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Diabetes is a chronic, lifelong condition due to inadequate production of insulin or the cells does not
properly respond it. Recently, the significance and effectiveness of herbal drugs associated with diabetes
has emerged. The aim of the present study was to determine the anti-diabetic effects of Terminalia
catappa L. leaves on streptozotocin (STZ)-treated rats. Two different concentrations of ethanolic leaf
extract (300 and 500 mg/kg) of T. catappa were used to treat diabetic rats, and biochemical parameters
were analyzed in blood samples. The results of herbal treatments were compared with the standard drug,
glibenclamide. The ethanol extract (500 mg/kg) had significant anti-diabetic activity by altering blood
glucose, glycosylated hemoglobin, liver glycogen, glucose 6-phosphatase, fructose 1,6-bisphosphatase,
glucokinase, aspartate transaminase, alanine transaminase, alkaline phosphatase, urea, uric acid and cre-
atinine levels while increasing insulin levels. Thus, the present study suggests that the supplementation
of the diabetic patients with T. catappa leaves can lead to recovery from diabetic effects.
© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Diabetes mellitus is a metabolic ailment resulting from a failure
of insulin production, insulin action, or both. Insulin insufficiency
in turn leads to long-lasting hyperglycemia with impairments of
carbohydrate, fat and protein metabolism. As the disease pro-
gresses, it causes damage to the vascular tissues, leading to severe
diabetic complications such as neuropathy, nephropathy, retinopa-
thy, cardiovascular complications and ulceration (Arkkila et al.,
2001). Thus, diabetes leads to a wide range of ailments.

Abbreviations: ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; AST,
Aspartate aminotransferase; STZ, Streptozotocin.
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In patients suffering from type 2 diabetes mellitus, the manage-
ment of hyperglycemia starts with modifications to the diet and
physical activity (Nathan et al., 2009). Glycemic maintenance in
diabetic patients is not possible through diet and physical exercise
alone, but requires the intake of oral hypoglycemic agents to pre-
vent diabetic effects. Various blood glucose lowering drugs such
as sulfonylureas, biguanides and intestinal a-glucosidase inhibi-
tors are available in the marketplace, but these drugs have some
side effects and are also expensive. Glibenclamide is commonly
used by diabetic patients and reduces blood glucose levels in ani-
mal models of diabetes (Holmes et al., 1984). Drugs from medicinal
plants are prescribed universally because of their efficiency, lower
side effects and relatively low cost (Venkatesh et al., 2003). Termi-
nalia catappa L. is growing in warmer parts of Asia and is called the
Indian almond, Malabar almond and tropical almond. It is a med-
ium size tree, and the leaves are clustered towards the ends of
the branches. Various extracts of the leaves of this plant have been
reported to have anti-cancer, anti-HIV reverse transcriptase, hep-
atoprotective, anti-inflammatory, anti-hepatitis and aphrodisiac
effects (Lin et al., 1997). Although the fruits of T. catappa and the
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leaves of T. glaucescens and T. arjuna have been reported to have
anti-diabetic activity in some studies (Nagappa et al., 2003;
Njomen et al., 2008; Biswas et al., 2011), there have been no
reports of anti-diabetic activities of T. catappa leaves. Previously,
we found that the T. catappa leaf extract contains phytochemicals
such as phenol, flavonoids, and steroidal glycosides (Divya and
Vijaya Anand, 2014), which are responsible for its therapeutic
activity. Toshiya et al. (1999) examined the anti-oxidant activity
of methanolic extract of the leaves of 39 plant species. Two
extracts from Excoecaria agallocha and T. catappa showed remark-
ably potent activity in all assay systems. Hence, the present study
was aimed to determine the anti-diabetic potential of T. catappa
leaves in an STZ-induced animal model.

2. Materials and methods
2.1. Plant material

The leaves of T. catappa were collected from Tiruchirappalli and
authenticated at St. Joseph’s College, Tiruchirappalli, Tamil Nadu
(ND 006). The collected plant leaves (5.0 Kg of leaves) after plug-
ging from the tree were air dried under shade and ground into a
powder using a mortar and then sieved. The plant material was
subjected to extraction with solvents of ascending order of polar-
ity. In this process the substance, which is soluble in a solvent with
a particular range of polarity was extracted in the solvent and
remaining material further extracted with next solvent. The pre-
sent finding indicates that useful bioactive substances exist in
the T. catappa extracts. Hence, further studies were carried out
by using ethanol extract only. The powdered plant material was
subjected to successive with a solvent of 95% ethanol (100 g of leaf
powder/ 600 mL) by hot continuous percolation method. The resi-
dues extract was concentrated by rota-evaporator. Finally, the
extract was concentrated by drying process at the temperature of
40-50 °C. The ethanol was evaporated and the extract made into
a powder, which was used for later in vivo studies.

2.2. Animal material

Six to seven-week-old Wistar albino rats (150-200 g) totally 36
were used for the experiments, of which six animals were used for
each group. The rats were kept at the Periyar College of Pharma-
ceutical Sciences, Tiruchirappalli. The animals were fed and
watered ad libitum. The animal experiments were approved by
the Institutional Animal Ethical Committee by No: CPCSEA/265.

2.3. Experimental design

Wister albino rats were used as the experimental animals and
were randomly divided into six groups with six animals in each
group.

Group I - Control; Group II - Diabetic control (60 mg/kg of STZ);
Group III — 500 mg/kg of T. catappa leaf extract; Group IV - STZ and
300 mg/kg T. catappa leaf extract; Group V - STZ and 500 mg/kg T.
catappa leaf extract; Group VI - STZ and 3 mg/kg glibenclamide.
Preliminary oral LD°° dose of ethanol extract of T. catappa in rats
was found to be 5000 mg/kg. One-tenth of their LD>° dose of etha-
nol extract (500 mg/kg per day) was selected for treatment as the
maximum dose.

2.4. Induction of diabetes

STZ was purchased from Himedia Laboratories Pvt Ltd, Mumbai.
Hyperglycemia was induced by a single injection of STZ dissolved
in 2 mL of 0.1 M citrate buffer pH 4.5. The Wistar albino rats were

fasted overnight and STZ (60 mg/kg) was administered intraperi-
toneally. Rats with a blood glucose level above 200 mg/dl were
considered diabetic. After the confirmation of the disease, the ani-
mals were treated with a dose of various concentrations of ethano-
lic leaf extract (300 mg/kg b.w, or 500 mg/kg b.w) of T. catappa for
45 days.

2.5. Analysis of biochemical parameters

Blood samples were collected by the retro-orbital plexus punc-
ture method. The levels of glucose (Folin and Wu, 1919), insulin
(Morgan and Lazarow, 1963), glucose-6-phosphatase (King,
1965), fructosel,6-bis-phosphatase (Fiske and Subbaro, 1957),
glycogen (Morales et al., 1973), HbAlc (Nayak and Pattabiraman,
1981), glucokinase (Brandstrup et al., 1957), alanine aminotrans-
ferase (ALT; King, 1965), alkaline phosphatase (ALP; King, 1965),
aspartate aminotransferase (AST; King 1965), urea (Fawcett and
Scott, 1960) and creatinine (Bonsnes and Tausky, 1945) were ana-
lyzed standard procedures at the end of the experimental period.

2.6. Statistical analysis

The experiment was repeated three times with six animals for
each group. Statistical analysis was carried out by one way ANOVA
using the standard statistical software package of social science
(SPSS) version 12.0. P<0.05 was considered as the level of
significance.

3. Results and discussion

In the present study, the elevation of blood glucose was found
in the toxin treated group (Table 1). Glucose is derived from the
diet and utilized by cells with the help of insulin. Insulin insuffi-
ciency elevates the blood glucose and causes hyperglycemia, which
leads to diabetes. The ethanolic leaf extracts (300 mg/kg and
500 mg/kg) decreased blood glucose levels in diabetic rats. A sim-
ilar effect has been found in treatment with different extracts of T.
catappa fruits (Nagappa et al., 2003), which confirm the anti-
diabetic effects of T. catappa (Malviya et al., 2010). The secretion
of insulin by beta cells of the pancreas was affected by diabetic
agents. On the other hand, the lower concentration of insulin in
the toxin treated rat group was due to damage to the pancreatic
cells, which were not able to produce insulin due to DNA alkylation
arising from the production of carbonium ions (Wright et al.,
1999). STZ-induced diabetes not only affects the pancreas, but also
causes damage to the liver, the kidneys and cardiac cells (Biswas
et al,, 2011). Related studies have reported that the induction of
diabetes in animals by beta cell destruction, through the produc-
tion of free radicals, leads to the alkylation of DNA and a conse-
quent increase in the blood glucose concentration (Takasu et al.,
1991). In the present study, there was a substantial increase in
serum insulin levels of diabetic animals after T. catappa (300 mg/
kg and 500 mg/kg) treatment. Hence, it might be recognized that
secondary metabolites of this plant extract stimulate the beta cells.

HbA1c is an important diabetic parameter and was elevated in
rats injected with STZ. In severe diabetes, blood glucose levels are
elevated, and the excess glucose combines with hemoglobin, which
is converted to HbA1c (Edelman et al., 2004). T. catappa extract
(300 mg/kg and 500 mg/kg) decreased the HbA1lc level, which
might be due to regulation of glucose synthesis. In addition, the
liver glycogen levels were elevated in the STZ-treated group.
Glycogen storage is promoted by insulin, but the capacity for stor-
age within tissues is physically limited because it is a large mole-
cule. Glycogen in the liver can be abnormally accumulated or
depleted. Carbohydrate regulation by the liver is completed by
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Table 1

Effect of T. catappa leaf extract on various anti-diabetic parameters in diabetic rats. Group I- Control, Group II - Diabetic rat, Group III — 500 mg/kg of T. catappa leaf extract, Group
IV - STZ and 300 mg/kg of T. catappa leaf extract, Group V - STZ and 500 mg/kg of T. catappa leaf extract and Group VI - STZ and 3 mg/kg of glibenclamide.

Parameters Group | Group II Group III Group IV Group V Group VI
Glucose (mg/dL) 91.01 +5.56 199.95 + 11.02° 91.03 + 1.08" 128.99 +4.35 100.00 + 4.44 95.05+3.02"
Insulin (mU/mL) 17.06 £ 0.62 11.99+0.20 17.08 +0.617 22154126 1857+ 1.127 17.92+1.06"
Glycosylated Haemoglobin (mg/g of Hb) 0.34 +0.01 0.82+0.05" 0.36 +0.01% 0.54 +0.024" 0.40 +0.02" 0.35+0.01"
Liver Glycogen (mg/100 g tissue) 26.12 +1.41 59.02+2.21" 26.14+1.01" 41.14+2.14 30.00+1.21" 27.96 +1.59
Glucose 6-phosphate dehydrogenase 2798 +1.21 40.00+2.31" 26.98 +1.20* 3597147 32.93+1.40° 28.00+1.14"
(U/mg protein)
Fructose 1,6 bis-phosphatase (U/mg protein) 3798 +£0.61 86.50+1.81" 36.98 +1.57% 65.93 +1.00 4427 139" 39.10+£1.17
Glucokinase 8.99+0.26 6.300.13 9.01 +0.15" 7.59+ 0.11° 8.41+0.12 8.59+0.16
(U /h/mg protein)
Values are means * SD of six rats in each group;
™ Highly significant different at p <0.01 and
# non-significant different at p > 0.05.
Table 2 Table 3

Effect of T.catappa leaf extract on hepatic markers in serum of diabetic rats. Group I-
Control, Group II - Diabetic rat, Group IIl — 500 mg/kg of T. catappa leaf extract, Group
IV - STZ and 300 mg/kg of T. catappa leaf extract, Group V - STZ and 500 mg/kg of
T. catappa leaf extract and Group VI - STZ and 3 mg/kg of glibenclamide.

Effect of T. catappa leaf extract on kidney markers in serum of diabetic rats. Group
I-Control, Group II - Diabetic rat, Group Il — 500 mg/kg of T. catappa leaf extract,
Group IV - STZ and 300 mg/kg of T. catappa leaf extract, Group V - STZ and 500 mg/kg
of T. catappa leaf extract and Group VI - STZ and 3 mg/kg of glibenclamide.

Treatments AST (IU/L) ALT (IU/L) ALP (IU/L) Treatments Urea (mg/dl) Creatinine (mg/dl) Uric acid (mg/dl)
Group I 68.95 +2.69 28.63 £2.11 71.34+3.86 Group I 19.43 £ 0.40 0.95 +0.06 1.65 +£0.09
Group Il 111.63£3.55 52.90 +4.06 11856 +4.42" Group Il 73.0£0.68" 2.03+0.014" 5.05+0.18"
Group III 68.91 +1.36" 28.31 +1.70% 72.38 +2.46" Group III 27.83 £0.70% 1.02 +0.013* 1.70 £ 0.14*
Group IV 94.66 £3.35 41.11£3.40 95.58 +3.44" Group IV 46.0+0.78" 1.66 £0.009 " 275019
Group V 73.33£2.08 29.99+1.98" 76.34+2.75 Group V 3315043 1.05+0.017" 2.00+0.04"
Group VI 7417 £2.24~ 3322+167 79.46 +3.05" Group VI 29.12+0.78" 0.92+0.014" 1.54+0.07"

Values are means * SD of six rats in each group;
" Significant different at p < 0.05,
™ Highly significant different at p <0.01 and
# Non-significant different at p > 0.05.

many biochemical modifications that occur in hepatic cells due to
diabetes and must be studied to understand how liver disease may
affect glucose metabolism (Mann and Magath, 1922). There was a
significant alteration of the glycogen level in plant treated
(300 mg/kg and 500 mg/kg) group. STZ induced diabetic rats are
affected by irregular activity of enzymes, such as glucose-6-
phosphatase and fructose-1,6-bis-phosphatase, which play unique
roles in the homeostatic regulation of glucose. Gluconeogenesis
and glycogenolysis are processes that are mediated through the
action of  glucose-6-phosphatase and  fructose-1,6-bis-
phosphatase, which catalyze the irreversible steps in gluconeogen-
esis (Arati and Sachdanandam, 2003). Administration of ethanolic
extract of T. catappa (300 mg/kg and 500 mg/kg) had the ability
to increase the amount of insulin by altering those enzyme activi-
ties. However, glucokinase activity is decreased in diabetic rats.
Glucokinase is an enzyme that has a most important role in the
regulation of blood glucose. Hexokinase expressed in the liver con-
trols hepatic glucose disposal (Agius, 2008) and acts as a glucose
sensor for insulin (Matschinsky et al., 2006). Glucose is converted
to glucose-6-phosphate by the action of glucokinase. The ethanolic
extract of T. catappa leaves (300 mg/kg and 500 mg/kg) treated
groups had higher amounts of glucokinase and higher glucokinase
activity, especially in the liver. This elevation of glucokinase
increases the utilization of glucose (Goyal et al., 1999). Liver mar-
ker enzymes were elevated under diabetic conditions caused by
STZ in the present study (Table 2). AST, ALP and ALT are the key
enzyme markers for hepatic function in animals. These enzymes
are present in various tissues, including liver, cardiac muscle,
skeletal muscle, kidney, brain, pancreas, lungs, leukocytes and ery-
throcytes (Breitling et al., 2011). The increased activities of these
enzymes in the blood indicate an increased permeability and dam-
age or necrosis of hepatocytes (Adjroud, 2011). After the adminis-
tration of the plant extract, the activities of those enzymes

Values are means + SD of six rats in each group;
* Significant different at p < 0.05,
™ Highly significant different at p <0.01 and
# non-significant different at p > 0.05.

gradually decreased and ameliorated the STZ-induced diabetic
effect in rats. Similarly, urea, uric acid and creatinine levels ele-
vated in the STZ-treated animals (Table 3), which indicated
impaired renal function in response to STZ treatment. The urea
and creatinine are kidney markers that are raised under diabetic
conditions (Muhammad et al., 2008). The levels of urea and crea-
tinine were decreased in the T. catappa (300 mg/kg and 500 mg/
kg) treated groups. This may indicate that T. catappa leaves pre-
vented the STZ-induced biochemical alterations and did not cause
renal damage.

4. Conclusion

Treatments of the diabetic rats with ethanol extracts of T. cat-
appa reduced blood glucose and other diabetes-related parameters
and increased insulin levels. The restoration of pancreatic and liver
cell populations in the diabetic rats indicated that 500 mg/kg of T.
catappa leaf extract was more effective than a lower dose. The anti-
oxidant activity of T. catappa leaves protected the liver and
restored the levels of AST, ALT and ALP. The results of various liver
and kidney marker enzymes and parameters revealed that T. cat-
appa based synthetic or chemical drugs can provide a remedying
agent for future medication and protect the liver and kidney from
diabetic complications.
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