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EFFECTS OF HIGH DOSES OF CONTRACEPTIVE DRUGS 
• 

AND THEIR HORMONAL COMPONENTS ON BRAIN MONOAMINES 
AND PHYSIOLOGICAL PARAMETERS IN RATS 

Thyon Chentanez*, Suwadee Kraipon*, Chatcha~ Trakulrungsi** 

and Chutcharin Ungsuparkorn*** 

Departments of *Physiology and **Anatomy, Faculty of Science, and 
***Department of Nursing, Ramathibodi Faculty of Medicine, 

Nahidol University, Bangkok 10400 

SUMMARY 

Brain monoamine (5-hydroxytryptamine, 5-HT; dopamine, DA; 
norepinephrine, NE) concentrations and several physiological parameters 
were determined in normal diestrous control female rats, ovariectomized 
rats and female rats treated with high doses of contraceptive drugs or 
sex steroids for 14 days . Progesterone alone (8 mg/kg/d) or estrogen 
(0.4 mg/kg/d) plus progesterone (8 mg/kg/d) caused a significant 
increase in the brain NE concentration.High dose of Neogynon (ethinyl 
estradiol 20 µg/kg/d, d-norgestrel 100 µg/kg/d) caused a significant 
decrease in the brain 5-HT but not in the brain DA and NE . There was no 
significant alteration in the brain 5-HT, DA and NE concentration by 
Microgynon 30 (12 µg/kg/d ethinyl estradiol, 60 µg/kg/d d-norgestrel) 
The uterine weights were reduced in ovariectomized rats. The ovarian 
and uterine weights in the ovary-intact rats were increased by high 
doses of estrogen or estrogen plus progesterone treatment hut not with 
progesterone alone. Neogynon in high dose increased the uterine weight 
but not the ovarian weight. On the other hand, Depo-provera (60 mg/kg, 
I.N. single dose) decreased the ovarian weight but not the uterine 
weight. Combined treatment of estrogen plus progesterone caused signi­
ficant decrease in rat hematocrit. Ovariectomy for 2 weeks caused 
significant decrease in the brain protein concentration. Body weight 
gain was reduced by high doses of estrogen plus progesterone administra­
tion but not by other contraceptive drugs used . High dose of estrogen 
induced mostly estrous appearance of the vaginal smear. 
Depo-provera, progesterone and Neogynon induced mostly diestrous 
whereas Nicrogynon-30 induced mostly metestrous appearance . Effects of 
treatments used may be both direct and indirect by modifying the hypo­
thalamo-hypophysial-gonadal axis of the intact animals and differences 
in effects may be caused by differences in dosages and mechanisms of 
actions of various components in the drugs used . 



'l,.,ll,'l 1nll'111Snu, 

n.n.-n.u. 21120 
I]~ 5 IRU~ 3 108 

Effects of Contracep~ives on Rat Brain 

1noou 6uo1un uA~ nN~ 

The actions of contraceptive drugs on the hypothalamus-pituit­

ary~gonadal axis are well documented (1-4) . Many of their side effects 

have also been reported (4-7) . In spite Qf the increasing use of th~ 

contraceptive drugs (8), a limited number of studies on effects of 

high dose contraceptive drugs as well as their steroid hormone compo­

nents on brain neurotransmitters such as 5-hydroxytryptamine (5-HT) 

(9, 10), dopamine (DA) and norepinephrine (NE) (11) had been reported . 

The major goal of the present work was to compare the effects of high 

doses of Neogynon, Microgynon-30 and Depo-provera as well as estrogen 

and progesterone on the levels of brain neurotransmitters and on 

several physiological parameters in female rats. 

MATERIALS AND METHODS 

A. Animals and chemical s: 

Female Fischer rats about 45 - 55 days of age (100-130 g) were 

used. 0-Phthaldehyde, Folin r eagent and serotonin creatinine sulfate 

were purchased from Sigma Chemical Co . , U.S.A . Dopamine hydrochloride 

and 1-norepinephrine bitartrate were from Pfaltz & Bauer, N.Y . Neogynon 

and Microgynon were purchased from Schering Co., Thailand and Depo­

provera was from Korea Upjohn Ltd, Estradiol benzoate was from Nutri­

tion Biochemicals Corp.,Ohio, and proges terone was from Sigma Chemical 

Co. 

B. Experimental Designs 

At the onset of the drugs treatments only diestrous rats were 

used. They were divided into ten groups, 6-8 animals per group , namely: 

Group 1: Ovariectomized rats. Rats were ovariectomized using 

procedure described by Zarrow et al (12) and they were used in measure­

ments 14 days later. 

Group 2: Sham operated control for group 1. They were used 

in measurements 14 days l ater . 
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Group 3: Original diestrous rats were fed daily via stomach 

tube for 14 consecutive days with Neogynon at the dose equivalent to 20 

times of that used in human (see the dosage in the result) . 

Group 4: Original diestrous rats were fed daily via stomach 

tube for 14 consecutive days with Microgynon 30 at the dose equivalent 

to 20 times of that used in human (see dosage in the result) . 

Group 5: Original diestrous ~ats were injected once with Depo­

provera (I.M.) which is equivqlent to 20 times of that used in human 

(see dosage in the result) 

Group 6: Diestrous control rats for group 3-5, They were fed 

daily via stomach tube for 14 consecutive days with distilled water 

equal in volume to that in group 3-4. 

Group 7: Diestrous rats were injected (s.c.) daily for 14 days 

with 0,4 mg estradiol benzoate/kg/d which was equal in effectiveness to 

ethinyl estradiol in group 3 (see reference 13 for equipotent doses). 

Group 8: Diestrous rats were injected (s . c.) daily for 14 days 

with 8 mg progesterone/kg/d which was equal in effectiveness to d-nor­

gestrel in group 3 (see reference 13 for equipotent doses) . 

Group 9: Diestrous rats were injected (s.c . ) daily with 0 .4 

mg estradiol/kg/d and 8 mg progesterone/kg/cl 

Group 10: Diestrous control (for group 7-9) were injected 

(s.c.) daily with equal volume of alcoholic corn oil used as solvent in 

group 7-9 . 

On the 14th day of treatments of group 1-10, vaginal smears 

were determined for the appearance stages of estrous cycle of all rats. 

Rats were then decapitated (9-noon), trunk blood was collected, brains, 

ovaries and uteri were dissected and kept on ice. Hematocrit, serum 

protein, body weight, ovarian and uterine weights were then determined. 

Brain neurotransmitters were measured using combined methods of several 

investigators (14-18 . ) Protein concentration was determined using Lowry 

et al's technique (19). 
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The mean (i) and standard error of the mean (S.~ . N.) for each 

set of data were calculated . Student ' s t -test was employed to test the 

difference between the control and the treated groups. Finally, all 

the significantly changed data were calc~lated as percentage of appro­

priate control and shown in Table I. 

RESULTS 

A. Effects of Ovariectorny 

No significant changes in brain 5-HT, DA and NE concentrations 

'''ere observed 14 days fo llowing ovariectomy (Table I) . Fourteen days 

following the operation, the brain weight, and body weight gain in the 

ovariectomized rats wer e the same as that in the sham controls (Tabl e I ) . 

The brain protein concentration, but not the serum protein level, in 

the ovari ectomi zed group was significantly less than in the sham con­

trol s . Furthermore, the uterine weight of the ovariectomized rats was 

s i gnificantly l ess than that of the sham controls. 

B. Effects of High Doses of Contraceptive Drugs 

1. Nicrogynon 30 

As show in Table I, the l eve l s of brain 5-HT, DA and NE 

concentrations in r ats treated with Microgynon at doses equivalent to 

20 times of that used in man (containing 12 µg ethinyl estradiol/kg/d 

and 60 µg d-norgestrel/kg/~ were not statistically different from the 

dieitrous control l eve l s . 

The. body weight gain, brain weight, hematocrit, brain and 

s erum proteins of the ~li crogynon-treated rats were not s ignificantly 

different fro.m those of the di estrous control rats treated with dis­

til l ed water (Tabl e I) . Simil arly, no differ ences in ovarian and 

ut erine weights of the two groups were observed. 
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Table I. Summary of results on effects of contraceptive drugs and their derivative 
components on phyiological parameters of rats . The value of appropriate 
control was set as 100%. Changes with numbers included are the results 
which have significant differences and are means ± S.E . M. 

Serum. Brain Brain 
protein Hema to- Uterine Ovarian 5-HT DA 

Group of rats 

Body 
weight 
gain 

Brain 
Brain protein 

weight concen­
tration 

concen- crit weight weight concen- concen-
tration tration 

- -- -- - -- - - - - -- t 
f 

1. Ovariectomy 69 . 9±3.0% ND 45. 5±4 . 696 ND 

2. 

3. 

4 . 

5. 

6. 

7, 

Microgynon 30 
(20x) 

Neogynon (20x) 

Depo-provera 
(60 mg/kg) 

+ 
Estrogen 37.5±3. 096 
(0.4 mg/kg/d) 

Progesterone 
(8 mg/kg/d) 

Estrogen 4-

Progesterone 68. 4±4. 996 

-

t 
133 . 3±10 .496 

t 

202.2±12 . 296 

+ t 
90,0±2.0% 193.3±11 . 1% 

-

-
+ 

78 . 6±6.396 

t 
146 . 5±17 . 696 

t 
152. 1±7.1% 

ND= not detected . , - =not significantly changed, + = significant decrease 

-
+ 

84 . 4±4 . 596 

t = significant increase when compared to the respective controls. Microgynon 20x = ethinyl 

estradiol 12 µg/kg/d, d-norgestrel 60 µg/kg/d . Neogynon 20x = ethinyl estradiol 20 µg/ kg/ d, 

d-norgestrel 100 µg/kg/d. 

tration 

Brain 
NE 

concen-
tration 

t 
117 .2±6.996 

t 
117 . 2±6.996 
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At the end of experiment, 50%, 38%, and 12% of the Microgynon­

treated rats were, respectively, in the metestrus, diestrus and estrus. 

2. Neogynon 

Brain DA and NE concentrations in the Neogynon-treated rats 

were not statistically different from the diestrous control; but Neogy­

non at this dose (20 µg/kg/d ethinyl estradiol and 100 µg / kg/d d-norges­

trel) caused a significant decrease in brain 5-HT concentration after 

14 days of treatment (Table I) . 

The ovarian weight (Table I), body weight gain, hematocrit, 

brain weight, and brain and serum proteins of the Neogynon-treated rats 

were not significantly different from the control group. However, the 

uterine weight of the drug- treated group was significantly heavier than 

the control, the Microgynon- treated, and the Depo-provera-treated groups. 

At the end of the experiment, 12%, 63% and 25% of the Neogynon­

treated rat~ were, respectively, in the stages of metestrus , diestrus, 

and estrus. 

3 , Depo-provera 

It was found that at 14 days after a single injection of 60 

mg/kg of Depo-provera, brain DA, 5-HT and NE concentrations in the 

drug-treated rats were not significantly differ ent from the control 

levels (Tabl e I) . There was a significant decrease in ovarian weight 

14 days after a single I.M . Depo-provera injection. However, no signi­

ficant changes in the uterine weight, body weight gain, brain weight , 

hematocrit, and brain and serum protein concentrations were observed. 

At the termination of this experiment, all Depo-provera 

treated rats were in the diestrus stage. 

C. Effects of High Doses of Pure Sex Hormones 

1. Estrogen 

As shown in Table I, daily injections of 0.4 mg of estrogen/ 
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kg for 14 days produced no significant changes in brain 5-HT, DA or NE 

concentrations. Similarly, brain weight, and brain and serum protein 

concentrations of the estrogen-treated rats were similar to their 

diestrous controls. Estrogen significantly decreased the bod~ weight 

gain of the animals. The estrogen-treated rats had a significantly 

greater uterine and ovarian weights than did the controls . 

At the termination of the experiment, 82% of the estrogen­

treated rats were in the estrous stage and the rest 18% were in proes­

trus. 

2. Progesterone 

As show in Table I, injections of progesterone at the dose of 

8 mg/kg/d for 14 days significantly increased the brain NE concentra­

tion above the control level but it caused no significant change on 

either brain 5-HT or DA concentrations . Injections of progesterone 

alone had no significant effect on either the uterine or ovarian 

weights. Furthermore, progesterone injections produced no significant 

alterations in body weight gain, brain weight, hematocrit, and brain 

and brain and serum protein concentration . 

At autopsy, 50%, 33%, and 17% of the progesterone-treated 

rats were respectively, in the diestrus, metestrus and estrus . 

3, Estrogen and Progesterone in Combination 

Combined injections of estrogen with progesterone signifi~ 

cantly increased brain NE concentration but had no marked effects on 

brain 5-HT and DA levels which were similar to those produced by proges­

terone injections alone (Table I). Contrastly, the effects on uterine 

and ovarian weights of the rats receiving combined injections of 

estrogen and progesterone were similar to those receiving estrogen 

alone (i.e. they significantly increased both the uterine and ovarian 

weights above the control levels), Moreover, combined injections of 

estrogen and progesterone caused significant reduction in hematocrit 

and body weight gain as compared to the normal control values. However, 
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brain weight, and brain and serum protein levels were not affected by 

combined injections of these two hormones. 

At the end of this experiment, 50%, 17%, and 33% of rats 

treated with both estrogen and progesterone were, respectively, in the 

estrus, proestrus and metestrus. 

DISCUSSION 

Various effects produced by the contraceptive drugs and sex 

steroids observed in the present study could be both the direct effects 

on the body functions detected and the indirect ones, since there have 

been ample evidence supporting that the hypothalamo-hypophysial-gonadal 

axis can be modified by some of these drugs . For example, it has been 

shown in human that ethinyl estradiol (20 µg/d, orally) can reduce the 

folicular stimulating hormone (FSH) and luteinizing hormone (LH) in the 

serum (20); consequently, estrogen and progesterone synthesis by · 

the ovary is reduced in both human and rats (21). Franchimont (20)also 

shows that unlike ethinyl estradiol, progesterone does not reduce serum 

FSH and LH. Enovid (98.5% norethylnodrel and 1 . 5% mestranol) treatment 

for 10-20 days causes a reduction in the ovarian weight and also inhi­

bits ovulation in rats. It is thought that enovid works through the 

hypothalamus to reduce gonadotropin releasing hormone and then to reduce 

the FSH and LH production by the anterior pituitary gland, since this 

effect of Enovid on the ovaries was not seen in the hypophysectomized 

rats (21). It was also shown that Depo-provera (medroxyprogesterone 

acetate) decreased the ovarian weight by reducing estrogen receptor of 

the ovary and therefore reduce its responses to estrogen (22), 

It has been shown that brain contains r eceptors for several 

steroids distribute unevenly in the brain (23 -25). The presence of 

sex steroid receptors in the brain could partly explain why steroid 

treatment or ovariectomy can alter the brain chemistry . For instance, 

ovariectomy for 12 weeks caused an increase in the DA and NE concentra­

tions in the median eminence (26-28), and a reduction in the midbrain 
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5-HT concentration (6 weeks post-operatively) in rats (10). Proges-

terone (0.8 mg) with ethinyl estradiol (5 µg) administered daily ·for 

4- 32 days decreased the midbrain and forebrain NE and 5-HT and fore­
brain DA concentrations (8 days) in rats (11), The action of hormones 

on steroid receptors in the brain could also partly responsible for the 

findings in this study that whole brain NE concentration was increased by 

progesterone and progesterone plus estrogen; brain 5-HT was decreased by 

Neogynon and brain protein concentration was decreased by ovariectomy. 

However, not all sex steroids and contraceptive drugs used in this 

report alter concentrations of brain substances measured. Therefore, 

such differences in effects may be due to differences in actions of 

these drug component other than simple interactions of these drugs to 

steroid receptors in the brain, 

The reduction in brain 5-HT concentration by high dose cf 

Neogynon could be partly due to two major mechanisms which were sug­

gested by several investigators (5, 9). Firstly, by the vitamin B6 
(pyridoxal phosphate) deficiency of the brain, since many contraceptive 

drugs containing estrogen-progesterone derivatives were shown to stimu­

late vitamin s6 uses by many organs and may cause a physiological 

deficit of vitamin s6 which is a coenzyme essential for the brain 

5-HT synthesis (5), Secondly, by the reduction of tryptophan 

(which is a precursor of 5-HT) uptake by the brain as shown by Nistico 

et al (9), therefore reductions in brain 5-HT synthesis may be resulted. 

The decrease in the brain 5-HT concentration and increase in 

the uterine weight by Neogynon but not by Microgynon-30 could be due to 

the 1;5 times higher dosage of the ethinyl estradiol and/or d-norgestrel 

in Neogynon than in Microgynon-30. It is also difficult to explain 

why Depo-provera (60 mg/kg medroxyprogesterone, I.M., single injection) 

decreased the ovarian weight while progesterone (8 mg/kg/day, s.c. 14 

days), which is a similar compound, did not show such effect. These diff­

erences could be partly due to differences in dosage, schedule and route 

of the treatments. 



'lT11t1., 111a11'i11u1 

orl 5 ,i:"rl a 
n.A.-n . u. 2526 

116 
Effects of Contraceptives on Rat Brain 

lnllirn fluo 1ur1 un:: AN:: 

The decrease in the body weight gain, increase in the 

uterine and ovarian weight and induced estrous-like vaginal smear by 

estrogen plus progesterone should be due to the estrogen component since 

such effects were similar to those of the estrogen but not to the pro­

gesterone. It has been shown that estradiol (2.S µg, s.c, for 3 days) 

may have direct effect on stimulation of ovarian growth (increase in 

weight) since the effect is still seen in hypophysectomized rats (22), 

whereas the progesterone (1 mg) does not have such effect. It has also 

been shown that the decrease· in body growth rate in rats by estrogen 

treatment may be partly due to the reduction in food consumption 

(29, 30). This supports the above statements that the estrogen 

component was the major cause of the reduction of body weight gain . 

The increase in the uterine weight by Neogynon, estrogen and 

estrogen plus progesterone could be due to the estrogenic action 

since the effect was similar to the estrogen but not the progesterone 

alone. In additian, it has been shown that uterus contains estrogen 

receptors (31) and that estrogen increases the u~erine protein syn­

thes is and myornetrial cell division (32-34). The decrease in the 

ovarian weight by Depo-provera (60 mg/kg medroxy-progesterone, I . M., 

single dose) indicates that the drug may have ovarian suppressive 

effect possibl-y by reducing the number of estrogen receptor in the in 

the ovary and consequently the response of the ovary to estrdgen was 

suppressed (22). 

The unseeing change in the uterine weight by Depo-provera 

and progesterone treatments in this study does not mean that there was 

no histological or biochemical changes in the uterus since it has been 

shown that progesterone administration at appropriate time after estro­

gen treatment can increase the number and size of the uterine stromal 

·cells (32) . In addition, the 100% and 50% diestrous vaginal smear 

appearance by Depo-provera and progesterone tr~atments, respectively , 

indicate histological changes of the uterus . 
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The finding that Neogynon and Depo-provera induced majority of 

diestrous appearance of vaginal smear could be due to dominant progeste­

rone -1 ike effects since it was similar to the effect of progesterone 

alone. The majority of estrous-like vaginal smear by estrogen plus 

progesterone treatment should be due to the dominant of the estrogen 

component since it behaved like the estrogen not the progesterone . 

The majority of metestrous-like vaginal smear induced by Microgynon 30 

but diestrous-like by Neogynon eventhough the two drugs have identical 

components (ethinyl estradiol and d-norgestrel), may be due to the 

differences in dosage of their components since the components of the 

Neogynon were 1.5 times more than those of the Microgynon 30. 

The increase in the brain NE concentration by estrogen plus 

progesterone treatment should be caused by the progesterone component 

since such effect was similar to that of progesterone treatment alone 

but not to the estrogen treatment, The significant decrease in hemato­

crit by estrogen plus progesterone treatment may be due to synergistic 

effects of the two steroids since estrogen or progesterone alone did 

not show such effect . The decrease in hematocrit may be due to either 

decrease in red blood cell production by bone marrow or increase in 

plasma volume or both, The above change in hematocrit may or may not 

be comparable to the decrease in hematocrit in human using contraceptive 

drugs since in the latter case the period of drug administration was 

given for 5 years (7). It has been shown by another group of investi­

gators that there was no significant change in the hematocrit and the 

blood viscosity in 70% of the women using contraceptive drugs for 2-10 

months (34). Only 17% of the women in the above study (34) showed 

increase in the two parameters, 

The decrease in brain protein concentration by ovariectomy 

may be due to reduction in endogenous circulation of sex steroid levels. 

Many steroid receptors have been found in brain areas and sex hormones 

have been shown to modify brain protein synthesis mediating through 

these receptors (23, 25), However, it i s difficult to explain why sex 
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steroids and contraceptive drugs used failed to alter brain protein 

concentration, It is possible that some brain proteins may be increased 

in accompany with decreases in some other brain proteins therefore no 

net chahge in whole brain protein concentration could be observed. 

No net change in total serum protein concentration by the above treat­

ments could be similarly explained. It has been previously shown that 

Microgynon and d-norgestrel treatment (for 6 months) in human caused 

increase in hormone binding proteins~ plasminogen , and prealbumin, how­

ever, Depo-provera and progesterone did not have significant effects 

(6) • 

In COQclusion, effects of treatments with high dose of two 

oral and one injectible contraceptive drugs , along with pure sex 

hor.mones were studied . Several significant changs in physiological and 

biochemical parameters in female rats were observed. Effects of contra­

ceptive drugs were discussed basing on effects of pure sex hormones 

used and on lights of existing experimental results . 
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COMPARATIVE EFFECT'S OF DIABEfOGENS ON LIVER MORPHOLOGY 

Prapee Sretarugsa*, Krongtong Chawalit** and Amnuay Thithapandha** 

*Department of Anatomy and **Department of Pharmacology, Faculty of 
Science, Mahidol University, Bangkok 10400. 

SUMMARY 

The morphological alterations in hepatocytes from rats treated 
with four diabetogens were compared : a lloxan (120 mg/kg, SC), 6-aminoni­
cotinamide (3S mg/kg, IP), N-methylacetamide (6 . 2S ml/kg, P .O. ) and 
streptozotocin (SS mg/kg, IP) . It was found that these diabetogens were 
all ab l e to cause hyperg lycemia (blood sugar greater than 200 mg%) in the 
~nimals together with some changes in liver mor~hology and functions. 
Only N-methylacetamide could produce a signific~nt increase in liver 
enzymes,SGPT and SGOT .. Liver ce ll s from alloxan and streptozotocin treated 
animals displayed similar appearance : depleted hepatic glycogen, 
decreased RER and increased SER , and the presence of l ipid droplets, 
which were more prominent in cells from streptozotocin treatment. The 
parallel pattern of ER normally seen in control hepatocytes disappeared 
after treatment with 6-aminonicotinamide and N-methylacetamide. It was 
also found that glycogen granul es in these cells were diminished, an 
effect which was confirmed by chemical measurement . Some degree of cell 
damage was observed only in liver cells from N-methylacetamide treated 
rats. It was concluded that the hepatocytes were also the site of 
attack by these four diabetogens though the degree of their serverity 
might be different. 
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Ku L iJ1rn1v' ::fli1Hu,fir11~1ll'""',vDri," lu.;,"n,v L -dur1 ::a11\ii1'"",u~nnfl,·Hntn., 

lu1tJ'llil" glycogen n,.,t11~,vr1,.,Att (detoxification) u~::L11P1,UD~fl11 'llU'lt.tn,., 

LH~,dD,fftJL~uivu riD~lu~'~ Cytoplasm ua::lu Microsome 'llD"Ltfa~ Ldn~,"n,v 

tlfn., L tJ~vuutJ~"·•nnfltn'l ::tJnPi L .Ju L fi91 hl'I H-=iD lA'iuflT'i L fl£1~nmnvunn il1~~ ::fJNa 'liinT'i 

ti1",u~"na,,~,"~ufin1.,1tJ~vuutJa"li 

fl,.,tl9l~il"t11'l'1Lnl'll.,l'ILU1H41U19lvl~fl,.,Lflfilual'l-ltililail"LAD'l~LiJuuuu 1A 

n"1 ::t11111u1uu~' ( 1) l P1vl'lir111u1"110111fllut11~1v L utn:: 6-Ce 11 'llD"Pi'unDuti1 'lH'aPi-l 

tililan"t1,lil~D;l11u Insulin lllltJLQtJU~~u (2) H.;na11u1"tfOlilt11'lH'Lnlilfln1'1:: 

Insulin resistant . . , " I: flT'i UHa1tJ')9l1U tN In vivo u~:: In vitro L11U fl1"1.,1tl"1UNa'lJD"LU1H41UPlilfl1"1 

n1",U'llil"L~uivu Glycogen synthetase u~:: 
. 

Glycogen phosphorylase (3) PiD 

n11a.;1"ltJ1Mu (4), ~nn1.,a.;1"1'lluu (s) LLa::~nlfl.,"a;1"l"'va::LDtJ9l'llil"Pi'u(s) 

Na'llil"fl1.,tllllail" L Ha1ff l1fa1"1fft11 lM L fiA hl'I L U,H."l1UA1"11UlilrlU ua:: lttfl11 'lu 

'lJU,fl~,"OUA4tl "j ::v:: L 'l~TtlD\lfl1., L iJu L U1H41ufiuvin~,"tlUililfl 1 tJ ~"ti1 l" L ~u Nail9lLLV"riu 

'luu,"~'u L'liu n1·HtJ~vu1LtJa"l"'.,"r1.;1"'lln"A'u u1".,,v"1una,T),fJ Rough endoplas­

mic reticulum 1tJ~tJULLt1a"ltJ ua::f1 Smooth endoplasmic reticulum L~11;fu 

Rough endoplasmic reticulum 

ti"n,.., L tJ~vuutJa"tJD\l Mitochondria ( g) luA'1un1"1tlfiaD"tl1"il' LflfinfJr~affilliluv"nu 

111n111v L 'liu n1., L tJ~vuutJa"tlil" Glycogen luPi'u n,·H u§uuutJa"'llD" Lipid meta-

bol isrn (s) LdD"~,n£1~LfluD-l1D1~un,.,Lriu-;inv"nu.,::H-l1".,::~u Glycogen ll'l"1" -

r1-i1"t1D" L 11a~11a ::Hu,fl'llil" ''il~~Plu ( 1 o) ~"du~"' iJuffu1au hri~ ::~mn-11 3 ii"diln11 

1 tJ~uuutJa"ilU1\l h 

r11., L l'lilfll-dlun1"1t1Piail"Pl.f"d fJ 4 Pl-;i liii'un Al loxan if" Lilur11<Jti"ln 

Mesoxalylurea i1AttlAVPl.,"~il 6-Cell 'llD"AUDilU ua::n1lH' 6-Cell Pl1tJ H.;il 

"~1'101'Jt11\l1U aPl-itlflilil" 'n~Hfft1';J ::11,ri lnsul in 1.-iu dlt!uttau ( 11 • 12) A'lffflD" fiil 

6-Aminonicotinarnide i1~rua11u~1iJu Antimetabolite 'llil\l 111.,fl.;1" NADP i1Na 

ltJH~A6"n1.,"~" Insulin ~,n 6-Cell(13) fi~DL~tJ fiili1Rtt~D"1::uuGu'llD\l~1"n1v 

A'ltJ ,,;utJ<J::f11tlua::n~,111dil (14) a1.,Pf4ff 3 fiil N-Methylacetarnide LiJU'llil" 

1Ha-;iffi1~rur111uPin11H'aPi-ltiAail"Lnl'lfln,,::1uauD\lPlilUAil Insulin il~ttu-11 Metabo ­

lite 'llil"uui1Attua::vQluaP1~t1lilaD"lA'u1u (1s) a1.,Pi'-;iffft ~il Streptozotocin 

Lilu Broad spectrum antibiotic anP1~1n.,1 Streptornyces achrornogenase(1) 
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n,1U'3IU~li11,dflAulAULwtil~L~l~~'3~D 6-Cell tlD'3AtJDDU (16) u~~illUl,~tl;l; 

Ln111aft11~t11A Insulin 1~uLuuutiiULHfinu Alloxan u~1111un1,nnnqti~ffuAn~1'3nu 

i11,du~~uu'l~inu1U~L~'3tlD'3 e-Cell tlD\lAUDDU HA'3l;u1~'3dA1d aA~t1AflD'3~~on1n1, 

Hyperglycemia, Glucosuria, Polydipsia, Hyperlipernia u~~ Ketonuria (17) 

;i" l t'1un1nT1 L 'liu L llu:JnUl'IUfl L t'1u L U1H11U n1n1,ffulilf1'3DDnU1A'3n~11 LL a ~Nan1,m1~u'3fl1U 

~u1 U'3£11i°aif AUU'3nUD~ lJi'3U1~ ~ L nP1~1nafl1tltlD'3n1,t1AfliNfluAn~1'3nU 

n1,tllllaD'31'1{'3d~"~~P1nttlLU~UULffUUNatlD'3n1,t1;l;LnflLU1H11U1UaA~t1AaD'3 

1111u'l~a1,Lflfl~0111Pi-1"1nu 4 ~1 1111u'l~,~U~L1a1Ru (Acute effect) ~nlfl,"a;," 

1Aua~Li5UllltlD'3L'lfa~~" ,~iifu Glycogen luAu Lrn~t1Ailnuafl1tit1D'3Pi'u~1u LffnP1mnH1 

R11u~uffufiffn1~Lt'1ulul~t1n'3n1,Lu~uuuua'3ff Ln111tu 1111ufl~uAnun1,P1nu1A'3d 

1) P1nu1Nan1,Lu~uuuua'3in1ffil~l111ua~Lfiu111t1n'3L'lfa~Au HA'3~1naA~tllilaD'3 

unn;l"Li1u1,f!LU1H11U 1AUL5UUti~U ~1nn1,1~~Ua1,Lflfi~UA~1'31 

2) iA,~AUtlD\3 naU1flL~U ffa~aULUAU LffD~NfltlD'31,flLU1H11UAD Carbo­

hydrate metabolism ua~fl11uiuffu6fln1~Ltlulul~nun1,Lu~uuuua"t1D'3~1uu,~nnu 

t1D'3L'lfa~~1ufli1Hu1fin;a1ua1,~u 

3) ti111anuafl1ttt1D'3~u 1Aui111,~~Ut1D'3L~uiuu Serum glutamic pyruvic 

transaminase (SGPT) ua~ Serum glutamic oxaloacetic transaminase 

(SGOT) LffD~nu1~'31'111UL~UH1UtlD'3L'lfa~~" ~1Ln1114uH~D1" ~1nn1,l~a1,Lflfl~1'31 

l~HtAPi'1~ (Male Fischer rats) n1~ 60-75. iu U';.,1rnu,~u1f1J 160-

200 niu 1AUL"HtA~'3HUADAD1H1,AaDA~U U,~UIW 16 i11U'3 flDUff~~u;U1tl;n1,t1AflD'3 

fl11 ~ L t'Ju L u1H11ut1D'3HtA '11iAu~u1wU';~na 'lu L iin111 lfi' Lnun~1 200 un. Y. uaA'3~1HtA Liiu 

LtJ1H11u u;u1P1nu1Lu~uuLffuunuH~n111an'3un~n~u Control ~"l;nAn1H1,u1AaDAHU 

·L 'liu L ~u1nu ~,, L flfl~n; '" L Olil hfl L tJ1H11uffl'lf l~LLfl 

n. Alloxan 'l~ 120 un . /nn . t1D'3u;Hun~1 5111L1i'1'l~~1HU'3t1D'3H~u~nu'l; 

H~Lt'JULU1H11U 72 i11U'3 

tJ . 6- Aminonicotinamide 'l~ 35 un . /nn. t1D'3U;Hun«1 5111L;1.Jn'3nD'3 

UauUL"H~LtlULtJ1H11U 24 ~11U'3 

fl. N-Methylacetamide 

u~nul'1H~LtlU LU1H111J 24 i.1"" 
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"· Streptozotocin t~ 55 un./nn. 11n"u;Hun~'n"'L;1~n";D" tl~nv 

'lHH~LiJULUIH,IU 24 ~'1"" 

L dm1"'JU L '~nff tl~() v 'l t.i11~n~uPi1 "1 L iJu L UIH"ULL~'~"~' l 1iUJnl.,AflflDUil ::u;Piu 

ll'lflmn ~"~n 1ud 

n'l.,Mmni;;-,vm~n'1~ilfl.,.,f'lun L ilfll'l"'JDU ut:i:: 1 igh t microscope fl; 1111vK111tfu 

u " "fl " 3 'l · . .J " ( Gl ld h d 1.ID\1l'lll1H 1JU'll'ILilntl.,::u'lru 1 uu. u Fixative flLVU 2,5y. utara e ye 

in Q.1 M Phosphate buffer pH 7.4) LiJUL'"' 1~ ~'1"" ~'"!ii''v 0.1 M Phos­

phate buffer pH 7.4 2 fl4'1 u~:: Post fix h 1 % Oso4 in 0.1 M Phos-

phate buffer pH 7.4 LiJUL'l~• 1 ~'1"" ~'"~'" Phosphate buffer 2 fl4" 

u~' Dehydrated A'vunt:innuna Infiltrated fl'lV Propylene oxide, Propy­

lene oxide fl"'uifu Plastic (Araldite) LLil:: Embed tu Plastic polyme­

rized fl 30'C 45'C Uil:: 60'C LiJUL,il'l 1,2 Ufl:: 2 iu l'l'lUfl;~lJ u; Polyme­

rized blocks U'lPi111tHl~ Sections lJ'l"1 ~'v Ultramicrotome MT- 2 ;,vn111 

LLn'l LnlJ Sections ~'v Copper grid 1JUlfl 200-300 Mesh uuuatl',v Uranyl 

acetate 

vi·rnu HU- 11-C 111 75 KV H.;n~;,i1n Light microscope lflVAfl Section 

HUI 1 1lll't.,DU VDllfi''lV Methylene blue 

n1.,H1tl=ju1ru n~vlflL;,JU 'l'li~fi1JD" Montagomery (10) 

n;.,J!il.,::iii'u Serum glutamic oxaloacetic transaminase (SGOT) LLfl:: 

Serum glutamic pyruvic transaminase (SGPT) ti~a~"1~nnu'lv1~1f'tv Reitman 

Uil:: Frankel (19) 

Plates 

1uff 1 • 2 

1ufll 3,4 

'luff 5,6 

~uff 7,8 

1 ~nti'ln'liLtldvuutlf1\)1Ji)\)L'lfflAAlJH~\);,J'lOlflillif'lifff1;t"LnflLlJ'lH'l'lU'l10A,:,", 

1Av Light microscope 

LLiffl\) L 'lfflA~lJ1Jil\)HUtlnfitun;i"11v1vA;LLil ::n;~\111v1v~" £fHVfl 1111iu (L) unvu1n 

u"'"'" L'lffl~~um4Hi";,i1nffltl'-i'u Al loxan U'lLL;, 12 'lfll. L~UHVfl 1miu (L) Li'iut1'u 
~u -'1 .. u 6 d # 1 Jt ILiffl\1 L'lfilfll'llJ1JD\111Ufl fliU -Aminonicotinami e LHUHVfl 1JUU (L LLfl::f'l"'Jtl) 

~'lOU'lVn.,::q'lVlflV~,lu 

uif"'" L'lft:i~KuHufllJ~iu N-Methylacetamide. 11u-11 Nucleus (N) fiflifnnusnn 

Lrn::rlHVfl 1mru (L) n.,::q1v~,, 1tlLUUI\) L'lft:iii' 

1ufll 9,10,11 ""'fl\1L'lffl~~uHuflllfi'iu Streptozotocin £f11vtil1.1uu (L Uil::ff.,«) ni::~1v 

U'lOU'lV~'AU Lrn::tnvtu L'Ifilii' 
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1 • n1.,~m:n lfl'1"~-i'1"'ll£1" L 11aiiA'u 1111vmi£1" Light Microscope 

L '11cia~ut1n"vn~tJnfi ( iufl 1) ~•nn;a\rnv1v~; L ~u L 'llciaPluPii;ift L -n2JL ilutJnPi !1 

mJli\ 1'llifUU[l(J11'lfl tu L 'lfaa 1l'ltlfl;a"tll.11V~" ( ttJff 2) L M°u L'llcia~uanttru::tJnPi UC!:; Llt'IU lu L'1u 

VIVA lt1U'trn~L au L'llcia«ut1£1'1Vl'!flll'iiu Alloxan CitJff 3 LLa:: 4) L'1u Hepatic cord 

~nlffil::tJnfi u~fl u1ull'ini;i R°£1ihrn111 lt1uu111nn-l1tJnPi ua::n'1::~1v Lilumin11 VIVli\ lt1uuih.1u1111 

A•"'l nu 

·~ ' n, :;~1v£1fltn1 tJflnu 
., •• ..J. I; " 
'll1\'1~:;~1J1L~llilfl4fl"flU 

'lu-itJR 7 ua:: a LL~A"L'lfaa9"u~1nvitJ.fllfl'iu N-Methylacetamide ilvivlil 

l'llUU'llU'lfl L ~nn,::~1vn~ti'• ltJ'lu L'lfciau·N~•U'lln"A·u uci:: Nuc leus PiV1~D£1U111n Lflt> Lfivu 

nu Cytoplasm Nuc 1 eus 'l.ltl"U'l" L 'lfaa L M°u L t'iutfn\'l-l1\'l'l.114'l.lilU'l.lil\'I L '11ClaU1\'I L 'lfilafJ, lUiffl 

L~u Lfl£1dfounu1tJfl s,10 ml:: 11 i1'1u\itA'1L'lfnaPi'u"l1nvi'!ffl~·fo Streptozotocin ~:: 

L~UV1t1Alt1uu'l.lu1111A1\'11111n111v n,::"l1v~•ltJ~\'l~U u~anttru:: Hepatic cord fl£1u.n1" 

tJn~ 

" 1 .. ... 1 .. '• Plates 2 n1,nntt1 fl,\'l~,.,"AU 111vnat1",ilfl"J,AUDLC1flfl"Jt1U 
"' ,~ ltl .. '• 11 ( ) 1tJt1 12 LL~A\'I L'llai1~1ut1t1\'IV1!4tJfll'1 fll.lflilD\'l,flfl"J"JAUD Lill'IPl"Jt>U u Glycogen granule GL 

n'1::~1vt1~\t, L'lflHl Mi:: Rough endoplasmic reticulum (RER) L1v\'lnu111n111v 

1tJA 13, 14.1 s LL~fl" L'lfaaKutin""''lfllfl'-ru Alloxan u~A"-l1 Glycogen (GL) afttJ=i111mN 

£Jvivfll'lluULR11111nfu LLil::n'1::~1vn~~•ltJ'luL'lfa~ Rough endoplasmic reticu­

lum (RER) t1v1vt1u1fl LLa::iJtJ~111ruafla\'I (A,fl;) Lau Polysome n'1:~1vLilu 

n~111 LR11fu (A,tl14L~n) iJ Smooth endoplasmic reticulum (RER) Lfi11 

fuPi'•v 

1tJ" 1s,17 u~fl\'IL'llciaA'utiil\'IVl~fllfl'-ru 6-Aminonicotinamide ~u-l1 Glycogen afltJ=i111ru 

il\'11l1n LLt'luliiu,tnciv £Jvivfllm1u (L) n,:"l1v~•ltJ'luL'lfaii (1tJL~n) Rough 

endoplasmic reticulum (RER) iJanttru: L i!uti£1uifu1 LLCI:; lii L l!u.,:; L flvu u1"m.;" 

il'l.IU1fl 1Li1::1tJ~1\'ltlV1V (Ai'll14'lV1~) uci::il"l;U,UUDVCl\'I Mitochondria (M) 

~nttru:LVliJt>utJn~ n ribosome 5~.,= (~"Jfl;) n"J:"l'lV~.ltJ uci:Lau Electron 

dense material t1~fi1vtu RER (~,'ll14L~n) 
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~..,zA, 111..,~;in; URZ f'INZ 

Rough endoplasmic reticulum LtlU Cisternae i1 Smooth endoplasmic 

reticulum 

1H'Ll\1JLatJ ~'lUL'lfAri'llD'\3PlUff11'1o.i'lmniffl;,u Alloxan ("l,tJff 1::1,14 ua:: 1s) 

Glycogen fltJ~111ruaf1a'\3 Rough endoplasmic reticulum ffi1~n~ru::LtlU 

. 
t1lJ"ll 

Cister-

Smooth endoplasmic reticulum 

LiluvivD111 tuL'lfari ua::ii'ntiuPililnunu 

Lff111fu (fl"j'lJ'l'l1VI~) 

Mitochondria i1 

i1viufl1'lluU'llUllil1VI~ n"j::o,i1u 

ribosome tia"j:: n"j::OJ'ltJ 

iufi 1 s LL«:: 17 LLalil'l311'111'llD'\3 L'lfmi~mnnmit11fi'iu 6-Aminonicotinamide 

t'ltl~I Glycogen vi1ultJV1111i1 fl ribosome ila"j:: n"j::o.i1utt.1tJ1u Cytoplasm ~" 

LLillil'13LU~tJ~ 18 (fl"Hl'i) flVIVfl1WJU'lJUlfl1Vl~1Jln1lltJ1u L'lfilri Ui'l::UnDQPifl']rllJ Mitochon-

dria (~tJL~n) Rough endoplasmic reticulum 

Ul'\3LLli"r1un1"j'lJtJ1m.1u-,i;iu1" (fl"j'lll'l) ua::aliltJ.lj111rui1'\3 1uitJff 17 fl Electron dense 

material DQ1nu1u Endoplasmic r eticulum fi,u (f1.,1n• L~n) 

:,tJfl 18 LLil:: 19 L t'Ju L'lfa~'llD'l3Pi'ufllfi'o.i1nV11J,ti'llli'iu ~ -Methylacetamide 

an~::ih ltJ ILilfl'13il'l31'1"l'11lJililtJnPi'llD'\3 L'lfilri l~un Mitochondria tJ"l1J iLa::l1'llUllil1Vl~ifu 

u1n Rough ua:: Smooth endoplasmic reticulum 'lJUIU'llUlfl CitJL~n1u1tJff 18) 

LL a ::tJ1'\3~"lU fl~nmu:: LiiutiDufiu LL«:: lii L ilu"j:: Lfluu Glycogen afltJ.lj11-,rua'l31nn Ri bo­

some il<f"j:: n'1::o.i1tJDQ~•1ltJ 'luL'lfari 

, 1 .. , Plates 3 fll"j~flUIL'lfaa~u flVnAD'\3~an'1'1flUnLill'lfl"JuU 

4tJri 18,19 LLilfl'13L'lfil~~tJ'llil'l3Vl~~l~,u N-Methylacetamide fllJ~'l Glycogen (GL)ilflA'\3 

nviufll'llii'u (L) n'1::o.i1u#,lutu~'lfaa Rough endoplasmic reticulum (RER) 

n'll1rlfl 1 fl~U ( 4tJ L ~n) Vliu L ii1nlilU8u 1 tJ'l'l3LLH'\3~ L 1U\1Pl"l1U L iiu"J:: L £!vu (fl"Jfl'l) 

Mitochondria (M) ntiu'"lfl tvi~1nnLLil ::nilmtt11::tJ"l1.I 

1uri 20,21 u~fl'1L'lfilaKuvi~~l~~u Streptozotocin L~u Glycogen (GL) ilfltJ~~'"lruA\1 

LL~"""'" L~ul~u1'1tUU'"l\1 L'lfA~ VIVfllmru (L) rJ111n ua::n"J::OJIUil~~"lltJ Rough 

endoplasmic reticulum (RER) 'llV'"lUtJUlfl1l'"lfl uA::L1u'1K"l1uLiiu"J::L£1uu 

(fl.,tJl"l) Smooth endoplasmic reticulum (SER) rJ1nn~u LLA::f1t1u1flt'1~ 

Gol (Golgi complex), BC (Bile canaliculi) 
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111111o"u-irl11'-i l1'i iii" 1u-i11-i nu~o 11111il~u 
~ ' 

1tJ~::ili ~ IJ111f;intt llll:: ftN:: 

"lllfl 20 u"':: 21 ufllll'1fllt1 L 'lf"'~lli'tJ'11nt-11!ffliil'iu Strep to zotocin tw11 

M~\1'.llfll~~lJfll~dltJ 24 , ~U. Glycogen "'"'"~"'ru"" U~U\1fl'1fll"L~uJ1'11UUl\1L~a~ 

MtlA l11ifu11u1fl1M~ n~::o;i1ue~«"l ltJ u"::fl Li-'fulfl"if~fi'D Rough uri:: Smooth endoplas-

mic reticulUm lu Ltlu Cisternaeifno;i:: Lt1u Partially flattened cisternae 

M~D Distended vesicle uri::u11u1111lt-1~111n (fl~1l•"l) Mitochondria fl~nltfll::tln~ 

fll.,1'1fl 1 rrnn,"i ::'1U1JD\1fll"i L flflfl'1'"1 'l" L fl A hfl L lJlt-l"llU~ Dtl.ll!llMID\1fl~tJ 1 fl L OJU lu~tJ 

Treatment 

Control 

Alloxan 

6-Aminonicotinamide 

N-Methylacetamide 

Streptozotocin 

* 

Hepatic Glycogen 

(mg %) 

2.17± o·.11 
* 1 . 09± 0.12 
* 1.36± 0 .14 
* 0 .69± 0 .11 
* 0 . 74± 0 .13 

p < 0 . 05 (from control ; Newman '-Keul's test) 

Pretreatment Time after SGPT 
Dosing (Sigma Frankel Uni t) 
(hr) 

Contrbl 24 19.07± 1.16 38 .87± 

72 19.63± 1. 27 37.92± 

Alloxan 24 19.50± 1.62 42 .00± 

72 23 .64± 2 .87 48.43± 

6-Aminonicotinamide 24 23.00± 2 ,88 48.67± 
* N-Methylacetamide 24 48 . 00± 5 . 99 107 . 50± 

Streptozotocin 24 18.00± 1.95 45 .17;!: 

* p< 0.05 (from control Newman-Keuls' test) 

2.19 

2 .90 

5.84 

2.89 

6.52 
* 11.64 

6.63 
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a. n-1'1flnttn;'llilu-lfltl:iiwuu Glyeogen 1u~u 1 uil~ffl"nlflcH>tJff1l'1'11li>\1~U 1 ' 1111Li1 1 11111 t 1 1lT1 

I I I I I ' I J ) ,, ' I "Cll 
Li1 n-lfltlli11'1M1il\1 G 1 ycogen 1,,u'Si511n\1 Montogomery ( 18) '1u1.,11.;11.,cu 

I 11/ I I( I I 11 I I I ) • (I> I , II I GI 

Glycogen 1u~tJ'1'lnt111Ad L ~u L m1 wnu-.i'lnff'1"1 L fl!Jt)nA'•cHHl\1i>V'l\1fJuua;~'ll L ~t.1nTiauua1~u 
, , , , ,1rJ11 !',, , , . " 1 "' 1 , 1 , , 1111 ,., 1 , JI 11 J 1111li 

~D~il~'ln1l'ltt~'11~-.i.,nn~n\1~anii~~DLilflP!inu1.,n'l'1a::a11naulf1L-.iulu L ~il~1lil\1~Ualila\111'ln 
Ir I I I I 1 ft ~ 

'lu Diabetic state ( Pl'li'l'1fl 1 ) ua:: Li1n~mn Nan'1 ::nu11n\1n'l'1fl; tt-i' difl hfl L tJ'lVl'l'lU 

'l t.1if Pi-iflflili>\1~ilAtJ r l Atl fllilanua1ntt1JiJ\1AtJ 
1
( Pl.,..,.,"~' 2) 11 u1'1 , ::fltJ1Jil\1 L ilUnull I SGPT 

"''o "' . , .,, ., . ~ .. 1,..1 , , , d. u , ., 1 1, , , · ..111 .. ., 1 •1, i , , • .. , , ( .. , ,1 ua:: Su T ~fl'li>~ U'1::1ilutlnfl ~in il~n Bor er line UVl!Afl fl'1U A loxan, 6 ~amr- 1 

. . L ... o,J f I s' I r , • .t , . ., I ., ' ' I , I I '" J nincotindlniue, ua:: treptozotocin ufl'1::flU'llil\1 SGPT u'a:: SGOT' uif{uiln\1 1 
"' 

l1!AA1 liiiu ' N-Me'thy 1 acetamide il"t1'uilV'l'1fJuba;~IY 111
' : ' u 

11 1 1 J ,,,,,, 1 ur,11 lit ;r~111 tilu·nl 

v I 

8-Granule 1l'lnn1., tl-=iu'lMJi>\1 Glycogen 'lu~u 
JI ., , I ...JJ! 1 , t • ' I G l' r t I ' l ' ''I ' 1 • ' -.i::11unun'lifliltJ~ui>\11li>\1L~aa ' Ail ucagon "a:: nsu in 

L gu'ituuflflviu-lfla~.,'1 vi.lJm1'ia.,'u 1 Glycogen ( ~ 1 ) 1 ~.,·rnflt.1.;inc\i 

L~W::'n'.,'., ' l 'ti~ uu u't1'a1\111 il" 

Gly co'g'e'n 1 tu~tla'"' 

Metabo-

f I 

I I U I 

,, ilh 

lism 'llil\1 [ Carbohydrate i· 1u1{ •1f'a1ai'Jv'1'1L\UUDU (6) Na-.J'lfl~'l '°i'-lfi t1~1i~culicrv1'fl'L '-!.i'u I I r II 

'l i!:( "' I I rd ' .1 Ef.4( I • ~ ~ I J' t • ,J l '-" j ' , .. l. ' "' r~ J!.' "' I ' I '" .I ' I I ' I rr1 ,, u~u ~\1aflil\1ilV~\1uuua'lRq auu~~uNan~"U-.i'lnnail~,anAUvLaflPl'1ilU n1,Ltlauuu~a\1'lli>\1 ~ 
' ., ., l I ~ ., .J iii' Nn I'• t ~ " ~ '-l ' ' • • r ' • ·- ' • , 1 l r 1 r1 '1::flunau flL-.JU' ~UfltJ'lJi)\1"~n ULU'll11'lt.1Uu~nntt'l U'1::flULDU~U1J~a'lUn~u tJ1\1n~1lflfl'l'l 

L nfl-.i'lnvtuvi~ df un·.,.,ri~\1'1U1m)\1 Gl yc'ogeh sy'n'tha tase · 111 'au '( 21
2) " t'.!'1'1'n~1l~Fl~'l • :Hi 

111 

t11tA'll'lli'll'l'l'11lff'lL~ .,·fl1u'n·~~'L 1fiuh'~u1rn 'L~ul-l1~J 1(2 3 ) ' \l~ 1 'Mille'I ' (a) l~u'Di-ln-\~~~~·v~'" ''Lr 

Glycogen ,,11.,~:: Liifl'l'lnfl'l"1 Lau 1tl1lil\1fl'l'1ffUil\1AiltJ1Ji)\3 Glycogen: syn thetase LL a:: 

Glycogen phosp)loi.·,ylase: PiEn'l'1fl''1::~t.11li>\1 I r Glucose , •mi-.i::fJ Glucose il~1l'ln1l'1U ,, J 

Ldil\1-.J'lnarn•::'ll f.\ fl I In:?4lin, i II I r I 011111 I I l fl[ Ir ',.I I I, I I 'f/I hill r IJlJI ~. 

II 'l'lflfl'l~flntt'l~fltiCU~1Jil\1L'lfaaA'u .f1~cl" \flli!~'l Glycogen" un-.i::ff::au'lu L'lfaR Uk j J 

u~L•cuflil 1 Smooth endoplasmio retd.culum i>~111n (10) ~"iJ~LftUill\t.1 ~1ri 1 Gly- (o<>) 

cog en 
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u,~Ri ,~,H~in~ "~~ l'IN~ 

L,;u 11u1un1iL119l1unaa11 ui'l~n,,n;ri1va1,Aun1~ (10,24) 1un,ruffa91~nfli'lil'1LiiuLu1-

•n1u 1n,riflr1'1t1il'1 Q. ycogen lu'1Jfn111a11tlu 611un1, \tJ~vuutJri\ltn" 1"',""-i'1'1..i'lJ°ntJ.:S111fU 

tJD\1 Smooth endoplasmic reticulum 

lv~lu Smooth endoplasmic reticulum 

au1~1un1,~nu1~nltJ 

..ivfllt1"uffttutJ~1nn111n111v~1nn1~Mnu1lflvl~ Light microsope uri: 

nail\l~i'ltli,f'IUD \i'lflfliilU iJ1.;' u'1u-)1u1~:trn1~ \tJ~fJUUtJi'l\ltlil\1 L11911Uilas:l11'llil\1 lt11JU ~un;1'1 

Lnflan11 :n1,a:a11lt1"u1uAu ..i~nLnfl Fatty infiltration ifuluL~rioiAu~1n..i~ri1; 

iu Alloxan, 6-Aminonicotinamide uri: Streptozotocin f"n;lHLnfln1,t11fl 

Insulin u~:ltiuafl\lttHAil"'•utJ~:nnui1u111n\1L~ria n1~Lfi11t1n'1lt1uun1~nfiu1vlflvl~ 

rrntn,nVt rin'1n1 "ft' L flilffttu-)1 1 ua91~'1flriil "ff L iiu L u1..i•1u~ :trl 'IJumJ. "ifu'~" 1 u L iinfluri: 1u 

L~rioi~u (5) 1u11ru:L~u1nuf11111a1111inlunT1..i~\ll'IJuu~1nAu1u1tJ Very low densi­

ty Lipid-Trig lyceride n~tJLtJ~VULLtJi'l\1UilV111n (5,25) ~"n;lHLfi~s:in11:d'iful~ 

"''u L ~ri~~u'IJn\1..iY,ffli;i~u N-Methy 1 acetamide iJanttru:t1n" L ~riau1""''u~nn;ri1v LLi'I: 

Mitochondria u•11111n LiiultJl;-)1'1Ju•un1~L119l1unaa11..iri1u1nu1"l~~~ \~ultJl1i1ulu' 

r·rn~1mnti QI fJ'i il\lnaE" ~ rinii ftu5 \ i'11'191iEUDf)i) VI ""d '1tfo1;;iaut.lm~u il GUI Vf)I, 

LR11'lln'1lt11Yulfi' fin nT"Ji'lfltlil\1 Rough endoplasmic reticulum uri:nTHR11t1D\1 

ribosome fla~: rrnaufffluu :-)lf)T'Ja\1 L fl~I :.,ltJ~"U 'lu L~i'laUl;;J :i'lfli'l\lfl"lfJ 'if'11il~\lntJNi'I 

nTn1u\11Ut1D\1 Pain 11ri : Garlic (26) 1\ri:iin..iri1un~11 (4,27) LLri:rrnaud'~: 

Lipoprotein 

fl1fll~-)1Nri;;i1nn1~rifln1,a.;1"ltJ,P'lun1~ilNriAnn1in;"1unu1"i1u'luL~ria ~"Ail'1il1~vltJ,­

P'luiini;i', u ( 26) "'"" LLfln~• '1tlil'1anuru~uri :~;u1ut1D" 111uu 'l u L ~afi'Pi'ufftm 'l un1,ni;irin"ff 

u1~:ifunufl•1111uu," uri:,:u:L•ri111n"n1,Lnfll,fl Lu1..i•1u Ldn";;i1nv11\~ri:A1 ( 1) 

an1:1ru:i'inilVl'1..id'1fftm'lu L ~i'lcltlil\l~Ufflfi'-ru Alloxan LLi'I: Streptozo-

toc in fiE~d:J Smooth endoplasmic reticulum 111n1lu Liiutfn,1un1rn~ua•-)1 

~"ltJtJ, :nEUJ.lil\1 L1lri;d'iJtnJ1ff..iri1fJEVI" L'Iiu LfifJ"lOUnT'rn;r11ua1,fht Lipid metabo­

lism uri: Biotransformation 'll1Na1"j~"ff..,'1"n1ua.;'1"i1'uua: l~-ru~1nn1rnrnn 

(20) ~\ldUnl"jLA11ifU'llE\1 Smooth endoplasmic reticulum u1;;i:fiNi'ln"j:t1UnUt1UIU 

n1~iif M~11u1" lii111nr'i1fov if" Liiuflu1au 1 ;;iff;;i :i4nu1~n ltJ~"n1'1fi'1u \na11:Stiv1 11ri:ih Lflfi 
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Lflil LtJ.:juu Lflt1umin'l"nll'lrlt1\1R1i;i'ff nu·nt1\1'lu5u1 fl!r'limi'l'IUU\lnuu~U'l\1(9,2a) 

ff1tJ1fl'~'lUU<.i ::1"ff'l":irirh 1" L nfl LU'lWnu 1u":i ::u ::ilu.fu ( 6-Ami noni co ti namide, 

N-Methylacetamide ua:: Streptozotocin) LttU\124 '1111. fl'l":i LtJ~uuLLtJa\1 LnAilu 

d~u1fi'itl'l L<JUll'lfl~ Endoplasmic reticulum ua::<.i1U"lU11tililhuJ'u LLa:: G:lycogen LL~ 

fl'l":iLtill'lJD\1 Smooth endoplasmic reticulum 1ii11'lnLti'lffiJ":i'ltJ\1'1U1J'lnt1u (9) uu 

1un":il0tli1\1 Al loxan <.i::·rn&i\1 12 'lfll. flA'lll fl"l'lJJUPtfl~'l\ld'U'l<.i:: Lnlilfl"l'lll\ULL":i\l'lJD\1 

fl'l":i Lilu LU'l111'1U1uffi;i1tiflrlil\1 111J~\1'lJ1J'llil'lJu\1tJ'lffli lla::ll61tttJ'lDflfl"ltJ ( 1) 'lJU'lfltJ'ltf'!\1 

ll'lfl 1tJ<.i::nu1" Lnfilfl'l":i Liluihtmi," 1ii Lmn:: L<J'l::<.i\1 i1'1t1'1<.1i1i'it1a11r111'1 LtJ~uuutJa'1inu111::'lJt1\1 

ti't1~afll'l•1<.1::1A~uA•t1 

11i1t1ff1tJ n'l1t1ftat1\1LtJ.:juuLffuut111»ffPi1LiluLu'l11"l1u llilu1~a1":iLfli1~1\11nu 4 

ih RD Alloxan, 6-Aminonicotinamide, N-Methylacetamide1ma:: Streptozoto­

cin i1Na~1\11nu Pit11::~u Glycogen LLa::11'l":i\1a-i'1\1'lJt1\1~u ua::nuinutu::'lJD\1 L'lfa~ff 

LtJ~uuutJa\1111n11i\1<.11nn1":ilH N-Methylacetamic llilt1R<.11":i11J'l<.11n~1 SGPT ua:: 

SGOT r, L ti11~u fl'l1tllil flD\ld~uu ::~1ff11tf L 1111'1 ::ffllfl<J ::ti11" L fl fl hfl L U'l111'1U, ui{Pt,.tllilflil\1 
• d " l: .... 1 . ~ti Alloxan, ua:: Streptozotocin LW":i'l::Dilflqt16L":i"lLLa::Lun1::L<.11::<.1\1 tl\ltJ\1 11 

nuAttlfltJPl":i\lPiDL'lfa~~uiin~•tJ fl'l1tlfilr!D\1fffl"l":itl1~D1tJ~Dfl'l":i~nH'l~'lafl'l4::L":iflLU'l11"l'lUd' 

ff11111ri L tJ~uu 1"nilu L ilutJnPilfilu12f Insulin 1fi'11.;D 1ii ~\li;\'lu lfl":i\1ff-i'1'1ua ::n1":it11'11u 

'lJ il\1 L 'lfa~Pi'u ua ::il'l<Jf4mfl~Di1'1n a 1 nfl'l":ii1Dflf}t1ff1::~u111 L a11a'lJD\1fl'l":i L tJ~uu utJa\lfi"l u L flD<.i:: 

L ilutJ1:: 1 u'l1u1un1":iu111112itJ1::nDufl1111i~"1iuifu91utn "fi'1ullt1t1'1 fl1ff Piiif"lfl1t'I LL a:: 1u nT~ 

u11111~tu~J.u11flLU'l11"l'lUDfl~"ltJ 

ut1n<.i1nd n1":ir4nu1du'1t111Ht1":i1u~1a11Lfli1~" 4 'lfUfl ~1111":irit11lttLfifll,fl · 

LU'l111'1U ff Au lsjtti LU1'1~ ::PiD~UED1~~\1fl L ti11<.inu L ti1du uPiu'1i1iht~il L 'lf~nitJD\l~UDflfi"ltJ 
if<.1~iiudu" luwnunu~~~,"j L flfl L vi~,d'iJtiu~E L 'lfa~'lfilflfiu 1nn11'1t1 lii a'l, L 11~1d't1'1<.i<.i ::fl NaPit1 

L'lfa~t1t1\1":i::uuauffuo 11~t1L'lfa~'llt1'11Afi,ut'll; ":i1ua::Liiuflt1D\1ti'E~a~\1n~11u\1;D\1fl'l":in1, 

f1nu1~D 1tJiln111n 
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SUMMARY 

The Thai traditional medicine handed down from the Sukhotai 
period through the Kingdom of Ayudhya till the contemporary Rattanakosin 
Era has mainly used herbs in the therapy. Although being preserved and 
restored under the glory of various kingdoms over a long period of 
nearly seven hundred years, the Thai herbal medicine lacks a favourable 
development in proportion to the advances in other fields o The major 
reason for this lagging improvement is the insufficient knowledge of the 
traditional herbalists in science, chemistry, taxonomy and English o 
They empirically used the herbal remedies according to what they had 
learned from the previous generation without any scientific evidences to 
confirm the efficacy and effectiveness of the drugs. There was some 
confusion of synonymous names of the plants . Sometimes the plants were 
unidentified and no individual was able to establish the correct identi­
ty of those plants possessing the therapeutic values . The symptoms and 
the names of the diseases were not well understood in terms of modern 
medicine. 

The herbal remedy itself has many weak points that require 
amendment: for instance, the drugs were not palatable, difficult to 
administer, of slow action and to be taken in large amount at one single 
dose. Furthermore, it took long time to prepare for each treatment. 
Some preparations had complicated formulations consisting of too many 
kinds of unnecessary ingredients. 
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Because of all the above disadvantages, the herbal medicine 
was gradually dying out when people were offered a better choice of 
treatment, i.e . the modern medicine, which was first introduced into 
the country in the reign of King Rama the Fifth (A . O. 1868-1910), 
Being strongly supported by the royal courts, it was accepted by the 
public with gradually increasing popularity. 

Severe shortages of imported medicines during the Second 
World War made the people turn to the medicinal herbs again . One 
striking suggestion about an effective and rapid measure against the 
acute deficiencies of modern medicines was to launch a nationwide 
campaign to encourage the people to raise household gardens growing 
some important medicinal plants. Unfortunately, the idea was not 
carried out as intended due to lack of earnest cooperation from 
the government and the public. 

However, this marks the beginning of the developing period for 
the Thai herbal medicine. Medicinal herb gardens have been set up, 
The physical, chemical as well as healing properties of these plants 
have been investigated, During the past decade scientists have paid 
more attention to boost the use of herbal medicine . It has been 
further studied in wider aspects such as botany, phytochemistry, phar­
macognosy and pharmacology. But those works were separated and indepen­
dent. The results were hardly ever made known to the public, and so 
was the use to the benefit of the patients. 

For the s~ke of unity, a collaborative project was initiated 
a few years ago to systematically develop the medicinal plants, so as 
to eventually and effectively make clinical use of the results obtained. 
The future of the Thai herbal medicine is not showing a good visibility, 
notwithstanding there has been an upward tendency in research in 
medicinal plants. As one senior physician put it "The distance of the 
herbal medicine from the experimental room to the patient's bed is so 
far apart". 
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'!!! I ... l l • A "" • ... , ... IS l" .. ... • 

ll,1"1fl~lilnU nu mnu L u"11Dn~::11".,,n:i1un1.,"ttnu111-1uA::1uRn uauuuu ft "Anv"ttUPI,.,, 

~~"in~1U1ftLLNfl;f\)HUDNi"u,::nDUfl"l1lJ,Ufl~\)durll.l.,,n!JD~,UPl;.,,".,::laaan"J::U,.,,tlrufl"lV 

n1'1u;t1ftint:n 1.,l'lfl'1vv1 L t1u~i!H~n Anrlu;u1n1 v1 L l!jun-,1u 1 ,;, Ll'l4D"a1!u l1'f.,;f "£1'1"t1D" 

1ut1.,:: Ltlfl ua::rid" L,j1u1 ~1 n~1"1.l"':: 111f11.Ju.,;tt1n ln!J dfou"fl::lau n,.,u1"v1il~"LL~ 

Pi;iu~1u1 1.h::naufi'1va1!ul11., 2-3 Dti,";f" Li111rii~nnu~1 lu1u.,::fl'un,,U',u ~uii"n,., 

u1"v1Pi;iuv,n1 ll., ::nDUfl"lVa1!ult1.,ii" 50 DU1" ;f";D"D1KuR;iuv,rin;HUft~"luNaul~ 

utlUDU tl1flll1" t,JrJ1'1i'11tllU"UU ltl°un fJ1~nnflDU V1fNfl ::a, mj';fiu tl'lHUD V1~1J V1fti)\) 

tuas.lvD'JD u1d'u·nnCJ,,£laTI1ufft1,u v11if" 1t1u LR~D"aJ.!u lt1., 1M'"nn,1u1u~1 lu "a ::£1h"tt"':: 

1 Da fl ;f "ll1"v1a;Hiu 117t U1'1"1 ::.,1111'"1rn:: t unD"«w h"""':: l Daatf P1'1£1P1;·nu, L :Sun-l, 
) 

A;.,,u, 1u 1 "'"""' ::l:nafl;f "Pint1DftlJ1ii"auuiP1u lnft1mi d:fDl'l.f "~un1"f1.~014t>v'l L ,j,, .,,,Pl;.,, 

V, L t1u ~;_u "lUlJ,n \}n L rn f~fl11Y~'l!H1tllutt.;'DlJtlUlll;"J'l~'l"1 "fl :1'fl"l'lD'l.,,lJU'lU L S!JDUff Hfl\) L11fiD 

D ~Pl flDft ~UU.,., Fl'l fl 'l lUi tl U ~tl., \)fl fll1~ff if "rJf ')pt D ~£1R "l'lUa;i;'cyD U'l \) rl \);f 'J ::,j"l uamrn fl 1'flll.I ti., .,lJ 

tl"Nn1'111m1u"Nu ltrn 1fiu 1MR"D~auu1~uil'1as.lviRu1nftuw.; 

tuas.Jviflulnftmri (11. f1. 2325 1i1ufluu1) l'IUH'1'n51un1"ll.,::1'A111aR.;;fn~'l"l 

1'"n1·rnlinu111-iu lt1t1 Lfl1Ju1n\fu £1n1.,.,,u.,1uR;.,,u, 1flD u~uimn1rn ::'l1~n l; 1t1un~n s1u 
1 

• 0 ."( 1 I d ., l ..I lS I ., ,J • ~ •., l DV,'1fl'l"l., n'l.,~'ll U\)'lUuU"l'lPIDL D'1nu ~ l "jUfl\) "~1tfn'l~tl 1 tl"'"U!J«\)tl1fll"lfl ~6'l"j'lU 

( 'ifl 1 tti{) IJ"a.;,"~" 11fiaa VD~ ou1"ri:: 1 t1u"., ::D1.,1uHa1" t uati'v ouq1 l fi un51u ::;1°u 1 t1u 

\i"j ::t1'1.,'11JHfl"l\)1iu l on, t1~D,, 1'flt1"j: l t191ttu1uflsJ\)fl fl'l1 '11J l t1u 1'1'1Hfl"l'1tf t H~l Rff qfl t UU1: 

L tlf1l tiu~rlu~ 11run~1'1tJl,"~"4u 



,,.,ll,., 1ni11'h10, 

n.11.-n.v. 2s2s 
mf s 1~u~ 3 144 

n,.,!l1111nu11ul~.,1nv 1 

luftA o.,.,IJD,~ UR~ AN~ 

PliJlrl, UilU ui'tlfflilfl 2 (" , I'( • 2 3 55) tl"h1tl., ::fl;.;;1111 fJ\1~" .L a-vn1" Pl~D ~ 15fJ'1 

A'uii.;LLtltlUfl "\)fi Un Nill'lJLrn ::n"'J ::~fln"J ::'OJI fJ 1 ti L J'.1unuu1n Dd" rna1m01 U ~ u1htf t1;u1cy1u 
.., 1 •rt '" • 1 'rtl "" , .. !!I rJ ilntttu:: ., flu il ::ii "'J"'J\1fJfllU IOlliJ \JUD UflU 'Jfi'1illU n 'OJ:: lhJ 'l n mn U111 fJ'1UI "'" ti., ::U"'JIJ"J, 'ti 

1D"nl"'J1 tl"'J fl i 1 H:lu Lill ::uil'l "'11Pl;.,1 t11 ~nttfll:: h fl~ "Ll'l" 1 u1htJil il ::DD" Q~tt., ::u1n .,1 tttP 

1 .,#It .., • • .. .., ., ,,, 1 ..... 
Uil::tt.,::.,l'tllflfll::~nDl.,llJ flllfil"'J'OJflil"Pll.,lfJlfl1 '1illfJQlJlJIJltJil,nillTI'llfJ LIJD fl"JlJ 

n1"JPl"J'l'OJiliJlJ~flL~DnriL~iJ;l~'OJ.;"u;'l~rln1"'J'OJflil"Lt'.1uP1;"'Jl'1il'l"il;'1iUl"'J"tt.,::lDi1TI ~" 

U"'J::nDU~'lfJ 2 L~iJ"AnLdiJ"nu L~iJ"Hd"RiJPl;.,1t111ul"'J"tli::1DilTI 5nL4D""d"RiJPI;.,, 

tt.,::1DilTI~"Lt'.1uw"J::lDilTiflLflfJU"'J::niJUTI'l1fJ'OJ.;" Pl;11t1"J::lDi1TidiunuuLt'.1ua~P1lt1u~U1flOil1" 

3 L~IJ LLAL~U'1d"rJu1"a'lu'tl;1flLfffJ'11fJ~"fJnL~nltl~"LaUL'1fiD1;\;,Ru" 2 1au aut1it1 

n1ilA 2 uu;1 Lt'.1ui1uuu~"n11ifuf! L4D"Pl;"J11U1t1u 

it1n1ilA a (w. fl. 2a14) rl"auuff'OJ::t1.,"n::~u;1"P1'11u L'OJ.;cyphu'OJ"'J"'Jt11uil::'ltr1 

fl'llUinuD1RfJ1flLt'.1ui!TIIUAAnu1 tl1"ltl"'Jfl1Ht1D~"~ .,~1flt1"'J::L'tl~?1ui 1Lil::rlt1"'J::"'J1'tltlruc1u 

f1 1flt1fl'OJ::1 {,ti., ::D1.,1ud' 1t'.1uu'11'lt1 u1 ~u u~"n1.,ff ntt1i1;'1iuwanQn.,~'l l ti 1 ftmrn1 u~DlJ 1 ~Pl 

~D"'l~1ucyAnttl~"'t'.1u'lt11!t11Hn11"~'ll"DDnlL1lJt~Antt1nULL~LQWl::LU"'Jl'tla~il ~"tl"'J" 
W"'J::n1fll1lt1.,P11n~11HLil1::'11L~Dna.,.,a.,.,t1Ailtl'lt1u1n1.,iJu1t'.1u~t11!ttnuu""''t'.1uiunuu'OJ1~n 

il"LLNUAilltl"'J::~u111uu.; L'lCU1fl\1''J:: L'tl~trni (111ttff 2) 
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Sopit Tham-aree, et a l. 

tun., ::u·rn L ~il\l~·•n=Jn l-lfhunvutJu'1n11~'1P1'""1 ·nv1~1"1 ILi'l ::~'l11 LllatJ L :ln" 
fl~ulW.,ilU'1\1tl~illJ~i'l Ai'lilfl~UU'""1Aulu~Lnuv1f!~Ulff"lffM1tJ1n111tJ~nl~LnUDU1l'1n L4i'l'1 
' ., ' - ' M .,., I rn '111 T'J n v n-niln .,.,Ammu '1i!ln uwrni'l'l V'llU fn11J"!fl 1u A'l" 1 

MtlU~1U lfl'ui'l:: Lnun1.,.;'ntt'1flUilUU~\1UU-lu~ ::'l1'"11flUPlmln ltJ 

iJnt'imil-lt li'ri ::fl•n t u'n1., ff~:: 

fl'"1fufl ;.,., v1ff fl'-1~1Yi1~un'"l L 0fl 

111~1nfl4 ".;''l1n1i'ln a ftnPi ;.,., v1 fli'l1~1'f n t u-lfltl.,:: L '111i1ttu~11i'lu"fli'l'1.,111 ( fi'fli'lilnLLi'l ::Rmi Li1n 

"'.1'1.2505) 1Li'l::~\1LL~£1 2500 l~iln1.,~fl~\11.," L ~VIHU'lt'IVILNUlU"l'lruifutuu~ L4rutt., ::1JM'l 

L ~";th ::~'"l..;''l1n1i'l 4 t't"J ::n"fi (111wff a) 

111t1~ a ~'""d"'"~fltt.,::L'l1~ttui u~~uuLnu~ 
~fl~\1flll1fil11 h" L ~vuuttti tiuJJu lu"J1ru 



1"1111,., 111«11'11w, 

n.".-n.u. 2s2s 
n~ s 1.iu~ 3 146 

n,1tleiu,llJlil 1tt., 1nu 1 

111ft" 011UD,~ uaz "NZ 

l u-lt1rnt1d'u "£11'1'lff a;~'ll5nm1""d"A'n1'1'li1tt1 n·n11i1u ( 1'~~nutln") ~" 1 fl'tl.," 
-~ 'IS I .. II • .. .. .. , ( ) IJiCU::tJl)tt "'ll., CU91" LL91 L Uil f'l i ""'T'J "ti., :aJfttf.,:: L ~· \\0 tJ'1 .L Oil n .,UHUU L ~tf!1'1Ul'lUtli ti • ff • 2 46 4 

1 fi'ni "ti., ::n1cu11tJ.,.., L n ;., i l J1~1~n91;.,., t111 tl vuu Lu~uRuenutli ::tl'uuu n;mNw., ::;tt•itttl ri 

ht11au ILtl::flf1'1il'1.,'1tJ L~n (111t1fl 4 Ml:: 5) 1°1'ld'~" Li1uuH~"mfi'm;Pl;.,.,tJ'1LLNUltitJ Liill 
.. 'I ' ' • 1 .. ' .. ... if ."l , , • 

1Ltl::Lt1'11~•1u1~::tl1 •nnu~1.,n•l'lt1i::Ltf~t1ui ~,uuf11a9l"'J'1~'1.,tJ u1t1LLt1tltJii'1.,.,'ll 
.., I' 1".., ' , .., 1 1" I " I.JI~ !II if .. 1 

"l"f1t1'1'1 l'lf'll'ltlD091'1"'J'1U'1~'1,n"ll'li'1tl nia •DU'l"f'liUn•ULtl'1t11LNUntl'1~'1,n "LtttlDil~ 

(w. fl. 2522) 

"' ~~ I ft .. ... ... IS 'I I -lt1n'1iltl 4 LUUflPILU1"0'1"'J Lul'ltl., :: Ltlflfl'1'll'1UflUtl.,:: Ltlfl9l::•UPlflf'I.," 1'1'!Jf'l.,'1"l 
" 'I I ' .., .J " I IS I .., .J •1 ".., .., 'I 

1LiflL'll'11~•1n1iut1tltJLLNUPl::"lU9lOtlL'll'11l1LNUILttiPl"ILl'ltlil'1U"'Jtffl'1iltl 3 n ~iun1iauua~u1u 

i11n:rnfl 4 d' L tiufl'1un1ieJ~n.,.,uuuuP1 ::1'uAn uPitJ., ::t11ttu if "flAflmn11;f!t1n"LL"tlULLNU 1 tltJ 

L fi11~ "1 u un11 iun1i mm uuNufl ::1'uP1n 5n~" l u L ~n "n1.,-i'ntt1w u1u1ili:JU'" lul A' L il1 l tl~l'ln1i 

1J1t1.,::111t1u tuinn1afl 4 d' rJP1;u1u~1rlu.,,~i"fl-10u11ilfl'Nt1fi upjf'lultiulu~u LfltJ~"lil 

un11 l-E i111nr~i"~"LLU ::u;tt .,:: L ~.,U.,U"l"A L fiiln.,u11s-n""l"tt' a.,1t1aOtl LLtltl utl., ::~;"., ::n"fi 

1uitln'1il~ 4 lH'ft" Ltl~nn;!u1PIU'1 L,j''111'1Ufl Li1UN"l'ZiLLUUtJ'1 lflu 

., :: L £lu"'ltt'1"'Jf'l9111'1 tJ lu1'fl.,'1'l11 il.,ii'1i'1JJ ~::fr" L fl Pl Lau 

Pl;.,,u.,~1iJn9l'1UNU"l"'tJ"'Ji>U 
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Thai Herbal Medicine I 

Sopit Tham-aree, et al, 

• .. 1 .., 1 ~1a1i1vL~nMu111i::~ uan,fti1~ ni~1i1u 

~nA;i1v1uuu~u~~1 

i~n1~n 5 ni"tl:~u;1"RuiT;utttlVfl;,v"'ff"nutu~uvi~n1aA 2-3 lAvni" 

1 " I 1$ r 'I ., • r r .J I tti ::n1nn tJift L na1LLft"A"Lmnumn" ~ Mn1n1iAi,_,~nu11i :Kuliiuttnu~.nm1A1" 1 n1iil'!J L ;t'll 

tJi::~Kufi{u11nuiluLiJuA;i1u1lt1VMa1u~uvt~AD1 nuu1~~~flAu ru ~n1u~~1"1 nuu1~u~u 

UU~1LiJUf1,11Jll1na;u1nnv1"JJ1nff'l::M1~n11i::Rufii M1M~n31u~Lnft ~L1VuL1u" AaDft 
• I 'I !!! I .., .., "'l ., .., • .., !II r r 1$ 'I ., ~I( J " 

'IUA1i1LalJ~ALr1ftnEUMa" ll1lJM~"tl ft'lftn1i~nu~1i::tti:fl1J11iu11nvtl"ll,~~"LUUtl~nAD" 

u~,~lfi.,Ail'u~n l ~tuMD~Slflmn" u~lft vu1m'f ifo"'" t~nu tuM~uttnvMa-N tuauv.;'~n1iff 5 

ifo LiJu ~fl~11i:: L ~1n~'1,tli"n ::~u;1"u1u Lfln" tu'lnfi'1unu~"n1·m"nuua ::f'ln-11 LiJun1i L ~" 

~ni1~LMUtl1"n1iu11nuuNUU'liil'ututJi::Ltl~lnv ~"uuLiJui::u::L,a1~n1iu11n~uNu~:~u~n 

lfiiun1iQuua~unu1""'"~" nn1inn,"li"11v1u1~~,,,~ (11.~.2431) ua::li"11v1u1a 



n . .,. -n.u. 2526 
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n1i"111U1Q~ulMil~u 1 

laftR oiiuo1• uA~ nw~ 

~u 'l rln1i~fl,'1n"HJt'ltl1lJ 'Hl . (ti. f1. 2431) rln1'1nil'" 1-," L 1UU.,1'D'Utnltl1iU (t'I. fL 2432) 
t " ., t :ot "~ ' - t • ~ IS .. • t "1 t 'I ., l Ufltt.,:::lJ1tl"'lJLf'l~W.,:::L~1ilYti'nv\1tl.,"W"':::fl1.,,1n"HlJilN.,\1UUf\~~" llfln lJf'l'"''Htl1 tlU~'Jj 

ltJ fl"dutuH~n\\A"' Lt°iutia"ll'n LifuumrnuA Lifuu Hlt11:::''h11uttnuNi"~l~ LfiuHinijP1.,511111ttnu 

lmJ d:fu 1~ui1n,'111A tt. fl. 2436 lf'ltJ 1t1un~m1~., L~iln mrnu11Nu lnu 1~mHnuti1u ltl° 1t'fu 

a1~1"'v"'au''h11mrnvl nu ~un., :::'1" 11 • fl. 2 450 ~"n~u1u"' tJ15111u11nuLnu 1 iiu 1 i1u'ltr1u\1f\u 

~an11uu;D""'au~1u 

tu 1~D'1t1D"A;.,.,11ttnuA'l-d 11uudu 1au11.,n~mLtttlufl1"'A..;"'" Lf'l.,1:::" (Rm-i tt. fl. 

2438) n~."~"'l111LU1t!VILNU1t1U LfllJUil:::'l111LU1t1UNi" i)i)OlJ1 3 L~lJ~ Lfim~ultJ Pl;.,, 
• ' ' ., * ~ l!'I ~ .... .., # .., 

LillJPlillJ1t11UL~1~Ml!:tfVll"':::fl1"'9l"'L'11 (il1~1.,tlf'l") tliltJ.,:::t11Uil4'lJ1flnlJ"f'llJn.,DlllJHil'" 

'l .... t , , t .4 i1 .. '1'Dil,1Utttltlfl1"'Pl";i"'\1 Lfl.,1:::HDUlJHin'1rJ 2 LillJ~lJ LUUPl;-,1LLtltlU tltlutl'j (tt ,fl .2450) 

AillJ1~flRuJ91;.,.,11r1trnfl1"'AicuulY'11t1tJ a 1~u~u (ti .fl.2451) Pl;,.,~" 5 L~llt1il'1tt,:::u1 

fhnvtJ., :::l'l1i!Ai n11d' tn '1i1ttn1"'tJ"" :::n1fl'l J1° 1 ituA;.,.,.,il,""';.,.;-mLtttl ULLfl::: Ln IYtl'LLNu 1 flu L fill 

11" L ituu., flnAntlilfl 'l 'lfu1~uii '1U~"iuu ~'uA1"11LLtn1 vf11"'A..;ff ~flAm1'l ui::: u :::H~" 'l "';.,-ru"'Du 

'luln 1=Juu11wnv ~:::n~1'ii'1'51111mnv~1;'" LnauHml~" L~ll ilu1 lrrn1Ln.,nu1" LDt11:::rilu'i1u1 

~l ;'" 'l ti ~u 'lu Ast"' lur!A;,., 'l"' 'l tiu "Lum u1Lr-1u t nu' A~ :::n~1 'i1"n1, uttn u1LNU 1 n t1 1fiu1Li1 ::A;,., 

t11lttt1 

L da'1~1n tu.,:: t1 ::dun1 ,LLtttl ULLNUPl :::1'uAn u" lu' L i1uff t1uu.;'ut1u\1tJ, ::'lfrtl'Uil u1" 
.. uli"' ., tl I 'l" '1 -n'1"tl''" ~\1UUfl1U01.,.,n1t1''HJ1lJ'lfl u i\1t1tl1lJ1flfl'l'1'J ~::: 'lfnr.,ILHtltlllNU tltl Lf'llJ 

u n L -iu h \1\'t tl1lJ1fllJ1'1in ~::: 'l tf'50tlil \1HlJDrH'" LLil::: 1 "'"" t11lJ'l i!ft'1i111t U"J::: u::: ""'Oil4'JJ1fl 1 '1°Plu 

11i' L ~iln'lM'ntt1911lJ httilll~'l~:: 'ltfLlNU 1nuH~ilLLNUfl::1°uAn u1fitti'lu h'1tt tl1lJ1ilA;,.,'lf~'1il 

~ \1t11 l tltl LLil::: u1rH\1 u1ltltlA'l17~ :::tli :::nuu Lu" tu 1, '1tt u1u1i1A;"1111 mi, IL~ n~1u1tJP11u1"'" 
\·IV 1ll1il~U 'l tJil'1n"HJ\itl1ll1 ri u1A'l1fi1~" t11 rNllrl::: u1 Plll 
t '.!711~1,j LLOfllJ L ~;'1Jil1'11.,ll11"1 flt1fl un0fltlil "~'" L if u~u 
'luu1'1Uil~" 9 t1u1ul~ 

.. "'" ... 4 ., .. t U1PllJt1~11LUUHflnif 9 HlJil Ltl'U 

u11ftuf11uflluu1~itrnn~'u1 

n"Jmrn1u1i1ll'i~".;""nuu11tfunlD<1mt1i11'luiJ \i .fl ,2444 t11uu1lnu11ri::u1 

r~i'" 11ri :::rllmrnfl1a1A1u'1' 1flu" 11~1..i' 1~n l11tui1 2445 1~a:::~l'ln1.,t1~ut11"~";fut..,u' 
L if un 1 il<I M1fl'l'i !jll1iltl1 u IL~ U1 Ni'" LLfl :::n1 "1 N~VI U19111Jt1, :::,1'lftJ, :::<! "fil fl ti 1 il<lnl'l1il1nt1; II~ 

U1N4'1 

'l "' JI l'I' t .... _,,.. t .. 
u"'uui'lfn1il~ 5 u "911U1U0ff1,ll\101 ~U1VIU~fl1iltJ~1<1~1n9l1\1tJ";i::L~flLtl1lJ1 

1fla'1lnu1i1uf'l.f'1LL.,n 1Aa 'ltil~fJ" 
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"" ., • ., ., ., ' .I • 
l wn :aJ'.1 ::n111u l "UlflU lfl Ul\il:: l HUtrnfl1"'i"Hll:t1tiU1U1ill\UlJLU~1Hl::'lU\i\nLLilT'l1 mrnqnri L "'i'l 

fiu ~1 U 1 ~1 fi°Hi11 u')o ~ "£1 ~0 tlll1J1flt1'U LL Pl th ::'l11'l1U l fl tJ l il111 ::Vl11Jtt'l LfTil "~ V"0tJll1 tffll"'i 

' 1 '"' ., /: • 1 I I .. !!I '" I' J ~ I 1 lUOltJLLNU tlU lflll A"UUtJ"'i::tf1'l1U'iN llflilV'ltiO lflilfl"JilU l"'iil"fll"J1Jlfll\l'li'lUtJ1t~"'i" un .,,rn 

Ldil~il"LN~~nufl"fl.,1lll«nfl~"ri 1 ~"~91fiu"J::u::r1"f1.,.,111«nfl4"ff 2 fftJ., ::i'lunuif~H1n1., 
1l1fll\fli'lUtJ1~4"L~Uil~1"rl" 

111 L~un.,1Jr11n1"'iru"i11 il"nfln., ::t1"'i1"11H1\i\ ltlv LLU"n'.l111"i u1u 13 nil" 

lU~VU~illl1'.l10lilflllA1i'lli!lU1i'l ft1tJH~"L1tJflflil"1ilflllAlfl1i5u1i'lfifl 

ri 7 ~ltJ~tJU~ill~Uflil"lili'lllA1i11 (tt,A.2469) 

.. I: 
flil" l 'ltf'lPl'lUU 

LL fl:: d:filii"i'l1fllfl 

tufl~"tfunil"lilflllf11i1T1!JU1i1N~PIV1 2 tJ"'i:: lfttl ~ilLLNUltltl Lfi1Juil::tJ1LLNU 

if'.l~ uu v1Lu~ulviu Lfi1Jrl 1 o 11u1ul't\uriu1Hillliluvi.,~n"i tnH1Juu11nii u1 Ltn1~P1.,1"'i11v 

V1U1"i1 UcUllilU~fl"j v1111~""'i1tffti; v1qii'u U1"!1llt'ltl1i'IU U1Ull~tn"lf1fll"j U1~Ut1.,iiil1 Lrn :: 

U1 Ci1FJU'n'JU fl()" l _ili'I llf11i11d'tn uiul "fl "fl "i1ll 1 i'lflfl4"ff 2 i'l"ut'l"~ tlfl Lii flf11., N~VI V1 LU~U l t1 u 

L fi" 'h 191 v l s.f ti.,1u 'HFJ Nil t1" 1 A Ail"tJ., ::r1uucyH1111flLLfli1U u1rH~" 11n ::H~1 "r1 "fl.,111 li!n 

fl.f "ff 2 
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Thai Herbal Medicine I 

Sopit Tham-aree, et al, 
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MONOSODIUM GLUTAMATE AS FLAVOR ENHANCER 

QUESTIONS ON ITS SAFETY 

The studies on physiologica l and toxicological aspects of gluta­

mate have received much inter es t in the past several years, and many books 

entirely devoted to glutamate have been recently published (1-3) . These 

studies can be basically divided into 3 major areas . 

1. The study on glutamate as a neurotransmitter and/or as other 

physiological regulators . This is probably the mos t extensively studied 

area , and the evidence obtained can be considered as establi shed . Gluta­

mate biosynthetic pathways, rel ease and reuptake mechanisms, and receptor 

character i stics are all compatible with a neurotransmitter rol e, The asso­

ciation of these properties to speci f ic neuronal pathways in the brain has 

been well demonstrated . Possibl e f unctional rol es of these glutamate path­

ways and their alterations in certain brain di sorders have been suggested, 

although from mos tly indirect evidence . For example, cortico-striatal 

glutamate fibers may be involved in basal ganglion psychomotor regulation 

and glutamate- or kainate-induced l esions of cell bodies in the s triatum 

are used as animal models of human brain disorders such as Huntington's 

chorea, whereas glutamate pathways in the hippocampus may be related to 

several functions of this brain region ranging from mental processes to epi­

l epsy . Comparing to enormous number of literatures on the properties of 

glutamate regulatory processes , l ess study has been focused on elucidating 

their functional roles. The available information, many of which are very 

r ecent, may encourage much more study in this aspect in the near future. 

2. Animal study on neurotoxic effects of .glutamate. The early 

reports of this line of studies are of Lucas and Newhouse(4) and Olney(S) 

who i njected monosodium glutamate (MSG) subcutaneously to neonate mice and 

observed necros i s of the r etina and the hypothalamic neurons respectively. 

Since then, there have been numerous attempts to assess MSG toxicity in 

vari ety of animal species . With the use of different strains as well as 
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species, and with varying experimental conditions, some interlaboratory 
discrepancies, especially in the interpretation of the data, are not un-

common. Factors influencing the observed toxic effects include animal 

species and strain, age, route of administration, dosage and duration of 

MSG given. Furthermore, the metabolism, blood brain barrier transport, 

placental transfer, excretion in milk, and the plasma versus brain levels 

of glutamate are not fully understood; these factors determine whether 

there will be adverse effect of MSG in the different experimental condi­

tions. With these complexities, the data must be carefully presented and 

interpreted. Hundreds of studies in this aspect had been recently re-

viewed by several authors (see 6-9, for example) and some of the con-

firmed observations will be summarized here . 

The retinal degeneration in mice, rats, rabbits, and the hypo­

thalamic nerve cell destructions in mice, rats, guinea pigs, hamsters, 

chicks, and Rhesus monkeys are among the established observations when 

MSG was given systemically to neonatal animals . Glutamate- induced brain 

damage has also been demonstrated following oral administration of MSG to 

mice, rats, guinea pigs and monkeys (see 7) but discrepancies were repor­

ted by other investigators (see 8), Other toxic manifestations associated 

with systemic administration of MSG include convulsions and vomiting in 

animal species, Consequent to the hypothalamic lesion, several neuroendo­

crine disturbances after neonatal exposure to MSG have been reported; 

these include normophagic obesity, skeletal stunting, impaired reproduct­

ive capacity, reduced mass of the anterior pituitary and gonads, and red­

uced pituitary contents of growth hormone, prolactin and luteinizing hor­

mone(LH). Lower dose of MSG which is not sufficient to cause hypothalamic 

lesion was found to stimulate LH release and to enhance serum LH levels 

in rats (9). Interestingly, long-term behavioral and somatic alterations 

in rats after neonatal exposure to MSG have been reported by several in­

vestigators (see 10, 11, for example); these alterations include irrita­

bility, decreases in incidence of tail-automultilation and spontaneous 

motor activity, and deficits in learning ability. 

Animal ages and routes of MSG administration are among the im­

portant factors to be considered in extrapolating animal toxicological 
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data to human, It has been widely recognized that newborn animal s of all 

species are more sensitive than weanlings or adults to the neurotoxicity 

of MSG; thus, hypothalamic lesion in adult animals can be induced by MSG 

administration with several folds higher doses than the toxic doses in 

neonatal animal s , Higher doses of MSG are required when given by gavage 

comparing to subcutaneous administration to cause the same extent of 

neurotoxic effects, The important pitfalls in extrapolation of animal 

studies to human is that MSG administration in most of these studies, 

where neurotoxic effects are observed, are not compatible to human 

consumption and, moreover,in several chronic studies where MSG is mixed 

with food, none have reported evidence of CNS damage (6,8). 

3. Toxicological studies in human. Several anecdotal obser ­

vations of "Chinese Restaurant Syndrome" have been r eported s ince 1968 

(12-15) and it has been recognized that the symptoms are associated to 

consumption of food containing MSG. In addition to several subsequent 

anecdotal r eports, number of other studies were directed to either a) 

metabolism and kinetics of glutamate in man,b) human reactions to oral 

MSG and c) a questionnaire study. 

Metabolic and kinetic studies were reviewed by Garattini (8) 

and concluded that"in adults doses of MSG manyfold greater than those 

likely to be eaten with a meal even under extreme conditions do not 

cause marked elevations of plasma GA, particularly if the MSG is 

consumed with a meal." Since plasma levels of glutamate in human vary 

widely from individual to individual and from season to season in a 

year, probably up to a factor of 10, so it is difficult to correlate 

glutamate plasma levels to food cons_umptions and to adverse effects . 

The double blind studies on human reactions to oral MSG 

reported agreeable results that the appearance and severity of adverse 

effects are dose related (14,16-18), although there are differences in 

minimal dose to produce the responses . These differences can be due to 

either subject variations or different food contents in which MSG was 

added or both, Certain volunteers demonstrated higher sensitivity and 
responded to less than 3 g of MSG, whereas the 25 g dose did not produce 
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The questionnaire studies on the prevalence of adverse effect of 

MSG consumption (Chinese restaurant syndrome) had reported different 

results varied from 25% (19) to 1-2% (20) of general adult public. 

These are mainly due to methodological variances. 

With the available information, it may not be accurate to con­

clude as in the recent symposium (21) that "glutamate ingestion is free 

of toxic hazard to man." It would be more agreeable to state that, to 

date, there is no convincing evidence that human consumption of MSG will 

cause brain damage and several consequent responses as have been reported 

in animals. This statement is based on the observations that: a) oral 

intake of MSG, with food, is not found to induce hypothalamic lesion and 

marked elevation in plasma glutamate level as is observed after MSG given 

parenterally or by gavage, b) primates may be less sensitive (not insen­

sitive) to MSG than experimental rodents (it is st~ll equivocal whether 

MSG-induced hypothalamic lesion can be demonstrated in Rhesus monkey) . 

The fact that brain lesion may not occur does not imply that there will 

be "no toxic hazard (21)" or "no effects on the brain (22) . " Eventhough 

1i ttle amount of MSG can cross the blood brain barrier, circumventricular 

organ such as arcuate nucleus and area postrema (the main sites of 

lesions in animal studies) may be affected by small increase in plasma 

glutamate and complicate functional roles of these brain regions may be 

altered. Recent suggestion that there may be psychiatric reactions to 

MSG (23) supports this notion. 

Conclusion from the controlled studies of human reactions to 

MSG is even more difficult; individual variations are among major 

problems. Thus, symptom experience may not relate to the plasma con­

centration of glutamate and several symptoms may not specific to MSG 

(21) . The normal volunteers in these studies may not include susceptible 

persons and thus may underestimate adverse effects. We cannot simply 

reject anecdotal case reports and non-scientific complaint of layman 

and conclude that MSG is non-toxic to human and that Chinese restaurant 
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syndrome is not related to MSG, or is idiosyncratic experiences. We have 

to admit that many people have those discomfort experiences after consum­

ing food with added MSG. Whether there is any defect of glutamate meta­

bolism in these persons is not known to date . While keeping in mind that 

scientists should not frighten people by ov~r-emphasizin·g toxic hazard 

of any agent, one should not over-stating for its safety when evidence 

is not conclusive and, especially, when the compound has very little 

usefulness to mankind, 
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