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Pharmacological characterisation of the antihyperglycaemic properties of Tinospora crispa extract Hamdan Noor *, Stephen J.H. Ashcroft Nuffield Department of Clinical Biochemistry, John Radcliffe Hospital, Headington, Oxford OX3 9DU, UK Received 10 September 1997; received in revised form 8 December 1997; accepted 29 December 1997



Abstract The efficacy of Tinospora crispa (Menispermaceae) extract for the treatment of diabetes has previously been verified in animal models. In order to substantiate the antidiabetic effect, we characterised the antihyperglycaemic properties by studying its effect on intestinal glucose absorption and glucose uptake into adipocytes. We also performed experiments to characterise in more detail the mechanism of T. crispa-evoked insulin release by challenging it with insulin secretory antagonists viz. adrenaline, somatostatin, verapamil and nifedipine. In addition, we also performed experiments to determine the effect of the extract on cAMP content. The results clearly showed that the antihyperglycaemic effect is not due to interference with intestinal glucose uptake or uptake of the sugar into the peripheral cells. Rather, the antihyperglycaemic effect of T. crispa is probably due to stimulation of insulin release via modulation of b-cell Ca2 + concentration. That the insulinotropic effect of T. crispa is physiological suggests that the extract contains compounds which could be purified for use in the treatment of type II diabetes. © 1998 Published by Elsevier Science Ireland Ltd. All rights reserved. Keywords: Tinospora crispa; Diabetes; Antidiabetic; Medicinal plant; Insulin; Blood glucose



1. Introduction As with other diseases, diabetes mellitus has been treated by oral administration of plant extracts based on traditional medicine since ancient times (Ajgaonkar, 1979). However, most orally * Corresponding author. Present address: Department of Biology, Universiti Putra Malaysia, 43400 UPM, Serdang, Selangor, Malaysia.



active hypoglycaemic remedies extracted from plant materials are incompletely characterised, and a sufficiently potent compound worthy of development has not yet been found. We have previously shown that the extract from a climber, Tinospora crispa (T. crispa; Menispermaceae), a plant used to treat diabetics, was able to cause a reduction in blood glucose level in moderately diabetic rats, and the hypoglycaemic effect was probably due to its insulinotropic activity (Noor
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et al., 1989; Noor and Ashcroft, 1989). However, the hypoglycaemic effect could also be due to inhibition of intestinal glucose absorption or stimulation of peripheral glucose uptake. We, therefore, performed experiments to verify the effect of T. crispa on intestinal glucose absorption and glucose uptake by adipocytes. In addition, we also performed experiments to characterise in more detail the mechanism of T. crispa-evoked insulin release. First, the effect of T. crispa on insulin release was challenged with insulin secretory antagonists to investigate its probable mode of action. Then, its effect on cyclic AMP levels was determined to verify if T. crispa-evoked insulin release is via stimulation of protein kinase A. The 86 Rb-efflux experiments were also performed to determine the effect of T. crispa on K + channel activity. All in vitro insulin secretion experiments were performed using insulin secreting b-cell line, HIT-T15. 2. Materials and methods



2.1. Preparation of T. crispa extract The aqueous extract was prepared by the method previously described (Noor et al., 1989). Mature T. crispa stems were obtained from the herb garden of the Universiti Putra Malaysia, Serdang, Malaysia and authenticated by Professor R. Kiew, Biology Department, Universiti Putra Malaysia. The stems were cut, air-dried and ground into powder. It was then gently boiled and refluxed for 4 h, and centrifuged (40 min, 15000× g, 4oC) to separate out the solid mass. The yield of the crude extract was 32.09 3.1% (w/w). The supernatant was filtered and freezedried for use in the experiments.



2.2. Culture of HIT-T15 cells HIT-T15 cells were routinely cultured in RPMI 1640 supplemented with 11 mM glucose, antibiotics and foetal calf serum (10%, v/v) (Ashcroft et al., 1986). The cells were passaged 2 – 4 days before each experiment and plated in 24-well Nunclon multi-well plates at a density of 5x105 cells/well.



2.3. Measurement of insulin secretion Insulin secretion was measured as previously described (Ashcroft et al., 1986). Multiwells were seeded with 5x105 cells and insulin release measured after 4–5 days as follows. The culture medium was replaced with modified Krebs–bicarbonate medium containing 5mg/ml albumin. After 1 h this incubation medium was replaced with buffer containing additives as listed in the results section. After a further 1 h incubation, an aliquot was removed and diluted in phosphate buffer and stored at − 20oC. Insulin release was measured by radioimmunoassay (Ashcroft and Crossley, 1975).



2.4. Measurement of cAMP content Multiwells were seeded with 5x105 cells and cAMP content measured after 4–5 days as follows. The culture medium was replaced with modified Krebs–bicarbonate medium containing 5mg/ml albumin. After 1 h this incubation medium was replaced with buffer containing additives as listed in the results section. After a further 1 h, the incubation medium was aspirated and replaced by 1ml boiling 50 mM sodium acetate buffer (pH 6.2) to arrest metabolism and to extract cAMP. Samples were then sonicated and cAMP content was determined with a commercial radioimmunoassay kit using a non-acetylation protocol.



2.5. Measurement of glucose absorption from the intestine Glucose absorption from rat intestine was measured according to the method adopted by Monsereenusorn and Glinsukon (1978). Wistar rats (250–325 g) were anaesthetised with pentobarbital. The upper and lower parts of the jejunum were cut approximately 15 cm apart leaving the mesentery intact. The luminal content was removed by washing with 0.9% NaCl. Silicon tubing (interior diameter 2.0 mm) was inserted into the lumen via the upper and lower openings and secured tightly. The lumen was then perfused with Krebs–Ringer phosphate buffer (pH 7.4) containing 1 mM glucose with or without 4 mg/ml T.
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crispa extract at a flow rate of 2 ml/min at 37oC. Samples were collected from the reservoir every 5 min for 20 min for glucose assay (Gilford 3500 analyser).



3. Results



2.6. Measurement of glucose transport into isolated adipocytes



Table 1 shows that luminal glucose concentration decreased with time, indicating glucose absorption into the circulation. Addition of T. crispa into the perfusion buffer did not significantly alter the rate of glucose absorption.



Adipocytes were isolated using collagenase digestion method (Gliemann, 1967), and methylglucose transport into the adipocytes was assessed by the method described by Foley and Gliemann (1981). Aliquots (2x105 cells) of the adipocyte suspension were incubated with zero or 2.4 mU/ ml insulin with or without 1 mg/ml T. crispa for 15 min at 37oC. A non-metabolisable sugar, 3-o[14C]methyl-glucose (final concentration 0.05 mM, 1 mCi) was then added. After 30 s, the incubation was terminated by centrifugation through oil, and the radioactivity in the cells counted in the scintillation counter. Non-specific methyl-glucose uptake was estimated by incubating cells in the presence of cytochalasin B which completely inhibits the saturable (facilitated) transport.



2.7. Measurement of



86



Rb-efflux



HIT-cells seeded in tissue culture inserts were incubated for 60 min at 37oC in 0.5 ml Hepes – Krebs medium supplemented with 10 mM glucose and 0.1 mCi [86Rb]Cl. The cells were then washed twice with a 86Rb-free medium in order to remove most of the extracellular radioactivity and the insert was placed in the chamber of the perifusion system (Noor et al., 1989). The perifusate was derived from the first reservoir (basal medium) up to the 44th min and from the second reservoir (Hepes–Krebs medium supplemented with additions) between the 44th and 72nd min. Basal conditions were restored for a further 16 min. The perifusate was collected from the 32nd to the 90th min at 2 min intervals, and radioactivity measured by the Cerenkov procedure. The release of 86Rb from the prelabelled cells was expressed as an instantaneous fractional outflow rate, calculated after measuring residual 86Rb content of the cells at the end of the perifusion period (after extraction with borate buffer).



3.1. Effect of T. crispa on intestinal glucose uptake



3.2. Effect of T. crispa on methyl-glucose uptake by adipocytes Fig. 1 shows that there was a significant increase in glucose uptake after a 15-min incubation with insulin. However, T. crispa (1.00 mg/ml) did not have any effect on glucose uptake either in basal or insulin-supplemented incubation medium.



3.3. Effect of insulin secretory antagonists on T. crispa-e6oked insulin release Table 2 shows the effect of T. crispa on glucose stimulated insulin release and the inhibition of this effect by somatostatin, adrenaline, verapamil and nifedipine. High glucose (10 mM) alone induced a 4.5-fold stimulation of basal insulin release. T. crispa significantly (PB 0.05) potentiated this effect by about 40%. Glucose-stimulated insulin release was inhibited by 62, 53, 68 and 66%, respectively, when the Table 1 Effect of T. crispa on intestinal glucose uptake Time (min)



0 5 10 15 20



Jujenal glucose concentration (%) Without T. crispa



With 1.00 mg/ml T. Crispa



100 90.5 9 8.7 78.9 9 6.5 70.1 96.9 63.5 97.3



100 89.1 99.2 80.1 98.5 72.6 9 5.8 62.0 9 6.1



Values are expressed as means 9 S.E. (n =5) based on glucose concentration (1mM) at time zero.
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Other additions



[cAMP] (pmol/ 106 cells)



0 10 10 0 10 10



— — Forskolin (10mM) T. crispa (0.1mg/ml) T. crispa (0.1mg/ml) Forskolin (10M)+T. crispa (0.1mg/ml)



6.591.0 8.9 91.5 30.5 92.8a 6.6 9 1.0 11.8 91.9 28.5 93.1a



Data are presented as means 9 S.E. (n = 12). Statistical significance (Student’s t-test), PB0.001 compared to line 2.



a



Fig. 1. Effect of T. crispa on methyl-glucose uptake by adipocytes. Values are expressed as means 9 S.E. of five rats. White bars: no T. crispa added into the perfusion fluid (Hepes – Krebs buffer containing 1mM glucose). Black bars: T. crispa (4mg/ml) added into the perfusion fluid. ** PB 0.01 vs. basal (Student’s t-test).



HIT-cells were incubated for 1 h with adrenaline (5 mM), somatostatin (1 mg/ml), verapamil (50 mM) and nifedipine (50 mM). Moreover, all the inhibitors also antagonised the effect of T. crispa on insulin release measured under high glucose



condition. Conversely, the inhibitory effect of the insulin secretory antagonists was not significantly affected by the presence of T. crispa.



3.4. Effect of T. crispa on cAMP content of HIT-cells Table 3 shows the effect of glucose and T. crispa on HIT-cell cAMP content. A volume of 10 mM glucose slightly increased the cAMP content, but the difference is not statistically significant



Table 2 Effect of insulin secretory antagonists on T. crispa-evoked insulin release Glucose (mM)



Inhibitor



T. Crispa (mg/ml)



Insulin release (% of basal)



0 10 10 10 10 10 10 10 10 10 10



— — — Adrenaline Adrenaline Somatostatin Somatostatin Verapamil Verapamil Nifedipine Nifedipine



0 0 0.01 0 0.01 0 0.01 0 0.01 0 0.01



1009 6 5559 6a 779 965b 211 924c 206 9 16c 261 9 41c 170 930c 176 924c 292 964d 190 924c 252 931c



Data are presented as percentage increase in insulin release relative to basal secretion. The mean absolute value for basal insulin release was 113.2 919.4 mU/h (n = 16). Statistical significance of the observed differences in insulin release were determines using Student’s t-test. a PB0.001 compared to basal release (row 1). b PB0.050 compared to glucose-stimulated release (row 2). c PB0.001 compared to glucose-stimulated release (row 2). d PB0.010 compared to glucose-stimulated release (row 2).
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compared with the controls. Stimulation by forskolin in the presence of 10 mM glucose produced a dramatic increase in cAMP compared to stimulation by glucose alone. However, inclusion of T. crispa to the basal medium and medium containing 10 mM glucose or forskolin had no significant effect on HIT-cell cAMP content.



3.5. Effect of T. crispa on



86



of T. crispa observed in in vivo (Noor and Ashcroft, 1989) and in vitro (Noor et al., 1989) experimental models supports the anecdotal claims for its antidiabetic activity. This could lead to the formulation



Rb-efflux



The effects of the stimuli (glucose and T. crispa) were assessed by calculating the percentage difference between the average fractional outflow rate (FOR) during the time interval 50 – 76 min (when the cells encountered the stimulus) and the average fractional outflow rate during the time interval 32 – 44 min (the initial efflux rate). The percentage difference was then compared to that of the controls (no stimulus throughout). Fig. 2A shows that when the cells were perifused with basal medium throughout, there was a slight increase in the efflux rate with time. When T. crispa extract (0.10 mg/ml) was added to the basal medium (Fig. 2B), there was an insignificant decrease in FOR. In contrast, stimulation with 10 mM glucose (Fig. 2C) induced a significant fall (34.6%) in the efflux rate. This rate remained low throughout the duration of the stimulus. Upon withdrawal of the stimulus, the efflux rate increased slightly, then started to decrease again. Upon stimulation with T. crispa in the presence of 10 mM glucose (Fig. 2D), the response is not statistically different from that observed earlier (10 mM glucose alone). 4. Discussion The antihyperglycaemic and insulinotropic effect



Fig. 2. Effect of T. crispa on 86Rb-efflux. These 86Rb-loaded HIT-cells were perifused with media derived from the first reservoir (basal medium) up to the 44th min and from the second reservoir (Hepes –Krebs medium supplemented with additions: basal medium (panel A); 0.10mg/ml T. crispa (panel B); 10mM glucose (panel C); 10mM glucose + 0.10mg/ml T. crispa (panel D)) between 44–72min. Basal conditions were restored for a further 16 min. Samples were collected every 2 min and radioactivity measured by the Cerenkov procedure. Data are presented as means 9S.E. (n=4).
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Fig. 2.
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of a novel drug for the treatment of noninsulin-dependent diabetes mellitus. However, vigorous characterisation of the extract with respect to its mechanism of action is necessary before a pharmacological role can be assigned. Normal blood glucose levels depend on the balance of its entry into the circulation (dietary or metabolic in origin) and its exit from the system (uptake into cells and metabolised). Severe postprandial hyperglycaemia commonly experienced by diabetics could be prevented if the rate of glucose uptake from the intestine into the circulation could be reduced. For example, acarbose, a pseudooligosaccharide obtained from Actinomycetes, reversibly inhibits intestinal a-glucosidases, enzymes responsible for the metabolism of complex carbohydrates into absorbable monosaccharides units (Martin and Montgomery, 1996). This action results in diminished and delayed rise in postprandial glucose concentration. However, T. crispa has no apparent affect on glucose uptake from the intestine. Therefore, the antihyperglycaemic effect of the extract observed in in vivo experiments was not due to interference with intestinal glucose absorption. In addition to the rate of glucose entry into the circulation, its exit from the system into the peripheral cells could also influence blood glucose levels. It has long been established that insulin promotes glucose uptake into the peripheral cells, and metformin is the only globally available drug currently used for improving insulin action (Melander, 1996). However, it was clear that T. crispa has no such effect as observed from the experiment on methylglucose uptake by adipocytes. Therefore, the antihyperglycaemic effect of T. crispa could not be due to its ability to mimic or improve insulin action. The regulatory mechanism of blood glucose concentration involves the fine-tuning of insulin secretion from the pancreatic b-cells (Porte, 1991; Taylor et al., 1994; Rorsman, 1997). We have previously reported that T. crispa indeed stimulates b-cell insulin release both in vivo (Noor and Ashcroft, 1989) and in vitro (isolated human and rat islets, and HIT-T15 cells) (Noor et al., 1989). In order to characterise the insulinotropic activity, various insulin antagonists were used to elucidate the mechanism of T. crispa-evoked insulin secretion. One such inhibitor of insulin release is a



catecholamine, adrenaline, which binds to a-adrenergic receptors (Burr et al., 1976) and is thought to interfere with cAMP system or to alter calcium handling by the b-cells (Wollheim and Sharp, 1981). The observation that adrenaline blocks T. crispa-stimulated insulin release suggests that the action of T. crispa could be modulated by the two second messengers (cAMP and Ca2 + ). However, the involvement of cAMP could be ruled out because there was no apparent increase in the concentration of the second messenger when T. crispa was added in the incubation medium. Therefore, T. crispa-evoked insulin release could be mediated by changes in intracellular calcium concentration. This is substantiated by the experiments using calcium channel antagonists verapamil and nifedipine. Indeed, T. crispa-evoked insulin secretion is significantly inhibited by the channel blockers. These data support the hypothesis that the insulinotropic effect of T. crispa is due, at least in part, to modulation of calcium handling by the b-cells. Another inhibitor of insulin release, somatostatin, is a tetradecapeptide found in hypothalamus as well as the d-cells of the islets (Wollheim and Sharp, 1981). The suggested modes of action of somatostatin include inhibition of adenyl cyclase which causes a decrease in cAMP levels (BentHausen et al., 1979), alteration of membrane permeability to K + which hyperpolarises the cell membrane and consequently inactivates Ca2 + channel (Fosset et al., 1988), and inhibition of glucose metabolism (Hahn and Gottschling, 1976). We have shown that metabolic rate (Noor et al., 1989) and cAMP levels are not involved in T. crispa-evoked insulin release. In order to determine if modulation of b-cell calcium ion handling is associated with K-channel activity, 86Rb-efflux studies were performed. In the absence of glucose, T. crispa showed a tendency to inhibit 86Rb + efflux. However, T. crispa apparently had no clear effect on 86Rb + -efflux in the presence of 10 mM glucose. This implies that the T. crispa-stimulated insulin release at basal conditions may be mediated by closure of ATP-sensitive K + channels to depolarise the b-cell membrane and open the voltagesensitive Ca2 + channel. It is difficult to observe additional inhibition over that caused by glucose
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because more than 99% of the channels would have been closed to obtain the necessary depolarisation to open the voltage activated Ca2 + channel (Cook et al., 1988). Therefore, the involvement of K + channel (to depolarise the b-cell and to open Ca2 + channel) in T. crispa-stimulated insulin release cannot be ruled out. In conclusion, we have presented evidence to substantiate the antidiabetic effect of T. crispa extract. The antihyperglycaemic activity is due to stimulation of insulin release via modulation of b-cell Ca2 + handling. That the insulinotropic effect of T. crispa is physiological suggests that the extract contains compounds which could be purified for use in the treatment of type II diabetes.
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