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Abstract: In the present study, antihyperglycemic effect of oral administration of ethanolic
extract of M. koenigii leaves (200 mg/kg/day) for 30 days on carbohydrate metabolizing
enzymes in the liver and kidney of streptozotocin induced diabetic rats was evaluated.
Glibenclamide was used as a standard reference drug. Significant increase in blood glucose
and glycosylated hemoglobin and a concomitant decrease in the levels of insulin and liver
glycogen were observed in diabetic rats. Increased activities of lactate dehydrogenase,
glucose-6-phosphatase, fructose-1,6-diphosphatase and glycogen phosphorylase and
decreased activities of hexokinase, pyruvate kinase and glycogen synthase were observed in
diabetic rats. These alterations were restored to near normal in the liver and kidney after
treatment with Af. koenigii leaf extract indicating that the therapeutic role of M. koenigii
leaves in moderate streptozotocin induced diabetes.

Key words: AMurraya koenigii, streptozotocin, diabetes, carbohydrate metabolic enzymes

INTRODUCTION

Diabetes mellitus is a heterogencous broad spectrum disease often characterized by disturbed
carbohydrate and lipid metabolism (Vallance-Owen, 1975). It is the most prevalent chronic disease in
the world affecting nearly 25% of the population. From literature review, it has been revealed that 15-
20% of diabetic patients are suffering from insulin dependent diabetes mellitus (IDDM) or type-1
(Urger and Foster, 1998). Diabetes mellitus is a disorder due to the abnormality in carbohydrate
metabolism and is mainly linked with low blood insulin level (Type T) or insensitivity of target organs
to Insulin (Type II). Diabetes has been shown to depress the activities of glycolytic and pentose
phosphate pathway enzymes while promoting gluconeogenic and lipolytic activities (Weber ef al.,
1966; Storey and Bailey, 1978, Nathan, 1994).

Hence, the treatment for diabetes mellitus is based on administration of insulin and oral
hypoglycemic agents. The oral antihyperglycemic agents currently used in climical practice have
characteristic profiles of serious side effects, leading to increasing demand for herbal products with
antidiabetic activity having mimimum side effects (Vetrichelvan ef @l., 2002; Mansour ef al., 2002).
Throughout the world, approximately 80% of the population are almost dependent on traditional
medicines. These traditional medicines are invariably from plant sources that do not from the
constituents of our normal diet. In recent decades, several health beneficial physiological effects of
species have been evidenced based on experimental amimals as well as on climical trails (Srimvasan,
2005). The number of many traditional plants used for treatments of diabetes has increased (Gray and
Flatt, 1997). However, few traditional antidiabetic plants have received proper scientific screening. The
world health organization has recommended that this area warrants further evaluation (WHQ, 1980).

Murraya koenigii (L.) spreng (Rutaceae) is one of the most widely acclaimed remedies for the
treatment of diabetes mellitus, hence its choice in this present study. The plant is well known in India
and commonly referred to as Cumry Leaf Tree. The leaves are widely used as a condiment. Various
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parts of the plant have been used in traditional or folk medicine for the treatment of headache,
stomachache, influenza, theumatism, traumatic injury, insect and snake bites and as an antidysentric
and astringent (Kong ef al., 1986). Recent studies revealed strong antioxidative activity for carbazoles
of M. koenigii (Tachibana er al.. 2001), reduction of total serum cholesterol content (Khan er ai.,
1996a). Extracts and carbazoles have been reported to have antimicrobial activity (Nutan ef al., 1998),
anti-trichomonal (Adebajo ef /., 2000) and anti-inflammatory (Ramsewak ez al., 1999), activitics.
Ethanolic extract significantly reduced the blood glucose of STZ-induced diabetic rats
(Arulselvan ef af., 2006). Its efficacy against colon carcinogenesis was also proved (Khan ef af., 1996b).

However, the present study is aimed at investigating the effect of the leaf extract on carbohydrate
metabolic enzymes in the liver and kidney of streptozotocin-induced diabetic rats, comparing with that
of a standard hypoglycemic drug, glibenclamide.

MATERIALS AND METHODS

Plant Material and Preparation of Extract

Fresh, mature AL, keenigit leaves (Rutacecae) were collected from a plant in Attur, Tamil Nadu,
India, after identification and authentication by Dr. V. Kaviyarasan, Centre for Advanced Studies in
Botany, University of Madras and a voucher specimen (685) was deposited at the herbarium of
Botany Department, University of Madras. The leaves were dried at room temperature, powdered and
stored at 5°C until when needed. A 100 g of the powder was defatted with petroleum ether (60-80°C)
overnight and re-extracted with 95% ethanol using soxhlet apparatus. Ethanol was evaporated in-vacuo
using a rotary evaporator to give a 5.4% w/w yield.

Animals

Male albino rats of Wistar strain (160-180 g) obtained from Tamil Nadu Veterinary and Animals
Sciences University, Chennai, India, acclimatized to animal house conditions. They were fed with
commercial pelleted rat chow (Hindustan Lever Ltd., Bangalore, India) and had free access to water.
All the rat experiments were conducted according to the ethical norms approved by Ministry of Social
Justices and Empowerment, Government of India and Institutional Animal Ethics Committee
Guidelines (IAEC 01/013/06).

Experimental

The rats were fasted overnight and diabetes was induced in rats with a single intraperitoneal
injection of a freshly prepared solution of streptozotocin (55 mg kg™1) in 0.1 M cold citrate buffer of
pH 4.5 (Rakieten ef al., 1963). Rats were supplied with 5% glucose solution for 48 h after STZ
injection in order to prevent severe hypoglycemia. After one week of allowing for the development and
aggravation of diabetes, the rats with moderate diabetes having persistent glycosuria and hyperglycemia
(Blood glucose range of above 250 mg dL ™) were used for the experiment. The treatment was started
on the 8th day after STZ injection and this was considered as 1st day of treatment. The rats were
grouped into four, comprising of six rats in each group as follows.

GroupI:  Normal rats given 0.1 M cold citrate buffer (pH 4.5): Normal glycaemic negative control
group.

Group II:  Diabetic rats given 0.1 M cold citrate buffer (pH 4.5): Diabetic negative control.

Group III:  Diabetic rats given M. koenigii 1eaf extract (200 mg/kg/day) in aqueous solution orally for
30 days.

Group IV: Diabetic rats given glibenclamide (0.6 mg/kg/day) in aqueous solution orally for 30 days.
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At the end of the experimental period of 37 days and after an overnight fasting, the rats were
anaesthetized and sacrificed by cervical dislocation and blood was collected using EDTA as
anticoagulant for the estimation of glucose level (Sasaki ef af., 1972), glycosylated haemoglobin were
estimated according to methods of Nayak and Pattabiraman (Nayak and Pattabiraman, 1981). The
plasma was separated and used for the assay of insulin using RIA assay kit (for rats) supplied by
Linco Research Inc., USA.

For enzymes and glycogen assay, a portion of the liver and kidney tissues were dissected out,
washed with ice-cold saline immediately and the tissues were homogenized in 0.1 M Tris HCI buffer
(pH 7.4). The homogenate was centrifuged at 10000 rpm to remove the debris and the supernatant was
used as the enzyme source for the assays of hexokinase (Brandstrup er of., 1957), glucose-6-
phosphatase(Koide and Oda, 1959), fructose 1,6-diphosphatase (Gancedo and Gancedo, 1971), lactate
dehydrogenase (King, 1959), glycogen synthase (Leloir and Goldenberg, 1979), glycogen
phosphorylase (Carnblath et al., 1963), glucose-6-phosphate dehydrogenase (Koide and Oda, 1959)
and pyruvate kinase (Pogson and Denton, 1967), Another portion of wet liver tissue was used for the
estimation of glycogen content (Carnblath ez ef., 1963).

Statistical Analysis

All the grouped data were statistically evaluated with SPSS/10.00 software. Hypothesis testing
methods included one-way analysis of variance followed by Least Significant Difference (LSD) test.
p<0.05 was considered to indicate statistical sigmificance. All the results were expressed as mean+S.D
for six rats in each group.

RESULTS

Levels of Blood Glucose, Glycosylated Hemoglobin and Insulin of Normal and Streptozotocin-
diabetic Groups of Rats

There were significant increases in the levels of blood glucose, glycosylated hemoglobin and a
concomitant decrease in the level of insulin in STZ-induced diabetic rats. The oral administration of
the leaf extract and glibenclamide tended to bring these values back to those of the normal
(control) rats (Table 1).

Activities of Glycolytic Enzymes in Normal and Streptozotocin-diabetic Groups of Rats

The significant decreases in the activities of hexokinase, pyruvate kinase and increase in lactate
dehydrogenase in livers of STZ-diabetic rats over those of normal were reversed by the extract and
glibenclamide as shown in Table 2. Similarly, the increased activities of these enzymes in the kidneys
of the diabetic rats were signficanfly lowered by the extract and glibenclamide to values close to those
of the normoglycaemic rats (Table 3).

Activities of Gluconeogenic and Glycogen Metabolic Enzymes in Normal and Streptozotocin-
diabetic Groups of Rats

Significantly increased activities of hepatic glucose-6-phosphatase, fructose 1,6-diphosphatase
and glycogen phosphorylase as well as concomitant decreases in the levels of glycogen and activities
of lucose-6-phosphate dehydrogenase and glycogen synthase were observed in diabetic rats.
Administration of the leaf extract, similar to that of glibenclamide, tended to revert the levels of
glycogen and activities in the diabetic rats to those of normal rats (Table 4 and 5). The activities of the
gluconeogenic enzymes such as glucose-6-phosphatase and fiuctose-1, 6-diphosphatase and glucose-6-
phosphate dehydrogenase that were significantly increased in the kidneys of the diabetic rats were
brought back to values of the normal rats after treatment with the extract and glibenclamide (Fig. 1).
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Table 1: Levels of blood ghicose, plasma insulin and gly cosylated haemoglobin in normal and streptozotocin-diabetic
groups of rats

Groups Blood glucose {mg dL.™")  Plasma insulin (WU mL™")  Glycosylatedhaemoglobin(@db)
Nomoghycaemic (normal) rats 89.02+6.05 14.72+0.75 6.2+0.25

Diabetic control 287.92+21.59% 4.36+0.15% 13.4+0.61%
DiabetictMigrava koenigii 97.64+6.73" 12.68:0.63" 7.540.33¢
Diabetict+Glibenclamide 105.72+7.18 11.24+0.42¢ 8.1+0.34%

Values are given as mean+SD for groups of six rats in each. Values are statistically significant at *p<.0.05 and #p=<0.05.
Statistical significance determined by ANOVA was compared within the groups as follows: *Diabetic control rats were
compared with normal rats; *Experimental groups of rats were compared with diabetic control

Table 2: Activities of hexokinase, pynivate kinase and lactate dehydrogenase in livers of normal and streptozotocin-
diabetic groups of rats

Groups Hexokinase Pymvate kinase Lactate dehy drogenase
Nomoghycaemic (normmal) rats 261.51+16.99 9.84+0.46 243.89+16.82
Diabetic control 127.86+9.07* 3.92+0.20% 459.34433.99%
DiabetictMigrava koenigii 252.63+17.93¢ 8.46+0.45" 246.39£17.74%
Diabetict+Glibenclamide 246.72+18.25% 8.27+0.46% 275.89420.13%

The enzyme activities expressed as: Hexokinase-p1 moles ghicose-6-phosphate formed/h/mg of protein. Pyruvate kinase
(umoles of pyrnvate formed/min/img of protein). TLactate dehy drogenase-11 moles pyrnvate formed/h/mg of protein. Values
are given as mean=SD for groups of six rats in each. Values are statistically significant at *p<.0.05 and #p<0.05. Statistical
significance determined by ANOVA was compared within the groups as follows: *Diabetic control rats were compared
with normal rats; “Experimental groups of rats were compared with diabetic control

Table 3: Activities of hexokinase, pyruvate kinase and lactate dehiydrogenase in kidneys of normal and streptozotocin-
diabetic groups of rats

Groups Hexokinase Pyruvate kinase Lactate dehydrogenase
Nommoglycaemic (normal) rats 145.73+10.34 9.14+0.49 485.61+35.93
Diabetic control 292.16+21.03% 20.64+1.01% T00.63+49.74%
DiabetictAarava koenigii 158.08+11.06° 10.33+0.54% 517.24+£37.75¢
DiabetictGlibenclamide 165.72+12.09¢ 10.964+0.58¢ 525.68+£36.27

The enzyme activities expressed as: Hexokinase-u moles glucose-6-phosphate formed/h/mg of protein. Pyruvate kinase
(1 moles of pyruvate formed/min/mg of protein). Lactate dehydrogenase-p moles of pyruvate formed/h/ing of protein.
Values are given as mean+SD for groups of six rats in each. Values are statistically significant at *p<.0.05 and #p=<0.05.
Statistical significance determined by ANOVA was compared within the groups as follows: *Diabetic control rats were
compared with normal rats; *Experimental groups of rats were compared with diabetic control

Table4: Activities of Glucose-6-phosphatase, fructosel, 6-di phosphatase and glucose-6 phosphate dehydrogenase in
livers of normal and streptozotocin-diabetic groups of rats

Glucose-6- Fructose 1,6-di Glucose-6-phosphate
Groups phosphatase phosphatase dehydrogenase
Nommoglycaemic (normal) rats 1041.23+82.25 498.79+36.41 7.4+0.27
Diabetic control 1972.10+£147.90* 780.14+55.38* 3.1+0.10%
DiabetictMisrava koenigii 1098.36=86.77" 504.18+34.78¢ 6.6=0,23"
DiabetictGlibenclamide 1152.21+89.87% 525.36+37.30¢ 5.9+0.21%

Activities are expressed as: Glucose-6-phosphatase, friuctose 1,6 di-phosphatase- 1 moles of phosphate liberated/h/mg of
protein; Glucose-6-phosphate dehydrogenase-pmoles of NADPH formed/min/g tissue. Values are given as mean+SD for
groups of six rats in each. Values are statistically significant at *p<0.05 and *p<0.05. Statistical significance determined
by ANOVA was compared within the groups as follows: *Diabetic control rats were compared with normal rats;
*Experimental groups of rats were compared with diabetic control

Table 5: Level of glycogen and activities of glycogen synthase and glycogen phosphorylase in livers of normal and
streptozotocin-diabetic groups of rats

Gly cogen (mg Glycogen synthase Glycogen phosphorylase

of ghicose/g (umol of UDP formed (umol of phosphate
Groups of liver tissue) /h mg protein) liberated/h/img protein)
Nommoglycaemic(normalyrats 58.10+3.60 832.71+57.48 639.64+42.85
Diabetic control 22.38+1.36% 547.41+£37.22% 897.42+62.81%
DiabetictAgrava koerigii 55.98+3.97% 808.12+57.37 695.24+47.27#
Diabetict+Glibenclamide 51.82+3.52¢ 782.21+53.97 734.194+50.65%

Values are given as meantSD for groups of six rats in each. Values are statistically significant at *p</0.05 and *p<0.05.
Statistical significance determined by ANOVA was compared within the groups as follows: *Diabetic control rats were
compared with normal rats; *Experimental groups of rats were compared with diabetic control
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Fig. 1: Activities of glucose-6-phosphatase, fructose 1, 6-diphosphatase and glucose-6-phosphate
dehydrogenase in kidneys of normal and streptozotocin-diabetic groups of rats. Activities are
expressed as: Glucose-6-phosphatase, fiuctose 1, 6-diphosphatase-p moles of phosphate
liberated/h/mg of protein; Glucose-6-phosphate dehydrogenase-pmoles of NADPH
formed/min/g tissue. Values are given as mean+SD for groups of six rats in each. Values are
statistically significant at *p<0.05 and *p<0.05. Statistical significance determined by
ANOVA was compared within the groups as follows: *Diabetic control rats were compared
with normal rats; *Experimental groups of rats were compared with diabetic control

DISCUSSION

Streptozotocin is well known for its selective pancreatic islet B-cell cytotoxicity and has been
widely used to induce diabetes mellitus in experimental rats. It interferes with cellular metabolic
oxidative mechanisms (Papaccio ef al., 2000).

Based on the histological observations made on the pancreatic tissue, the prevalence of diabetes
was confirmed and the dose (200 mg kg™!) was selected after preliminary behavioral and acute toxicity
tests. The extract of the drug was found to be safe for biological studies as no lethality was observed
at 1000 mg kg™ bw in rats. Assay of pathophysiological enzymes such as asparatate
aminotransferase, alanine aminotransferase, alkaline phosphatase and histological observations made
on vital organs revealed the non-toxic nature of the plant extract. Similar results were also reported for
normal rats by Adebajo er al. (2006). The report that sub-chronic admimistration of 200 mg kg™' of the
extract for 14 days gave a better reduction in blood glucose and the enzymes studied (Adebajo ef al.,
20006), agreed with our choice of same dose and duration of treatment used in this present study.

Glibenclamide is often used as a standard drug in STZ-induced moderate diabetic models to
compare antidiabetic properties of a variety of compounds and its effectiveness in insulin stimulation
and by extra pancreatic effects is also reported (Andrade-Cetto ef af., 2000). The elevated blood
glucose concentration in the STZ induced diabetic rats clearly indicated persistent hyperglycemia in
the rats used. However, treatment with A4, keenigii leaf extract markedly lowered the blood glucose
concentration in diabetic rats. The increase in plasma insulin stimulated by both the extract and
glibenclamide suggested that the extract probably exerted its effect by stimulating insulin secretion from
the rermmmant B-cells or from regenerated P-cells (Table 1). A number of other plants have also been
reported to elicit their antihyperglycemic effects by a stimulatory effect on insulin release
(Latha and Pari, 2003).

A significant increase in the level of glycosylated hemoglobin was reported in STZ-induced
diabetes. The rate of glycosylation is proportional to the concentration of blood glucose. The peak of
the glucose tolerance curve correlates with glycosylation and with the improvement of glycemic
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control, glycosylated hemoglobin also decreases (Koenig ez al., 1976). The estimation of glycosylation
of hemoglobin is a well accepted parameter usefil in the management and prognosis of the diabetes
(Alyassin and Ibrahim, 1981; Sheela and Augusti, 1992). The significant increase in the level of
glycosylated haemoglobin observed in STZ-induced diabetic rats was lowered by the extract
and glibenclamide (Table 1). This firther demonstrated the antihyperglycasmic effect of the plant
(Koenig et al., 1976).

The administration of leaf the extract treatment to STZ-induced diabetic rats modulated key
carbohydrate metabolizing enzymes in liver and kidney, resulting in normal blood glucose homeostasis.
Hexokinase, that is responsible for the first phosphorylation step of glucose in glycolysis, was
significantly reduced in the liver of diabetic rats resulting in the diminished utilization of glucose and
the increased amount of blood glucose (Vestergaard, 1999). Enhanced hexokinase activity inM. koenigii
treated rats suggested activation of glycolysis leading to greater uptake of glucose from blood by the
liver cells and attendant increase in the utilization of glucose for energy production (Table 2).

Pyruvate kinase is an insulin dependent enzyme and its activity is regulated at the mRNA levels
(Noguchi ef af., 1985). The observed diminished levels of the plasma insulin and pyruvate kinase in
Table 1 and 2, respectively, confirmed the diabetic states of the rats used. The increased activities of
pyruvate kinase obtained with the diabetic rats fed with the extract (Table 2) might have led to
enhanced glucose metabolism (utilization) in the rats.

Pozzilli et af.(1997) have shown increased activity of LDH in diabetes mellitus. Normal LDH
activity is indicative of improved channeling of glucose (pyruvate) for mitochondrial oxidation and an
abnormally high LDH activity showed a blockage in the glucose metabolism (Table 2). Hence, the
reversal effects of M. koenigii, similar to glibencalmide, on the values of hexokinase, pyruvate kinase
and LDH confirmed the ability of the plant to induce better glucose utilization in the diabetic rats.

In STZ-diabetic rats, the renal hexokinase, pyruvate kinase and LDH activities were significantly
increased (Table 3) and were consistent with the raised renal glucose-6-phosphatease, fructose-1, 6-
diphosphatase and glucose-6-phosphate dehydrogenase levels (Fig. 1). These results were further
confirmed by the reduction in the glycogen content and glycogen svnthase activity in the liver (Table
4). The extract and glibenclamide however successfully reversed this trend. Diabetic nephropathy is
a serious microvascular renal complication in Type 1T diabetes and involves a series of metabolic events
in its pathogenesis (Bolli, 1999).

Glucose-6-phosphatase catalyses the final step of glucose production in liver and kidney.
Glucose-6-phosphatase and fructose-1,6-diphosphatase are regulatory enzymes of gluconeogemnic
pathway. The activities of both glucose-6-phosphatase and fructose-1,6-diphosphatase were increased
in the liver and kidney tissues during diabetic condition resulting in a decrease of glycolytic flux.
Administration of the leaf extract and glibenclamide significantly reduced the increased activities
glucose-0-phosphatase and fructose 1,6-diphosphatase in these two organs during diabetic conditions
(Table 4) similar to insulin treatment or pancreas transplantation (Makoff ef al., 1983).Glucose-6-
phosphate dehydrogenase is the rate-limiting enzyme of the Hexose Mono Phosphate (HMP) shunt
pathway producing NADPH. The reversal of the changes in this enzyme activity achieved by the
extract and glibenclamide in the diabetic rats, revealed improvement in the formation of NADPH,
favouring lipogenesis and the use of an alternative channel to dispose excess glucose via the HMP
pathway (39). These findings are similar to that of Ramachandran e# «f. (2003).

Diabetes mellitus is known to impair the normal capacity of the liver to synthesize glycogen
(Roesler and Khandelwal, 1986). Glycogen synthase and glycogen phosphorylase are the two key
regulatory enzymes that catalyze glycogen synthesis (glycogenesis) and degradation (glycogenolysis),
respectively. Anincreased glycogen phosphorylase, a decreased glycogen synthase with the resultant
decrease in the glycogen content was observed in STZ-diabetic rats. However, in the rats treated with
the extract and glibenclamide, these effects were effectively reversed (Table 5). Hence, the M. koenigii
leaf extract maintained the glucose homeostasis in STZ-induced diabetic rats additionally by altering
the activities of carbohydrate metabolizing enzymes.

The findings of our study suggests that the administration of M. koenigii leaf extract to diabetic
rats gives good control over key glycolytic enzymes. The changes in the activities of the enzymes
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effected by this extract suggest that a normal glucose metabolism, in peripheral tissues such as liver
and kidney, is critical in achieving normoglycemia. Hence, the extract has anti-hyperglycaemic activity
elicited by stimulation of insulin production from the pancreas and extra-pancreatic effects.
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