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SUMMARY

We have evaluated the effect of long term treatment of Enicostemma littorale (E. littorale) in type 2
diabetic patients taking pills of aqueous extract of E. littorale regularly as a complimentary medicine
for at least 9 months. The effects of E. littorale on glycemic control, lipid profile, cardiac function
and DNA damage in these patients were compared with those who had not been regular in
taking E. littorale but regular in taking other conventional anti-diabetics. Our data suggest that, E.
littorale can maintain normal blood glucose, serum insulin, serum triglycerides levels of type 2
diabetic patients if taken regularly. E. littorale also improves insulin sensitivity, and normalize
disturbed lipogram and elevated creatinine levels, thereby produces beneficial effect in
preventing cardiovascular complications and may preserve the kidney function. The finding that
E. littorale also prevents DNA damage suggest a long term effect in diabetic patients. E. littorale
thus can be considered as safe supplementary therapy for a long term and effective management
of type 2 diabetic patients.
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INTRODUCTION

Enicostemma littorale Blume (Gentianaceae), commonly

known as Chota-kirayata or Chota chirayata in

hindi and Mamejavo in Gujarati, is being used as a

folk medicine for the treatment of diabetes mellitus

in Western and Southern India (Gupta et al., 1962).

Various Ayurvedic formulations containing Enicostemma

littorale (E. littorale) as one of the ingredients have

been shown to produce antihyperglycemic activity

in various hyperglycemic rat models (Gupta et al.,

1962). The plant contains catechins, sterols,

saponins, steroids, triterpenoids, alkaloids and

volatile oil (Natarajan and Prasad, 1972; Retnam

and DeBritto, 1988). Some important chemical

constituents of the plant include betulin, a triterpene

sapogenin, and secoiridoid glycoside swertiamarin

(Rai and Thakar, 1966; Desai et al., 1966), monoterpene

alkaloids like enicoflavine and gentiocrucine

(Ghosal et al., 1974; Chaudhuri et al., 1975). Earlier

we have reported antidiabetic activity of crude

extract of E. littorale in type II diabetic rats (Murali

et al., 2002). Recently our lab has also isolated the

active principle from aqueous extract of E. littorale

(Vishwakarma et al., 2003). Swertiamarin was

found to be one of the major compounds in the
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aqueous extract and its ethyl acetate and n-butanolic

fractions (Vishwakarma and Goyal, 2004).

Swertiamarin was also found to possess potential

antidiabetic activity (Vishwakarma et al., 2003). The

anti-diabetic activity and beneficial effects of E.

littorale appear to be mainly due to its insulin

sensitizing effects, involving increased GLUT-4

expression and antioxidant activity (Vishwakarma

et al., 2003). Further, in a clinical study it was found

that patients taking E. littorale pills for 9 months not

only produced adequate glycemic control but also

improvement in lipid profile and creatinine levels.

The dosage requirement of allopathic drugs was

found to be decreased significantly (Upadhyay

and Goyal, 2004). Since we had the database of

these patients and they could be followed up to 5

years or more, we have conducted a retrospective

study in these patients. We evaluated the status of

these patients with respect to glucose and lipid

levels and carried out lipid tolerance and DNA

damage test in selected patients taking E. littorale

regularly for last five years or more and compared

with some selected diabetic patients not taking

E. littorale regularly for last 5 years or more.

MATERIALS AND METHODS

Patient Selection

The study was an open, multicentric and non-

randomized. The approval of the protocol and

proforma of the study was appointed by Institutional

Ethical Committee. We included 63 patients in our

study; out of which 30 patients (Group 1) were

taking pills of aqueous extract E. littorale (PEL)

along with conventional anti-diabetic drugs regularly

up to 5 years and 33 patients (Group 2) who used

the PEL for first one year but when they were

approached after 5 years, they were found to have

discontinued the therapy of E. littorale.

Blood sampling and biochemical analysis

Blood sample was collected from the veins of

arms, serum was separated by centrifuging and

supernatant was collected and stored at -20 oC

until analysis was done. Serum samples were

analyzed spectrophotometrically for glucose,

cholesterol, triglycerides and creatinine (Bayer

Diagnostics Kit, India). Serum insulin levels

were estimated by radioimmunoassay method

using the kit from Bhabha Atomic Research

center, Mumbai, India.

Echocardiography and Doppler assessment of

cardiac functions in patients of NIDDM

23 patients were randomly selected for Echoc-

ardiography and Doppler assessments, out of which,

14 patients belonged to group 1 and 9 patients

belonged to group 2. Each patient was examined

in left lateral recumbent position, parasternal,

short axis and apical views from 2D Echo using

apical 4-chamber view. The ejection fraction was

calculated using the area-length method and

other measurements were also carried out for

Echocardiography and Doppler assessments. Data

obtained were analyzed statistically.

Lipid tolerance test

The lipid tolerance test study was carried out in 10

patients who had triglyceride levels < 140 mg/dl.

Out of these 5 patients were from Group 1 and

other 5 patients were from Group 2. Blood sample

was collected from the veins of arms, serum was

separated by centrifuging and supernatant was

collected for estimation of blood glucose, insulin,

cholesterol, HDL cholesterol and triglycerides

using their respective diagnostic assay kits.

Immediately after the first blood sample, high lipid

diet (1000 kcal) was given along with the respective

drug treatment to the patients of both the groups.

After 2 h and 3 h of high lipid diet, blood sample

was withdrawn similarly as described before from

the patients of both the groups and analyzed for

biochemical parameters like glucose, insulin,

cholesterol, HDL cholesterol and triglycerides

using their respective diagnostic assay kits as

described earlier.



Effect of long term treatment of aqueous extract of E. littorale in Type 2 diabetic patients 41

2009 Oriental Pharmacy and Experimental Medicine 9(1), 39-48

Comet assay (single cell gel electrophoresis-SCGE)

The study of comet assay-DNA damage was carried

out in 15 patients. Age and duration of occurrence

of diabetes were matched in the patients of all the

groups. 5 patients were randomly selected from

the group 1 and 5 patients were randomly selected

from the group 2. We also included 5 non-diabetic

subjects who never used E. littorale for the

comparison with other two groups. Blood sample

was collected from the veins of arms and used

immediately for the test purpose. 1% high melting

point agarose in PBS was prepared and coated

twice on the slides. 80 μl of 0.5% low melting point

agarose was taken and mixed with 30 μl of freshly

collected blood. 110 μl of the above was poured on

the two layered precoated slide and covered with

cove slip. It was allowed to spread uniformly. The

slides were kept at 40 oC for 10 - 15 min, and then

the cover slip was removed carefully. Again, 0.5%

low melting point agarose layer was applied to this

slide to give final coating. The slides were kept in

chilled lysis buffer at 40 oC for 1 h and then they

were removed and kept in 1X electrophoresis

buffer for 20 min. After 20 min electrophoresis was

carried out at 25 volts, 300 mA for 20 min and then

they were kept in neutralizing buffer for 5 min

twice. The slides were stained by pouring 50 μl of

dye on the slide and were observed under fluorescence

microscope at 40x magnification, using Filter

TRITC 15. The images were captured by camera

attached to the computer, observations were made

on the computer monitor by program Adobe

Photoshop 6.0 and comet length (DNA migration)

was measured by ruler on the computer monitor

for comet DNA damage visualization class. Images

of 100 randomly selected cells (50 cells from each of

two replicate slides) were analyzed for each patient.

Comet lengths were measured in arbitrary unit.

One unit was approximately 0.125 inches at 40x

magnification. Cells were also scored visually into

four classes, according to comet length (from no-

damage (0.125 - 0.375 inches) to severe damage

(1.205 - 1.50). Further, by assigning a numerical

value to each comet length (DNA migration), the

average extent of comet length (DNA migration)

among cells were calculated in different groups

and analyzed statistically.

RESULTS

Effect of Enicostemma littorale on various biochemical

and cardiac parameters

Table 1. Effect of E. littorale on various biochemical parameters

Parameters
GROUP A(30 Patients) GROUP A$(33 Patients)

Initial 9 months ≥5yr Initial 9 months ≥5yr

Blood Glucose (mg/dl) 197.48 ± 19.42  138.5* ± 11.82 151.30* ± 5.98 209.6 ± 23.57 121.1* ± 7.88 208.71 ± 11.01

Serum Insulin (µU/ml) 95.00 ± 10.0  69.13* ± 5.6  54.22* ± 6.15 100.3 ± 20.10  82.13 ± 15.36 93.25 ± 5.73

Serum Creatinine (mg/dl)  2.04 ± 0.42 1.105* ± 0.17  1.29* ± 0.07 1.84 ± 0.02  1.06* ± 0.01 1.81** ± 0.09

Serum Total Cholesterol (mg/dl) 213.75 ± 11.35  224.2 ± 13.38  205.5 ± 10.77 224.6 ± 12.41  219.8 ± 22.35 178.01 ± 17

Serum Triglycerides (mg/dl) 316.36 ± 56.08 172.64* ± 50.42 142.01* ± 21.4 321.9 ± 37.72 177.1* ± 29.04 223.48 ± 10.68

HDL Cholesterol (mg/dl) 32.01 ± 2.24  34.48 ± 5.43  48.90* ± 1.94 ** 27.61 ± 1.42 45.96 ± 1.33 39.87 ± 1.46

LDL Cholesterol (mg/dl) 129.68 ± 16.39  150.3 ± 15.03 124.60 ± 11.85 127.3 ±12.49  135.5 ± 10.04 98.44 ± 7.93

Total Cholesterol/HDL ratio  6.98 ± 0.83  6.50 ± 0.41 4.47* ± 0.35 7.88 ± 0.63 4.73* ± 0.22 4.67* ± 0.29

LDL-C/HDL-C ratio  3.93 ± 0.83  4.75 ± 0.58  2.80 ± 0.34 4.50 ± 0.49 2.96 ± 0.26  2.70 ± 0.28

GROUP A: Patients taking E. littorale regularly up to 5 years or more (30 patients).
GROUP B: Patients taking only allopathic medicine regularly up to 5 years or more (33 patients).
$This group of patients had been taking E. littorale regularly up to a period of 9 months. However, at the time of 5
years they were found to have withdrawn the therapy of E. littorale.
*Significantly different from the initial value (P < 0.05).
**Significantly different as compared to 9 months (P < 0.05).
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Treatment of all diabetic patients with the ghanvati

of E. littorale, for a period of nine months showed

significant reduction of blood glucose, serum

insulin, serum triglyceride, and serum creatinine

levels. When these patients were approached after

5 years, it was found that the patients, who were

taking E. littorale regularly for up to 5 years or more

(Group 1) had a well maintained blood glucose

levels (151.30 ± 5.98), whereas, the patients who

were not taking E. littorale regularly and taking

only allopathic medicines (Group 2) had a disturbed

glycemic control (208.71 ± 11.01 mg/dl) (Table 1).

Like glucose, the insulin levels were found to be

decreased (54.22 ± 6.15 µU/ml) further, from those

observed after 9 months (69.13 ± 5.6 µU/ml), however,

the state of hyperinsulinaemia was found to be

returned to the initial level in the patients of Group

2-patients who were not taking E. littorale and

taking only allopathic medicines. 

There were no significant changes in serum total

cholesterol and LDL cholesterol levels even after 9

months and 5 years in the patients of both the

groups. However, a significant reduction of

triglycerides levels was observed in the patients

taking E. littorale regularly i.e. in Group 1 patients.

The reduction in triglycerides level was continuous

even after 9 months. The triglycerides level was

reduced further (142.01 ± 21.4 mg/dl) from those

observed after 9 months (172.64 ± 50.42 mg/dl),

however in the patients of Group 2, the triglycerides

levels got elevated again after 5 years (223.48 ±

10.68 mg/dl). HDL cholesterol levels were also

found to be elevated in the patients taking E.

littorale regularly. The elevation of HDL levels was

continued even after 9 months. The HDL level was

increased further (48.90 ± 1.94 mg/dl) in Group 1

from those observed after 9 months (34.48 ± 5.43

mg/dl). However, in the patients of Group 2, HDL

levels reduced again after 5 years (39.87 ± 1.46 mg/

dl). The creatinine levels remained low even after 5

years in the patients of Group 1. The serum

creatinine was found to decrease (1.29 ± 0.07 mg/dl)

after 5 years as compared to that observed initially

(2.04 ± 0.42 mg/dl), while in the patients of Group

2 the serum creatinine level was found to be

increased significantly (1.81 ± 0.09 mg/dl) as compared

to that observed after 9 months (1.06 ± 0.01 mg/dl).

The LVEF (63.21 ± 0.665 %) was found to be

significantly higher and LVd (Diastole) dimension

(44.18 ± 0.857 mm) was found to be significantly

lower (56.11 ± 3.9 % and 48.22 ± 1.51 mm respectively) in

the patients of Group 1 as compared to those of the

Patients of Group 2. (Table 2)

Table 2. Effect of E. littorale on cardiac parameters

FORMULATIONS
Group A

(14 patients)
Group B

(9 patients)

Age in Years. 58.10 ± 4.66 55.55 ± 2.50

Diabetic since years 12.1 ± 1.59  11. 0 ± 1.17

% LVEF 63.21 ± 0.665* 56.11 ± 3.9

DIMENSIONS:

Lvd (Diastole) 44.18 ± 0.857 * 48.22 ± 1.51

Lvd (systole) 29.76 ± 1.084 32.55 ± 2.52

IVS (Diastole) 9.11 ± 0.39 9.55 ± 0.72

LVPWT (Diastole) 9.41 ± 0.42 9.51 ± 0.42

Aortic root 30.64 ± 0.90 29.67 ± 1.35

Left atrium 36.29 ± 0.79 33.44 ± 1.23

Cuspal Opening 17.29 ± 0.50 15.78 ± 0.43

RVID(Diastole) 14.72 ± 0.34 14.50 ± 0.63

IVS(Systole) 10.50 ± 0.56 11.67 ± 0.7

LVPM(systole) 10.71 ± 0.54 12.78 ± 0.57

VELOCITY (M/S)

MV 1.362 ± 0.44 0.947 ± 0.34

TV 0.53 ± 0.01 0.67 ± 0.04

PV 0.95 ± 0.04 0.89 ± 0.05

AV 0.14 ± 0.03 0.99 ± 0.05

GRADIENT 5 Hg

MV 3.01 ± 0.20 3.62 ± 0.22

TV 1.15 ± 0.06 1.81 ± 0.28

PV 3.74 ± 0.29 3.36 ± 0.47

AV 5.31 ± 0.31 4.21 ± 0.51

GROUP A: Patients taking E. littorale regularly up to 5
years or more (30 patients).
GROUP B: Patients taking only allopathic medicine
regularly up to 5 years or more (33 patients).
*Significantly different when compared with Group B
(P < 0.05).
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Effect of E. littorale on lipid tolerance test

Feeding of patients with high fat diet produced a

significant elevation of blood glucose, serum

triglycerides and serum insulin levels after 2 h and

3 h of the patients of Group 1 as compared to the

patients of Group 2. The percentage increase in

blood glucose levels after 2 h of high lipid diet was

found to be significantly higher in the patients of

Group 2 as compared to the patients of the Group

1. Further, after 3 h of high lipid diet the blood

glucose levels was found to decrease in the patients

of Group 1; however the blood glucose level was

found to be still at high level in the patients of

Group 2 (Table 3). The percentage increase in

serum triglycerides levels after 2 h of high lipid

diet was found to be significantly higher in the

patients of Group 2 as compared to the patients of

the Group 1, and after 3 h of high lipid diet the

serum triglycerides levels were found to return to

the basal level in the patients of Group 1, however

the serum triglycerides levels were found to be at

higher level in the patients of Group 2. There was

no significant difference in the percentage elevation of

serum total cholesterol, HDL cholesterol and LDL

cholesterol levels in the patients of both the groups.

The percentage elevation in the insulin levels were

found to be higher in the patients of Group 2 as

compare to the patients of Group 1 at after 2 h and

3 h of high lipid diet (Table 3).

Effect of E. littorale on comet assay- DNA damage:

There was an increase in the length of comet in

diabetic patients taking only allopathic medicines;

this was decreased in the patients on E. littorale

regularly for last five years or more. The comet

length of the patients treated with E. littorale was

comparable to that of non diabetic subjects (Figs.

1a, 1b and 1c). When these results of comet assay

were analyzed as per the class of DNA damage,

Mild (364) to moderate (96) DNA damage was

observed in non diabetic subjects, these subjects

did not show any severe DNA damage with class

D. The diabetic patients taking only allopathic

medicines showed moderate (328) to severe (148)

DNA damage, whereas diabetic patients taking E.

littorale regularly for last five years or more showed

only mild (168) to moderate (318) DNA damage,

only 12 comet showed severe DNA damage of

class D (Table 4). The mean DNA damage observed

in comet assay was found to be significantly higher

(1.097 ± 0.047) in the patients of Group B as compared

to the patients of Group A (0.88 ± 0.048) and Group

C (0.66 ± 0.061). Similarly the number of comet per

100 comet, class as severe damage was found to be

Table 3. Effect of E. littorale on lipid tolerance test

Parameters
AT 2 h AT 3 h 3 h vs 2 h

GROUP A GROUP B GROUP A GROUP B GROUP A GROUP B

Blood Glucose(mg/dl) 123.57*±6.57 147.22±6.99 106.44**±7.51 141.26±9.309 80.42***±4.07 95.58±1.98

Serum Insulin(µU/ml)  346.09±109.11 960.52±530.98 167.89±71.42 698.87±309.62 46.37***±8.66  85.10±12.74

Serum Triglycerides(mg/dl) 99.99*±11.53 136.21±7.65 83.23**±11.04121.58±5.298 90.60***±6.01 95.55±4.51

Serum HDL Cholesterol(mg/dl) 92.36±4.50  89.98±6.34  90.49±5.11 93.67±5.27  97.90±2.47 104.73±2.40

Serum Cholesterol(mg/dl)  89.07±12.04 106.92±7.16 101.37±3.08 110.99±7.35 116.05±17.26 103.88±1.40

Serum LDL Cholesterol(mg/dl)  96.72±16.77  108.87±14.48 128.99±9.19 118.08±15.85112.68±17.87108.52±4.964

Total Cholesterol/HDL ratio 101.37±10.79  111.61±12.97 110.46±6.60 112.04±10.15  93.84±2.10 116.10±19.98

LDL/HDL ratio 101.74±22.02  125.11±21.28 122.72±5.62 128.11±19.31160.04±54.79 103.62±3.86

GROUP A: Patients taking E. littorale regularly for up to 5 years or more.
GROUP B: Patients taking Allopathic medicine regularly for up to 5 years or more.
*Significantly different when compared with Group B at 2 h.
**Significantly different when compared with Group B at 3 h.
***Significantly different when compared with Group B at 3 h vs 2 h.
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more in the patients of Group B (29.6) as compare

to the patients of Group A (2.4) and Group C (0)

(Table 5).

DISCUSSION

In the present investigation we have studied the

long term effect of E. littorale on patients with

diabetes mellitus who had been taking E. littorale

for last five years or more. Poor glycemic control is

responsible for the initiation of diabetic complications

(Reichard and Rosenqvist, 1989; Hansesn et al.,

1986). It is also likely that glucose intolerance

exacerbates the cardiovascular risk factors associated

with hypertension in the diabetic patients

(MacMohan et al., 1990). Previous data from all

Table 4. Effect of E. littorale on Comet - DNA damage

COMET 
Visualization class

Measurement in 
inches

Damage 
Type

Group A
(500 comet)

Group B
(500 comet)

Group C
(500 comet)

A 0.125 - 0.375 No 2 0 40

B 0.500 - 0.750 Mild 168 24 364

C 0.875 - 1.125 Moderate 318 328 96

D 1.250 - 1.500 Severe 12 148 0

GROUP A: Patients taking E. littorale regularly for up to 5 years or more.
GROUP B: Patients taking Allopathic medicine regularly for up to 5 years or more.
Group C: Non diabetic

Fig. 1. (a) Fluorescence photo of COMET-DNA migration-DNA Damage in Group A (n=5), (b) Fluorescence
photo of COMET-DNA migration-DNA Damage in Group B (n=5), and (c) Fluorescence photo of COMET-DNA
migration-DNA Damage in Group C (n=5).

Table 5. Effect of E. littorale on Number of COMET showing DNA Damage/100 COMET

Groups 
Age in 
years

Number of COMET showing DNA Damage Per 100 COMET Mean DNA 
DamageNo Mild Moderate Severe

Group A 56.0 ± 4.34 0.4 33.6 63.6 2.4    0.88 ± 0.048*

Group B 57.42 ± 2.01 0 4.8 65.6 29.6   1.0969 ± 0.047***

Group C 57.2 ± 3.08 8 72.8 19.2 0 0.6621 ± 0.061**

GROUP A: Patients taking E. littorale regularly for up to 5 years or more.
GROUP B: Patients taking Allopathic medicine regularly for up to 5 years or more.
Group C: Non diabetic
*Significantly different when compared with Group C (P < 0.05).
**Significantly different when compared with Group B (P < 0.05).
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patients included in the study showed that the

patients enrolled in our study had initially

hyperglycemia, hyperinsulinaemia, disturbed lipid

profile and kidney dysfunctions in spite of taking

one or more standard anti-diabetic therapy. Treatment

of all diabetic patients with the pills of E. littorale,

for a period of nine months caused significant

decrease in the blood glucose, serum insulin, serum

triglyceride and serum creatinine levels to near

normal levels. When these patients were approached

after 5 years, it was found that the patients, who

were taking E. littorale regularly for up to 5 years or

more (Group 1) had a well maintained blood

glucose levels whereas, the patients who were not

taking E. littorale regularly and taking only

allopathic medicines (Group 2) had a disturbed

glycemic control. Thus, E. littorale appears to be an

effective add-on drug to maintain adequate

glycemic control in long term.

Diabetic patients in our clinical study showed the

presence of hyperinsulinemia. Insulin resistance is

a primary defect of Syndrome- X. Insulin resistance

is one of the common characteristics in individuals

with NIDDM (Defronzo et al., 1985; Kolterman et

al., 1981). Insulin, by acting on insulin like growth

factors, causes an increase in vascular smooth

muscle cell growth in vitro (King and Goodman,

1985). It is possible that chronic hyperinsulinemia

may cause vascular hypertrophy and this may lead

to narrowing of lumen of resistant vessels,

consequently raising vascular resistance and blood

pressure. In present study patients included in the

study had higher serum insulin levels. There was

reduction in the insulin levels after 9 months of the

treatment which continued even after 5 years. The

insulin level was found to be decrease of further

from those observed after 9 months, however the

state of hyperinsulinaemia was found to be

returned to the initial level in the patients of Group

2-patients who were not taking E. littorale and

taking only allopathic medicines. This indicates

that the circulating endogenous insulin in the body

was better utilized when E. littorale is being taken

regularly for long time to the patients. The

corresponding decrease in blood glucose along

with decrease in insulin indicates that E. littorale

produces improvement in insulin sensitivity.

Improvement in the insulin sensitivity due to E.

littorale, indicated by decrease in the blood glucose

and serum insulin, was associated with beneficial

effect E. littorale on the other biochemical parameters

such as disturbed lipogram and elevated creatinine

levels. When insulin resistance decreases, the

disturbed lipid profile tends to become normal.

There was a significant reduction of triglycerides

levels in the patients taking E. littorale regularly.

The reduction in triglycerides level continued even

after 9 months. However, in the patients of Group

B, the triglycerides levels got elevated again even

after 5 years. HDL cholesterol levels were also

found to be elevated in the patients taking E.

littorale regularly. The elevation of HDL levels

continued even after 9 months. However, in the

patients of Group B, HDL levels got decreased

again after 5 years. 

It was interesting to note that patients taking E.

littorale regularly did not follow any strict diet

restriction, but rather revealed that inspite of absence

of diet control they do not experience clinical

symptoms of diabetes mellitus. Our animal studies

revealed potential anti-hyperlipidemic activity

(Vishwakarma et al., 2003). We found similar effect

during lipid tolerance test. Feeding of patients with

high fat diet produced a significant elevation of

blood glucose, serum triglycerides and serum

insulin levels at after 2 h and 3 h of the patients of

Group 1 as compared to the patients of Group 2.

The percentage increase in blood glucose levels

after 2 h of high lipid diet was found to be

significantly higher in the patients of Group 2 as

compared to the patients of the Group 1, and after

3 h of high lipid diet the blood glucose levels

decreased in the patients of Group 1. The blood

glucose level was found to be still at high level in

the patients of Group 2. Like glucose, the percentage

increase in serum triglycerides levels after 2 h of
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high lipid diet was found to be significantly higher

in the patients of Group 2 as compared to the

patients of the Group 1. After 3 h of high lipid diet

the serum triglycerides levels returned to the basal

level in the patients of Group 1, but the serum

triglycerides level was found to maintain at higher

level in the patients of Group 2. Similarly, the

percent elevation in the insulin levels was found to

be higher in the patients of Group 2 as compared to

the patients of Group 1 after 2 h and 3 h of high

lipid diet. Our data suggest that E. littorale may

reduce consequences of atherosclerosis which is

because of commonly associated risk factors such

as visceral obesity, hypertension, elevated triglycerides,

reduced HDL cholesterol (Taskinen, 1977; Hayden

and Reaven, 2000; James, 2001). Further, a normalized

lipogram has a direct beneficial effect on cardiac

complication.

In diabetic cardiomyopathy, diastolic dysfunction

often precedes impairment of systolic function in

subjects with type 2 diabetes (Regan et al., 1977).

During the study for the condition of heart through

echocardiography, left ventricular contractility was

found better in the patients taking E. littorale

regularly for last five years or more, as the % LVEF

was found to be significantly high in the patients

taking E. littorale as compared to % LVEF of the

patients who were taking only allopathic medicines.

Left ventricular diameter (Diastolic and Systolic)

were found to be less in the patients taking E.

littorale regularly for last five years or more as

compared to the patients taking only allopathic

medicines. However, the LVD dimension was

found to be significantly less in the patients taking

E. littorale regularly for last five years or more, as

compared to the patients taking only allopathic

medicines. This may be because of reduction of

peripheral vascular resistance and could be

contributed to improvement in left ventricular

contractility. Although the power of study was low

(β = 0.52), we have an evidence that E. littorale may

be effective in preventing diabetes induced

cardiovascular complication. Further, study with

large sample size is required.

Serum creatinine levels of diabetic patients were

found to be above normal (> 2 mg/dl) in diabetics

indicative of the kidney dysfunction due to diabetes. It

is reported that the kidney and the glomeruli

become enlarged in rats with high plasma glucose

concentrations maintained for 6 months. Furthermore,

glomerular basement membrane becomes thicker

(Rasch, 1979). This continual thickening over many

years causes progressive occlusion of glomerular

capillaries, leading to chronic renal failure. Thus,

the accumulation of basement membrane material

that has altered filtration properties constitutes the

ultimate structural and functional abnormality

underlying diabetic nephropathy. In present study,

the serum creatinine was found to be significantly

low after 5 years as compared to that observed

initially, while in the patients of Group B the serum

creatinine level was found to be higher significantly

as compared to that observed after 9 months.

Hyperglycemia among diabetics leads to renal

dysfunction and correction of blood glucose among

the diabetic tends to normalize the renal functions.

E. littorale thus may preserve kidney functions in

diabetic patients.

The defect in NIDDM is not of pancreatic origin

but is more likely related to cellular resistance to

the actions of insulin in the body. This resistance

may involve insulin-receptor and post-receptor

lesions in the cell (Kalseen et al., 1973) and is

commonly thought to involve some genetic

predisposition (Craig. 1980; Eisenbarth and Kahn,

1990). Increase in the comet length shows, relation

between diabetes and DNA damage. In the patients

taking E. littorale regularly for up to five years or

more, E. littorale was found to reverse the DNA

damage to near normal level. On the basis of the

study we suggest that E. littorale is useful to treat

diabetic DNA damage. Further more clinical

investigation is needed as numbers of patients

were less in this study.

In conclusion, our data suggest that, E. littorale

can maintain normal blood glucose, serum insulin,
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serum triglycerides levels of type 2 diabetic patients if

taken regularly. E. littorale also improves insulin

sensitivity, disturbed lipogram and elevated creatinine

levels. Hence it produces beneficial effect in not

only preventing cardiovascular complications but

may also preserve the kidney functions. The finding

that E. littorale also prevents DNA damage suggest

a long term effect in diabetic patients. E. littorale

thus can be considered as safe supplementary

therapy for a long term and effective management

of type 2 diabetic patients.
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