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THE HYPOGLYCEMIC ACTIVITY OF
MOMORDICA CHARANTIA LINN. IN NORMAL
AND ALLOXAN - INDUCED DIABETIC RABBITS
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ABSTRACT

The acidified water-chloroform extract of unriped fruits of Momordica charantia
Linn. was tested for hypoglycemic activity at several dosage levels in normal and alloxan-induced
diabetic rabbits. The blood glucose was measured at 2 h interval for 10 h period by
O-toluidine method. In diabetic rabbits, a significant decrease in blood glucose level occurred
at 10 and 20 mg/kg after intravenous injection whereas no hypoglycemic action was found in

J. Natl. Res. Council Thailand, 1987, 19(1)



normal rabbits even at the high dosage of 20 mg/kg. This pattern of the acidified water-
chloroform extract action contrasted with that of tolbutamide which produced the hypoglycemic

action only in normal rabbits.
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INTRODUCTION

Momordica charantia Linn. (Family Cucurbitaceae), commonly known as bitter
gourd, which was widely cultivated in Thailand and other tropical countries was usually used
as vegetable.“"’”’22 In addition, various parts of this herb were useful in folkloric medicine,
one of which was the antidiabetics which has long been used in Puerto Rico.? The sdientific
studies of this plant began in 1941 by Rivera'®1?
the alcoholic extract of the fruits of this plant. Since then, there were many'investiga-
torshw/-14,20:21,23,24 k6 were interested in the hypoglycemic action of this plant. ‘Sharma et

al.?" administered the fruit juice to normal and alloxan-induced diabetic rabbits and reported

who isolated the hypoglycemic principles in

a decrease in bloodrglucose of both groups. The hypoglycemic action ofithe fruit juice was
confirmed in.the pituitdry extract induced diabetic rats which fed with glicose? in'mon-diabetic
rats and non-insulin dependent diabetie-patients2. On-the other-hdndjoraladministration of
the dried juice in nermal rabbits showed.no hypoglycemic€ffect either as anacute single dose
or a chronic administratien. “However) itiprolongedthe.actionl of totbutdmide'® Akhtar et al.!
studied the hypoglycemic actionvef dried-fruit-powder+in normal and alloxan-induced diabetic
rabbits and found that a lower dosage was required for normal animals. They proposed that
there might be more than one kind of active principles in the fruits of this plant. In fact,
Lotlikarand Rao'? had isolated a non-nitrogenous substances with a phytosterol like property
named charantin, which brought about the hypoglycemic action!'4 in normal rabbits by both
oral and intravenous administration. The structure of charantin was identified by Sucrow?!
as B-D-glucosides of f-sitosterol and stigmasta-5, 25 diene-353-ol in proportion of 1:1. Moreover,
an insulin like polypeptide was also isolated and identified from this plant.3'9 Recently, Visarata

2. dwi. An. 38 1. bdmo. o8(s)
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and Ungsurungsie23 using a modified extraction method of Rivera!® have detected the steroidal
compounds in acidified water-chloroform extract which exhibited antibacterial activity in
vitro?* Whether this extract could decrease blood glucose has not been reported. Therefore,
the present investigation was undertaken to study the hypoglycemic effect of the acidified
water-chloroform extract in normal and alloxan-induced diabetic rabbits in comparison with

the standard hypoglycemic drug, tolbutamide.

MATERIALS AND METHODS

Largelvatiety of M. Charantia, fresh green fruits;-(Figure 1)'was obtained from
vegetablé markets in Bangkok area. After the seeds were removed, the fruits were cut into
small/pieces and dried at 60°C. They were powdered and extracted according'to, the method
deseribed by\Visarata and Ungsurungsie23 as shown in Figure 2. The acidified.water-chloroform
extract was evaporated until dry and collected for pharmacological testing., The extract was
dissolved in normal saline solution before the injection was made intravenously into the rabbits.

Male adult healthy albino rabbits of local strain weighing 1.5-2.5 kg were used in
this.experiment. The rabbits were kept in the animal room of the Department of Pharmacelogy
and fed with commercial food and tap water ad /libitum. They were divided into 2 groups
composed of normal and diabetic rabbits and were induced diabetes by injection 80 mg/kg of
alloxan monohydrate intravenously)® The blood glucose levels were determined daily for 7
days after the injection. The blood glucose of more than 150 mg/100 ml was considered diabetes.
Any rabbits which were not diabetics were repeatedly injected with the same dose of'alloxan
until the*blood glucose level was in the range of diabetes.

Both normal and diabetic rabbits were randomly divided into 5 gnoups of 6
animals each. Group 1 was served as a control. The rabbits were received 4 ml"of normal
saline intravenously: Group 2, 3 and 4 were intravenously administered with a, solution of
acidified water-chleroform extract in normal saline at 5, 10 and 20 mg/kg'tespectively. The
last group was. treated with tolbutamide 100 mg/kg orally.

Prior to testing, all rabbits wereffasted for 14.h.and 1 ml of'blood samples were
drawn from an ear vein into"NaF=ecoeated test tubes at 0, 2, 4,-6;8.and 10 h. The blood samples
were centrifuged and the plasma wereskept, for thesglicose determination by O-toluidine
method.* The blood glucose levels were measured at 2 h interval for a period of 10 h.

The blood glucose was expressed in mg/100 ml (Mean * SEM). Changes in blood
glucose levels of normal and diabetic rabbits at various time intervals (2, 4, 6, 8§ and 10 h) from
initial value before drug treatment (0 h) were analysed by using paired Student’s t test. P < 0.01
was considered statistically significant.

J. Natl. Res. Council Thailand, 1987, 19(1)



RESULTS

Effect of Momordica charantia Linn. and tolbutamide on blood glucose level in diabetic rabbits

Intravenous administrationrof S mg/kg acidified water-chloroform extract of M.
charantia had no significant'effect-on blood glucose. However, the hypoglycemic action was
observed at higher deses. At aidoserof!10img/kg, theextract.produces asignificant decrease in
blood glucose infthe-alloxan-induced*diabetic rabbits at 8 and 10 h after the'treatment. At 20
mg/kg, the signifieant decrease was scenrearlier at ¢hrand'maintained for at least, 10 h (Table
1). On the contrary, oral administration of tolbutamide at 100mmg/kg produced only a slight
but not significant decrease in blood glucose as in the control group. (Table 1):

Effect of Momordica charantia Linn. and tolbutamide in the normal rabbits

In contrast to the diabetic rabbits, acidified water-chloroform extract at the same
dosage produced no hypoglycemic action in the normal rabbits. As shown in Figure 3, the
highest dosage at 20 mg/kg which significantly decreased the blood glucose level in diabetic
rabbits with a maximum effect of about 30%, had no significant effect on the bload giucose
level in normal rabbits. On the other hand, oral administration of tolbutamide at 100 mg/kg
decreased 'the blood glucose level significantly about 40% (Table 2) whereas there was no
effect in the diabetic rabbits (Figure 4).

DISCUSSION AND CONCLUSION

The present experiment reveals that acidified water-chloroform extract of M. charantia
produces asignificant, decrease of blood glucose level in alloxan-inducedtdiabeti¢ rabbits.
However, higher dosages should be further tested in normal group. ;The'hypoglycemic effect
of this extract'is obviously different from-that=ef-tolbutamideswhich'produceéd a significant
effect only in the nosmal.rabbits; The'major acute action of tolbutamide.s able to stimulate a
secretion of insulin from the pancreatic B-cell' ' but is ineffectivein completely pancreectomized
or alloxan-induced diabetic animals&! Therefore;the hypeglycemic mechanism of the acidified
‘water-chloroform extract of this plant is different from tolbutamide and may be extra-pancreatic,
a direct ‘action on glucose absorption and metabolism. It is also noted that this acidified water-
chloroform extract has a slow onset, even through the intravenous route it needs as much as
4 h to be effective. This is in contrast to a rapid action of the orally administered tolbutamide.
However, both drugs have long duration of action, which last for more than 10 h. Moreover,
the pattern of blood glucose changes by acidified water-chloroform extract is different from
that of charantin, a sterol glycoside which is isolated and identified by Lotlikar and Rao!3-14

2. 8W. AN 398 Y. bdmo. o8(e)



The intravenous (15 mg/kg) and oral (25 mg/kg) administration of charantin in normal
fasting rabbits produced the same hypoglycemic effect whereas a variable response was
observed in alloxan-diabetic rabbits!* Moreover, the hypoglycemic effect of charantin will
only last for 4 h after which the blood sugar is tended to reach its same level before

treatment !4

Besides charantinj an isolation of other active pringiples of a polypeptide class
which has an insulin-like activity after subcutaneous, and intramuscularsinjection in diabetic
patients have been reported?’9 Although this polypeptide had;been thought te be hydrolysed
if the fruit juice was taken orally, many literaturesreported its effectiveness’ 1428 Therefore,
this polypeptide may be acid resistant which can be experimentally-proof. /There may be some
other active principles in the fruits of this plant beyond p-insulin like substances and charantin.
One of which'may be. the steroidal substances which has been identified in'the acidified water-
chloroform extract.”> In addition to the hypoglycemic action, this extract has an advantageous
antibacterial acfivity? for the diabetic patients. An isolation and purification of these substances
from acidified water-chloroform extract for pharmacological and toxicological studies are
therefore worthwhile in order to elucidate the active principles in this extract. Since the fruits
of Memordica charantia Linn. contain many active hypoglycemic components of different
mechanisms, this plant may be very useful for the diabetic patients and further studies on this
plant should be performed.
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Table 1. The blood glucose level (Mean * SEM) in diabetic rabbits at various time intervals
after intravenous administration of acidified water-chloroform extract from
Momordica charantia L., NSS and oral administration of 100 mg/kg tolbutamide.

Blood glucose level (mg/100 ml)
Treatment
Oh 2h 4h 6 h 8h 10 h

Acidified water<€hloroform

extract

5 mg/kg'(n"="%5) 2847521 29654 [ 276 4729842 294+ 43 275+ 42

10 mg/kg (fy="%) 268t48 272148 | 247151 | 235+856.| 2214 51*| 201 £50*

20 mg/kg (n' = .6) 355%75 | 339470 | 300+ 35*| 274 £36*.250 +31*| 241 +24*
NSS (n = 6) 306130 | 315£29 (131232296131 | 292429 1280+ 28
Tolbutamide/(n = 6) 332140 | 349140 | 338240 | 30142 | 305+46.'| 295+45

* pI<0.01

Table 2. The blood glucose level (Mean * SEM) in normal rabbits at various time intervals
after intravenous administration of 20 mg/kg acidified water-chloroform extract
and oral administration of 100 mg/kg telbutamide.

Blood glucose level (mg/100 ml)
Treatment
O.h 2h 4 h 6 h 8 h 10 h
Acidified water-chloroform
extract (ni'=_6) 9814 | 104*6 | 106£2 | 1083 |'109+4" | 102+5
Tolbutamide, (n',=/6) 10415 BRET* [ T1X4% 7 687 4* "\62 5| 4061 +2*

*p<0.01

J. Natl. Res. Council Thailand, 1987, 19(1)



Fig. 1 Momordica charantia Linn. (Mara-chean), showing leaves and tendrils, fruits, male
and female flowers.

A = shoot E = long section of fruit

B = staminate flower F = cross section of fruit

C = npistillate flower G = external feature of seed

D = fruit H = diagrammatic layer of seed
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Powdered plant materials (1.5 kg)

dried residue

defatted with petroleum ether in
Soxhlet (40 - 60°C)

€xtracted suecessively with ether (30 - 40°C)

I
residue

(discarded)

al

2
etheriextract (3 1)

resi
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due

extracted with distd.
water (1 1)
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water extract residue (2 g)
redissolved in water (200 ml)

|

acidified.with alkalinized with 10%
10% " HCI (pH 3) NaOH (pH 9)
extracted with extracted with
chloroform chloroform (50 ml)
and washed and washed with
with 1% NaOH water portions, dried
until neutral oveT Na)SOy-(ankis)y
and water evaporated under
portions and reduced pressure.
evap. under re-

duced pressure

acidified  alkalinized
water- water-

chloroform chloroform
extract extract

]
water insoluble residue
extracted with
alcohol and
filtered

alcohol-

o
alcohol-insoluble alcohol extract
residue

insoluble

fraction

air dried

Fig. 2 Diagram showing the method of extraction of the fruits of Momordica charantia Linn.
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Fig. 3 Effect of intravenous administration of acidified water-chloroform extract at 20
mg/kg in normal and diabetic rabbits. (* P < 0.01)
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ABSTRACT

An in vitro method for estimating availability of nonheme iron from food items
was investigateds The coefficient of variation of intra and inter assay was less than 10 per cent
which is statistically acceptable. The method involves simulated gastrointestinal digestion
followed by radioactivity measurement of per _cent ionizable iron which was extrinsically
tagged by 59Fe. Homogenized food sample was exposed to pepsin-HCI and extrinsically tagged

with'@radioisotope 59Fe at pH 1.35. After incubation, the pH was adjusted to 7.5 by using

acetate buffer. Ionizable iron was determined by the bathophenanthroline method. The per

cent ionizable iron was calculated to compare to total added extrinsically tagged 59 Fe. Not only
the per cent ionizable iron in a test meal but also its ratio compared to basal diet was shown

to correlate highly with per cent and ratio iron absorption fromthe same diets observed inthe

adult males. Ionizable iron was shown to increase in presence of fish, orange juice and pork but
to decrease in presence of mung bean. This observation was similar to the effect of these factors

on iron absorption in human subjects. Thus this method has proved to be valuable as an in
vitro #method for predicting the availability of iron from food.
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ABSTRACT

This study was to determine the concentration of active ingredient and the volume
of pesticides in commercial products. The limit of percentage of active ingredient was based
on FAO.recommendation. The actual volume was measured and compared with the label.
Three groups of pesticides, cypermethrin, monocrotophos and mevinphos were analyzed by
gas chromatography. Ten from twelve brands of cypermethrin contained the activéingredient
within FAQO limit but the exact Volume of all brands were less than the labelled amount. Only
one out ofeleven brands of monocrotophos had the active ingredient within.the EAQ limit
(98.70%). The other average contents were only 58.40% of the label (0-86123%). - Two of
these products had the.same volume as the label. For mevinphos, twelve brands were analyzed.
Only one containedthéactive'ingredient in the limit (98.96%). -The average concentrations of
the others werey/6:12%wof the.label (0-93:38%)..None of thesesatisfied the volume labelled.
It was concluded that these commercial pesticides contained less-activeingredient and volume
than the declared amount,on-the label.
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INTRODUCTION

About 16,700 tons of pesticides, a cause of health problems in Thailand,‘were imported
in 1983, The majority of them was insecticides. It must be considered that these insecticides
will be lessshacmful ifiit is used properly. From the experience.n the field #it wasifound that
Thai farmers ‘uséd. more pesticides than.the recommended déseitdycontrol inseets effectively.
Some of them dispensed 2 o moretkinds of pesticides together to get an additive effect. The
results from using moTeypésticides than recomimended dose would bea direct hazard to the
farmers themselves and the environment...Erom.this point.ef¥iew, it could be summarized
that :

1. The use of higher amount of pesticides than the recommended dose might be
hazardous to the farmers themselves. The toxicity may be acute or chronic.

2. The farmer uses more pesticide than necessary. The cost of control will then be
increased. As a result, the cost of products will be higher.

3. Widespread use of pesticides will affect human health. The ecological disruption
will occur, and non-target organisms and wildlife will be affected.
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If the concentration of pesticide used by farmers is correct as stated in the label,
it should be adequate to kill insects. In fact, from the experience of the farmers, they found
that it was not always true. They have to use more pesticide than the recommended dose which
they thought it will be high enough to kill insects. To make insecticide more effective, sometimes
they use the concentration which is 2 to 4 times higher than the labelled dose. They also claimed
that insects in that area are resistant to_theseypesticidessgFhe question is whether the concentration
of pesticides in the containersfare the-same as written on-the label.

According to the factjthat the farmers normally use more pesticides than recommended
dose, the analysis-of the concentrationof Commereial,products of pesticides whichlare available
in the marKets'become,a necessity The results of which couldbe furtheristipulated and certain
measured implemented to.correct such a malpractice performed byspesticide dealers.

MATERIALS AND METHODS

Materials

Commercial brands of pesticides were collected from different provinces such as
Lop Buri, Nakhon Sawan, Phetchabun and Bangkok. The organophosphates, monocrotophos
and mevinphos, collected include 23 brands which were used in this study. Twelve brands of
pyrethroid group were also collected and analysed. The 3 groups of pesticide standards and samples

were :
1. Monocrotophos [dimethyl (E)-1-methyl-2-methylcarbamoylvinyl phosphate]

and 11 brands of samples

2. 'Mevinphos (2-methoxy-carbonyl-1-methylviny! dimethyl phosphate) and 12 brands
of samples

3. Cypermethrin [(S,R)- o -cyano-3-phenoxybenzyl-(IR, 1S, cis, trans)-2, 2-dimethyl-
342, 2-dichlorovinyl) cyclopropanecarboxylate] and 12 brands.of samples

Reagent
Acetone (AR grade)
Apparatus

Gas chromatograph (Varian Techtron Model 3700 equipped with CDS 111 and
recorder).

Method

1. The volume of each commercial products was measured by using measuring
cylinder.

J. Natl. Res. Council Thailand, 1987, 19(1)
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2. The specific gravity of the samples was determined by using hydrometers and
was reported at 30°C.

3. The active ingredient of the pesticide in the sample was determined by gas
chromatograph. The operating condition of the instruments were shown in Table 1.

The standard of pesticide was weighed to the nearest 0.2 g. It was transferred into
50 ml volumetric flask and was madefup to the volumeiwith acetone. Standard and sample
solution 5 ul were injected’into-GLC. The calculation was-donefas, follows.

For external standard

Basic Formula

Amount = Area x CF
From CDS#l11
Amount = Area X CF x Scalar
10,000
GE s Calculation Factor

= Amount ext. st. x 10,000
Area ext. std.
Scalar = multiplication factor for unit conversion

From the result of CDS 111, each sample solution content was calculated as %o W/W
and % W/V by the following equations :

ToW/W = S V
m
T W/V = CXVxp
m

where = Concentration of pesticides in sample solution % W/V
Volume of sample solution used (ml)

= mass of original sample (g)

<3 ¥n
|

= density of original sample

RESULTS

The analysiS'of theactiveingredient of the pesticides in 3-groups revealed that among
cypermethrin group, 10 from 12%bsands-contained.the.aetive ingredient within FAO limit.> Only
2 of them had the concentration below the FAO"Eimit (Table 2, Figure 1). The actual volume
of all brands was less than the labelled amount (Table 3). Among monocrotophos, only one
brand had the active ingredient within the FAO limit (Table 4). The concentration was 98.70%
of the label (Table 8). Others had concentrations ranged from 0-86.20% of the label. The
average contents were only 58.40% of the label. Two of these products had no monochrotophos
appeared on the chromatogram (Figure 2). From 11 brands of monocrotophos group, only 2
had the same volume as the labels (Table 5).
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Among mevinphos, twelve brands were analyzed. Only one contained the active
ingredient within the FAO limit (Table 6). Its exact content was 98.96% of the label (Table 8).
The average concentration of the others were 76.12% of the label. The contents ranged from
0-93.38% of the label. One product had no mevinphos appeared on the chromatogram (Figure 3).
None of these products satisfied the volume labelled (Table 7).

DISCUSSION

From this study, itds found-that the active'ingredient in some commereial products
which are availablednithe markets'contained less active ingredient as stated-on thelabel. The
majority of them'are'mevinphos and monochrotophos groups. Unfertunately, these 2 groups
of pesticidestare very.popular in the country. Two out of eleven commercial brands of
monochrotophos,namely, Azodren and Kegan, contained no active ingredient. Eight brands
contained less active ingredient than the label. Only one brand contained the active ingredient
as the label. When farmers follow the recommended dose, the killing effect will not be effective.
For mevinphos, Thanaphos contained no active ingredient. Only one out of twelve contained
the same active ingredient as the label. Ten out of twelve contained the active ingredient less
than the labels. In a normal practice the farmers will fail to obtain the killing effect from these
pesticides. | Normally, the farmers dispense more pesticide than the recommended dose that
appeared on the label. When they mix 2 to 4 times of the labelled amount, it will then be effective.
It is concluded that farmers have to dispense more pesticide than labelled dose because most
of the commercial producis contain less amount of active ingredient-than the labels. Some of
them also mixed 2 or more pesticides together to get better effect. They do not know that the
products.they are using do not contain the same amount of pesticide as shown on thellabel.

From the farmers’ experience, when they used higher amount of pesticides'they
had. the symptom of pesticide toxicity. In addition, the pesticide residue will be left 'in /the
environment more than when normally used. Wongphanich4 reported that 33.3% of.pesticide
poisoning.was,féund ameong the farmers who were engaged in dispensing of the pesticides This
would agtee\with our study'in the case when the farmers dispense larger ameunt of pesticide
which contain the spécified amount of active ingredient as labelled:" It wotild bé motre'hazardous
to them. Besides, Such practices will interfere.with-the-environment. Large amoufit of pesticides
from sprayed crops and*vegetdbles will bejaccumulatediingtie Body of theCefisumers, and those
left in soil and water willsadvessely affect the wildlifesand the environment.

We recommend that the quality control of commercial products must be exercised
and regulated. The active ingredient in each product should be certified before selling in the
market. Restriction on the sale of highly toxic pesticides' in a number of developing country
must be performed.1 The enforcement by law between the government and industry in the
responsibility to the farmers should be established.?
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CONCLUSION

The active ingredient of pesticides, mevinphos and monochrotophos, from the
commercial products which are available in the markets contained less active ingredients than
the actual concentrations which are stated on the labels. Farmers usually dispense 2 to 4 times
of the labelled amount to obtain bette eC ne hem experienced pesticide poisoning.
The result from improper use ese e-a-hed azard to the farmers. It also

leads to the deteriora
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Table 2. Content of cypermethrin

Declared percentage | Detected percentage As:ceptable.3
No.| Trade name| Sp. Gr. | of active ingredient {of active ingredient |limits of percentage
in formulation in_formulation of active ingredient

.| Champ
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Table 3. Measured volume of cypermethrin
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Labelled Actual % Difference Price
No Freaas volume (ml) | volume (ml) | of volume (baht)
i1.| Champ 25% 500 465 = 7.0 628/500 ml
2.1 Cymbush 25% 100 98 -2.0 150/100 ml
3.1 Cyper 25% W/V 500 476 —-4.8 600/500 ml
4.] Cypersect 25% 500 494 -1.2 650/500 ml
5.| Matang 25% W/V 500 485 -3.0 670/500 ml
6. | AMix-2525% W/V 100 97 =30 1507100 ml
7.4 Nurelle 25% W/V 500 477 —4.6 600/500 ml
8. | Sherpa 25% W/V 500 482 -3.6 6507500 ml
9.1 Ripcord A5% W/V 500 490 -2.0 380/500 ml
10.| TacksD 15% W/V 500 487 -2.6 475/500 ml
11.{ Cymbush-D 10% W/V 500 490 -2.0 350/500 ml
12«4+ Nurelle 10% W/V. 500 485 -3.0 300/500 1l
Table 4./ Content of monocrotophos
Declared percentage | Detected percentage Acceptable3
No.| Trade name | Sp. Gr. | of active ingredient jof active ingredient |limits of percentage
in formulation in formulation of active ingredient
1. | Azedrin 1.0913 60% W /V 59.220% W/VA) 57.5°62:5
2.} ‘Barasol 1.1324 60% W/V 48.36% W/V 57.5-62.5
3. [ "Meophgs 1.1531 60% W/V 51.74% W/V 51.5-62.5
4.| Azodren 1.0874 56% WSC 0% W/W 53.5-58.5
5.| Monocren 1.1394 56% W/V 47.77% W /V 53.5-58.5
6.| Novaren 101533 5690 W7V 43.20% W./ V. 53.5-58.5
7.| Nuvacron 191393 56%3 WSC 28.33% W/W 53.5-58.5
8.| Crotophos 1.1193 557 W/W 34.79%.-W/W 52.5-57.5
9.1 Kegan 0.9733 55% W/W 0,049 W /W 52.5+57.5
10. | Mocron 1.1194 55% W/W 38.45% W/W 52.5-57.5
11.| Novaren 1.0874 40% W/V 28.39% W/V 38.0-42.0

WSC = Water Soluble Concentrate
(A) Active ingredient is in FAO limit
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Table 5. Measured volume of monocrotophos
No Trade name Labelled Actual % Difference Price
volume (ml) [ volume (ml) | of volume (baht)
L: Azodrin 60% W./V 500 500 0 120/500 ml
2. Barasol 60% W/V 1000 980 -2.0 165/1000 ml
3. Mophes 60% W/¥ 1000 850 -15.0 -
4. Azodren.56% WSC 500 475 -5.0 110/500 ml
5. Monocron $6% W7V 1000 1000 0 20071000 ml
6. Novaren 56% W/V 500 488 —2.4 1107500 ml
74 Nuvacron 56% W/V 500 477 -4.6 120/500"ml
8. Crotophos 55% W/W 500 480 ~4.0 1007500 ml
9. Kegan 55% W/W 500 470 -6.0 120/500 ml
10. Mocron 55% W/W 500 480 -4.0 95/500 ml
11. Novaren 40% W/V 500 505 +1.0 -
Table 6. Content of mevinphos* (E&Z isomer)
Declared percentage| Detected percentage Acceptable?
No.| Trade name | Sp. Gr.| of active ingredient|of active ingredient |limits of percentage
in formulation in formulation of active ingredient
1. [{Phosdyne 0.9333 25% 21.59% W/W 23/5%26.5
2| Dithrinphos | 0.9245 24% W/V 21.10% W/V 22.56-25.44
3.| Ecomax 0.9260 24** 15.10% W/W 22.56-25.44
4. |'Grophgs 0.9343 24% W/V 21.23% W/V 22.56-25/44
5. | MevinpHos® | +0.9303 24% W/V 22.27% W/V 22.56-25.44
6. | Mevinphos®”'| 109385 24% W/V 20.12% W /V 22.56-25.44
7. | Mevinphos'®,| ~ 019343 24w 17. 7193 /W 22.56-25.44
8.10z0 — 24 *% 20.57% W/W 22.56-25.44
9. | Phosdrex 0.9270 24 % 22.41% W /W 22.56-25.44
10. | Phosdrin 0.9329 2470 W7V 234590 W /V(A) 22.56-25.44
11. | Twinphos 0.9613 24%* 19.72% W/W 22.56-25.44
12.| Thanaphos 1.0274 24%* 0.00% W/W 22.56-25.44

(@), (b).(c) Products from different manufacturers
(M) Active ingredient is in FAO limit 0
* The calculation of total mevinphos content derive by multiplying the mevinphos (E) with E
** Not mentioned as W/V or W/W
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Table 7. Measured volume of mevinphos
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, Labelled Actual % Difference| Price
No. Trade name
volume (ml) volume (ml) of volume (baht)
1. | Phosdyne 25% 500 470 =6.0 55/500 ml
2. | Dithrinphos24% “W/V 500 465 =70 55/500 ml
3. | Ecomax:24% 500 375 -25.0 55/500 ml
4. | Grophos 24%“W/V 1000 995 -10.5 90/1000 ml
5. | Mevinphos® 24%% W,V 500 470 ~6.0 /"|.55/500, ml
6. | Mevinphos® 24% W/V 500 475 =5:0 “55/500 ml
7. Mevinphos® 24% EC 500 488 -2.4. {60/500 ml
8.1/ Ozo 24% 100 87 -13.0 —
9.'| Phosdrex'24% EC 1000 980 -2.0 90/1000 ml
10. | Phosdrin 24% W/V 500 499 -0.2 65/500 ml
11. | Twinphos 24% EC 500 437 —12.6 55/500_ml
12. | Thanaphos 24% EC 500 458 —-8.4 60/500 " ml

@, (), () Products from different manufacturers
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Table 8. Percentage of detected active ingredient of pesticides as compared with labelled

concentration
Cypermethrin Monocrotophos Mevinphos

% of active % of.active % of active
Trade name ingredient_[\ Trade name ingredient! | “Trade name ingredient

(detected) (detected) (detected)
Champ 10172 Azodrin 98.70 Phosdyne 86.36
Cymbush 92.56 Barazol 80.60 Dithrinphos 87.92
Cyper 98.40 Mophos 86.23 Ecomax 62.92
Cypersect 99.52 Azodren 0 Grophos 88.46
Matang 98.08 | Monocron 85.30 | Mevinphos® 92.79
Mix-25 100.00 | Novaren 77.14 | Mevinphos® 83.83
Nugelle 93.88 .| Nuvacron 50.60 | Mevinphos®© 73.79
Sherpa 98.08 Crotophos 63.25 Ozo 85.71
Ripcord 94.20 Kegan 0.07 Phosdrex 93.38
Tack-D 95.00 Mocron 69.91 Phosdrin 98.96
Cymbush-D 85.90 Novaren 70.98 Twinphos 82.17
Nurelle 104.00 Thanaphos 0

(@), (), (©) Products from different manufacturers
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Fig. 1 Chromatogram of cypermethrin
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Fig. 3 Chromatogram of mevinphos
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STUDY ON ANTIBIOTIC-PRODUCING ACTINOMYCETES
FROM CAVE SOIL IN CENTRAL REGION OF THAILAND
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ABSTRACT

In preliminary screening for actinomycetes, thirty soil samples collected from six
caves in,Changwat Kanchanaburi, Ratchaburi and Saraburi were used.’ The' percentage of
actinomycetes.isolated from caves namely : Mungkorn-tong, Kao-lam, Sarika) Jom-pony; Kao-bin
and Pothisat were 2.23, 3.92, 7.23,.0.16, 1.16 and 0.84 respectively. The net per cent of isolated
actinomycetes was,3.81. Screening for antibiotic=prodiicing strqins'was carried otit by the streak
plate method using Staphylococets aureus ATCC-6538-P, Bacillus'subtilis ATCC 6633, Strepto-
coccus faecalis Departmentgf Microbiology, Faculty of Medicine,«Chulalongkorn Hospital,
Escherichia coli ATCC 10534, Pseudémenas aertginosa NCTE0612 and Candida albicans ATCC
10231 as test organisms. Fifty-one out of 104 strains (49.04%) were found active and produced
antibiotics. They were classified into 6 groups according to their antibiotic activity. The selected
strain ST-13-2 which gave high antibiotic activity in plate assay against all test organisms
was selected for further taxonomic study and antibiotic production in liquid media. Taxonomic
studies revealed that it is closely related to Streptomyces parvullus. Fermentation Sor antibiotic
production in glucose soybean medium, at pH 7.0 (before sterilization), and at temperature
23° C was found optimum.
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INTRODUCTION

The field of antibiotics has undergone spectacular developments since the discovery
of Penicillinin 1929. Later Waksman and his associates reported the isolation of Actinoemycin
in'1040, Streptothricin in 1942, Streptomycin in 1943 and Neomycin in 1949. The discoyery
of Streptomyein, which was found to be particularly useful in treating bacterial infection
especially tuberculosis, greatly stimulated the search for useful antibiotics among actinomycetes.
The actinomyéetes belonging to the genus Strepromyces have recently occupied an'eminent place
because.many ofsthem-are important producers of antibiotics. ~This‘group of microor-
ganisms is'the.source 6f many-of the currently used antibiotics. Chloramphenicol, the first of
the so-called broad-spectrum antibiotics-of commercial-importance, was firstisolated by Ehrlich
in 1947. The following.year,Duggér-deseribéd Aureomycir, an antibiotic obtained from cultures
of Streptomyces aureofdeieris~This event-opened up/the-séarch and thediscovery of the important
class of antibiotics called the"Fetracyclines=—Followingthese discoveries, the pace of new
discoveries accelerated.3 The potentiality of a particular antibiotic for important therapeutic
usefulness in the treatment of one or more infectious diseases depends upon its action on the
causative agents of the disease and its lack of toxicity of the affected animals. In Thailand,
new antibiotics from the actinomycetes were researched from the soils. In 1979, Meevootisom
and Nomi’ isolated antibiotic producing Streptomyces from the soil. Kulprecha and co-workers
isolated a new species of Streptomyces, that was found to produce antifungal antibiotics in the
culture filtrate and mycelium, from the soil from a rubber plantation in Thailand®
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It was known that the natives treated the infection wound by using cave soil.
According to this local practice, cave soil samples were collected from the central region of
Thailand for investigation. It is anticipated to find new antibiotics from the actinomycetes that
could help solve major problem of chemotherapy especially the prevalence of certain microbes
resistant to specific antibiotics.

MATERIALS AND METHODS

Isolation mefhods'% > 1> 17

Thirty soil samples were collected from various caves in the central region ‘of Thailand.
The soil samples and their sources were shown in Table 1. Fresh soil was takenfrom the soil
surface and down:to a depth of 6 cm. The samples were placed in the laboratory at 4 °C'in
refrigerator.

To isolate antibiotic-producing actinomycetes, 10 g of each soil sample was suspended
in sterile distilled water to make 1:10, 1:100, 1:1000 and 1:10000 dilutions. One ml portion of
soil dilution was plated with potato dextrose agar (plus nystatin 50 ug/ml) to determine the
total count.

The soil suspension of 0.1 ml was applied to the other agar surface by pipette, then
spread across the surface with sterile glass rod to isolate selected colonies. Two sets of each
soil sample were studied. One was incubated at 28-30°C for 3-5 days under aerobi¢ condition
and another under anaerobic condition in gas pak jar.

Theisolated colonies of actinomycetes were subcultured and purified by streaking,
before making stock cultures on the potato dextrose agar slants and kept in a cold room at 4°C.

Screening of culiures for antibiotic production 24

Thewpure cultures werestreaked in‘a narrow band across‘the centers of the nutrient
agar plates, then incubated at28 ~30°C for S5-days or untiligrowth and, possibly, sporulation
had occurred. Six test organisms were then streaked fromithe’edges-of.the plates up to but not
touching the growth, they weresas_follows..:

Staphylococcus aureus ATCC 6538-P

Bacillus subtilis ATCC 6633

Streptococcus faecalis Department of Microbiology, Faculty of Medicine,
Chulalongkorn Hospital

Escherichia coli ATCC 10534

Pseudomonas aeruginosa  NCTC 10612

Candida albicans ATCC 10231
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The assay plates were further incubated at 35-37°C to allow growth of the test
organisms. The clear inhibition distance over which the growth of each test organism had been
inhibited by antibiotic in the vicinity of the actinomycetes was observed. Only those actinomycetes
that had produced antibiotics with anticipated microbial inhibition spectra were retained for
further testing.

Taxonomic studies of selected strain

Morphological and)physiological properties of a Selected straini(strain ST-13-2)
were determined by media and methods-described by Shirling and Gotllieb'* alongwith several
supplementary tests.

A. Morphological characterization

The culture media were medium 2 (yeast extract-malt extract agar);” medium 3
(oatmeal agar), medium 4 (inorganic salts-starch agar) and medium 5 (glycerol-asparagine agar).
Each medium was poured into 7 plates.

The suspension of spores or mycelium was inoculated to make the crosshatched
culture on the agar surface. The plates were incubated in the dark at 25-28°C. For each'culture
two plates of each medium were observed after 7 days, 14 days and 21 days. One extra plate
was also inoculated to prevent any accidental loss.

Determination of the characteristics of the culture was carried out as follows :

1. Direct light microscopic examination. Observation was done at 100 X -700 x to
establish the presence (or absence) of chains of spores, the number of spores at the end of
mature hyphae, the form of the spores chain and spore bearing hyphae.

2. Color determinations. ' This was done to describe the aerial mass color, the color
of substrate mycelium (reverse color), and the soluble colors other than melanoid pigmentation.

3. Scanning electron microscopic examination.ls' 20 The culture was ¢ut'to some
smallicubgs’(3-5 mm3) and then primary fixed in a 4% solution of paraformaldehyde in 0.1 M
phosphate-buffer pH 7.2 at room temperature for 2 h. After that they were washed 3 times
with buffer and were treated with secondary fixative, a 1% solution‘of osmium tetroxide in
buffer, and 'were washed in.the same process before dehydrating through.a graded ethanol
series and finally.drying in the critical point-dryer. Fix-th€ spécimen to a stubfand coat with
thin film of gold'by"Sputter,coater.

The spore'¢ehains.vere observed in thescanning<€lectron mi€roscope at the magnifi-
cation of 5,000 x - 10,000 =

B. Physiological characteristics

1. Melanin production. A heavy inoculum of spores and aerial mycelium was
streaked on the agar slants of medium 1 (tryptone - yeast extract agar), medium 6 (peptone
iron agar, Difco, supplement with 0.1% yeast extract), and medium 7 (Shinobu’s modification
of Masumoto’s tyrosine agar). The agar slants were incubated at 25-28°C and melanoid
pigments observed after 48 h and 96 h.
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In comparing inoculated tubes with uninoculated controls, culture forming a greenish
brown to black diffusible pigment or a distinct brown pigment modified by other color was
recorded as positive (+).

2. Carbon utilization. Placed 0.05 ml of washed inoculum (culture in broth
and washed with normal saline) onto the agar surface. Streak the drop straight across the dish
and repeated with a second drop. Ineculated duplicate plates.. Carbon sources used in the basal
media (medium 8, Pridhamyand Gottlieb carbon utilization medium)were D-glucose (positive
control) L-arabinosey D-xylose, D=fructose, inositok“L-rhamnose, D-galactose, D-mannose,
sucrose, raffinosé, D-mannitol, ‘salicin and cellulose. The plates were incubated at 25 - 28°C
and observed at“10-16 days.

Results’ were recorded in term of strongly positive.utilization (+ +), positive
utilization ( + )} utilization doubtful (£) and utilization negative (—).

C. Biochemical reactions8

1. Nitrate reduction
Inoculated two nitrate broth tubes with the culture and incubated at 28 - 30 °C
for 4 to 6 days. On the 4th day, transferred 1 ml of the medium into a test tube and add 3 drops
of sulfanilic acid reagent, followed by 2 drops of dimethyl-a-napthylamine solution. If nitrites
were present, the mixture would become pink. When a positive test for nitrates was obtained,
incubated the tubes further, and then performed the qualitative test for ammonia by Nessler’s
solution. ' If ammonia was present, a yellow-brown color was developed in the medium.
2. Starch hydrolysis
Streaked the culture in a band across the centers of-the starch agar plate and
incubated at 28 - 30°C for 5 days. After incubation was complete, flood the surface of the
plate with dilute Gram’s iodine solution. If starch hydrolysis was present, a dark-blue color
did not_appear.
3. Gelatin liquefaction
Streaked the culture in a band across the centers of the 0.4% nutrient gelatin
agar and ‘incubated at 28-30°C for 5 days. After incubation was complete, flood the surface
of the plate with saturated ammonium sulfate solution. Whenever, the gelatin has been
hydrolyzed, turbidity did _not appear.
4, Litmus/milk reduction
Inoculated two! tubes .of litmus milk: with, the culturesand incubated at
28-30°C, and observed ‘daily~through’ al.ten day: period"for a) reduction of litmus, b) milk
coagulation, ¢) milk peptonization,, d) “gas-preduction; ands€) any changes in pH according
to the indicator.
5. Casein decomposition
Made a single streak across the center of the skim-milk plus nutrient agar
plate with the culture and incubated at 28-30°C for 5 days. Observed the clear zone if there
was any casein decomposition.
6. Tyrosine and xanthine decomposition
Streaked the culture in a band across the centers of the tyrosine agar plate
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and xanthine agar plate. The plates were incubated at 28-30°C for § days. If the decomposi-
tion was present, the clear zone was resulted.

Development of methods for submerged-culture antibiotics productionz’ 1z

A. Development of media'’
1. Liquid media
The selected antibiotic producing actinomycetes strain'ST-13-2 which showed
broad spectrum and strong inhibition.when tested on solid'media was testedufor its ability to
produce antibioticin 3 kinds of'liquid.media :.glucese.péptone medium, glucose soybean medium,
and maltose soybedan ‘medium. . Thirty-five ml of each liquidsmiedium {in 250 ml Erlenmeyer
flask with 20 glass beads was used in this test.
2. Inoculation for antibiotic production
The inoculum was prepared by adding 3-5 ml of sterile distilled water to the
stock slant and 'using a sterile wire loop to get the spores or mycelial fragments. Each liquid
medium was inoculated with 0.5 ml of the inoculum and was incubated on a rotary shaker
(180 rpm, 28°C) for 3, 5 and 7 days. By this time, 5 ml of each culture fluid was taken
aseptically to assay for antibiotic activity against 6 test organisms by agar diffusion method.
3. Antibiotic assay5
3.1 Preparation of inoculum
The fresh cultures of each test organism on antibiotic medium no. 1 slants
that had been incubated at 37°C for 16-18 h were used. They were washed out with sterile normal
saline and standardized by determining the dilution that would permit 25% light transmission
at wave length 525 nm.
3.2 Preparation of assay plate
The flasks with 100 ml medium no. ! were melted then cooled t0,48°C,
and inoculated with 0.5 ml of each inoculum suspension. After thorough mixing aveiding air
bubbles, the 20'ml of agar was poured into 9 cm sterile petri dishes. A sterile cork borer with
6 mm diameter was used to press upon the hardened agar to make 5 sharp circles'to give holes
after removing the agar within the circles.
313 Assay procedures
The inoculated agar plates were filled in-€ach hole'with 50 ul of each
fermented liquidumedium. /The plates weredeft=I-h-atroom température for-diffusion into the
agar medium. Theny,.they were incubated:at 372C for 16-18 h/»Comparéd the diameters of
the inhibition zone by measuring with assliding' caliper:

B. Determination of optimum pH and temperature
1. Preparation of liquid media
The selected liquid medium from development of media was dispensed into
3 sets of the 500 ml Erlenmeyer flasks, each set had 6 flasks containing 130 m! of the medium.
The pH of the medium in each set was adjusted to pH 4, 5, 6, 7, 8 and 9 with either IN NaOH
or IN HySO, before sterilization.
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2. Preparation of seed medium

Prepared 3.0 ml of turbid suspension of mycelial growth from strain ST-13-2
in sterile water and inoculated into a 500 ml Erlenmeyer flask containing 130 ml of the selected
liquid media (pH 7.0). The flask was incubated on a rotary shaker (300 rpm, 28°C) for 3 days.

3. Fermentation

A 5.0 ml aliquot of the culturefrom the seed medium was inoculated into each
of 500 ml Erlenmeyer flask deseribed in-B:1-~Fermentation wasscarried out for each set at 23,
30, and 33°C with agitation(300 rpm).

The pH ofthe culture fluid was measured“and the antibietic production during
fermentationWwas monitored by agar-diffusion.method-using S. aureus ATCC 6539-P as the
test organism. An example of atypical time course of the fermentation in éach'500 ml Erlenmeyer
flask was determined every day until the antibiotic activity was decreased.

RESULTS

Isolation of actinomycetes from cave soil

The calculation of total number of actinomycetes isolated from each cave soil and
total count under the aerobic condition were shown in Table 2. There were no isolated colony
of actinomycetes from any cave soil sample incubated under anaerobic condition. The numbers
of actinomycetes strains isolated to study from Mungkorn-tong, Kao-lam, Sarika, Jom-pon,
Kao-bin and Pothisat were 19, 14, 49, 5, 16 and 1 respectively so that the total strains of
actinomycetes were 104.

Determine of antibiotic-producing actinomycetes

According to the screening of cultures for antibiotic production, we haveselected
51 active ones out of 104 by streak plate method and classified them into 6 groups (Table 3).
The strain ST=13-2 isolated from Mungkorn-tong cave inhibited a wide range of test organism
(classified in'group 1) and much more clear inhibition distance was selected for further study.

Taxonomic studies of strain ST-13-2

The cultural charaeteristic.of strain ST-13-2 on various.meédia were shown in Table 4.
Strain ST-13-2 formed sporophores monopedially.branched, with long, regular, open spirals.
The number of spore at the end of the mature hyphae was more than 10 (Figure 1). The spore
under scanning electron microscopic was cylindrical and 1.09 x 0.5 um in size as shown in
Figure 2. The surface of the spore was smooth. Morphological characteristics of strain ST-13-2,
placed it in the genus Streptomyces. The melanin production of strain ST-13-2 was negative.
The utilization of carbon sources and biochemical properties were summarized in Table 5 and
6 respectively.

J. Natl. Res. Council Thailand, 1987, 19(1)



68
Antibiotic production in liquid media
Development of liquid media

The strain ST-13-2 was fermented in 3 kinds of liquid media. The glucose soybean
medium produced the highest activity of antibieticiagainst all test organisms at approximately
3 and 5 days (Table 7).

Determination ofsoptimum pH and temperature

Three sets of glucosessoybean medium (pH 4, 5, 6;:7,8 and(9 before sterilization)
were fermented with strain’ST-13-2 at 23 , 30 and 33°C. The pH changes and antibiotic
production during fermentation of temperature 23, 30 and 33°C were shown in Figure 3, 4'and 5
respectively. "They showed that the pH shifted to approximately pH 7, then slowly‘increased
until the fermentation course were over. Among these temperatures, the temperature at 33°C
provided the most sharply curve between 2 and 3 days or 3 and 4 days.

The antibiotic productions were dominant when the initial pH before sterilization
was_ in range 6-8 at 23°C, range 7-9 at 30°C, and range 5-7 at 33°C.

Figure 6 showed that the optimum temperature for antibiotic production was 23°C.
The highest peak of antibiotic activity of temperature 23, 30and33°C were 14.0, 10.5 and
7.8 mm respectively. The optimum initial pH before sterilization that gave the maximum of
antibiotic at 23°C was 7.

DISCUSSION

To isolate successfully a wide variety of actinomycetes from soil samples.it was
necessary toseliminate or greatly curtail fungal and bacteria spreaders in the isolation medium
without producing an adverse effect on actinomycetes. This could be accomplished in one, or
a combination.of'more than one, of the following ways : 1) control of the medium constituents,
2) addition of inhibitors to'the medium, 3) prior treatment of the soil sample.4

Fungal'contaminants'could be virtually eliminated by adding-antifungal agents to
the isolation medium. In.this.study, nystatin, added at the level of appréximately 50 ;4g/ml19
to selective media such as thosesabovey-effectively eliminated most undesired contaminants in
isolation plates.

The isolation of actinomycetes from cave soil in our primary screening accounted
3.81% of the total microorganisms. Since the soil samples was too shallow, about 6 cm in depth,
there was no isolated colony of actinomyces under anaerobic condition. An early representative
study was that of Danish soils, the number of actinomycetes varied from none to 13 million / g
and the per cent of the total microflora from 0 to 73,1
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In the antibiotic screening, 51 strains of actinomycetes out of 104 strains (49.04%)
were able t~ ~lahorate antibiotic substances by the streak plate method as compared to Kuroya
and co-workers demonstrated only 360 active ones out of 1,800 strains (20.0%):’

The isolated strain ST-13-2 from Mungkorn-tong cave inhibited more clear
inhibition distance to all test organisms was selected for further study. The results of morpho-
logical characteristics showed that'it belongs-to-genus-Streptomyces. The cultural and physio-
logical characteristics of strain ST-13-2.were;comparéd_with those of.the known species of
Streptomyces described by Waksman'® and Burgey ‘s Manual of Determinative Bacteriology.1
The results indicated that strainST-13-2.wascl065ely related to S. parvullus. Difference observed
between these fwo_strains were asfollows : the spore chaifnwof strain $T-13-2 was long open
spiral, spere cylindrical, no-soluble pigment on nutrient agar and no gelatin liquefaction while
the spore chain of S. parvullus was long closed spiral, spore spherical, yellow'soluble pigment
on nutrient agar and slow gelatin liquefaction. These differences were not sufficient to consider
strain ST-13-2 as‘a new species.

The ability of strain ST-13-2 to produce broad spectrum antibiotics in 3 kinds of
liquid medium showed that the glucose soybean medium was superior to glucose peptone
medium and maltose soybean medium. The medium supplied nutrients for growth, energy,
building of all substance and biosynthesis of fermentation products. Of particular importances
were the sources of carbon and nitrogen in the medium, since microbial cells and fermentation
products were composed largely of these elements. A poor choice of medium components could
cause limited cellular growth and alter the type and ratios of products. Thus the types and
amounts of the nutritive components of a medium were critical.? According to the composition
of 3 kinds of liquid medium, it seemed that glucose and soybean powder were suitable for the
sources of carbon and nitrogen in antibiotic production of strain ST-13-2 in this study:

During microbial growth, pH changes can occur for one of several reasons. {Obviously,
an acidic or-‘alkaline fermentation product can alter the pH picture. Also, an inorganic salt
component of the medium can cause pH changes. The media selected are thenstudied further
in several aspects. The initial pH and temperature were varied so as to determine the effect of
pH and produect yields.2 The optimum pH and temperature for antibiotic production of strain
ST-13-2 fermented,in‘the glucose'soybean.medium. were pH 7 (before sterilization) at 23°C.
The incubation pereid-of high yield'was.between 2 and;6'days,

CONCLUSION

The percentage of actinomycetes isolated from Mungkorn-tong, Kao-lam, Sarika,
Jom-pon, Kao-bin and Pothisat were 2.23, 3.92, 7.23, 0.16, 1.16 and 0.84 respectively. The
net actinomycetes isolated was 3.81%. From these isolated actinomycetes, 51 active ones out
of 104 strains (49.04%) were able to produce antibiotics against test organisms, and were then
classified into 6 groups.
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One of the isolates, strain ST-13-2 was selected for further study. It was identified

as a species closely related to Streptomyces parvullus. Antibiotic production of strain ST-13-2
was compared in 3 liquid media : glucose peptone medium, glucose soybean medium and maltose
soybean medium. The glucose soybean medium was found most suitable. An initial pH of 7.0
(before sterilization) proved to be optimum for antibiotic production and the optimum temperature
was 23°C. The high yield was in the incubationiperoid between 2 and 6 days.
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Table 1.

The cave soil samples and their sources

Sample number Cave Changwat
1-5 Mungkorn-tong Kanchanaburi
6-10 Kao-lam Kanchanaburi
11-15 Sarika Ratchaburi
16-20 Jom-pon Ratchaburi
21-25 Kao-bin Ratchaburi
26-30 Pothisat Saraburi

Table 2. Microbiological population of cave soil

No. . :
Cave 0. of microorganisms/g

Actinomycetes Total count Per cent
Mungkorn-tong 1,695 25,958 2.23
Kao-lam 1,423 36,346 3.92
Sarika 4,451 61,575 7.23
Jom-pon 14 8,525 0.16
Kao-bin 269 23,220 1.16
Pothisat 7 830 0.84
Total 7,859 206,454 3.81
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Table 3. Classification of 51 active strains of actinomycetes

73

No. of inhibited No. of actinomycetes
Group ) . Per cent
test organism strains
1 6 6 5.77
2 5 8 7.69
3 4 7 6.73
4 3 7 6.73
5 2 8 7.69
6 1 15 14.42
Total 51 49:04
Table 4. Cultural characteristics of strain ST-13-2
Medium Growth | Aerial mycelium Substrate- Soluble
myecelium pigment
Yeast extract-malt extract { Abundant | Grayish, powdery | Dark brown Slightly veliow
agar
Qatmeal agar Abundant | Grayish, powdery | Dark brown Cream
Inorganic salt-starch agar | Abundant | Grayish, powdery | Gray No
Glygerol-asparagine agar |Abundant | Grayish, powdery | Brown-gray No
Table 5. Carbon utilization pattern of strain-ST-13-2
D-glucose + D-mannosé +
L-arabinose + + Sucrose +
D-xylose + Raffinose -
D-fructose + D-mannitol + +
Inositol + Salicin +
L-rhamnose + + Cellulose + +
D-galactose + + Control -
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Table 6. Biochemical properties of strain ST-13-2

Nitrate reduction positive
Starch hydrolysis positive
Gelatin liquefaction negative
Milk peptonization positive
Milk coagulation positive
Melanin'formation negative
Casein decomposition positive
Tyrosineddecomposition positive
Xanthine decomposition positive

Table 7. Aantibiotic production of strain ST-13-2 in various media

Fermenta- Average of inhibition zone in mm against

Medium tion time

(days) 3 B. 3 E. Ps. C.

aureus subtilis  faecalis 'coli aeruginosa | albicans

Glucose 3 0 0 0 0 0 0
peptone 5 8.7 9.65 8.6 7.4 9.05 0
medium 7 8.2 9.85 8.5 0 8.7 0
Glucose 3 11.2 12.05 9.2 9.4 8.8 14.45
soybean S 10.5 12.3 8.7 8.5 8.9 13.9
medium 7 9.9 11.6 8.7 8.2 8.6 12.5
Maltose 3 7.8 7.55 0 0 0 12.3
soybean 5 7:8 8.7 8.2 0 8.0 0
medium 7 7.4 9:05 8.0 0 7.8 0
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Fig. 2 Scanning electronmicrograph of spore surface of strain ST-13-2 (on oatmeal agar,
30°C, 7 days, x 10,000)
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ABSTRACT

Thailand, with its resilient Buddhist culture, such communities are best created
and maintained by Buddhist monks, whose unbroken historical continuity provides them with
an ideal opportunity for transforming Thai society from within. While many of the principles
set out in what follows may be valid outside Thailand and among non-Buddhist Thai minorities
(Catholics, Protestants and Muslims), there appears to be a uniqueness about the potential role
of the Thai Sangha as a vehicle of social change. For the last few years an imaginative programme
Jor training Buddhist monks in basic health care has been in operation in Thailand. The scheme,
originally based on two wats (temples) in Bangkok, is now being extended to the Northeast where
poverty-and malnutrition are most acute. This article.is based on fieldwork conducted in Thailond
in 1983 It evaluates the programme from the point of view of participant monks, setting itagainst
the background of traditional and modern medical practice.
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INTRODUCTION

Dr«Prawase Wasi, the originator-ef-the Thailand’s /bare - headed doector programme
traces its genesis to_ a.three - week"course in health care which he directed at\War Thongnopakun
in Changwar Thonburi in 1976: More recently Wat Samphraya and Wat Benjamabopitr in Bangkok
have been offering five-day courses for groups of up to fifty monks recruited from Central and
Northern Thailand./By January 1984 plans were afoot for less centralized schemes based on
regional centres in the Northeast.

The research was conducted in August 1983 by interviewing a dozen monks who
had taken part in Maw Phra (Doctor-Monk) training schemes based on Wat Samphraya-and
Wat Benjamabopitr in Bangkok. The monks were interviewed at their home wats in order to
ascertain what practical difference the course had made to them. Invariable they mentioned the
ability to diagnose accurately, the importance of prevention rather than cure, and the use of]
a combination of indigenous herbal and inexpensive modern medicines.

Besides, approximately 350 young scholar monks at Mahachulalongkorn Buddhist
University were requested to answer the detailed questionnaires about their attitudes;towards
the role.of the Maw Phrain the context of Thai rural life and Buddhist beliefs and practices.
The questionnaire was designed in the light of the earlier interviews thus anthrepology shaped
sociology.4 The data was analysed on the University of Hull’s ICL-1904-S computer.

The focus of the investigation was the monks’ own understanding of the potential
role of the Maw Phrain‘telationto both contemporary socialneeds in rural Thailand and how
“‘appropriate’’ or. otherwise cértain activitiesarefrom the pointef view of Buddhist orthodoxy.
It is not possible, formexample; to understand why a monk who 1S willing6 give an injection to
a man may none-the-lessafeel"it.totally inappropriate to do-the same for a woman, without
recognizing the importance of the"Vingya (rules of conduct'which are binding on members of

the Sangha).

The Maw Phra programme is important not only on account of its culturally sensitive
fusion of tradition and modernity, but also because of its potential as a means of creating long-term
self-reliance among communities hitherto undermined by rural-urban and ultimately international
patterns of dependency. While national and international legislation to curb the activities of
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the drug multinationals may be important, the only long-term solution is to create vigorous self-
reliant indigenous communities which are no longer obliged to satisfy their medical and other
basic needs within a context of dependency.

Rural Health Care

The ““medical geography’” of rural Thailand is.a complex mix of government health
care and traditional practice.~The formerisdivided into four levels-of which the first three are
Government finanéed and the fourth; though*Gov :rnmentisponsored, is-voluntary. Tertiary
medical care isthighly specialised”and based on.large.hospital.. Dr. Prawase Wasi, who originated
the Maw Phra programme, was-Director of Siriraj Hospital and Viee*Rector ©f Mahidol University,
both of which aresocated in Bangkok Metropolis (Krung Thep Maha Nakhon),

Seeondary medical care is based on provincial (Changwat) hospitals of which there are
73/provinces in the country. At the district(Amphoe)level less than half the total of 661 districts
possessed hospitals a few years ago, and of these only. 80 had more than 30 beds.® Primary health
care tends to be based on Tambol (village administrative unit) rather than Amphoe; a typical
Amphoe with a population of 50,000 may be made up of 18 Tambol, each of which may contain
12 Moo- Baan (hamlets). The basic components of primary health care are nutrition, heaith
education, water, immunisation, basic treatment, essential medicines, maternal and child
health and sanitation. Voluntary health care occurs at Tambol and Moo - Baan level.

A typical Amphoe hospital may be staffed by three doctors, five nurses, three midwives
( Phadungkhan), a sanitarian and a dentist. There may be two or three health clinics under its
jurisdiction (plus that of the Amphoe health officers), each run by a sanitarian and a midwife.
Sanitarians and midwives train for approximately a year at Changwat hospital schools.“lt is
important to distinguish government midwives from traditional village midwives (Maw,7amjee).
The former fulfil a much broader role than the delivery of babies, and can also function as
“‘injeetion [dogtors” (Maw Chiid Jaa).” Much more could be said about thevarious:levels of
officialhealthicdre. Butit is at the village (Tambol and Moo- Baan)level that the modern and
traditional. medical §ystems.intermesh and at which the Maw Phra is able to/fulfil animportant
role The most frequently-encountered traditional practitioner was the Maw Boraan, whose range
of functions bothicomplements+and overlaps-these-of-governmentspersonnel at'the Tambol clinic
(except that babies are,always delivered bythe midwife)4 Mr. Panpikul is-a famous Maw Boraan
for curing children’s illnesses:at Bang Pa In.*He'is'also known as Maw Suk(Suksala), which suggests
that he holds an official medical pesition. “His"use"of herbalmiedicines (Samun Prai)is one of
the most characteristic features of a Maw Boraan and is central to the Maw Phra programme.
Such indigenously prepared medicines not only cost much less than their imported counterparts,
but often produce fewer side effects. Mr. Panpikul’s medicine chest included cummin oil and
Borapet * (Tinospora tuberculata Beumee), the stem is used to treat fever.?

* The Thai names of medicinal plants were obtained from the practitioners and were checked by botanists from

Mahidol and Chulalongkorn. Universities.
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The role of Maw Saiyasat (magic doctor) seemed to be diminishing. Only one Saiyasat
monk was encountered in the Northeast; a lay Saiyasat practitioner interviewed in Doi Saket
(Changwat Chiang Mai) had learned his arts as a novice at the nearby war. Saiyasat activities
were seldom mentioned in the Northeast, and there is evidence that their role in village life is
diminishing. Jane Bunnag reports that ‘“‘in Changwat Phra Nakhon Si Ayutthaya at least, very
few monks were Saiyasat.”1 Phra_KhrusSakernuSangvorakij, the influential abbot of Wat
Yokkrabut in Changwat Samut Sakhon and a close associate-of DrsPrawase Wasi, maintained
that local villagers dislike Saiyasat_practitioners, It is impottant to note thatin any given locality
they tend to be récognized fér particular skills. Howard Kaufman reports from Bangkuad on
the activities©f twe:Maw Boraans,one of-whom'is'alse.a head teacher, plus a woman Shaman:

‘““Each specializes in'one aspect of healing and they do not actually compete with each other.””®

Village headmen ( Puyaiban) and schoolteachers (Khru) may.function in either
traditional or modern medical sectors. It would not be particularly unusual inithe Northeast to
find a headman who is both a government health volunteer and a Maw Khwan (the lay officient
at Khwan rites).

General characteristics of the respondents

Mahachulalongkorn University is one of Thailand’s two monk universities, began
in 1890 when King Chulalongkorn moved the monastic school at the Chapel of the Emerald Buddha
to War Mahathat. 1t was accorded university status in 1947. In any given year between 350
and 450.monks may be enrolled for the four year B.A. degree. Mahachulalongkorn caters for
Maha Nikai'monks whereas Mahamakut based on the prestigious War Bovornives, is Dhamnunayut .
Educatien at both is free, funds being derived from the government, the Sangha and private sGurces.
Monks attend classes in the afternoon and early evening.

Mahachulalongkorn describes its main aim as being to provide monks and novices
with a level of'education.commensurate with the tasks of understanding and-preaching the Dhamma
in contemporary'situations,. The-curriculum is:designed ‘‘to presentithe fundamental Buddhist
principles and doegrines inf'tezms Bnderstandable to modera rhan and'in theafianner applicable
to modern living, bothindividual and sogial.’’ | {The first twe'years-of.the B.A. are spent in the
Faculty of Buddhism after whieh candidates can either.remaingfi the same faculty or opt for
Education or Humanities and Social WelfaremAll'students are expected to meditate regularly
and to participate in development programmes. These latter involve practical activities such as
the construction of roads, bridges, wells, water pumps, sanitary facilities, power lines, schools
and wats, and it is against the background of these programmes that the Maw Phra scheme
should be set. William Klausner has described the involvement of the Sangha in such activities
in the Northeast of Thailand.’
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Practical development programmes raise major questions as to the ‘““appropriateness’’
of certain actions for monks. According to the 227 precepts of the Patimokkha a monk must not
dig the earth or damage plants. This rules out the chopping down of trees, but doesn’t mean
that a monk can’t saw a log if somebody else has felled the tree (or it has fallen). It is not
“‘appropriate’’ for a monk to propel himself in a vehicle because insects and small creatures
may die, but he may padtle a canoe, andsnowadaysymay. ride on a bus.

The Patimokkha is'‘patticularly.importarit in ‘Fhailand because the reforms of King
Mongkut, froméwhich the Dhammayut Order(or-““seet’’~neither word is particulaely satisfactory)
originated, were largely based-on.it:™ But the notion of *“‘appropriateness’’ also gontains a
significant psychological dimension derived from the values and mores.of Thai sogiety. Exeeptions
to certain actiyities dppear to be made when it is clear that they carry forward the/basic purposes
or principles of Buddhism. Thus the success of Phra Chamrun, the abbot of \Wat Tham Krabok
near Changwat Saraburi, in curing heroin addiction, is generally held to justify such traditionally
inappropriate agtivities as clearing up lay peoples’ vomit, building and operation sauna baths,
and administering a large community of volatile young men and women.

It will be clear from what has been said that medical activities on the part of a monk
need careful evaluation before they can be regarded as appropriate. Virtually all monks at the
Buddhist universities have migrated to the capital from the provinces, especially the Northeast.
It is important to distinguish in general terms between monks who ordain at an early age in order
to secure & good education and those who ordain for a short time often for specific reasons
such as the bestowal of merit(Bun). Typically a boy may have completed compulsory primary
educatiofi by the age of thirteen, obtaining the highest grade (Prathom seven). He could then
ordain.to the noviciate at a war near his home and pursue traditional Pariyattitham: studies
based on Pali language and texts. Totake the higher Pali Parian examinations he would probable
have to move to'a provincial capital where he might ordain as a monk in his carly tWenties,
moving eventually t0 Bangkok where he might enrol for the B.A.at Mahachulalongkorn or
Mahamakut. This; however, is something of an oversimplified picture, and there is.a wide'spread
of possible options:” Monks increasingly choose secular educational routes because these equip
them for a broader rangé of jobs if-and when they disrobe.% By the timejthey reachithe Buddhist
universities they may-be in-theirlate twenties or thirties. It is nof'apprepriatédncidentally, for
a monk to study at a Segular.university becalise this would bring him.into@h unacceptable level
of contact with women.

The first six questions in the questionnaire cover the monks’ biographies, qualifications
and educational routes. Three hundred and forty of the 400 who received questionnaires returned
them. Of these 41% came from the Northeast and 19%, 18% and 19% were born in the North,
Central and Southern Thailand respectively. Two respondents came from the Metropolis and six
from outside Thailand, notably Indonesia and Nepal. The questionnaires, incidentally, were
distributed and collected during class periods by Phra Maha Narong Cittasobhano, the much
respected Dean of the university.
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Eighteen per cent of the sample (25 monks) were born in Changwat Nakhon Ratchasima,
which is not surprising since it contains the largest population in the Northeast. Changwat
Khon Kaen, with 11% of the sample from a population two-thirds of the size, is equally predictable.
But Changwat Surin (12%), Changwat Si Sa Ket (10%), and Changwat Roi Et (9%) are unexpected
in comparison with Changwatr Udon Thani, which has a larger population than Changwat
Khon Kaen (or at any ratehadin 1976), andyetsaccounted for only 1.4% of the sample. Changwat
Ubon Ratchathani, with 4.3%0f the sample coming from-a comparatively very large population,
is probably a typical inithat-its populationidecreased between 1970-and 1976 as shown in Table 1.

The Maw/Phra insvillage context

Respondents were asked to specify who, in their home villages, pesforms specific
functions. Seventy-one per cent stated that' most babies were delivered by the traditional midwife,
16% specified the government midwife, 11% gave the Amphoe hospital, and 2% a local health
volunteer. Clearly traditional midwives are very much in demand in spite of the fact that their
governmeni equivalents also perform other roles such as giving medicines and injections.

Forty-nine per cent of the sample said that the sanitarian gave most injections, 17%
specified the Amphoe hospital, 12% mentioned unefficial doctor, and 11% each|specified
a private clinic or the government midwife. Seventy-eight per cent combined with both western
medicine and medicinal herbs. Twenty per cent indicated western medicine alone, and 2%
specified Samun Prai. It was clear that the monks understand the legitimate role of modern
medical science.

Table 2 indicates the first choice of medical assistance for specific health-problems
in the monks’ home villages. The unofficial doctors, who in practice give a sizeable proportion
of injections«12%), are ranked consistently low. The Maw Saiyasat only comes into his own
with psychological preblems (28%), and, surprisingly, severe stomach pains. (15%). ‘The Maw
Boraan seores higher on severe stomach pains (39%), which is not very satisfactory because severe
stomach painssindicatesythe possibility of appendicitis.~Perhaps he, like the‘health clinic, is
consulted only fer preliminary*adyvice. Fever, which'is unlikely t@ be particularly serious initially,
is handled effectively.bysthe health ¢lini¢ (41 %)but malaria’is much-mere appropriately dealt
with at the Amphoe hospital(39%.as compared'with 12% for.fever)s* A rabid dog bite should be
directed to either the clinic (42%)omhespital (36%) forth€ necessary injections, though some
respondents thought that the Maw Boraan could be of assistance.

So far the category monk has scored quite low for the various ailments (9-15%).
But for psychological problems he comes into his own (40%). Similarly an Amphoe hospital,
presumably with specialists on hand, is better equipped than a health clinic (32% as compared
with 12%), though the Maw Saiyasat does surprisingly well (28%). This must be on account
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of the belief that spirits are responsible for mental ill health. But the presumed role of the monk
as the person to whom one should go first with psychological problems is interesting and important.

Table 3 shows a series of possible functions for a Maw Phra: In each case respondents
were asked to state whether or not, in their personal opinion, a particular role is appropriate.
Eighty-seven per cent of the 340 sespondents.endorsed the viewsthat the curing of psychological
illness is a legitimate role for a Maw Phra. This is not surprising in view of what has already been
noted. But it is interesting that the curing'ofufever (89%),.teaching of sanitation (98%), and
giving of herbalimedicines (88%) rank even-higher-~Many monks teach sanitation.during their
regular sermons and.grow their.ownsSamun Prai in wat compounds. Diabetes is presumably
stabilised rather than.cured (81 %), and stomach pains are likely to'be treated with Samun Prai
(80%). But the difference between the appropriateness of giving an injection toadayman (75 %)
and to a woman (15%) is enormous, and clearly reflects the structures of ‘the” Patimokkha
(which is part of the more comprehensive Vinaya).

Sixty-six per cent.of the respondents thought it is appropriate for a monk to use a
stethoscope and test blood pressure.- Sixty-two per cent approved of the teaching of family planning,
and 56% thought that a monk should try to cure sickness by Samathi (a less specific term for
meditation than Vipassana). The fact that 30% of the sample thought that it is appropriate
for a member of the Sangha to attempt to cure venereal diseases reflects the frankness and pragmatism
of Thai monks in dealing with what elsewhere areoften regarded as ““moral’’ issues. Twenty-eight
per cent of the sample believed that a monk could exorcise a bad Winyan, 24% thought that he
could-cast a spell to remove sickness (which amounts do much the same thing), 15% approved
of giving an injection to a woman, and 5% thought that it is appropriate for a monk to deliver
babiess This last is not only inappropriate on-account of the degree of contact with a woman
presupposed, but it is unnecessary because it is the legitimate role of both kinds of village midwife.

CONCLUSION

The Maw Phig seheme‘has’an endrmeus patential for preventing'and alleviating rural
health problems, and doing s6%n,a Manner which circumyentsthemiSuse of expensive imported
medicines since the monks are taught to"administer-an*&@@mixture of cheap modern drugs and
indigenous Samun Prai. From the point of view of historical Buddhism the Maw Phra represents
not so much an adaptation as the rediscovery of an ancient role (thereby giving the Sangha a
stronger sense of identity both in the eyes of its members and the general public).

It is important to recognize that the effectiveness of the Maw Phra is due to the fact
that it interprets the concerns of the past and of the present in such a culturally potent manner,
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and that no amount of external funding, training and effort could ever hope to achieve the same.
In a country which has not been subjected to western colonial domination and perhaps in some
which have the indigenous culture is the only true context for significant social change. Religion
(Sasand), in harmony with the other two overarching Thai institutions, the Nation and the
Monarchy, is the primary vehicle for social transformation.

In the long sup there is only onesolution to.the stultifyingidependencies which drain
the lifeblood fromafiral’and poofiurban populationsieverywherey and this isithe creation of self-
reliant commufities which utilize a combinatiomrof-traditional’and modern expertise, the main
criterion for which/being its appropriateness in a given situation as determined by .the people
themselves: And in»Thailand the Buddhist monks are playing a‘erucial role in bringing such
communities, into being.
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Table 1. Province of origin of Northeastern respondents at Mahachulalongkorn University

Population of province
(1976)
thousands

Proportion of

Province (Changwar) sample %

Nakhon Ratchasim 1778
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Table 2. First choice of medical assistance for specific ailments

Severe Rabid Psychologi.cal

stomach Fever Malaria dog problems %

pains % %o % bite %
Monk 15 12 10 9.4 40
Health clinic 40 41 42 42 12
Amphoe hospital 19 12 39 36 32
Maw Boraan 39 29 18 25 14
Unofficial doctor 3.8 4.1 =3 1.5 1.2
Maw Saiyasat 15 9.1 8.2 6.8 28

Table 3. The monk’s estimation of appropriate roles for the Maw Phra

Function of Maw Phra Whether appropriate (%)
Teach sanitation 98
Cure a fever 89
Give Samun Prai 88
Treat psychological illness 87
Cure diabetes 81
Cure stomach pains 80
Give an injection to a layman 75
Wse stethoscope and test blood 66
pressure
Teaeh family planning 62
Curessickness through-meditation 56
Cure venereal ‘diseases 30
Remove a bad Winyan 28
Cast a spell to remove sickness 24
Give an injection to a woman 15
Deliver babies 5
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ABSTRACT

The Phu-thai are an ethnic Thai people group, living in the Northeast of Thailand,
Laos and the north of Vietnam.

There are three mainamusical traditions in thexNoertheast of Thailand:
1. The musical tradition of Korat, consists 0f Phleng Korat (the Korat folk song)

and Li-kay (a typeddf fotk opéra'of\Central Thailard)

2. _dheXKan-truem tradition'is.the-musical tradition practiced by people in Changwat
Surin, BuriRam and'Si Sa Ket, .Musical instruments and'repértoires of theXan-truem tradition
are similar to the court music of Central Thailand.

3. 'The Lvam tradition is the musical tradition of the majority of people.in the Northeast.
The main musical feature is poetical singing with Khaen (bamboo mouth organ).~The Phu=thai
music also belongs to the Lam tradition.

This study covers the music of the Phu-thai who live in Changwat Kalasin,
Nukhon Phanom, Mukdahan and Sakon Nakhon concerning both aspects : instrumental music
and-vocal music called Lam -Phu-thai.

Phu-thai music is @ Thai musical heritage that still survives in the Thai society. Besides,
its tone system, the Lam Phu-thai poetical singings are harmonious and interesting in vocabulary,
form of peetry,code of conductand way of life which are worthwhile for study. The Phu-thai
music is regarded as the musical cultural art which should be promoted and preserved.
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