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Abstract: Decorticated Momordica charantia seeds were extracted with acidic ethanol.  The pH of the extract was adjusted to 8 and the resulting gprecipitate was chromatographed on CM Sepharose CL-6B and then desalted on Sephadex G-10.


A number of factors which exhibited antilipolytic and lipogenic activities in rat adipocytes were isolated.


Two of the factors were demonstrated to be peptides with similar amino acid compositions and a molecular weight of approximately 8000.  However, the peptides greatly differed in their chromatographic behavior on CM-Sepharose CL-6B and in their mobilities in agarose and polyacrylamide gel electrophoresis. 

Introduction
Since insulin was first isolated from the mammalian pancreas (Bantig et al., 1922), insuli-like compounds have been detected in the mammalian brain (havrankova et al., 1978) and other tissues (Rosenzweig et al., 1980), in cyclostomes (Falkmer et al., 1973), in invertebrates including mollusks (Plisetskaya et al., 1978), lobsters (Sanders, 1983 a, b), insects (Le Roith et al., 1981; El-Salhy et al., 1984), annelids (Le Roith et al., 1981) and coelenterates (Davidson et al., 1971), and in unicellular eukaryotes (Le Roith et al., 1980).  In view of the widespread occurrence of insulin-like compounds in animals (Falkmer, 1972), we undertook the present study to ascertain if similar compounds could be isolated from the seeds of the bitter gourd.  Momordica charantia with a procedure utilized for isolating mammalian pancreatic insulin (Mirsky, 1973).  It has been demonstrated that an aqueous extract of M. charantia fruits elicited hypoglycemic activity in normal fasted rats and also in rats receiving an oral dose of glucose 30 min after the administration of the extract (Karunanayake et al., 1984)

Materials and Method
Isolation procedure


The method of Mirsky (1973) was utilized with slight modifications for isolating insulinomimetic factors from seeds of Momordica charantia which were available from local herbal medical shops.  Briefly, docorticated seeds were extracted (1:5 w/v) with a mixture of hydrochloric acid, ethanol and water (1:37:12 v v v. pH 1.5).  Following centrifugation, the pH of the supernatant was adjusted to 8 and it was then centrifuged.  The precipitate was lyophilized to form fraction P1.  To the supernatant 6 vol of a mixture diethyl ether and ethanol (1:2 by volume) was added.  The precipitate was lyophilized and designated fraction P2 P1 was chromatographed on a column of CM Sepharose CL-6B (Pharmacia) to yield two unadsorbed fractions designated C1 and C2 and five adsorbed fractions designated C3-C7.  Each of these fractions was lyophilized and then desalted on a column of Sephadex G-10 (Pharmacia).  The entire procedure is schemized in Table 1.

Lipogenesis and antilipolysis assays


The fractions were tested for their ability to stimulate lipogenesis and to inhibit hormone-induced lipolysis.  For both assays adipocytes, isolated from epididymal fat pads of male Sprague Dawley rats (160-190 g) by collagenase (Sigma type II) digestion according to the method of Rodbell (1964), were used.  The lipogenesis assay, which measures the incorporation of D-3-[‘H]glucose (Radiochemical Centre. Amersham) into toluene-extractable lipids, was carried out as described by Moddy et al. (1974).  Briefly, approximately 90,000 cpm D-3-[‘H]glucose and around 105 adipocytes containing 5-6 mg lipid were incubated with either porcine insulin (Eli Lilly) or the test fraction in a final volume of 1 mlin pH 7.4 Krebs-Ringer bicarbonate buffer containing 4% bovine serum albumin  (Sigma fraction V), in an atmosphere of 95% O2-5% CO2 for 2 hr.  The incubation was terminated by addition of of 200 (l 8N H2SO4 followed by toluene-based scintillant containing 0.5% PPO (w/v) and 0.5% PPO (w/v) and 0.03% dimethyl POPOP (w/v).  Direct scintillation counting of the vials was carried out.  In the antilyposis assay, the test fraction was incubated with adipocytes (around 105), in the presence of lipolytic hormone epinephrine bitartrate (Sigma), in a final volume of 1 ml in pH 7.4 Krebs-Ringer bicarbonate buffer containing 4% bovine serum albumin, in an atmosphere of 95% O2-5% CO2 at 37 C for 2 hr.  Incubation was terminated by addition of 1 ml 10% trichloroacetic acid and after centrifugation glycerol in the supernatant was measured by the chromotrophic and reagent method as outlined by Ramachandran et al. (1972).  Glycerol production was used as an index of lipolysis. 


To investigate the heat liability of fractions C(missing text) and C6-1, they were heated to 100 C for 15 min and then cooled down to room temperature prior to testing in the lipogenesis assay.

Agarose electrophoresis


Agarose electrophoresis was performed using 1% agarose gel in pH 8.6 barbital buffer at a potential of 6 V cm-1 for 45 min.  Proteins were stained with 0.1% Amino black 10B at the termination of electrophoresis.

Analytical polyacrylamide gel electrophoresis


The method of Davis (1964) for polyacrylamide gel disc electrophoresis at pH 4.3 was employed.  After electrophoresis (SDS-PAGE) was performed using 10-18% gradient gels and 0-10% sucrose according to the method of Laemmli (1970).  The molecular weight markers used for constructing the calibration curve were from pharmacia and were treated with (-mercaptoethanol before electrophoresis.

Estimation of molecular weight by gel filtration

The fractions C1-3 and C6-1 were chromatographed on Sephadex G-50 (Pharmacia).  The molecular weight markers employed were all from Sigma.

Amino acid analysis


The method of Spackman et al. (1958) was employed.  Half-cystine was quantitated as cysteic acid after performic acid oxidation.  

Assay of midterm abortifacient activity


Mature female ICR mice (25-35 g) were caged with fertile males.  The presence of copulation plug in the following morning was designated day 1 of pregnancy (PDI).  The fractions C1-3 C6-1 and the abortifacient protein (-momorcharin were administered intraperitoneally on PDI2 and the mice were autopsied on PD14.  The numbers uterine implantation sites, live fetuses, dead fetuses whose heart has stopped pulsating and resorbed (aborted) fetuses were recorded.

Immunodiffusion


The reactivity of the fractions C1-3 and C6-1 with a polyspecific antiserum raised against a crude powder of the root tubers and with an antiserum raised against the abortifacient protein (-momorcharin (Yeung et al., 1985) was determined by the double gel diffusion method of Ouchterlony (1949).

Assays for the hemagglutinating and hemolytic activities


The fractions C1-3 and C6-1 with antilipolytic and lipogenic activities were tested for hemagglutinating (lectin) activity in accordance with the method of Allen et al. (1978), using a 2% suspension of erythrocytes in pH 7.2 phosphate buffered saline and serial two-fold dilutions of the fractions in microtiter V-plates.  The plates were shaken moderately and left at room temperature for about an hour.  Unagglutinated erythrocytes formed a clear dot whereas agglutinated erythrocytes formed a diffuse mat at the bottom of the well.  The fractions were also tested for hemolytic (steryl glycoside) activity using rabbit erythrocytes suspended in phosphate buffered saline (pH 7.4) at a concentration of 2% in V-shaped wells of microtiter plates.  Hemolysis was indicated by a change in the appearance of the erythrocyte suspension from turpidity to clearness.

Results
From 120 seeds 1.8 g fraction P1 and 4.1 g fraction P2 were obtained. Fraction P1 manifested lipogenic activity in rat adipocytes while fraction P2 exhibited entilipogenic activity (Table 2).  When fraction P1 was chromatographed on CM Sepharose CL-6B, two unadsorbed peaks designated C1 and C2 were obtained.  The adsorbed material was resolved by a linear gradient of NaCl into several peaks designated C3-C2 (Fig. 1).  Each of the fractions was gel filtered on Sephadex G-10.  All fractions except C1 and C2 were unretarted.  Both C1 and C2 could be fractionated into three peaks (Fig. 2).   The fractions C2-2, C2-3 and C 7-1 had very low antilipolytic and lipogenic activities.  All of the other fractions including C1-1, C1-3, C2-1, C3-1, C4-1, C5-1 and C6-1 possesed both antilipolytic and lipogenic activities.  The lipogenic activities of C1-3 and C6-1 were susceptible to heat (1000C for 15 min) (Table 3).  In agarose electrophoresis, fractions C1-3, C 3-1 and C6-1 showed only one spot (Fig. 3).  In polyacrylamide gel electrophoresis the same three fractions revealed a single band (Fig.4).  Fraction C1-3 has an electrophoretic mobility similar to that of insulin, but when run together, they could be seen as two very close but separate bands (Fig. 5).  In SDS-PAGE C1-3 and C6-1 appeared to have a molecular weight of approximately 8000 (Fig.6) and in gel filtration a molecular weight of 8000 and 8900 respectively.  The amino acid compositions of C1-3 and C6-1 are compared with that of insulin in Table 4.  Fractions C1-3 and C6-1 showed an overall similarity to one another but were distinct from human insulin especially in the number of Glu, Pro, Ala, Tyr and Arg residues.  The yields of C1-3 and C6-1 from I kg seeds were respectively 0.94 g and 1.56 g.

C1-3 and C6-1 lacked abortifacient activity when tested a dose 25 times higher than an effective dose of the abortifacient protein (-momorcharin (Table 5).  In immunodiffusion using antiserum against a crude powder of the root tubers or an antiserum against the purified abortifacient protein (-momorcharin, no precipitin arcs were formed with either fraction, indicating that the fractions were immunologically dissimilar from the abortifacient protein and that were not antigenic.  Neither fraction possessed hemagglutinating (lectin) or hemolytic (saponin) activity when tested up to a concentration of 1 mg ml-1: the M. charantia lectin elicited hemgglutination at 2-15 ng ml-1.

Discussion

The present investigation disclosed the presence of insulin-like factors in the seeds of Momordica charantia two of which were obtained in a fairly homogenous state.  They resembled insulin in exerting antilipolytic and lipogenic activities in isolated adipocytes.  One of them, C1-3 was unadsorbed while the other C6-1 was adsorbed on CM-Sepharose.  The two factors exhibited a single band in agarose electrophoresis, polyacrylamide gel electrophoresis and SDS-polyacrylamide gel electrophoresis.  C1-3 exhibited a mobility close to that of porcine insulin in agarose electrophoresis and polyacrylamide gel electrophoresis.  However, C6-1 greatly differed from insulin in these aspects.  C1-3 was retarded on Sephadex G-10.  On the other hand, C6-1 was unretarted on the same column.  Another fraction, C3-1, exhibited in agarose electrophoresis and polyacrylamide gel electrophoresis one band which had a mobility closer to that of C6-1 than that of C1-3.  In SDS –polyacrylamide gel electrophoresis, however, it showed more than one band (data not shown).  Other insulin-like factors were also present in M.charantia seeds although they were obtained in lower degrees of purity e.g. C1-1, C2-1, C4-1 and C5-1.  These fractions like C1-3, C3-1, C6-1 and insulin, manifested antilipolytic and lipogenic activities in rat adipocytes in vitro.  The M. charantia factors appeared to possess a molecular weight larger than that of insulin as judged by SDS-polyacrylamide gel electrophoresis, and only one of them, C1-3, displayed an electrophoretic mobility similar to that of insulin.  The peptidic nature of C1-3 and C6-1 was corroborated by the loss of their lipogenic activity after heat treatment (Table 3), and also by their amino acid compositions (Table 4).


It is worth noting that the M.charantia peptides were similar to insulin in that they could be extracted with acidic ethanol.  Despite this similarity the peptides were prepared from fraction P1, instead of fraction P2 from which mammalian insulin was isolated (Mirsky, 1973).  The chemical relationship among the insulin-like factors in M. charantia, i.e. C1-1 to C6-1 remains to be elucidated.  When a comparison was made of the amino acid compositions of C1-3 and C6-1, it was found that the two peptides manifested an overall similarity except in their contents of Thr and Met residues.  Large differences were observed in the content of Glu, pro, Ala, Tyr and Arg residues between the peptides human insulin.


We have previously isolated two abortifacient proteins designated (- and (-momorcharins (Yeung et al., 1985), a lectin (Ng et al., 1987a) and a saponin (Ng et al., 1987b) from M. charantia seeds.  The lectin and the saponin possessed potent hemagglutinating and hemolytic activities respectively.  We have demonstrated in this study that the insulin-like peptides were devoid of such activity.
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