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ABSTRACT
Over the past decade, herbal medicine have been accepted universally and they have an impact
on both world health and international trade. Diabetes mellitus is a metabolic disorder in the
endocrine system. Plants provide a potential source of hypoglycemic drugs and are widely used
in several traditional systems of medicine to prevent diabetes.Qualitative phytochemical analysis
of aqueous extract of flower of psidium guajava was carried out with a view of developing leads
for a new therapeutic products. The study was designed to investigate the hypoglycaemic effects
of oral administration of aqueous extracts of psidium guajava flower in alloxan induced diabetic
rats. After oral administration of the flower extract to diabetic rats, the blood glucose level
significantly reduced, which is much faster and more than that of metformin. The aqueous
extracts of flower of psidium guajava significantly reduced plasma glucose, creatinine, urea, AST,
ALT, ACP, ALP, LPO, glucose-6-phosphatase and fructosel,6 bisphosphatase but increased level
of serum insulin, protein, CAT, SOD, glycogen synthase and hexokinase. For all the above
biochemical parameters observed and it was reverted toits normal level after flower extract
treatment. The present investigation suggests that flowers of psidium guajava exhibit
hypoglycaemic activity in alloxan induced diabetes in experimental rats.

Keywords: Diabetes mellitus, alloxan,

Psidium guajava, hypoglycaemic activity, metformin,
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INTRODUCTION

blindness, limb amputation, long term dysfunctions and

Diabetes mellitus is the name given to a group of disorders

characterized by chronic hyperglycemia, polyuria,
polydipsia, polyphagia, emaciation and weakness due to
disturbances in carbohydrate, fat and protein metabolism
associated with absolute or relative deficiency in insulin
secretion and/or insulin action (1). Diabetes mellitus is a
metabolic disorder of multiple etiology characterized by
chronic hyperglycemia with aberration in carbohydrate, fat
and protein metabolism resulting from defects in insulin
secretion, insulin action or both. It has been reported that
the chronic hyperglycemia of diabetes is associated with
complications like renal failure, coronary artery disorder,
cerebro-vascular disease,

neurological complications,

failure of various organs and eventually premature death
(2).Diabetes results in abnormal levels of glucose in the
blood stream. This can cause severe short term and long
term consequences ranging from brain damage to
amputations and heart diseases (3). Diabetes mellitus
associated with long term complications such as
retinopathy, neuropathy and angiopathy (4).It has been
predicted by world health organization that Indian people
are more genetically susceptible to diabetes accounting
about 30 to 33 million and would go up to 40 million by the
end of 2010 which further will reach to maximum of 74
million by 2025 (5). Multiple biochemical impairments

associate with micro and macro vascular complications
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which are a major cause of morbidity and death in
diabetes mellitus (6,7) Diabetes becoming the third killer of
mankind, after cancer and cardiovascular diseases,
because of its high prevalence morbidity and mortality
(8)Diabetic have significant accelerated levels of oxidative
stress and this contributes massively to most neurological,
cardiovascular, retinal, renal diabetic complications (9).
Hence to overcome the adverse effects like hematological
effects, coma, disturbances of liver and kidney etc (10).
Many traditional plant medicines are used throughout the
world to treat the diabetic diseases (11). When compared
with synthetic drugs, the plant drugs have less toxic effects
with fever side effects (12). Available literature indicates
that there are more than 800 plants species showing
hypoglycemic activity (13). Medicinal plants used in the
treatment of DM are of considerable interest because of
their perceived little or no side effect thus making them to
be more preferred to the synthetic therapeutic agents
known to be associated with many side effects (14).The
present study was carried out in rats to test the efficacy of
flowers of psidium guajava on serum insulin,
hyperglycemia and enzymatic changes associated with
diabetes.

Guava (Psidium guajava Linn.) is a large tropical evergreen
shrub or small shade tree. The pharmacological actions
and the medicinal uses of aqueous extracts of guava leaves
in folk medicine include the treatment of various types of
gastrointestinal disturbances such as vomiting, diarrhea,
inhibition of the

spasmolytic activity, dysentery, abdominal distention,

peristaltic reflex, gastroenteritis,
flatulence and gastric pain (15). Moreover, aqueous
extracts of guava leaves were described to be effective
against a number of microbial strains (16) and anti-
rotavirus activity(17). It has also been used extensively as a
hypo-glycaemic agent. Many pharmacological studies have
demonstrated the ability of this plant to exhibit
antioxidant, hepato-protective, anti-allergy, antimicrobial,
antigenotoxic, antiplasmodial, cytotoxic, antispasmodic,
cardioactive, anticough, antidiabetic, anti-inflammatory
and antinociceptive activities, supporting its traditional
uses (18).
MATERIALS AND METHODS

The fresh flowers of Psidium guajava were
collected from Thiruvarur District, Tamilnadu, South India.
During February-March-2012. The plant was identified by
Dr.S. John Britto, the Director, the Rapinat Herbarium and
the centre for Molecular Systematics, St.Joseph’s College,
Thiruchirappalli and a voucher specimen was deposited in

the Rapinat Herbarium of St. Joseph’s, College
Thiruchirappalli (Voucher No.GP001/2012).The collected
fresh flowers of Psidium guajava was shade, dried and
powdered. The aqueous extract of this is flower was
prepared and used for oral administration in experimental
rats.Qualitative phytochemical examination were carried
out for aqueous extracts as per the standard methods
(29).

Healthy adult wistar strain of male albino rats two
to three months old and weighing 150g-200g were
obtained from Tamilnadu Veterinary and Animal Sciences
University, Chennai and the animals were cared for in
accordance with the principles and guidelines of Indian
National Law on Animal care and use. The animals were
allowed to acclimatize under laboratory conditions for a
period of 5 days prior to the experiment. Animals were fed
with standard rat chow pellet obtained from Sai Durga
Foods and Feeds, Bangalore, India and water ad libitum.
Diabetes mellitus was induced in a batch of normoglycemic
albino rats, starved for 16 hours, 150mg/kg body weight of
alloxan monohydrate was dissolved in physiological saline
and injected intraperitoneally (20). This dose of alloxan
produced persistent hyperglycemia after 4 days as
revealed by determination of sugar levels. The diabetes
induced rats were chosen and grouped for further studies.
EXPERIMENTAL DESIGN

Wistar strains of male albino rats weighing 150-
200gm were used as the experimental models. The rats
were divided into four groups comprising six rats each.

Group | Normal control animals received normal
diet and water adlibitum
Group I Animals treated with alloxan in normal

saline at a dosage of 150-mg/kg body
Group Il :

weight IP.
Animals were treated as in Group Il.
After 4 days of alloxan induction, treated orally with
flowers of Psidium guajava aqueous extract 100-mg/kg
body weight.
Group IV : Animals were treated as in Group Il. After
4 days of alloxan induction, treated with metformin 1-
mg/kg body weight for 30 days orally.

After the experimental period, animals were sacrificed by
cervical decapitation. Blood was collected; liver was
dissected out and washed in ice-cold saline. Liver tissues
were homogenized in 0.1 M Tris Hcl buffer, pH 7.4 and
used for estimating enzyme parameters such as glucose-6-
phosphatase, fructosel,6 bisphosphatase, glycogen
synthase and hexokinase.

Statistical analysis
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All the results were expressed as mean * S.E. The
data were statistically analyzed by one — way analysis of
variance (ANOVA) and P values <0.05 were considered
significant.

RESULTS

Table 1 represents phytochemical analysis of
flower extract of P.guajava. P.guajava contains alkaloids,
carbohydrate, glycosides, saponins, resins, phenols,
tannins, flavonoids, proteins and amino acids, steroid and
it was observed that fixed oils, fats, coumarins and
chlorogenicacid were absent in P.guajava. As tested plants

contains important secondary metabolites.The primary

study support the further usage of P.guagjava in
experimental animal model received alloxan for evaluate
antidiabetic efficiency.

Table 2 shows the effects of the aqueous extract of
P.guajava on blood glucose, insulin, protein, AST, ALT,
ALP, ACP, creatinine, urea catalase, SOD, LPO in alloxan
induced diabetic rats.

Table 3 shows the effects of the aqueous extract of
P.guajava on glucosebphosphatase,
fructosel,6 bisphosphatase and glycogen synthase.

hexokinase,

Table 1: Preliminary phytochemical constituents of flower extract of Psidiumguajava .

S.No. Phytochemical compound Result of qualitative tests
1. Alkaloids +
2. Carbohydrates +
3. Glycosides +
4. Saponins +
5. Fixed oils and fats B
6. Resins +
7. Phenols +
8. Tannins +
9. Flavonoids +
10. Proteins +
11. Aminoacids +
12. Steroids +
13. Coumarins )
14. Chlorogenicacid B

(+) : presence (-) : Absence
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Table 2: Effect of aqueous extract of P.guajava flowers on following biochemical parameters in alloxan induced
experimental rats.

Groups Glucose Insulin Protein AST ALT ALP ACP Creati Urea CAT SOD LPO
(mg/dl) (1u/ml) (g/dl) (U/L) (U/L) (KA (KA nine(m (mg/dl) (units/ (units/ (mol
Unit) Unit) g/dl) mgprot mgpro MDA/g
ein) tein) wet
tissue
weight)
Group! | 89.3+ | 19.5+ | 7.3+ | 73.23 | 67.96 | 12.73 | 3.15+ | 0.52+ | 17.2¢ 78.04 | 5.2+ | 0.45%
0.3° 0.95° | 0.49° |+ + + 0.61° | 0.10° 0.32° + 0.36° | 0.05°
0.85° | 0.55° | 0.2° 2.28°
Groupll | 243.1 | 9.3+ | 5.13% | 194.5 | 2489 | 21.1+ | 7.6 | 1.77+ | 36.3+ 55.3+ | 1.9+ | 2.23+
+ 1.0° | 0.30° | 3+ + 1.5° |0.52° [ 0.80° | 1.00° | 0.94° | 0.1° | 2.3°
0.65" 4.68° | 0.30°
Groupll | 110.9 | 15.4+ | 6.93+ | 70.23 | 85.66 | 17.1+ | 6.9+ | 1.06+ | 15.2+ 64.6+ | 4.6+ | 0.66%
| * 0.85° | 0.15° | * + 0.49° | 0.36° | 0.37° 0.85° 0.77° | 0.35° | 0.20°
1.04° 0.15* | 0.83°
Groupl | 84.8+ | 19.3+ | 7.4+ | 64.26 | 83.3+ | 12.9+ | 5.46% | 0.89+ | 16.2+ 72+ 4.5+ | 0.61%
v 0.29° | 0.55° | 0.26° | * 3.32° | 0.37° | 0.25° | 0.05° 0.58° 3.13% | 0.26° | 0.08°
5.4°

Results were expressed as mean +* S.E. The data were statistically analyzed by one way analysis of variance (ANOVA) and p
values <0.05 were considered significant.

Table 3: Effect of aqueous extract of P.guajava flowers on enzymes of carbohydrate metabolism in alloxan induced
experimental rats.

Groups Hexokinase (n Glucose-6 Fructose Glycogen
moles of phosphatase(m | 1,6bisphosphata synthase
glucose oles of pi se (moles of pi (unit/mg of

6phosphate liberated/min/ liberated/min/ protein/min)
formed/h/mg mg protein) mg)
protein)
Group | 293+ 0.170+ 0.264+ 3.6%
7° 0.002° 0.013° 0.2°
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Group I 84.66+ 0.242+ 0.424+ 1.53+
15.97° 0.008° 0.004° 0.47°
Group Il 162.66% 0.191+ 0.268+ 1.9+
14.18° 0.002° 0.013° 0.1°
Group IV 191+ 0.168+ 0.288+ 2.0t
3.60° 0.003? 0.029° 0.78°

Results were expressed as mean = S.E. The data were
statistically analyzed by one way analysis of variance
(ANOVA) and p values <0.05 were considered significant.

DISCUSSION

In Ayurvedic and indigenous folk medicine system,
the hypoglycemic plants have been used mostly in their
natural forms, consisting of both inorganic and organic
constituents of the concerned herbs. It is important to
note that the inorganic part of medicinal plants containing
mainly mineral, plays a contributory role in enhancing
hypoglycemic activity (21,22) and their indirect role in
diabetes management is increasingly recognize (23)Wide
application of medicinal plant in the management of DM
has been reported ( 24, 25, 26)

The flower extract of psidium guajava Linn.contains a
range of active pharmacological agents such as alkaloids,
carbohydrate, glycosides, saponins, resins, phenols,
tannins, flavonoids, proteins and amino acids, steroids.
Literature showed that saponins and flavonoids are good
metabolites(27). Alkaloids,

carbohydrates, and saponins have

anti diabetic glycosides,
similarly been
implicated in the antidiabetic activities of plants(28,29).
Alloxan a beta cytotoxin, is widely used in animal
models to induce chemical diabetes by damaging the
pancreatic beta cells (30, 31). Consequently, there is
reduced secretion of insulin leading to clinical conditions
such as hyperglycemia, polyphagia, polydypsia, polyuria
and weight loss (32). Alloxan has been observed to cause a
massive reduction in the number of the B-cells of the islets
of langerhans and induce hyperglycemia (33). The

diabetogenic action of alloxan is mediated by reactive

oxygen species, with simultaneous massive increase in
cytosolic calcium concentration, leading to a rapid
destruction of pancreatic B-cells which reduces the
synthesis and the release of insulin (34, 35).

There is an increasing evidence that alloxan caused
diabetes by rapid depletion of cells, by DNA alkylation and
accumulation of cytotoxic free radicals that is suggested to
result from initial islet inflammation, followed by
infiltration of activated macrophages and lymphocyte in
the inflammatory focus. Its leads to a reduction in insulin
release there by a drastic reduction in plasma
insulinconcentration leading to stable hyperglycemic states
(36).

Liver is the candidate organ invoved in glucose
homeostasis. It is the main site for glycolysis, a process
where glucose is degraded and gluconeogenesis, where
glucose is synthesized from lactate, aminoacids and
glycerol. These are the two important complementary
events that balance the glucose load in our body (37).

The results of the present study indicated that the
flower extract of P. guajava is capable of reducing blood
glucose level associated with diabetes. Administration of
alloxan increased plasma glucose when compared to
normal animals and also induced persistent diabetes
mellitus in rats. Diabetic rats treated with flower extract
showed reduction in blood glucose in comparison to
untreated diabetic rats and the results indicates the
efficacy of aqueous extracts of P.guajava decrease the
blood glucose level in alloxan induced diabetic rats.

Insulin influences the intracellular utilization of glucose
in a number of ways. Insulin increases hepatic glycolysis by

increasing the activity and amount of several key enzymes
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including glucokinase and phosphofructokinase. Alloxan
(beta toxin) induced diabetes in a wide variety of animals,
by damaging the insulin secreting beta cell resulting in a
decrease in endogenous insulin release, which decreased
the utilization of glucose by the tissues.The significant
antidiabetic activity of flower extract of Psidium guajava
may be due to the inhibition of subsequent tissue damage
induced by alloxan or potentiation of serum insulin effect.
Metformin does not stimulate insulin secretion and acts by
reducing hepatic glucose production through inhibition of
gluconeogenesis and to a lesser extent.

Renal disease is one of the most common and severe
complications of diabetes. Insulin is a physiolgical factor,
which plays an important role in the maintanence of
protein synthesis, but also inhibits protein degradation
(38). The increase in total protein may be due to changes
in circulating amino acid levels, hepatic amino acids uptake
and muscle output of amino acid concentrations (39). In
the present study, the elevated level of serum proteins
may related with increased level of plasma insulin in
diabetic rats treated with the flower extracts of Psidium
guajava and metformin.

The enzyme directly associated with the
conversion of amino acids to keto acids are aspartate
transaminase and alanine transaminase. These enzyme
activities were increased in diabetic conditions (40) have
reported the increase of AST and ALT in the liver of
diabetic animals. Treatment with flower extracts of
P.guajava normalized these enzyme activities. Increased
levels of AST and ALT in diabetic liver of rats were reported
by 41. The increased protein catabolism accompanying
gluconeogenesis and urea formation that are seen in
diabetic state might be due to result of elevation of tissue
transaminases. The rise in ALT activity is almost always due
to hepatocellular damage and is usually accompanied by
rise in AST.

In addition to the assessment of AST and ALT levels
during diabetes, the measurement of enzymatic activities
of phosphatases such as acid phosphatase (ACP) and
alkaline phosphatase (ALP) is of clinical and toxicological
importance as changes in their activities are indicative of
tissue damage by toxicants (42) In the present study,
serum ACP and ALP increased considerably in alloxan
induced diabetic rats. Elevated level of these enzymes in
diabetes may be due to extensive damage to liver in the
experimental animals by alloxan. Treatment with aqueous
extract of flower of P.guajava in alloxan-induced diabetic
rats produces a more significant decline in these levels.

From the present observation, it was evident that aqueous
flower extract protects the adverse effects of lipid
peroxide mediated tissue damage in alloxan induced
diabetic rats.

There is significant increase in the level of
creatinine which is the marker of renal dysfunction (43) in
the diabetic groups compared to control level. After
treatment of aqueous flower extract of P.guajava
increased the total protein and lowered the serum
creatinine level by enhancing the renal function that is
generally impaired in diabetic rats.

For the detoxification of ammonia in mammals
the urea cycle is the main biochemical pathway. Increased
activity of the urea cycle enzymes in diabetic condition
may be due to increased protein catabolism, which results
in the increased elimination of urea nitrogen. In diabetic
condition, urea synthesis was normalized by extract
treatment. Administration of flower extract to diabetic rats
reduced the elevated blood urea levels to normal levels.

Free radicals exert diverse biochemical effects
mainly derived from univalent reduction of oxygen and
giving rise to numerous by products through reactions with
almost all the unsaturated double bonds found in natural
living cells (44).The levels of potentially toxic superoxide
radicals and hydrogen peroxide have been controlled by
superoxide dismutase and catalase. The level of catalase
was significantly reduced in alloxan induced rats. These
adverse changes was reversed to near normal values in
aqueous extract of P.guajava flowers treated rats. It is
well known that catalase play an important role as
protective enzymes against free radical formation in
tissues (45)

Activities of superoxide dismutase and catalase
are generally high in liver of normal rats (46). Like catalase,
the activity of superoxide dismutase was decreased in liver
of diabetic rats. And this decreased values was normalized
by the aqueous flower extract of P.guajava.

Production of lipid peroxides by free radicals such as
superoxide hydroxyl radical and hydrogen peroxide causing
cellular injury (47). Increased lipid peroxidation was
observed in liver of diabetic rats. The increased levels were
reverted to near normal after flower extract treatment of
Psidium guajava. Alloxan induced lipid peroxidation in rat
erythrocytes through the generation of hydrogen peroxide
was observed by48. These increased lipid peroxidation in
tissues suggested the presence of oxidative cellular injury
(49).
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Hexokinase is the prime enzyme which catalyses
the phosphorylation of glucose by adenosine triphosphate
in the utilization of glucose by glycolysis, and it plays an
important role the entry of glucose in to cells and
channeling it in to various metabolic routes (50)Liver which
is known to be dependent on insulin for glucose
metabolism has been found to have a significantly lower
hexokinase activity in diabetes. The decreased activity of
glucokinase was correlated with the decreased level of
glucokinase. Administration of Psidium guajava flower
extract treatment to diabetic rats produced an increase in
the level of glucokinase and thereby enhancing the activity
of the hexokinase enzyme.

The activity of gluconeogenic enzyme, glucose-6-
phosphatase in liver was found significantly elevated in
diabetic rats when compared with control rats. Oral
administration of flower extracts of Psidium guajava for 30
days brought back the activity of the glucose-6-
phosphatase to the near normal level.

The enzyme fructose-1,6-bisphosphatase which
catalyses the hydrolysis of fructose-1,6-bisphosphate to
fructose-6-phosphate is an essential step in the
gluconeogenic pathway (51). The activity of the enzyme
fructose-1,6-bisphosphatase was found to have increased
in diabetic rat liver (52,53) Administration of flower extract
of  Psidium guajava to diabetic rats normalized the
increased liver fructose-1,6-bisphosphatase activity.

Glycogen synthase, a highly phosphorylated
protein is the rate limiting enzyme of glycogen synthesis.
Decreased activity of glycogen synthase in liver of diabetic
mice has been reported (54). The activity of glycogen
synthase was induced by Psidium guajava flower extract
and reverted the enzyme values to normal in rat
hepatocytes. The abnormal activity of glycogen synthase in
the liver of diabetic rats returned to normal by flower
extract of P.guajava.

The studies on hypoglycaemic activity in
alloxanised rats, significant reduction of blood glucose was
observed from the 2nd day of the study. The comparable
effect of the extract with metformin may suggest similar
mode of action since alloxan permanently destroys the
pancreatic B cells and the extract lowered blood sugar
level in alloxanised rats, indicating that the extent
possesses extra pancreatic effect. From the phytochemical
analysis it was found that the major chemical constituents
of the extract and some of this active principle including
flavonoids are known to be used for the treatments of
diabetes (55, 56) on the basis of the above evidences it is

possible that the presence of flavonoids and tannins are
responsible for the observed Antidiabetic activity (57).
CONCLUSION

Although numerous oral hypoglycemic drugs exist
alongside insulin, still there is no promising therapy to cure
diabetes. India has a rich emporium of various potent
herbs and herbal components for treating various diseases
including diabetes. In recent years, numerous traditional
medicinal plants were tested for their antidiabetic
potential in the experimental animals. Oral administration
of Psidium guajava flower extract reversed the above
biochemical parameters and improved towards normalcy.
From this study it was concluded that the aqueous extract
of Psidium guajava flower extract possesses good
glycaemic properties in
experimental rats. This study justifies the traditional use of
Psidium guajava flower in diabetes management.
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