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Abstract:

The present investigation was undertaken to study the effect of treatment with D-phenylalanine derivative and metformin in neonatal

streptozotocin (nSTZ)-induced non-insulin-dependent diabetes mellitus (NIDDM) in rats. To induce NIDDM, a single dose

injection of streptozotozin (STZ) (100 mg kg��; ip) was given to 2-day-old rats. After 10–12 weeks, rats weighing above 150 g were

selected for screening in NIDDM model. They were checked for fasting blood glucose levels to conform the status of NIDDM.

D-phenylalanine derivative (50, 100 and 200 mg kg��) was administered per os (po) for 6 weeks to the rats with confirmed diabetes.

A group of diabetic rats was also maintained and this group received metformin as comparative drug. Significant decrease in blood

glucose with significant increase in plasma insulin was observed in group receiving 100 mg of D-phenylalanine derivative plus 500 mg

of metformin.
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Introduction

Type 2 diabetes is made up of different forms each of

which is characterized by variable degrees of insulin

resistance and �-cell dysfunction, and which together

lead to hyperglycemia [2]. The pancreatic �-cells and

their secretory product, insulin, are central in the pa-

thophysiology of diabetes. In type 2 diabetes mellitus,

muscle and fat cells are resistant to the actions of in-

sulin, and compensatory mechanisms, that are acti-

vated in the �-cells to secrete more insulin, are not suf-

ficient to maintain blood glucose level within a nor-

mal physiological range [7, 21].

It is well established that glycemic control in type 2

diabetes reduces long-term complications [33]. The

earliest determinants of progression to type 2 diabetes

are both progressive insulin resistance and loss of

early insulin secretion [35]. These defects lead to

postprandial hyperglycemia. This development first

manifests itself as an impaired glucose tolerance,

which may progress to the even higher postprandial

hyperglycemia associated with type 2 diabetes. Even-

tually, fasting hepatic glucose production increases,
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leading to the elevated fasting plasma glucose levels

characteristic of symptomatic diabetes [35]. Type 2

diabetes will eventually require combination therapy to

control both fasting and postprandial hyperglycemia.

N-benzoyl-D-phenylalanine (NBDP) is a deriva-

tive of an amino acid D-phenylalanine. The non-

sulfonylurea insulin releasers are drugs that cause the

insulin-producing �-cells of pancreas to increase their

output of insulin. They interact with the �-cells of

pancreas and cause the release of insulin. Specific

mechanism of NBDP action may be similar to the sul-

fonylurea and repaglinide. The present study assessed

the safety and tolerability of 100 mg of NBDP and

500 mg of metformin co-administration daily for

6 weeks and evaluated their antidiabetic properties in

neonatal streptozotocin (nSTZ)-induced diabetes in rats.

Materials and Methods

Drugs and chemicals

D-Phenylalanine and STZ were purchased from

Sigma Chemical Company Inc., St. Louis, MO, USA.

Radioimmunoassay kit for insulin assay was pur-

chased from Boehringer-Mannheim, Germany. All other

biochemicals and chemicals used in this experiment were

of analytical grade and were obtained from local firms.

Synthesis of N-benzoyl-D-phenylalanine

NBDP was synthesized in our laboratory [3] and its

structure was confirmed by IR and 13C NMR spectral

studies, AMX 400 NMR spectrometer; 100 MHz, In-

dian Institute of Science, Bangalore, India.

Animals

Healthy albino Wistar rats, kept for breeding in the

Central Animal House, Rajah Muthiah Medical Col-

lege, Annamalai University, were used in the present

study. The Ethical Committee at the Annamalai Uni-

versity approved the use of rats in the present study

(vide: no. 99, 2002). The rats were maintained in ac-

cordance with the guidelines of the National Institute

of Nutrition, Indian Council of Medical Research,

Hyderabad, India. The animals were housed in poly-

propylene cages in a room with a 12 h day-night cy-

cle, temperature of 22 ± 2°C, humidity of 45–64%.

During all the experimental period, the animals were

fed with a balanced commercial diet (Hindustan

Lever Ltd., Mumbai, India composition of pellet diet

is Roasted Bengal Gram – 28.2%, wheat – 60.3%,

skimmed milk powder – 1%, casein – 1%, refined

peanut oil – 5%, mineral mixture – 4%, vitamin mix-

ture – 0.5%) and water ad libitum.

Experimental induction of non-insulin-

dependent diabetes mellitus (NIDDM) in rats

The model was developed according to the descrip-

tion of Bonner Weir et al. [6]. Wistar rats of either

sex, aged 48 ± 2 h, were injected with STZ in citrate

buffer (pH 4.5) at a dose of 100 mg kg–1 ip. After

10–12 weeks, male rats weighing above 150 g were

selected for screening in NIDDM model, by oral glu-

cose tolerance test (OGTT).

Experimental procedure

In the experiment, a total of 42 rats were used (36 dia-

betic surviving rats, 6 control rats). The rats were di-

vided into seven groups of six rats each.

Group 1. Control rats (vehicle-treated).

Group 2. Diabetic control rats.

Group 3. Diabetic rats given NBDP at 50 mg kg–1

day–1 in 1 ml of 0.5% methylcellulose suspension [22]

po for 6 weeks.

Group 4. Diabetic rats given NBDP at 100 mg kg–1

day–1 in 1 ml of 0.5% methylcellulose suspension po for

6 weeks.

Group 5. Diabetic rats given NBDP at 200 mg kg–1

day–1 in 1 ml of 0.5% methylcellulose suspension po for

6 weeks.

Group 6. Diabetic rats given metformin at 500 mg

kg–1 day–1 [30] po in 1 ml of saline for 6 weeks.

Group 7. Diabetic rats given NBDP (100 mg kg–1

day–1 in 1 ml of 0.5% methyl-cellulose suspension)

and metformin (500 mg kg–1 day–1 in 1 ml of saline)

po for 6 weeks.

At the end of experimental period, the rats were de-

prived of food overnight and blood was collected in

a tube containing potassium oxalate and sodium fluo-

ride for the estimation of blood glucose, hemoglobin

and glycated hemoglobin levels. Plasma was sepa-

rated for the estimation of insulin. Liver was dissected

out, washed in ice-cold saline, patted dry and

weighed.
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Analytical methods

Blood glucose levels were estimated by the O-toluidine

method [28]. Plasma insulin was assayed using an

enzyme-linked immunosorbent assay (ELISA) kit

(Boeheringer-Mannheim, Germany). Hemoglobin was

estimated using the cyanmethemoglobin method de-

scribed by Drabkin and Austin [11]. Glycated hemo-

globin was estimated according to the method of

Nayak and Pattabiraman [25] with modifications ac-

cording to Bannon [5]. The OGTT was performed ac-

cording to the method of Du Vigneaud and Karr [13].

Liver glycogen was estimated by the method of Mo-

rales et al. [24].

Statistical analysis

The values of various biochemical parameters were

analyzed using analysis of variance (ANOVA) and

group means were compared by Duncan’s Multiple

Range Test (DMRT). Values were considered statisti-

cally significant when p < 0.05 [12].

Results

Table 1 shows the level of blood glucose, plasma in-

sulin, total hemoglobin and glycated hemoglobin in

control and experimental animals. The level of blood

glucose and % of glycated hemoglobin was signifi-

cantly increased whereas the plasma insulin and total

hemoglobin were significantly decreased in nSTZ dia-

betic rats. The administration of NBDP significantly

reversed the changes in dose-dependent manner.

NBDP at a dose of 100 mg kg–1 day–1 showed

a highly significant effect compared to 50 and 200 mg

kg–1 day–1. Combined administration of NBDP and

metformin was more effective than either drug alone.

As the effect of NBDP at a dose of 100 mg kg–1 day–1

for 6 weeks was more effective, this dose was selected

for further biochemical analysis.

Results of the OGTT conducted on control rats and

different experimental groups of rats are shown in Ta-

ble 2. The blood glucose level of the control rats

reached a peak 30 min after the oral administration of

glucose and gradually decreased to the nearly pre-
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Groups Blood glucose (mg dl��) Plasma insulin (µU dl��) Hemoglobin
(g dl��)

Glycated
hemoglobin (%)Initial Final Initial Final

Control 85.19 ± 5.97� 90.19 ± 6.17� 27.87 ± 2.12� 27.62 ± 1.26� 13.15 ± 0.82� 0.024

Diabetic control 196.50 ± 10.38� 235.16 ± 10.71� 21.92 ± 1.34� 21.10 ± 0.75� 6.11 ± 0.39� 0.089

NBDP (50 mg kg��) 198.52 ± 9.95� 170.38 ± 9.13� 20.43 ± 1.50� 22.35 ± 0.68� 8.20 ± 0.44� 0.078

NBDP (100 mg kg��) 204.90 ± 10.09� 143.58 ± 7.17� 21.67 ± 1.21� 24.76 ± 0.91� 9.76 ± 0.38� 0.039

NBDP (200 mg kg��) 202.01 ± 9.87� 166.22 ± 10.12� 20.42 ± 1.23� 22.98 ± 0.53�� 8.53 ± 0.40�� 0.045

Metformin (500 mg kg��) 207.18 ± 8.57� 154.85 ± 8.74� 20.99 ± 1.26� 23.88 ± 0.43�� 9.06 ± 0.43� 0.046

NBDP (100 mg kg��)
+ metformin (500 mg kg��)

194.66 ± 8.87� 112.14 ± 7.85� 21.40 ± 1.19� 26.48 ± 0.97� 11.03 ± 0.67� 0.033
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glucose load level. In diabetic rats, the blood glucose

level reached a peak at 60 min. Although blood glu-

cose levels started to decline in nSTZ diabetic rats,

the glucose levels remained higher, even after 2 h. nSTZ

diabetic rats treated with NBDP and metformin showed

a significant decrease in blood glucose levels at 2 h.

Figure 1 shows the changes in the level of liver

glycogen of control and experimental rats. There was

a significant reduction in liver glycogen in nSTZ dia-

betic rats. Administration of NBDP and metformin

significantly increased the level of liver glycogen.

Discussion

In the present study, NIDDM control rats showed sig-

nificantly higher levels of fasting blood glucose as

compared to non-diabetic control rats. This is consis-

tent with earlier reports [17, 34]. This model is based

on the finding of Junod et al. [20] that rat neonates

given STZ have only a transient hyperglycemia. How-

ever, as adults these rats become �-cell deficient and

show hypoinsulinemia with relatively mild diabetes

[16, 19, 23, 34].

Type 2 diabetes is the consequence of a number of

defects, including impaired insulin secretion by the

pancreatic �-cell, resistance of peripheral tissues to

the glucose-utilizing effect of insulin, and augmented

hepatic glucose production [29]. The management of

type 2 diabetes is possible with drugs that can lower

the blood glucose level on the one hand and restore

the liver glycogen on the other.

Our present studies show that D-phenylalanine de-

rivative, NBDP possesses definite antidiabetic proper-

ties in nSTZ diabetic rats after 6 weeks of treatment.

The daily administration of NBDP (100 mg kg–1) to

nSTZ diabetic rats for 6 weeks caused a statistically

significant reduction in blood glucose and an increase

in plasma insulin. This could be the result of im-

proved glycemic control produced by NBDP.

Administration of NBDP and metformin to nSTZ

diabetic rats caused a significant increase in the level

of plasma insulin. This clearly shows that NBDP has

a better effect on the secretion of insulin from pancre-

atic �-cells. NBDP is an amino acid derivative, which

belongs to the group of hypoglycemic agents that in-

duce insulin secretion through the interaction with

sulfonylurea receptor (SURI) in the plasma mem-

brane of the pancreatic �-cells [14, 15, 26]. NBDP

promotes insulin secretion by closure of K+-ATP

channels, membrane depolarization and stimulation of

Ca2+ influx, an initial key step in insulin secretion.

Metformin reduces fasting plasma glucose level by

reducing rate of hepatic glucose production [4, 10], its

effect on the relative contributions of hepatic glyco-

genolysis [8, 9] and gluconeogenesis [31]. Combina-

tion treatment with these drugs significantly increases

plasma insulin level compared with either drug alone.

In diabetes, there is an increased glycation of

a number of proteins including hemoglobin. Hemo-

globin is highly susceptible to non-enzymatic glyca-

tion. In diabetic condition, the excess of glucose pres-

ent in the blood reacts with hemoglobin to form gly-

cated hemoglobin, which has altered affinity for

oxygen and this may be a factor in tissue anoxia. Gly-

cated hemoglobin was significantly increased in dia-
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Groups Blood Glucose Levels (mg dl��)

0 min 30 min 60 min 90 min 120 min

Control 87.50 ± 6.38� 205.00 ± 12.25� 149.67 ± 6.62� 126.00 ± 4.43� 107.83 ± 6.27�

Diabetic control 246.17 ± 12.58� 297.88 ± 10.88� 316.18 ± 12.23� 295.93 ± 10.52� 281.87 ± 9.33�

NBDP (100 mg kg��) 138.50 ± 5.65� 243.23 ± 10.31� 190.67 ± 8.78� 174.05 ± 7.80� 152.28 ± 7.46�

Metformin (500 mg kg��) 148.00 ± 5.55� 258.67 ± 10.41� 216.50 ± 7.79� 172.88 ± 6.61� 160.90 ± 8.79�

NBDP (100 mg kg��) +
metformin (500 mg kg��)

116.32 ± 8.62� 221.87 ± 11.05� 176.73 ± 8.34� 147.52 ± 7.14� 129.33 ± 6.31�
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betic rats, and this increase was directly proportional to

fasting blood glucose. A 1% increase in glycated he-

moglobin resulted in a 70% increase in proliferative

retinopathy and a 20% increase in proteinuria and

10% increase of cardiac events and also anemia is

much more common disease in type 2 diabetes. Ad-

ministration of NBDP and metformin to nSTZ dia-

betic rats significantly increased the level of hemoglo-

bin and significantly decreased the levels of glycated

hemoglobin. Glycated hemoglobin is an effective

means to screen for diabetes [27, 32].

OGTT is a well accepted and frequently used assay

to screen antihyperglycemic activity [1]. NBDP and

metformin might enhance glucose utilization because

they significantly reduced the blood glucose level in

nSTZ diabetic rats. In glucose fed diabetic rats, the

elevated blood glucose levels remained higher after 2 h.

In rats treated with NBDP and metformin, the glucose

level reached the peak at 30 min and returned to the

nearly control content after 2 h. The reference drug,

metformin, caused a significant decrease in blood glu-

cose level at 2 h compared with nSTZ diabetic control

group. This might be due to restoration of delayed in-

sulin response.

Liver glycogen level may be considered as the best

marker for assessing antihyperglycemic activity of

any drug. The decreased enzymatic activity of hexoki-

nase and phosphofructokinase has also been reported

in diabetic animals, resulting in depletion of liver gly-

cogen [18]. In our study, we have observed a decrease

in liver glycogen level in nSTZ diabetic rats. The de-

crease in the content of glycogen observed in our

study is probably due to lack of insulin in the diabetic

state, which results in the inactivation of glycogen

synthase and increase in glycogen phosphorylase ac-

tivity. The increased liver glycogen level was ob-

served in NBDP- and metformin-treated group of rats

compared with nSTZ diabetic rats. This might have

been possible due to reactivation of glycogen syn-

thetase system as a result of increased insulin secre-

tion in the combination drug treatment.

Conclusion

Our study has shown that the combination therapy of

NBDP and metformin significantly improved glyce-

mic control in nSTZ diabetes rats when compared

with either drug monotherapy. Significant improve-

ment in glycemic control was provided over the

6 weeks treatment period without a marked increase

in adverse effects. These data demonstrate that the ad-

dition of NBDP to metformin represents an effective

treatment in type 2 diabetes. Hence, it might help in

preventing diabetic complications and serve as a good

treatment in the present armamentarium of antidia-

betic drugs.
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