Studies on Hypoglycemic Effects of Fruit Pulp, Seed and Whole Plant of Momordica charantia on Normal Diabetic Model Rats
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Abstract: Extracts of Momordica charantia fruit, pulp, seed, and whole plant were tested for their hypoglycemic effects on normal and diabetic rat models.  The results show that during the oral glucose tolerance test the peak blood glucose values in rats are obtained much earlier (15-45 min) than in human subjects (around 60 min).  Pulp juice of M. charantia lowered fasting blood glucose levels in normal rats (p < 0.05 at 120 min); the effect was more pronounced with the saponin-free methanol extract of the pulp juice (p > 0.05 at 60 min and p < 0.01 at 120 min).  The pulp juice also has a significant hypoglycemic effect in the glucose-fed normal rats when the extract was fed 45 minutes before the oral glucose load [percentage increments over basal value (M ( SE): 85 ( 10 in the control group versus 54 ( 7 in the pulp juice group, p < 0.01].  In the IDDM model rats the pulp juice had no significant effect on the blood glucose levels either in fasting or postprandial states.  In the NIDDM model rats the saponin-free methanol extract of the juice produced a significant hypoglycemic effect both in fasting (p < 0.05 at 120 min) and in postprandial states (sum of percentage increments over basal value: 140 ( 26 in the control vs. 71 ( 7 in the pulp juice group, p < 0.05).  Methanol extracts of seed and of whole plant, and saponin-free methanol extract of whole plant produced no hypoglycemic effects in normal or IDDM model rats either in fasting and in postprandial states.  Seed and whole plant extracts showed a small but consistent tendency to increase the presence of non-sapogenin hypoglycemic compound(s) in M. charantia fruit pulp and the activity is probably mediated either by improving the insulin secretory capacity of the B cells or by improving the action of insulin.

Introduction


Momordica charantia, a plant widely used in traditional medicine as an antidiabetic agent, has been shown to lower blood glucose in laboratory animals (1-6) and in human diabetic subjects (6-9).  However, adequate characterization of this effect is yet to be done.  So far, experiments have been performed on normal and IDDM model rats and no study has been performed on NIDDM models.  Moreover, most of the studies have been conducted with fruit pulps only.  Although isolated works with seeds have been reported, no effort has been undertaken to compare the efficacy of different parts of the plant in parallel experiments.  The nature of the hypoglycemic compound(s) of M. charantia and its mechanism of action also remains to be clarified.


The present study was planned with the following objectives:  (a) to study the hypoglycemic effect of M. charantia on normal, IDDM, and NIDDM model rats; (b) to identify the part(s)  of the palnt where the hypoglycemic principle is concentrated; (c) to compare the hypoglycemic effects of different extracts of the plant material including the saponin-free fractions to get an idea on the nature of the hypoglycemic compound(s), and (d) to investigate these effects in both fasting and postprandial states, to understand the mechanism of action of the active principles.

Materials and Methods


Plant materials


Three types of plant materials were used: (a) fresh unripe fruits of M. charantia were collected from a local market.  The fruits were sliced into two halves and the seeds were removed manually; (b) dried seeds from the ripe fruits of the same variety of M. charantia were collected from the same market; (c) whole flowering plants of about three months of age were collected from the local growers.


Extraction


The fruit pulp was crushed in the kitchen blender, the juice was squeezed through the cloth filter, and the residue was further extracted with Ultra-Turrax adding some fresh juice to it. Finally the juice was centrifuged and frozen immediately and later freeze-dried. The freeze-dried juice (100 g) was extracted (3 times 30 min each time) at room temperature with methanol (100 ml) and the extract was evaporated by using a rotary vacuum evaporator.

              To get a saponin-free methanol extract of juice the freeze-dried extract was suspended in water and then extracted with 1-buthanol using a separatory funnel. The aqueous part was concentrated under reduced pressure and then freeze-dried. Absence of saponin was ascertained by a negative result in the hemolysis test performed on a 1% suspension of washed human erythrocytes in 0.9% sodium chloride solution to which the plant extract, serially diluted in 0.01 M phosphate buffer, was added. Hemolysis was indicated by a change in the appearance of the erythrocyte suspension from turbidity to clearness.

              Seeds and whole plants were crushed and then extracted with methanol in a way similar to pulp. A saponin-free fraction of the methanol extract of whole plants was also prepared by the same method as pulp.

              Animal experiments

              Male Long-Evans rats (180-220 g) bred at BIRDEM laboratory were used for the study. Diabetes simulating IDDM was induced by intraperitoneal injection of streptozotocin (65 mg/kg body weight) to adult (age 3-4 months) rats. NIDDM was nduced by intraperitoneal injection of streptozotocin (90 mg/kg body weight) to 48 hour old pups as described by Bonner-Weir et al. (11). Solution/suspension of extract (250 mg in 2 ml of water in the cases of all extracts, excepting the saponin-free ones which were given at a dose of 150 mg in 2 ml of water) with or without glucose were fed by polyvinyl tubes to the rats under mild ether anesthesia.

              Several series of experiments, as described below were performed to find out the effects of the extract on the blood glucose levels of rats.

a. Oral glucose tolerance

              Background experiments were performed with different oral glucose loads (1.25-4.0 g per kg body weight) and various sampling times (0-90 min, at 15 min intervals) to standardize the oral glucose tolerance curve in the experimental animals. It was found that blood glucose reached peak levels within 15-45 minutes. It was also found that a glucose load of 2.5g/kg body weight produced the highest blood glucose levels and no appreciable rise in the levels was observed on further increase of the glucose load. So the aforesaid time period and glucose load were chosen to observe the effects of the extracts on the blood glucose levels of rats in the sugar-fed state.

b. Effects on the fasting blood glucose levels

              Extracts from different parts of the plant, as detailed in the Tables, were fed to overnight fasting at 0 min, and blood samples were drawn at 0, 60, and 120 minutes. Control group received 2 ml of water. The rats were kept unfed throughout the period.

c. Effects on blood glucose levels when the extracts were fed simultaneously with glucose

              Extracts with or without glucose were fed to overnight fasting rats at 0 min, and blood samples were drawn at 0, 15 and 45 minutes. Control rats were fed with 2 ml of the glucose solution only.

d. Effects on blood glucose levels when the extracts were fed 45 minutes before the 

glucose load

              Extracts were fed to overnight fasting rats at 0 min and glucose load was given at 45 min. Blood was drawn at 45, 60, and 90 minutes.

              Blood samples were collected by amputation of the tail tip under mild ether anesthesia. The serum was separated by centrifugation and glucose levels in the serum samples were estimated on the same day by the GOD-PAP method (Boeringer-Mannheim GmbH) with absorbance measured by a spectrophotometer (DU-70, Beckman) at 510 nm. Standard curve for glucose was drawn parallel to each experiment and the blood glucose values were calculated from it. Each value represents the average of duplicate measurements.

Results

              Blood glucose values at different time points after oral feeding of the sugar (2.5 g kg –1 body weight) to the normal rats are shown in Fig. 1. It should be noted that the peak blood glucose values in rats are obtained much earlier (15-45 min) than in human subjects (around 60 min).

              Effects of the M. charantia extracts on the fasting blood levels of normal rats are shown in Table 1. After feeding the pulp juice, the blood glucose level decreased significantly at 120 min (p<0.05). Methanol extract of pulp juice had a tendency to lower blood glucose levels, but the reduction was significant only with the saponin-free fraction of the extract (p<0.05 and<0.01 at 60 and 120 min, respectively). Instead of an expected decrease, an increasing tendency was observed with both seed and whole plant extracts. With saponin-free methanol extract of the whole plant this increase was significant at 60 min (p<0.01).

              When fed simultaneously with glucose, none of the extracts had any effect on the blood glucose levels of the sugar-fed rats at 15 and 45 minutes (Table 2), butwhen fed 45 min before the oral glucose load, the pulp juice had a significant opposing effect on the rise of blood glucose arising out of the glucose load (sum of percentage increments over basal value (M ± SE): 85± 10 in the control group vs. 54 ± 7 in the pulp juice group, p<0.05, Table 3). Similar to the fasting state, methanol extract of seed produced an increasing tendency on the rise of blood glucose during the oral glucose tolerance experiments.

              In IDDM rat models, basal blood glucose levels reached 25-30 mmol/1 on the 7th day after streptozotocin injection. The percent rise of blood glucose value after glucose load was much lower compared to the rise observed in cases of normal or NIDDM model rats (Fig. 2a). Neither pulp juice nor methanol extract of seed produced any effect on the blood glucose levels of this model both in the fasting (Table 4) and glucose-fed (Table 5) states.

              Fasting blood glucose levels were only slightly raised in NIDDM model rats (range 7-10 mmol/1) indicating the presence of functioning B cells. Saponin-free methanol extract of pulp juice produced a significant lowering effect on the fasting blood glucose levels in these rats at 120 min (p<0.001, Table 4). Impairment of the glucose homeostasis in these rats was evident when oral glucose load was given. In the control group, the mean level increased to 159% of the 0 min value within 15 min (Fig. 2b) and, in contrast to the normal rats, the rise continued at 45 min (181% of the 0 min value). Saponin-free methanol extract of pulp juice produced a significant hypoglycemic effect in this state also (sum of percentage increments over basal value (M ± SE): 140 ± 26 in the control group vs. 71 ± 7 in the pulp juice group, p<0.05, Table 5).

Discussion
              The usual practice during oral glucose tolerance test in rats to follow the protocol used for human subjects. The present data on the oral glucose tolerance in rats emphasize that peak blood glucose rise may be missed by that procedure and standardization of glucose tolerance curve should be done for each individual species.

              The present study confirms the previously observed hypoglycemic effects of M. charantia (1-9). The results also indicate that the hypoglycemic principles(s) is present only in the fruit pulp. In both normal and diabetic (IDDM and NIDDM model) rats, seed extracts produced no blood glucose lowering effect. Rather, they showed a consistent tendency of increasing the blood glucose levels of both fasting and glucose-fed normal rats. The whole plant also showed a similar tendency which became significant at 60 min in the fasting state. The reasons for the increase is yet to be explained. We have found that the seeds of M. charantia contain large amounts of (,(-trehalose which may have contributed to this rise of blood glucose level.

              The present findings contradict the earlier claims that seeds of the plant have hypoglycemic activity comparable to glibenclamide (12). Some authors have claimed to have found an insulin-like compound from fruits and seeds of the plant which is effective on both subcutaneous and oral administration (13). Although, existence of insulinomimetic compounds in M. charantia seeds showing activity on subcutaneous injection (14, 15) or on isolated adipocyts (16) cannot be excluded, they are unlikely to account for the oral hypoglycemic effect of the plant.  The fruit pulp extracts, showing hypoglycemic activity in normal rats, produced no effect in the IDDM model where B cells have been almost completely destroyed.  The effectiveness of the same extracts in the NIDDM model rats indicates that the hypoglycemic effect of the active compound(s) of M. charantia is probably mediated either by improving the insulin-seceretory capacity of the B cells or by improving the action of insulin.  Improvement in glucose tolerance by oral consumption of M. charantia pulp juice was not found to be associated with an increase in serum insulin response (6) but it has been shown to stimulate insulin release from islets of ob/ob mouse isolated by collagenase digestion (17).


The increase in insulin secretion from isolated islets differed from the physiological stimulation of secretion of the hormone (17) and it was predicted that presence of sapogenin glycosides  (compounds possessing powerful hemolytic properties) may account for this deviation from physiological pattern.  In the present study, presence of the saponins in the pulp juice was confirmed.  After removal of the saponins from the methanol extract of the pulp juice, the hypoglycemic property of the juice increased, which indicate the presence of nonsapogenin hypoglycemic compound(s) in M. charantia fruit pulp.
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