric acid reactive substances (TBARS) which

expressed regarding malondialdehyde (MDA) content. MDA level in liver

(Fig. 6A), and kidney (Fig. 7A) found to be significantly increased in the diabetic

control rats in comparison to control rats, whereas FAESP (100 mg/kg bw) and gli-

benclamide treated groups resulted in a significant reduction (Figs. 6A and 7A).
3.10. Effect of FAESP on enzymatic antioxidants

CAT activity was found to be significantly increased (Figs. 6B and 7B), and the ac-

tivities of GPx, SOD, and GST was observed to be decreased in both liver (Fig. 6C,
on.2019.e01373
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Fig. 5. Effect of FAESP on Glycogen and Total protein of different tissues. (A) Glycogen in Liver, (B)

Glycogen in Muscle, (C) Total Protein of liver, and (D) Total protein of kidney. Each point represents the

Mean � SEM of each independent parameter. ***p � 0.001 vs. C group, ###p � 0.001 vs. DC group.

*p � 0.05; **p � 0.01 and ***p � 0.001 vs. FAESP treated group.
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D, and E), and kidney (Fig. 7C, D, and E) of diabetic rats. But the treatment with

FAESP was decreased the CAT activity and significantly increased activities of

GPx, SOD, and GST in liver (Fig. 6C, D, and E), and kidney (Fig. 7C, D, and E)

of diabetic rats. Similar effects noticed with glibenclamide, but they were fewer in

magnitude in comparison to those of the FAESP (Figs. 6B, C, D, E, and 7B, C,

D, and E).
3.11. Effect of FAESP on non-enzymatic antioxidants

The activities of vitamin C and GSH were observed to be considerably declined

(Fig. 8A, C, D, and F) while the activities of vitamin E were significantly increased

(Fig. 8B and E) in both liver and kidney tissues of diabetic control rats. The treatment

with FAESP (100 mg/kg bw) and glibenclamide significantly restored these values

near to normal level (Fig. 8A, B, C, D, E and F).
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Fig. 6. Effect of FAESP on oxidative stress (Lipid peroxidation), TBARS levels and enzymatic antiox-

idant activities in Liver. (A) TBARS (LPO) in Liver, (B) Catalase in Liver, (C) GPx in Liver, (D) SOD in

Liver, and (E) GST in Liver. TBARS: Thiobarbituric acid reactive substances, LPO: Lipid peroxidation,

GPx: Glutathione peroxidase, SOD: Superoxide dismutase, GST: Glutathione-S-Transferase. Each point

represents the Mean � SEM of each independent parameter. ***p � 0.001 vs. C group, ###p � 0.001 vs.

DC group. *p � 0.05; **p � 0.01 and ***p � 0.001 vs. FAESP treated group.
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3.12. Effect of FAESP on pancreas histopathology

Histological changes of the pancreas from control, control and FAESP (100 mg/kg

bw), diabetic control and FAESP (100 mg/kg bw) & diabetic control and glibencla-

mide (10 mg/kg bw) treated groups were observed. The pancreas of control and con-

trol treated rats showing the typical architecture and normal Islets of langerhans with

granulated cytoplasm and acini tissues were healthy (Fig. 9A and B). Whereas

pancreas of diabetic control rats exhibited irregular necrotic pancreatic acini, cyto-

plasmic degeneration, insulitis with lymphocytic infiltrations, atrophy and damage

of b cells markedly seen. Besides, irregular outlining of the Islets of langerhans

also observed (Fig. 9C). Diabetic control rats treated with FAESP resulted in gradual

increase in the restoration in the exocrine pancreatic tissue with acinar cells and

endocrine pancreatic tissue with Islets of langerhans by the recovery of the damaged

islets and an improvement in some beta cells (Fig. 9D). Treatment with
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Fig. 7. Effect of FAESP on oxidative stress (Lipid peroxidation), TBARS levels and enzymatic antiox-

idant activities in Kidney. (A) TBARS (LPO) levels in Kidney, (B) Catalase in Kidney, (C) GPx in Kid-

ney, (D) SOD in Kidney, and (E) GST in Kidney. Each point represents the Mean � SEM of each

independent parameter. ***p � 0.001 vs. C group, ###p � 0.001 vs. DC group. *p � 0.05; **p �
0.01 and ***p � 0.001 vs. FAESP treated group.
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glibenclamide also resulted in restoration in the exocrine acinar cells, islets of lang-

erhans and increased cellularity of b-cell in pancreatic cells (Fig. 9E).
4. Discussion

Diabetes mellitus is very common chronic, endocrine disorder and allied with hyper-

glycemia, hyperlipidemia, and disorders co-occurring with obesity and hyperten-

sion. At presently available medicines for the treatment of diabetes have serious

side effects. So, there is a need for medicine with less or no side effects for the man-

agement of diabetes. The natural products from medicinal plants are considered as a

useful alternative treatment and management of diabetes, because of their higher ef-

ficacy and less to nil side effects. Scientific reports indicate that the fruits of

Syzygium sp. used to lower the blood glucose levels during hyperglycemia three de-

cades before the discovery of insulin. Plant based therapeutics can be a better option

for the management of diabetes and related metabolic complications [29].

Our study confirms the antihyperglycemic, antihyperlipidemic, antioxidative stress

and antioxidant properties of the fruit of S. paniculatum in STZ-induced diabetic
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Fig. 8. Effect of FAESP on Non-enzymatic antioxidant activities in Liver and Kidney. (A) Vitamin-C in

Liver, (B) Vitamin-E in Liver, (C) GSH, (D) Vitamin-C in Kidney, (E) Vitamin-E in Kidney, and (F)

GSH in Kidney. GSH: Reduced Glutathione. Each point represents the Mean � SEM of each indepen-

dent parameter. ***p � 0.001 vs. C group, ###p � 0.001 vs. DC group. *p � 0.05; **p � 0.01 and

***p � 0.001 vs. FAESP treated group.
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rats. The fruit powder aqueous suspension resulted in a noteworthy reduction in FBG

levels. So, the fruit used for preparation of different solvent extracts and evaluated

for antihyperglycemic property. Among different solvent extracts, the aqueous

extract at a dose of 100 mg/kg bw tended to bring FBG levels towards normal.

The phytochemical investigation of FAESP revealed the presence of carbohydrates,

proteins, phenols, flavonoids, and glycosides. The antihyperglycemic effect may be

due to the presence of more than one antihyperglycemic principle and their synergis-

tic characteristics. So, the aqueous extract is deliberated to have noble antihypergly-

cemic activity without causing any hypoglycemic effect contrasting insulin and other

synthetic oral drugs.

In the long term of 120 days treatment, the simultaneous administration of the

FAESP brought a significant reduction in FBG levels. This is due to improved insu-

lin release and insulin action on potentiating glucose uptake by various tissues.

HbA1C levels were checked as a consistent index of glycemic control in diabetes.
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Fig. 9. The Effect of FAESP on Pancreas histopathology (H&E, Hematoxylin-Eosin Stain). (A) The

typical architecture with normal Islets of Langerhans with granulated cytoplasm and acini tissues in con-

trol rats, (B) Normal Islets of Langerhans with granulated cytoplasm and acini tissues were healthy in

control-treated rats, (C) Irregular necrotic pancreatic acini and cytoplasmic degeneration, insulitis with

lymphocytic infiltrations, atrophy, destruction of b cells and irregular outlining of the Islets of Langer-

hans markedly seen in STZ-induced diabetic control rats, (D) FAESP resulted in gradual increase in the

restoration in the acinar cells and Islets of Langerhans by the recovery of the damaged islets and an

improvement in some beta cells, (E) Glibenclamide resulted in restoration in the exocrine acinar cells,

Islets of Langerhans and increased cellularity of b-cell in pancreatic cells. IL: Islets of Langerhans,

AC: Acinar cells, NC: Necrotic Change, EX: Exocrine, C: Congestion.
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Increased levels find in diabetic control rats might be due to the improved form of

glycosylated haemoglobin. Long-term treatment with FAESP resulted in a substan-

tial reduction in HbA1C levels.

This study was insulin-deficient model since at low dose it causes the partial damage

of pancreatic b-cells. Therefore, insulin levels were low in diabetic control rats in

comparison to control rats. The antihyperglycemic action in diabetic rats may be

due to increase in the pancreatic secretion of insulin from the existing b-cells after

the treatment with FAESP. The STZ induced diabetes resulted, a severe loss in

body weight due to the insulin deficiency which cause deficit of structural proteins,

muscle wasting and weight loss. The administration of FAESP increased insulin ac-

tivity and glycemic control which prevented loss of body weight.

OGTT also resulted that, FAESP possess blood glucose lowering activity. The treat-

ment increased glucose consumption, so blood glucose levels were considerably
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reduced in glucose-loaded rats. The OGTT studies also endorse 100 mg/kg bw to be

the most efficient dose and the extract did not generate any hypoglycemic effect in

control-treated rats. So, the present study shows that the traditional evidence is scien-

tifically confirmed by animal trials.

It is well-known that elevated TC, TG and decreased HDL-C levels considered as the

usual abnormalities in the diabetes. Here in, the decreased level of TC, TG and the

increased level of HDL-C in FAESP treated groups confirm the decisive role of

FAESP in increased insulin action on cholesterol, fatty acid biosynthesis and intes-

tinal cholesterol absorption. The elevated levels of plasma AST, ALT and ALP

showed that diabetes might induce hepatic dysfunction. These enzymes directly

linked with the transformation of amino acids to keto acids so the levels were

increased in the diabetic condition. The treatment with FAESP normalized enzyme

activities and normalizing hepatocellular damage and suppression of increased pro-

tein catabolism accompanying gluconeogenesis. The plasma renal functional

markers such as urea and creatinine levels found to be increase in diabetes indicate

kidney destruction due to uncommon glucose regulation and hemodynamic alter-

ations within the kidney and increased oxidative stress. However, the treatment

with FAESP lowered these levels to a normal range.

The glycogen levels in liver and muscle of diabetic control rats were significantly

lowered than those of control group due to influx of glucose inhibited in the absence

of insulin and recovers on treatment. Our findings show that after treatment with

FAESP, there was a substantial rise in the liver and muscle glycogen levels. Gliben-

clamide treatment also resulted in a significant enhancement in the glycogen levels.

In our study, total protein reduced in diabetic control may be due to microproteinuria

and improved protein catabolism during insulin deficiency. However, treatment with

FAESP increased total protein level; it may be due to the effect of different phyto-

constituents acting in united manner by stimulating b cells to release adequate insu-

lin levels.

STZ induction causes tissue damage by oxidative stress, free radical and ROS gen-

eration. The increase in the level of oxidative stress marker (TBARS or MDA) dis-

turbs the antioxidant system. Due to these events, variation in the oxidant and

antioxidant defense system results changes in the activity of antioxidant enzymes

like SOD, CAT, GPx, GST and impaired glutathione metabolism. In our investiga-

tion the activities of SOD, GPx, and GST were observed to be decreased in diabetic

rats compared to control rats, due to the free radical-induced inactivation and gly-

cation of the enzymes. The treatment with FAESP reversed the activities of enzy-

matic antioxidants that indicates the aqueous extract decreased the potential

glycation of enzymes. Finally, the administration of FAESP decreased the levels

of TBARS in the liver and kidney of diabetic rats. This shows that FAESP might
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protect the tissues (liver and kidney) against the cytotoxic action and oxidative

stress of streptozotocin.

Diabetes mediated oxidative stress also correlates with a reduction in the activity of

non-enzymatic antioxidants such as Vit-C, Vit-E and GSH. The levels of vitamin C

and GSH found to decreased whereas the levels of vitamin E increased in the liver

and kidney tissues of diabetic rats. The elevated level of Vit-E could be due to

increased membrane destruction by ROS, and the subsequent release of

membrane-bound a-tocopherol from the injured cell membrane. The administration

of FAESP brought the levels of Vit-C and GSH near to normal by preventing the

toxic effects against the increased ROS. The treatment with FAESP also brought

the vitamin-E near to normal which could be as an outcome of reduced membrane

destruction as demonstrated by reduced oxidative stress (lipid peroxidation).

Histopathology examination of pancreas also supports the restoration capacity in

pancreatic islets. The fruits of S. paniculatum has potential to regenerate the islets

of langerhans could be due to stable cells (Quiescent) which have the ability to

regenerate. So, the persisting cells can proliferate to substitute the vanished cells.

The restoration in the exocrine acinar cells, Islets of langerhans and increased cellu-

larity of b-cells confirm the restoration capacity of FAESP in pancreas. Overall, this

study supports the antihyperglycemic, antihyperlipidemic, antioxidative stress and

antioxidant potential effect of the fruit aqueous extract of S. paniculatum because

of the occurrence of phytoconstituents such as carbohydrates, proteins, phenols, fla-

vonoids and glycosides in the aqueous extract.
5. Conclusion

The fruit aqueous extract of S. paniculatum has a potential effect on glycemic con-

trol, dyslipidemia, oxidative stress and antioxidant enzyme activities in STZ-induced

diabetic rats by improving insulin secretion through b-cell restoration capacity. The

active phytoconstituents such as carbohydrates, proteins, phenols, flavonoids, and

glycosides in the aqueous extract are responsible for in vivo antihyperglycaemic,

antihyperlipidemic, antioxidative stress and antioxidant properties. It is observed

that the significant effects of FAESP on histological changes in the diabetic treated

rats also coinciding with its potential on insulin secretion, glycemic control, lipid

metabolism, oxidative stress and antioxidant enzyme activities in the diabetic treated

rats.

However, further studies are needed for the isolation and purification of bioactive

constituents from FAESP; this could be a limitation of the study. Identification of

the novel and potent bioactive compounds with specific chemical moieties will pro-

vide a new potential traditional approach for the treatment and management of dia-

betes and its allied complications.
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