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ABSTRACT

The study evaluated the potential antidiabetic property of methanol extracts of S. caryophyllatum and S.
zeylanicum in alloxan and streptozotocin - induced diabetic rats. Glibenclamide and extract at 5mg/kg,
200 and 400 mg/kg body weight respectively were used. Animals were divided into 7 groups of 6 each.
The treatment was carried out in each group of animals for both the models for 21 days. Blood samples
were withdrawn under mild anesthesia from retro - orbital of the overnight fasted animals on 1st, 7th,
14th, and 21st day. Estimation of SGPT and SGOT and the intensity of the coloured complex was
performed. Body weight of animals in all the groups was recorded at 0, 7™, 15" and 21% day. There was
no mortality amongst the dosed groups of animals and the extract did not show toxicity at a dose level of
2000 mg/kg. The extracts of both the species at 400 mg / kg body weight possessed a remarkable fasting
blood — glucose lowering potential, significant increase in body weight and reduced levels of SGPT and
SGOT in alloxan and streptozotocin induced diabetic rats. The extracts also exhibited improved glucose
utilisation. The UPLC analysis of the extract revealed the presence of phenols and flavonoids with
antidiabetic potential. The results support the use of Syzygium species in traditional system of medicine
to treat diabetes mellitus.
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INTRODUCTION

Diabetes mellitus, a disease widespread in the developing and developed countries is characterised by
hyperglycaemia and alterations in carbohydrate, lipid and protein metabolism, associated with absolute
or relative deficiencies in insulin secretion and / or insulin action, leading to polyuria, polyphagia,
polydypsia, ketosis, weight loss, retinopathy and cardiovascular disorders 231, Among the types of
diabetes, gestational diabetes which occurs at the late stages of pregnancy, accounts for 5 %, type 1
diabetes represents 10 % and is characterised by lack of insulin production and type 2 diabetes which is
characterized by metabolic abnormalities such as insulin resistance and decreased pancreatic 3 - cell
function accounts for more than 85 % of all the cases * 1. The disease is rapidly increasing and
according to the World Health Organization, there will be 300 million diabetics by 2025 [€l. Diabetes
brings complications like systemic vascular disease, cataract, kidney damage leading to renal failure and
damage to peripheral nerves [l. Diabetes is treated through insulin and other hypoglycaemic agents. But
the high cost and associated side effects such as liver problems, lactic acidosis and diarrhoea has
necessitated to turn on to traditional and other alternate system of treatments. Plants have always served
as excellent source of drugs since these are more often less toxic and with lesser side effects in
comparison to synthetic ones [8. The active principles of a large number of antidiabetic plant drugs were
isolated during 18™ century and were administered in standardized dosage forms ¥ World Health
Organisation supports evaluation of traditional knowledge of diabetes treatment, their efficacy, non -
toxicity and reduced side effects [1%1, Syzygium species are well known to possess antidiabetic property.
Traditionally, a decoction of 60 gm of stem bark of Syzygium caryophyllatum, Syzygium samarangens
and Syzygium cumini is prepared and about 120 ml is given twice a day for diabetics. The seeds of
S.cumini are roasted in a wide — mouthed earthen pot, pounded into powder and 2.5 grams in hot water is
given twice a day. Decoction from the fresh stem bark (120 g) of Syzygium malaccense in 120 ml water
is given twice a day [¥1. The traditional practitioners use S.cumini in treating diabetes . It is listed
among the most common and effective antidiabetic medicinal plants of Indian origin 2. The methanol
extract of the leaf of S.caryophyllatum possess antidiabetic effect on alloxan induced antidiabetic albino
mice [131- We report the antidiabetic activity and toxicity risk associated with the bark methanol extracts
of S.caryophyllatum and S.zeylanicum in alloxan and streptozotocin induced diabetic rats. The efficiency
of the extracts was compared to a standard hypoglycaemic drug, Glibenclamide.
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MATERIALS AND METHODS
Animals

Healthy Wistar albino rats (150 — 200 g) of either sex were used for
the experiments. They were maintained under standard conditions
(temperature 22 + 2° C, relative humidity 60 =5 % and 12 h light/dark
cycle). The animals were housed in sanitized polypropylene cages
containing paddy husk as bedding. They had free access to standard
pellet diet and water ad libitum. Experiments were conducted between
10:00 t015:00 h. All experimental protocols were reviewed and
approved by the Institutional Animal Ethical Committee (IAEC) prior
to the initiation of the experiment and the care of the laboratory
animals were taken as per the CPCSEA regulations (Ref No:
CSCP/CPCSEA/P13/F212/2013 dated: 5/12/13)

Preparation of extracts

The bark of S. caryophyllatum was collected from around the
Mangalore University campus. The bark of S. zeylanicum was
collected from the river sides of Sullia Taluk. The samples were shade
dried and Soxhlet extracted with methanol at 30° C for 5 hours. A
small amount of sodium sulphate was added to remove the moisture
content and the supernatant was filtered in a three — layered muslin
cloth. The clear supernatant was evaporated to dryness. The extract
obtained was stored at 4° C until use.

Determination of acute toxicity

Acute toxicity study was performed as per OECD - 425 guidelines [4,
Wistar albino rats of either sex weighing 150 - 200 g were selected by
random sampling technique for the study. The animals were fasted
overnight providing only water and extracts were administered orally
at a dose level of 2000 mg/kg body weight. Animals were under close
observation for the first 24 h and monitored for 14 days for mortality,
changes in general behaviour, signs of discomfort and other physical
activities.

Assessment of anti - diabetic activity in alloxan - induced diabetic
rats

Hyperglycaemia was induced by a single i.p. injection of 100 mg/kg
of body weight of freshly prepared Alloxan monohydrate in normal
saline. After 3 days, the hyperglycaemic rats (glucose level > 200
mg/dl) were divided into seven groups with six rats in each group for
the anti - diabetic study. The treatment (p.0.) was started on the same
day except for diabetic control. The rats had free access to feed and
water ad libitum. Fasting blood glucose level was determined after
depriving food for 16 h with free access to drinking water.

Group 1: Vehicle control (normal saline)

Group 2: Diabetic control (Alloxan100 mg/kg, i.p.)

Group 3: Diabetic + Glibenclamide (5 mg/kg, p.o.)

Group 4: Diabetic + S.caryophyllatum extract (200 mg/kg, p.0.)
Group 5: Diabetic + S.caryophyllatum extract (400 mg/kg, p.o.)

Group 6: Diabetic + S.zeylanicum extract (200 mg/kg, p.0.)

Group 7: Diabetic + S.zeylanicum extract (400 mg/kg, p.o.)

Assessment of anti-diabetic activity in Streptozotocin (STZ)
induced diabetic rats:

Hyperglycaemia was induced by a single i.p. injection of 50 mg/kg of
STZ in citrate buffer, freshly prepared and injected within 5 minutes
of preparation to prevent degradation. After administration of
streptozotocin, the animals had free access to feed and water ad
libitum. The development of hyperglycaemia in rats was confirmed by
fasting blood glucose estimation 72 h post streptozotocin injection.
The rats with fasting blood glucose level of above 200 mg/dl at 72 h
after STZ injection were considered diabetic and included in the
study. Fasting blood glucose was determined after depriving food for
16 h with free access to drinking water.

Experimental design:

Animals were randomly divided into 7 groups of 6 each and assigned
as below.

Group 1: Vehicle control (Citrate buffer)

Group 2: Diabetic control (Streptozotocin 50 mg/kg, i.p.)
Group 3: Diabetic + Glibenclamide (5 mg/kg, p.0.)

Group 4: Diabetic + S.caryophyllatum extract (200 mg/kg, p.o.)
Group 5: Diabetic + S.caryophyllatum extract (400 mg/kg, p.o.)
Group 6: Diabetic + S.zeylanicum extract (200 mg/kg, p.o.)
Group 7: Diabetic + S.zeylanicum extract (400 mg/kg, p.o.)
Collection of blood and serum samples:

The above treatment was carried out in each group of animals for both
the models for 21 days. Fasting blood glucose level was measured
using single touch glucometer. Blood samples were withdrawn under
mild anesthesia from retro - orbital of the overnight fasted animals on
1st, 7th, 14th, and 21st day. On 21st day the blood was collected for
biochemical estimations by retro orbital puncture. The serum was
obtained by centrifugation at 3000 rpm for 10 min and they were used
for estimation of SGPT (Serum Glutamic Pyruvic Transaminase),
SGOT (Serum Glutamic Oxaloacetic Transaminase) by using a
corresponding kit from Agappe Diagnostics Pvt. Ltd and the intensity
of the coloured complex formed after treating with these reagents
were estimated in semi - auto analyzer (Chem — 400).

Oral glucose tolerance test:

The oral glucose tolerance test was performed in overnight fasted
normal rats. Rats were divided into six groups (each group containing
six animals). After 30 minutes of extract / standard drug
administration, glucose at a concentration of 2g / kg body weight was
fed to all the groups. Blood was withdrawn from the retro - orbital
sinus just prior to the glucose administration and at 30, 60, 120, 180
and 240 minutes after which glucose loading and glucose levels were
measured.

Group 1: Vehicle control (Citrate buffer)
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Group 2: Diabetic + Glibenclamide (5 mg/kg, p.o.)

Group 3: Diabetic + S.caryophyllatum extract (200 mg/kg, p.o.)
Group 4: Diabetic + S.caryophyllatum extract (400 mg/kg, p.o.)
Group 5: Diabetic + S.zeylanicum extract (200 mg/kg, p.0.)
Group 6: Diabetic + S.zeylanicum extract (400 mg/kg, p.0.)
Body Weight

Body weight of animals in all the groups was recorded at 0, 7, 15t
and 21% day.

UPLC analysis of Phenols and Flavonoids
Chemicals and Reagents

Phenolic acid standards namely ferulic acid, 2,4 dihydroxy benzoic
acid, caffeic acid, gallic acid, gentisic acid, o - coumaric acid, p -
coumaric acid, p - hydroxy benzoic acid, protocatechuic acid,
salycylic acid, syringic acid, t - cinnamic acid, vanillic acid,
chlorogenic acid and flavanoid standards namely catechin, hesperitin,
apigenin, neringenin, myrcetin, rutin, luteoline, quercetin,
umbelliferone were acquired from Sigma Chemical Co., USA. The
standard solutions were prepared in 80 % ethanol. The organic
solvents used as the mobile phases for liquid chromatography were of
chromatographic / MS grade. All mobile phases were filtered through
membrane filters with a pore size of 0.45 um. The standard curve for
individual Phenolic acids and flavonoids were made by using the
known concentrations of individual compounds which were identified
and quantified by their molecular weight (parent mass m/z) and most
abundant fragmented daughters

Equipment

An Acquity UPLC - H class coupled with TQD - MS/MS from M/S
Waters, USA with ESI source was used in the Phenolic acids and
flavonoids determinations, equipped with a degasser, quaternary
pump, automatic injection system (0 — 10 uL), with a diode array
detector and a temperature control compartment for the analytical
column. The detection system allowed for the simultaneous detection
at various wavelengths and MRM for individual masses. The overall
system was controlled by the Mass lynx software, which also
administered the data collection and treatment system.

LC and MS - MS conditions

The mobile phase consisted of an aqueous phase of 0.1 % formic acid
in water (A) and organic phase of 0.2 % formic acid in methanol (B).
The total run was for 15 min with gradient function. Initial gradient
was composed of 90 % A and 10 % B for 2.5 min, 70 % A, 30 % B at
4 min, and 60 % A 40 % B at 5 min and 80 % A 20 % B at 10 min. At
12 min the gradient was changed to 90 % A and 10 % B and
maintained up to 15 min. The flow rate was 0.3 mL/min. The
analytical column was 2.1 X 50 mm UPLC BEH - C18 column
(Waters) with 1.7 pm particle size protected by a Vanguard BEH C -
18 with 1.7 um particle size (Waters) and the column temperature was
maintained at 25°C. The sample injection volume was 2 pl each time
for both phenolic acids and flavonoids. The metabolites eluted were
monitored using the UPLC column. Effluent was pumped directly
without any split into the TQD - MS/MS (Waters, USA) system,
optimized for the Phenolic acids and flavonoids analysis.

Statistical analysis

Results of biochemical estimation were reported as mean + SEM. The
total variation present in the data was analyzed by one way analysis of
variance (ANOVA) followed by Dunnett's 't' test. P value lesser than
0.05 was considered statistically significant.

RESULTS
Determination of acute toxicity

There was no mortality or change in general appearance and signs of
discomfort amongst the dosed groups of animals and the extract did
not show toxicity at a dose level of 2000 mg/kg.

Assessment of anti - diabetic activity in alloxan and streptozotocin
- induced diabetic rats

The fasting blood glucose level in normal, glibenclamide and extract
treated rats are summarized in Table 1 and Table 2. Fasting blood
glucose (FBG) level was within the range of 80 - 95 mg/dl in all the
groups prior to diabetic induction.Treatment with Alloxan (100
mg/kg, i.p) had increased the FBG level above 200 mg/dl after 72 h.
Treatment with Glibenclamide and extracts significantly normalized
the elevated blood glucose level. Fasting blood glucose (FBG) level
was within the range of 80 - 90 mg/dl in all the groups prior to STZ
administration. Treatment with STZ (50 mg/kg, i.p) had increased the
FBG level above 300 mg/dl after 72 hrs. Treatment with extracts
significantly normalized the elevated blood glucose level.

Oral glucose tolerance test (OGTT) in Wistar rats:

The result of the OGTT in Wistar rats in diabetic, control and normal
rats treated with extracts and glibenclamide after oral administration
of glucose for 30, 60, 120 and 240 minutes is shown in Table 3. The
glucose level in the control rats increased to the peak at 30 minutes
after glucose load and decreased to near normal levels at 240 minutes.
The extract and glibenclamide treated diabetic rats showed an increase
at 30 minute and then a significant reduction (P < 0.05 & P < 0.01) at
60, 120 and 240 min.

Serum biomarkers:

After 21days of experiment, serum biomarkers such as SGPT and
SGOT level were significantly elevated in diabetic control group. In
animals treated with extracts SGPT and SGOT levels were decreased
significantly (P < 0.001, P < 0.01 respectively) (Table 4).

Body Weight

The body weight in the normal rats ranged between 178 — 188 grams
and which increased to 189 — 198 grams on 21% day. On the other
hand, the diabetic rats showed a significant decrease in body weight
which weighed 155 grams on 21% day of the experiment. Treatment
with extracts showed a significant increase in body weight as
compared to diabetic control group in both the models (Table 5 and
Table 6). Similar results were observed among the rats treated with
the extracts in both alloxan induced and streptozotocin induced
models.

UPLC (Ultra High-Performance
analysis of phenols and flavonoids

Liquid Chromatography)
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The methanol extract of the bark of S.caryophyllatum and S.
zeylanicum extracts were analysed for the presence of following
phenolic acids: Syringic acid, Ferulic acid, Caffeic acid, Gallic acid,
Vanillic acid, p — coumaric acid, p — hydroxyl — benzoic acid,
Salicylic acid, Gentisic acid, Protocatechuic acid, O — Coumaric acid,
2,4 — Dihydroxy benzoic acid and Chlorogenic acid. All the phenolic
acids analysed were detected in S.caryophyllatum except Chlorogenic
acid. The major phenolics were Vanillic acid (170.83 pg/mg),
Syringic acid (166.57 pg/mg) and Ferulic acid (74.17 pg/mg).The
S.zeylanicum extract showed the presence of Caffeic acid, Gallic acid,
Vanillic acid, p — hydroxyl benzoic acid, Salicylic acid, O — Coumaric
acid, and 2, 4 — Dihydroxy benzoic acid and Gallic acid constituted
508.89 pg / mg (Table 2.8). The following were the Flavonoids
analysed: Rutin, Myricetin, Catechin, Kempherol, Naringenin,
Quercetin, Hesperedin, Apigenin, Umbelliferon and Luteolin. Among
the Flavonoids analysed Rutin, Myricetin, Catechin and Umbelliferon
were detected in S. caryophyllatum extract and Myricetin, Catechin,
Naringenin, Apigenin, Umbelliferon and Luteolin in extract of
S.zeylanicum. Catechin was present in higher concentration in both
the species i.e. 84.63 pg/mg and 91.14 pg/mg in S.caryophyllatum
and S.zeylanicum respectively (Table 7 and Table 8).

DISCUSSION

Although diabetes is considered to be a non - curable disease, it is yet
a controllable one. Various studies have been conducted and are still
being carried out in vivo using experimental rats against diabetes.
Plants are providing us opportunities to identify the potential
antidiabetic drugs to not only lower the fasting blood glucose level but
also in improving the diabetic complications (%1, Hence the present
study aimed at identifying the antidiabetic properties of
S.caryophyllatum and S.zeylanicum in alloxan and streptozotocin —
induced diabetic rats.

The findings on acute toxicity suggested that the extracts were safe
and hence 1/10" and 1/5% of LD 50 cut off value of the extracts (200
and 400 mg/kg body weight) were selected as screening dose. Similar
results were observed in a study carried out in Syzygium cumini seeds
where mortality was not recorded at a dose level of 2,000 mg / kg
body weight (Kumar et al., 2008 16). The Colocasia esculenta leaf
extract [*7] and Pandanus fascicularis 18] root extracts were safe at a
dose level of 5000 mg / kg body weight.

Alloxan brings about hyperglycaemia by causing a massive reduction
in insulin release by destroying the B — cells of the islets of
langerhans, resulting in the decreased utilization of glucose 9%, It is
also known to generate free radicals of oxygen resulting in extensive
DNA damage [, hence treatment with alloxan (100 mg/kg, i.p)
increased the FBG level above 200 mg / dl after 72 h and reached up
to 264.09 mg / dl on 21% day in diabetic control group. Glibenclamide
was used as a standard drug as it is known to stimulate insulin
secretion from pancreatic B — cells, hence treatment with
Glibenclamide brought about a significant reduction in the blood
glucose level which dropped to 103.65 mg / dl (P < 0.001).
Streptozotocin — induced diabetes mellitus in rats is one among the
widely used animal model and is known to cause selective pancreatic
islet beta cell cytotoxicity [?2. It is taken into the pancreatic B — cells
by glucose transporter 2 3. Hence treatment with STZ (50 mg/kg,
i.p) had increased the FBG level above 300 mg / dl after 72 hrs which
reached up to 351.02 mg / dl on 21% day in diabetic control. Even the

extracts were effective and significant in normalizing the blood
glucose level. The S. zeylanicum extract was comparatively more
effective than S.caryophyllatum in normalising the blood glucose
level.

From the Oral Glucose Tolerance Test, it has been observed that the
extracts exhibited improved glucose utilisation. The extracts were
capable of lowering the glucose near to normal. Among all the
extracts S.caryophyllatum at a concentration of 200 mg / kg body
weight effectively prevented the glucose rise in diabetic rats without
causing hypoglycaemic state. This significant improvement in
utilisation of glucose could be due to the insulin mimetic activity of
the plant extracts by restoring the delayed insulin response 24

The normal rats showed an increase in body weight from day 0 to day
21. Over the same period of time, the diabetic rats showed a decrease
in body weight. In the diabetic rats, decrease in the rate of protein
synthesis in the liver and muscle resulted in weight loss 251, Weight
loss, one among the major complications in type | diabetes arises due
to the impairment in insulin action in converting glucose to glycogen,
fat catabolism and inhibition of lipid breakdown [8, The
administration of extracts and glibenclamide resulted in the increase
in body weight and is attributed to the reversal of gluconeogenesis and
glycogenolysis [?7). Dexamethasone induced diabetic rats which
underwent weight reduction was prevented by the aqueous extract of
Erythrina indica 8. Savitha and Padmavathy, (2013) ¥ have
reported a significant gain in body weight by S.caryophyllatum leaf
extract treated diabetic rats.

The elevation of serum biomarker enzymes such as SGPT and SGOT
was observed in diabetic rats. The serum biomarkers are the enzymes
which indicate the liver toxicity and their elevated levels confirm the
damage caused to the liver cells. The elevated serum level reduced
significantly in extract treated diabetic rats in comparison to the
diabetic control.

UPLC analysis of Phenols and Flavonoids

Among all the phenolic acids detected Vanillic acid (170.83 pg /mg)
and Syringic acid (116.57 pg /mg) were the major ones in
S.caryophyllatum and in S.zeylanicum, gallic acid (508.89 pg /mg)
was the major phenolic acid present. Studies on hepatoprotective
effect of Syringic acid and Vanillic acid on Concanavalin — induced
liver injury in mice have shown that both the acids were capable of
suppressing Con A - induced liver inflammation and damage in mice
1291, Gallic acid is reported to induce apoptosis in pre - adipocyte cells
via a Fas - and mitochondrial mediated pathway % It is also known
to inhibit the saturation of odd — chain polyunsaturated fatty acid (31,
Catechin was one of the major polyphenols detected in both the
species. Gallic acid and Caffeic acid were the phenols identified in the
methanol extract of S. polyanthum leaves [, Gallic acid, Chlorogenic
acid, Caffeic acid, Rutin, Quercetin and Kaempferol were detected in
aqueous extract of S. jambos [, Six flavonoid compounds viz. 4 -
hydroxybenzaldehyde, myricetin — 3 — O - rhamnoside, europetin - 3 —
O - rhamnoside, phloretin, myrigalone - G and myrigalone - B were
isolated from the ethanolic leaf extracts of S. aqueum [,
Anthocyanins and flavonoid rich extracts are known to lessen the
hyperglycaemic symptoms [331, Kamalakkannan and Prince (2006) [3!
have reported rutin and quercetin to have antidiabetic property against
type Il diabetes.
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Table 1: Serum glucose level in Alloxan induced diabetic rats

Blood glucose level (mg/ dl)
Groups Before diabetic induction | Day 0 Day 7 Day 14 Day 21
Normal Control 85.97+2.81 86.8+1.0 87.52+1.39 87.81+161 89.05+1.87
Diabetic Control 86.69+4.8 210.60 £4.62 | 229.81 +3.23 251.19+£2.94 264.09 £3.39
Glibenclamide (5 mg/kg | 85.13 + 1.53 209.32 £3.14 | 165.02 £ 4.10 *** | 135.27 £3.93*** | 103.65 + 3.04***
SCME (200 mg/kg) 87.91 +4.307 21583 £5.65 | 195.021 + 5.23** 172,71 + 6.28** 145.81 + 5.19**
SCME (400 mg/kg) 89.78 £2.82 21721 £4.22 | 184.425+6.12*** | 153.23 £4.92*** | 130.14 + 3.25**
SZME (200 mg/ kg) 88.02 £ 4.307 213.63 £5.59 | 185.29 + 6.33** 162.73 £ 5.23** 133.31 £ 5.39**
SZME (400 mg/kg) 88.78+1.72 216.34 £6.23 | 179.47 +5.02*** 149.25 £ 5.02*** | 123.19 + 2.95***

Note: SCME denotes Syzygium caryophyllatum methanol extract; SZME denotes Syzygium zeylanicum methanol extract. Values are expressed

as mean + SEM; n = 6. One way ANOVA followed by Dunnett’s‘t’ test. **P <0.01 and ***P < 0.001 compared with Diabetic control

Table 2: Serum glucose level in STZ induced diabetic rats

Blood glucose level (mg/ dl)
Groups Before diabetic induction Day 0 Day 7 Day 14 Day 21
Normal Control 86.52 + 2.36 86.20 £ 1.66 87.14+1.99 87.81+1.61 89.05 +1.87
Diabetic Control 87.28 £ 3.58 315.66 £ 12. 46 327.36+10.62 251.19+2.94 351.02 £8.22
Glibenclamide (5 mg/kg 88.33£1.62 319.66+11.25 241.20 £ 8.54 *** 135.27 + 3.93*** 122.09 + 4.25***
SCME (200 mg/kg) 86.46 + 3.57 215.83 £5.65 290.53 £ 7.32*%* 172,71 + 6.28** 152.26 + 5.67**
SCME (400 mg/kg) 86.25+2.92 324.02+10.46 258.40 + 7.07** 190.04 + 5.21**= 138.36 + 2.244**
SZME (200 mg/ kg) 87.06+ 2.52 319.18 + 8.06 282.51 + 6.02** 209.15 + 6.35** 140.26 + 6.15**
SZME (400 mg/kg) 87.95+3.01 323.22£9.86 249.10 + 7.70%** 181.27 + 4.23*** 130.16 + 3.244***

Note: SCME denotes Syzygium caryophyllatum methanol extract; SZME denotes Syzygium zeylanicum methanol extract. Values are expressed as mean + SEM; n

= 6. One way ANOVA followed by Dunnett’s‘t’ test. **P < 0.01 and ***P < 0.001 compared with Diabetic control

Table 3: Blood glucose level on OGTT in Wistar rats

Blood glucose level (mg/ dl)
Groups 0 min 30 min 60 min 120 min 240 min
Normal 86.62 + 1.30 137.22+1.26 121.09+3.82 111.27+2.36 84.44 +3.12
Glibenclamide (5 mg/kg 83.61+2.58 96.30£2.36** 84.29 +3.67 ** 78.16 + 2.46** 68.44+ 1.32**
SCME (200 mg/kg) 84.39+£2.12 127.30£2.61* 114.26 + 5.41** 98.05 + 4.35* 81.60 + 3.05*
SCME (400 mg/kg) 84.69 £ 2.09 121.61+£2.31** 92.06 + 5.40** 83.99 + 3.65** 75.62 + 2.05**
SZME (200 mg/ kg) 84.92+ 3.02 126.81 + 3.01* 112.36 + 3.19** 92.35 + 3.54* 78.20 + 2.95**
SZME (400 mg/kg) 84.02+ 3.27 123.18 + 2.91** 90.63 + 3.99*** 82.21 + 3.60** 73.22+ 1.95**

Note: SCME denotes Syzygium caryophyllatum methanol extract; SZME denotes Syzygium zeylanicum methanol extract. Values are expressed
as mean + SEM; n = 6. One way ANOVA followed by Dunnett’s‘t’ test. *P <0.05 and **P < 0.01 compared with normal control

Table 4: SGPT and SGOT levels in diabetic rats

Alloxan STz
Groups
SGPT SGOT SGPT SGOT
Normal 58.45+1.21 67.59+1.40 57.41+2.81 64.53+3.05
Diabetic 140.51+1.95 149.38+1.60 136.40+2.38 151.22+1.11
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Glibenclamide (5 mg/kg) | 88.38+1.55*** 85.41+2.05** 80.51+3.14*** | 7551+1.84***
SCME (200 mg/kg) 110.07+2.90** 109.33+1.60** | 96.14+3.05** 93.04+1.20**
SCME (400 mg/kg) 104.80+1.95*** | 97.01+2.05*** | 92.07+2.09*** | 81.69+1.09***
SZME (200 mg/ kg) 108.71+2.10** 103.13+1.94** | 93.24+2.95** 90.41+1.92**
SZME (400 mg/kg) 100.32+2.54*** | 93.194£2.82*** | 90.78+2.91*** | 79.96+1.92***

SCME denotes Syzygium caryophyllatum methanol extract., SZME denotes Syzygium zeylanicum methanol extract. Values are expressed as
mean + SEM; n = 6. One way ANOVA followed by Dunnett’s‘t’ test. **P < 0.01 and ***P < 0.001 compare with Diabetic control.

Table 5: Body weight in alloxan induced diabetic rats

Note: SCME denotes Syzygium caryophyllatum methanol extract; SZME denotes Syzygium zeylanicum methanol extract. Values are expressed

Body weight (Grams)
Groups
Day 0 Day 7 Day 14 Day 21
Normal 178.41+5.30 | 182.30+4.61 185.51+4.07 189.42+5.61
Diabetic 179.95+5.24 | 173.52+3.79 165.84+6.05 155.15+5.09
Glibenclamide (5 mg/kg) | 180.95+3.51 | 182.30+2.26** | 184.32+2.67** | 187.59+3.44**
Kk

SCME (200 mg/kg) 180.31+3.11 | 175.51+3.63* | 178.56+4.48** 182.05+5.65
SCME (400 mg/kg) 179.19+4.10 | 177.31£3.22** | 180.31+4.92*** | 183.81+4.09***

+ *k
SZME (200 mg/ kg) 178.21+4.12 | 174.23+4.37** | 178.09£3.05** 183.01+4.08
SZME (400 mg/kg) 180.41+3.49 | 178.53+£3.73** | 181.76+4.08*** | 185.79+3.48***

as mean + SEM; n=6. One way ANOVA followed by Dunnett’s‘t’ test. *P<0.05, **P<0.01 and ***P<0.001 compare with Diabetic control.

Table 6: Body weight in STZ induced diabetic rats

Body weight (Grams)

Groups

Day 0 Day 7 Day 14 Day 21
Normal 188.15+5.08 190.255.12 195.12+5.69 198.65+4.98
Diabetic 185.20+4.37 174.615.05 162.45+6.07 155.82+3.24
fﬂg;’;;)damide ® 187.36+4.23 181.91:4.14%* 183.27+4.41%% 186.22+4,63%**
SCME (200 mg/kg) | 186.63+3.32 175.54+3.23 178.81+3.82%* 182.91+4.36%*
SCME (400 mg/kg) | 187.20+4.37 177.46+3.61%* 180.56+2.48%** 184.45+4.15%%%
SZME (200mg/ kg) | 185.86+3.62 176.54+4.27% 180.42+3.56%* 182.46+3.74%%%
SZME (400 mg/kg) | 188.04%5.01 179.27+3.87%* 182.42+3.83%** 185.05+4.37%%%

Note: SCME denotes Syzygium caryophyllatum methanol extract; SZME denotes Syzygium zeylanicum methanol extract. Values are expressed
as mean £ SEM; n=6. One way ANOVA followed by Dunnett’s‘t’ test. *P < 0.05, **P<0.01 and ***P < 0.001 compare with Diabetic control.

Table 7: UPLC quantification of phenolic acids in S. caryophyllatum and S. zeylanicum bark

Phenolic acids Parent and Daughter ions | S.caryophyllatum (ug/mg) | S.zeylanicum (ug/mag)
Syringic acid 196.97 >153.11 116.57 ND
Ferulic acid 192.9 > 149.07 74.17 ND
Caffeic acid 178.9 >135.05 1250 12.45
Gallic acid 168.9 >125.03 777 508.89
Vanillic acid 166.97 >123.07 170.83 341
P — Coumaric acid 162.9 > 119.05 332 ND
P— Hydroxy benzoic acid 136.9 > 93.01 12.99 7.41
Salicylic acid 136.9>93.1 2.42 0.93
Gentisic acid 152.9 > 108.98 9.25 ND
Protocatechuic acid 152.9 > 109.05 16.68 ND
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O - Coumaric acid 162.9 >119.05 3.05 2.55
2,4-Dihydroxy benzoic acid | 152.9 >109.0 3.98 3.57
Chlorogenic acid 352.97 >191.1 ND ND
Total 433.53 539.21

Note: ND denotes Not Detected

Table 8: UPLC quantification of flavonoids in S.caryophyllatum and S.zeylanicum bark

Flavonoids Parent and Daughter ions S.caryophyllatum (ug/mg) | S.zeylanicum (ug/mg)

Rutin 609.1>300.2 18.77 ND
Myricetin 317.03>151.06 32.16 5.77
Catechin 289.03>245.15 84.63 91.14
Kempherol 284.97>145.5 ND ND
Naringenin 271.03>151.0 ND 1.81
Quercetin 301.03>151.12 ND ND
Hesperedin 300.97>164.05 ND ND

Apigenin 268.97>107.04 ND 18.63
Umbeliferon 161.04>133.07 2491 2.52
Luteolin 284.97>132.95 ND 4.96

Total 160.48 124.83

Note: ND denotes Not Detected
CONCLUSION

The extracts of Syzygium caryophyllatum and Syzygium zeylanicum at
400 mg / kg body weight possessed a remarkable fasting blood —
glucose lowering potential, significant increase in body weight and
reduced levels of SGPT and SGOT in alloxan and Streptozotocin
induced diabetic rats. The extracts also exhibited improved glucose
utilisation. The results confirm the use of Syzygium species in
traditional system of medicine to treat diabetes mellitus.
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