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Chalotorn Techa-akrakul, et al. 

INHIBITION OF HEPATIC DRUG METABOLISM 

BY ANTICANCER AGENTS 

Chalotorn Techa-akrakul, Krongtong Chawalit and Amnuay Thithapandha 

Department of Pharmacology, Faculty of Science, 

Mahidoi University, Bangkok 10400. 

SUMMARY 

Pretreatment of the rats with methotrexate, cyclophosphamide 
and 5-fluorouracil could cause inhibition~of hepatic drug metabolism of 
zoxazolamine, aminopyrine and aniline, as evidenced by a prolongation 
of zoxazolamine paralysis time and a decrease in the elimination of the 
latter two amines from the plasma. However, the rate of absorption of 
both aminopyrine and aniline were unaffected. In vitro investigations 
were consistent with the view that the most likely cause of this inhi­
bited hepatic drug metabolism produced by these anticancer agents was 
the reduction in one or more components of the drug-metabolizing 
enzyme system, including the cytochrome P"450 content. 

Chemotherapy plays a very important role in the treatment of 

neoplastic diseases. Single drug or several drugs in ~ombination have 

been successfully employed either alone or in combination with surgery, 

or radiotherapy. The therapy is mostly palliative but not curative (1). 

However, the majority of drugs used are highly toxic and aJso affect 

rapidly growing cells other than those of the neoplastic process. As 

a consequence, their therapeutic index is low. 

Many studies have reported that anticancer drugs are cytoto~ic 

to liver cells. Hepatitis, cirrhosis, fibrosis and fatty change in 

liver cells have heen found in liver biopsy samples 

patients treated chronically with methotrexate (2). 

from psoriatic 

In the study of 
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Custer et al. (3) it was found that rats given more than 125 µg/kg 

methotrexate intraperitoneally five times per week for 24 months deve­

loped serious liver damage-namely, varying degrees of fatty metamor­

phosis, necrosis, atrophy of hepatic cord and fibrosis. Liver toxicity 

caused by cyclophosphamide is also well documented but 5-fluorouracil­

induced hepatotoxicity is rare. 

Relatively little is known of the effects of anticancer drugs 

on the action, metabolism and toxicity of other drup used concomitantly 

in cancer patients. Decreased activities of hepatic microsomal 

drug-metabolizing enzymes have been reported in rats treated with 5-

fluorouracil, cyclophosphamide, methotrexate, mechlorethamine, 6-mer­

captopurine, or daunorubicin (4-7). The basis for these decreased 

enzymatic activities has not been fully elucidated, 

The objective of 'this study is to determine the effects of 

subacute treatment of methotrexate, cyclophosphamide and 5-fluorouracil 

on hepatic drug-metabolizing enzymes. 

MATERIALS AND METHODS 

Experimental Animals and Chemical£ 

Adult male Fishel' rats of about 60 days of age and weighing 

170-200 g were used in the study. The animals were supplied by the 

Animal Center of the Faculty of Science, '1ahidol Ifni versi ty, Bangkok, 

Four rats were kept in one cage suspended over Absorb-Ori, All animals· 

were allowed access of food (Purina Laboratory Cbow, 7.uelli~ Pte, Ltd., 

Singapore) and tap water ad libitum until 16 hours before sacrifice, 
during which time they were allowed access to water only, 

Chemical agents used in this experiment were obtained commer­

cially in the highest grade available without further purification, 
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The experimental animals were fasted overnight prior to 

treatment with the anticancer agents, which were freshly prepared just 

before use as a suspension in normal saline. All drugs were given to 

the animals in the morning around 8.00 to 9,00 A.M. After having been 

given the drugs, the rats were again fasted for about 16 hours before 

sacrifice. 

1. Subacute experiments 

The animals were intubated once daily for 5 consecutive days 

with methotrexate (1, 2, 3 and 5 mg/kg) and cyclophosphamide (20, 40 

and 60 mg/kg) and the others were injected intraperi toneally with 

5-fluorouracil (10, 20 and 30 mg/kg). Control animals received an 

identical treatment with normal saline solution. The animals were 

weighed and sacrificed 48 hours after last dose the drug; 

2. Recovery experiments 

The animals were treated orally with 2 mg/kg methotrexate and 

40 mg/kg cyclophosphamide and intraperineally with 30 mg/kg 5-fluoro­

uracil, once daily for 5 days. They were killed at 2, 4, 6, 10, 15 and 

20 days after the last dose of the 5-day pretreatment schedule. 

3. Collection of blood samples 

Blood samples were collected from rats hy heart puncture 

under light ether anesthesia. Heparin sodium solution (200 units per 

ml blood) was preintroduced into the syringe to prevent blood coagula­

tion, The blood was then centrifuged at 3,000 rpm for 20 min in the 

International Centrifuge Size 2 Model K and the plasma was removed with 

a pasteur pipette. The plasma was kept under deep freeze at -20' C for 

further quantitative determination of drugs. 

Analytical Assays 

In the assay of aminopyrine N-cfemethylase or aniline hydroxy-
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lase, the hepatic postmitochondrial fraction was used as enzyme source. 

In both cases, however, enzymatic activity was expressed per mg microso-

mal protein. 

by the method 

Both the enzyme source and the microsomes were prepared 

described by Unchern and Thithapandha (8). 

The activities of aminopyrine N~demethylase and aniline hydro­

xylase were determined by the methods described ]Jy Mazel (9), except 

that 20 µmole of aminopyrine or 10 µmole of aniline and 1 µmole of NADP 

were used. 

Microsomal protein was determined by the method of Lowry et al 

(10) with bovine serum albumin as the standard. Cytochrome P-450 in 

the microsomal pellet was estimated by the method of Omura and Sato(ll). 

The amount of aminopyrine in the plasma was determined by the 

method described by Brodie et al (12). Palsma aniline concentration 

was measured by the method of Kupfer and Bruggeman (13), 

Zoxazolamine Paralysis Time 

Zoxazolamine paralysis time was determined by measuring the 

time interval between the onset of paralysis and the regain of the 

movement aft~r an intraperitoneal administration of 60 mg/kg zoxazola­

mine. Zoxazolamine solution was freshly prepared at the concentration 

of 20 mg/ml, according to the method described by Conney et al (14). 

Pharmacokinetic Analysis and Statistical Analyse~ 

All pharmacokinetic parameters obtained were computed accor­

ding to the one-compartment open model (15). 

The results are reported as the mean value ± S.E. The statis­

tical significance was analyzed by multiple comparison using, the method 

of Newman and Keul·' s as described by Grimm (16) with the level of 

significance p < 0.05 . The method of least square was employed to 

draw all regression lines for pharmacokinetic data. 
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As shown in Table 1, pretreatment of rats with methotrexate, 

cyclophosphamide and 5-fluorouracil at th'e doses indicated produced a 

certain degree of toxicities to the animals, as evidenced by the forma­

tion of blood stool and a significant reduction in body weight. Many 

of them died a few days later. 

After the animals had been pretreated with these drugs, even 

at the reduced doses, zoxazolamine paralysis time were markedly pro­

longed when compared with the contl·ol (Table 2). These results thus 

suggested that the anticancer drugs might inhibit the hepatic microso­

mal metabolism of the muscle relaxant. When the effects of each drug 

were investigated further, it was found that methotrexate depressed the 

enzymatic activities of 1,oth aminopyrine N-demethylase and aniline 

hydroxylase in a somewhat dose-dependent manner (Table 3). It also 

caused a dose-dependent reduction in hepatic cytochrome P-450 content, 

Table l, The effect of anticancer agents on rat body weight 

Before treatment 

After treatment 

Control 

166 ± 3.2 

175 ± 2.8* 

Body Weight (g) 

Metho­
trexa te 

179 ± 7.2 

164 ± 5.5* 

Cyclophos­
phamide 

184 ± 3.9 

155 ± 5.3* 

5-Fluoro­
uracil 

178 ± 4.7 

148 ± 8.5* 

Six rats in each group were treated with the drug once daily for 5 
days as follows : methotrexate ( 5 mg/kg, PO ) ; cyclophosphamide 
( 60 mg/kg, PO) ; and 5-fluororacil ( 30 mg/kg, IP). 
Control animals received an equal volume of saline. The asterisk 
indicates a significant difference between before and after treatment 
( p < 0. 005 ) . 
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Table 2. The effect of methotrexate, cyclophosphamide and 5-fluoroura­

cil pretreatment on zoxazolamine paralysis time 

Pretreatment Paralysis Time (min) 

Control 45 ± 3 
* Methotrexate 83 ± 6 
* Cyclophosphamide 119 ± 5 
* 5-Fluorouracil 141 ± 10 

Male rats weighing 170-200 g were pretreated once daily for 
5 days with methotrexate (2 mg/kg, PO), cyclophosphamide (40 mg/kg, PO) 
and 5-fluorouracil (30 mg/kg, IP). Control animais received an equal 
volume of saline. Zoxazolamine (60 mg/kg) was injected (i.p.) 
about 50 hours after the last dose of the pretreatment; the paralysis 
time was then recorded. Results are expressed as mean± S.E. from 7 
i:ats. * P < 0.01 (from control; Newman-Keule' test) 

while the liver weight and the microsomal protein level were unaffected 

(Table 4). The effects of cyclophosphamide on cytochrome P-450 content 

and the activities of these two drug-metabolizing enzymes qualitatively 

similar to those of methotrexate (Table 4), except that this alkylating 

agent also decreased microsomal protein content even at a.low dose. 

5-Fluorouracil at low doses had no effect on all of the above parame­

ters though physically the animals appeared to be sick (Table 5). How­

ever, at a higher dose such as 30 mg/kg the drug could decrease all of 

these parameters except the liver weight. 

The effects of methotrexate, cyclophosphamide and 5-fluoro­

uracil seemed to be long lasting inasmuch as it took more than 20 days 

after the drug's last dose for aniline hydroxylase activity to return 

to normal (Fig. 1). Many of the treated rats died during this course 

d. enz;•r•ic. recovery. When they died their drug-metabolizing activity 
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Table 3. Effects of methotrexate on variou~ parameters of drug­

metabolizing enzyme systems 

Methotrexate Liver \'/eight Microsomal Ami nopyri ne Aniline 

PO, Onoe daily % of Body \'/eight Protein N-Demethylase Hydroxyl.ase 

for 5 days Activity ' Ac ti vi tyb 

(mg/kg) (mg/g liver) 

0 3,00 ± 0,05 31.80 ± 0.31 137.50 ± 1,79 14, 15 ± 0,30 

3,02 ± 0,09 31,06±0,50 121,00 ±10. 70 11'98 :± 1.61 

3,97 ± 0.23 28,46 ± 1,06 68,54 ±12,57* 4' s 2 -:: 0,75* 

3 3,94 ± 0,17 29 '14 ± 0,46 58. 55 ± 9.75* 4 .01 ± n,87* 

3,58 ± 0,09 31. 09 ± 1,08 21'43 ;t 2'15*' 2. 25 ± 0,20* 

Values are expressed as mean ± SE from 6 determinations 
a = nmole formaldehyde formed I mg protein I 30 min. 
b = nmole p-aminophenol formed I mg protein I 20 min. 

Cytochrome P-450 

(nmole/mg protein) 

0,56 ~ 0 ,01 

0,57 ± 0,02 

0,38 ± 0. 0 3* 

e. 32 ± 0,03 .. 

0,24 ' (). l)3~ 

Asterisks indicate significant difference from control ( P < 0.05; 
Newrnan-Keuls'' test) 

Table 4. Effects of cyclophosphamide on various parameters of drug­

metabolizing enzyme systems 

Cyclophosphami<le Li ve-r Weight Microsomal Aminopyrine Aniline 

PO, Once daily ( % of Body Weight P:rotein N.,,Demethylase Hydroxy lase 

Ac ti v:i. ty 
a Activity b 

for S days 

(mg/kg ) ( mg/g liver) 

0 2.90 ± 0,08 38,98 ± 1,22 144,07 :± 6,61 13.77 ± 0.69 

10 2 1 87 ± 0,03 33.94 ± 0,85* 102,48 ± 4. 27* 9,41 j: 0,68* 

40 3,64 ± 0' 18 31,57 ± 1. 81 * 83,73 ± 5, 79* S.16 ± 0.38* 

60 4.02 ± 0' 14 28,97 ± 1, 23* 60 ,84 ± 7.46* 3,46 ± 0,30,o; 

Values are expressed as mean ± SE from 6 determinations 
a = nmole formadehyde formed/mg protein/30 min, 
b = nmole p-aminopheno1 formed/mg protein/20 min. 

Cytochrom!O P-450 

( nrnole/mg proteiQ) 

0,58 ± 0.02 

0,42 ' 0,06* 

0' 28 ± 0 ,02* 

O.ll I). 01 ~ 

Asterisks indicate significant difference from control ( P < 0.05 
Newman-Keuls' test) 
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Table 5. Effects of 5-fluorouracil on various parameters of d~ug­

metabolizing enzyme systems 

5-FU Liver Weight Microsomal Aminopyrine Aniline 

(IP ,Once daily (% of Bady Weight) Protein N-Demethylase Hydroxy lase 

for 5 days) Activity8 Ac.tivityb 

(mg/kg) (mg/g liver) 

0 3 ,08 :t 0 .06 27.23:tl.02 127 .22 ± 9 ,53 13.36 ± 1,03 

10 3,15 ± 0.06 27.93 t 1.93 118.36 t 8.04 JO .76 t 0,90 

20 l.97 ± 0,04 27.70 t 1.59 120 .53 ± 4 .85 l3 45 ~ 0.54 

30 3.48 ± 0.10 22,50 ± 0.88 
. 

59 .77 ·t • . 
5,45 7. 36 ± 1 '11 

Values are expressed·as mean± SE from 6 determinations. 
a = nmole formaldehyde formed/mg protein/30 min, 
b = nmole p-aminophenol formed/mg protein/20 min, 

Cytochrome P-450 

Crunole/mg protein) 

o.s2 ± o.o:~ 

0,4tl 1 0.0J 

o.ss i' 0 .Ol 

0.32 t 0 .04 
. 

Asterisks indicate significant difference from control ( P < 0.05 
Newman-Keuls' test) 
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Figure 1. Time-course of the effects of anticancer agents on aniline 
hydroxylase activity. Methotrexate (2 mg/kg, PO), cyclophosphamide 
(40 mg/kg, PO), and 5-fluorouracil (30 mg/kg, IP) were given once daily 
for 5 days as described previously. Each point represents mean ± S.E. 
from 6 separate determinations. 
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(aniline hydroxylase) was still low, approximately 20-40 % of control. 

Similar results were also obtained with aminopyrine N-demethylase 

(Fig. 2). 

The plasma concentration-time curves of aminopyrine and ani­

line in control and drug-treated animals are shown in Figs. 3 and 4; 

their pharmacokinetic parameters are tabulated in Tables 6 and 7 . All 

of the three anticancer drugs caused an increase in both the plasma 

half-life and volume of distribution of the two tested amines. The 

drugs did not seem to cause any change in the initial rates of absorption 

of aminopyrine though they did produce somewhat lower peak levels of 

aniline in the treated groups (Figs. 3 and 4). 
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2. 4 6 8 10 12 14 16 I 8 20 
DAYS AFTER LAST DOSE 

Figure 2. Time-course of the anticancer agents on aminopyrine N-de­
methylase activity. Methotrexate (2 mg/kg, PO), cyclophosphamide (40 
mg/kg, PO) and 5-fluorouracil (30 mg/kg, IP) were given once daily for 
5 days as described previously. Each point represents mean± S.E. from 
6 separate determinations. 
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Figure 3. Plasma concentration-time curves of aminopyrine in rats 
pretreated witjl anticancer drugs. Each point represents mean from 4 
separate determinations. The SE.ranged from 0.63 to 8.33. For detail, 
see Table 6. 
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Figure 4. Plasma concentration,-time curves of aniline in rats pre­
treated with anticancer drugs, Each point rep!esents mean from 4 sepa­
rate determinations. The SE. ranged from 0. 56 to 4. 78. For detail, 
see Table 7. 
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Table 6. The pharmacokinetics of aminopyrine in animals pretreated 
with anticancer agents 

Pretreatment Half-life Plasma Clearance Vd 

( hrs ) ( L/kg/hr ) ( L/kg ) 

Control 2.84 ± 0.14 0.16 ± 0.008 0.65 ± 0.01 
* * Methotrexate 4.42 ± 0.34 0.18 ± 0.015 1.19 ± 0.15 

Cyclophosphamide 5.56 ± o.o8t 0.15 ± 0.017 1. 27 ± o.31t 

5-Fluorouracil 7.60 ± 1.2ot 0 .14 ± 0.008 1.49 ± o.28t 

Male rats weighing 170-200 g were pretreated once daily for 5 days with 
methotrexate ( 2 mg/kg, PO), cyclophosphamide ( 40 mg/kg, PO), and 
5-fluorouracil ( 30 mg/kg, IP ) . Control animals received an 0., .. al 
volume of normal saline. Aminopyrine ( 200 mg/kg ) was given 01·ally 48 
hours after the last dose of pretreatment. The animals were then 
sacrified at various time intervals by heart puncture under light ether 
anesthesia. The plasma level of aminopyrine and the pharmacokinetic 
constants were determined as described for once-compartment open model, 
with the assumption that aminopyrine was completely absorbed in all 
groups. The results are expressed as mean± SE from 4 separate deter-

* mi nations· P < 0. OS ( from control ) ; t p < O. 01 ( from control ) 

DISCUSSION 

It is not uncommon to give drugs to cancer patients who have 

already been treated with cancer chemotherapeutic agents with little 

regard to the possible hepatotoxic actions of these compounds. The 

results obtained in the present study that pretreatment of rats with 

methotrexate, cyclophosphamide and 5-fluorouracil cquld prolong zoxazo­

lamine paralysis time and increase the plasma half-life of both amino­

pyrine and aniline (Table 2, 6 and 7; Figs 3 and 4) provide a rood 

evidence that anticancer agents at appropriate dose can have a profound 

effect on hepatic drug metabolism. One might regard that the experi-
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Table 7. The pharmacokinetics- of aniline in animals pretreated with 

anticancer agents 

Pretreatment 
Half-life Plasma Clearance Vd 

( hrs ) ( L/kg/hr ) ( L/kg ) 

Control 3.83 ± 0.29 0.17 ± 0.003 0.95 ± 0.06 
* * Methotrexate 7 .13 ± 1. 22 0 .17 ± 0.011 1.68 ± 0.19 
* * Cyclophosphamide 7.54 ± 0.80 0 .15 ± 0.007 1.63 ± 0 .11 
* * 5-Fluorouracil 6.10 ± 0 .22 0.15 ± 0.004 1.46 ± 0.60 

Male rats weighing 170-200 g were treated once daily for 5 days with 
methotrexate ( 2 mg/kg, PO), cyclophosphamide ( 40 mg/kg, PO) and 
5-fluorouracil ( 30 mg/kg. IP). Control animals received an equal 
volume of normal saline. Aniline hydrochloride ( 100 mg/kg ) was given 
orally 48 hours after the last dose of the drug treatment. The animals 
were then sacrified at various time intervals by heart puncture under 
light ether anestesia. The plasma levels of aniline were measured as 
described in Materials & Methods. The pharmacokinetic constants were 
obtained as described for the one-compartment open model, with the 
assumption that aniline was completely absorbed in all groups. The 
results are expressed as mean ± SE from 4 separate determinations. 
* P < O :05 ( from control ) 

ments with anticancer agents are comparable with those associated with 

various forms of liver disease. In liver disease the prolongation of 

drug action or increase in the drug's plasma half-life is generally 

ascribed to either a reduction in the ability of hepatic cells to 

eliminate the drug, to a reduced fllnctional cell mass or to a reduced 

perfusion of each cell with the drug. The in vitro results on the 

effects of methotrexate, cyclophosphamide and 5-fluoroltracil on various 

hepatic parameters (Tables 3-5) were complementary to those obtained 

with aminopyrine or aniline pharmacokinetics (Tables 6 and 7) and sug-
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gested that decrease in hepatic drug metabolism was a key factor in the 

observed impaired plasma clearance of the above two amines. Delaved 

absorption of either aminopyrineor aniline from the r,ut was not likely 

to be the cause since the plasma concentration-time profiles of either 

amine duriny, the absorption phase in control and dru,p;-pretreated groups 

were very similar (Figs. 3 and 4). 

However, these three anticancer av,ents at the doses employed 

in the present study did not cause any change in SGPT and SGOT levels 

(data not shown). Thus, there was no correlation between the trans­

aminase activity and the abillity of the liver to metaholize drugs. 

The results obtained from this study are similar to those of 

Capel et al. (17), who found that pretreatment of rats with 5 antica~­

cer drugs retarded and decreased absorption from the gastrointestinal 

tract and the elimination of antipyrine from the plasma; the latter 

effect was believed to be due to a reduction in hepatic cytochrome 

P-450 content. In the present study, however, the effect of anticancer 

drugs on the absorption profile of either aminopvrine or aniline was 

not as clear cut as it was found with antipyrine by the ahove authors. 

The discrepancy has yet to he settled. 

The effect of anticancer drup;s on hepatic drug metabolism 

may have clinical relevance. Druv, dosage should be modified on cancer 

patients receiving chemotherapy. Capel et al. (17) have suggested that 

antipyrine be used in patients before and after treatment with antican­

cer drugs to obtain a direct indication of the metabolic status of the 

liver as a result of the therapy. This method seems reliable since 

each patient can serve his or her own control. Moreover, in view of 

the fact that anticancer drugs may be given to patients in combination 

their effects on liver function could be more serious. Without dosa~e 

adjustment several high-risk drugs may produce a fatal outcome in these 

patients. 
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DECREASE IN PITUITARY GROWTH HORMONE LEVEL 

IN RAT 

AFTER PROLONG ADMINISTRATION OF BOVINE THYROTROPIN 

Sasitorn Sasaluxnanon~, Reon Somana*, 

Vijittra Leardkamolkarn* .and Wanida Sfipairojthikoon** 

*Department of Anatomy, Faculty of Science and **Department of Anatomy, 

Faculty of Dentistry, Mahidol University, Bangkok 10400. 

SUMMARY 

Female Fisher rats aged 35 days were injected intraperito­
neally with 50 µg and 100 µg per day· of bovine thyrotropin(TSH) for 44 
days. GH content and concentration in the TSH treated groups were signi­
ficantly lower than that of the control group. Wet weight of anterior 
pituitary and thyroid gland were not altered by TSH treatment, while 
the doses of 100 µg TSH significantly lowered adrenal, ovarian and uter­
ine weights. The formation of antibodies to bovine TSH after chronic 
administration, which can cross react to rat endogenous TSH, may lead to 
thyroid hypofunction which in turn lower pituitary GH synthesis. The 
bovine TSH antiserum·may also cross react with rat FSH and LH and lead to 
adrenal and ovarian hypofunction. 

The biological role of TSH in stimulating thyroid function 

has been well documented. Acute effects of TSH include the stimulation 

of adenylate cy~lase and cyclic-AMP formation (1,2), increasing the height 

of thyroid follicular cells (3,4) and the stimulation of thyroid hormone 

secretion (5,6). Thyrotropin may also cause subsequent enzyme induction 

leading to T3 and T4 synthesis (7). However, chronic administration of 

TSH has been reported to cause a suppression of metabolic rate and T and 
3 

T 4 levels (8, 9) The serum of animals that had. been treated chronically 
withr TSH,. when given to other animals for a prolong period, caused 
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a drop in the basal metabolic rate. Werner et al (10) suggested that the 

antibodies to bovine TSH in the rabbit can neutralize the thyrotropic 

effect of the hol1Ilone. Passcasio and Selenkow (11) reported that anti­

sera to bovine TSH was capable in neutralizing the biologic effects of 

endogenous guinea pig and rat TSH. Hays et al (12) also showed that 

highly purified heterologous TSH was an antegenie substance in man. Thus, 

it is interesting to examine the chronic effects 'of bovine TSH on rat 

pituitary GH content as presented in this study. 

MATERIALS AND METH!JL: 

Female Fisher rats aged 35 days \\'<:re usE·d in this study. 

They were kept in room temperature of 25-30' c with 12 hours of daily 

light. Zuelling diet (Gold Coin Mills) anc' ta.,: water 1.ere available ad 

libi tum. The animals were injected intraperj. toneally and daily with 50 

µg or 100 µg of bovine TSH for 44 days. The contr•Jl animals were injec­

ted with equivalent volume of sterile normal saline solution. They were 

sacrified one day after the last injection and the pituitary GH was 

assayed by the quantitative compliment fixation ;.mmunoassay (see 13 for 

detail description). Body length (from nose to t:ip of tail) and wet we­

ight of the ovary, uterus, thyroid and adrenal giands were also measured. 

A student t-test was used to determine for the difference between seve-

ral mean values. 

RESULTS 

The final body weight and iength and pituitary wet weight of 

animals treated with bovine TSH were not different from control animals. 

Significant decreases in pituitary GH content and concentrati'on were pro­

duced by prolong administration of either 50 µg or 100 µg of bovine TSH 

(Table 1). The absolute and relative weights of thyroid gland, absolute 

adrenal weight, and ovarian weight of rats treated with 50 µg of TSH 
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Table 1 E£;£ects of prolong treatment~ with b"vine thyrotropin (TSH) in 

female rats. 

Final Body Weight (g) 

Final Body Length (cm) 

Anterior Pituitary Wet Weight 

Absolute (mg) 

Relative (mg/100 g BW) 

Anterior Pituitary GH 

Content (µg/gland) 

Level (µg/mg tissue) 

Thyroid Gland Weight 

Absolute (mg) 

Relative (mg/100 g BW) 

Adrenal Gland Weight 

Absolute (mg) 

Relative (mg/100 g BW) 

Ovary Weight 

Absolute (mg) 

Relative (mg/100 g BW) 

Uterus Weight 

Control 

150.0± 1.9 

35.4± 0.43 

6.7S± 0.41 

4.41± 0.24 

285,0± 17.6 

39.7± 3.94 

9.94± 0.76 

6.64± 0.56 

46.24± 2.47 

30.68± 1.38 

87.58± 5.40 

58.48± 3.97 

Absolute (mg) 331.1± 16.6 

Relative (mg/100 g BW) 218.7± 11.7 

* ·k* 

TSH injected 

50 µg/day 

154.0± 3.6 

34. 8± 3, 16 

6.78± 0.38 

J.2n± 0.23 

TSH injected 

100 µg/day 

161.0± 4.0 

34.3± 0.31 

6.30± 0.33 

3.90± 0.16 

** ** 151.0± 9,9 172.0± 17.1 
** ** 23.5± 1.64 27.4± 2.56 

9.98± 0.60 

6.63± 0.37 

42.18± 2.46 

28.45± 1.56 

81.52± 5.10 

52.59± 2.45 

7.16± 0.29 

4.45± 0.17 

40.04± 2.31 

24.68± 0.96 

70.97± 3.16 

43.60± 2.78 

** 
** 

* 
** 

** ** 250.0± 18.3 224.6± 27.2 
** ** 173.4± 10.1 137.9± 15.1 

and represent significant differences from control group with 

p < 0.05 and p < 0.01 respectively. All values are mean ± S.E, of 

10 rats in each experimental group. 
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were not significantly changed ; but those of the 100 µg TSH treated 

group were significantly lower than the corresponding values in the sa­

line-injected controls. The uterine weight in both TSH treated groups 

were significantly lower than the corresponding control values. 

DISCUSSION 

It is shown in the present experiments that pituitary GH 

content and concentration in rats decreased significantly following 

chronic administrations of bovine TSH. The reduction in pituitary GH 

in this study may be due to the formation of antibodies to bovine TSH 

and neutralization of the thyrotropic effect of endogenous rat TSH lead­

ing to thyroid hypofunction. Cross reactivity of bovine TSH antiserum 

against endogenous rat TSH has been suggested by investigators (see 8, 

11, 12). The decreases in pituitary GH and growth rate due to low serum 

thyroid hormone have been well documented (see 13-18). 

The formation of antibodies to bovine TSH may also responsi­

ble for the suppression of ovarian and uterine weight in rats found in 

this study, as cross reactivities between TSH antiserum and the endogen­

ous LH or FSH·may occur since LH, FSH and TSH molecules posses similar 

a - chain. Koneff (19) and Wong (18) had demonstrated decreases in pi­

tuitary LH and FSH following the decrease in serum thyroid.hormone level. 

Additionally, the decrease in serum thyroid hormone level may lead to lo­

wering of cell metabolism in general, including the gonadal cells and the 

FSH and LH cells. Further investigations are necessary to elabo.rate the 

mechanisms responsible for the reduction of pituitary GH and ovarian and 

uterine weight observed in the present study. 
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The hypothesis that opiates exert their pharmacological 

actions by interacting with the specific receptor sites located on the 

surface or inside the nerve cells in the brain and possibly other 

tissues has been proposed since the last decade. The reason for postu­

lating receptors for morphine and the related natural and synthetic 

narcotics is the finding that all these opiate agonists, or analgesical­

ly active compounds, show basic similarities in their molecular struc­

tures. A slight modification of this basic structure could result in 

an increase or a decrease in potency, or could transform the compound 

to the antagonist. In addition, a high degree of steric and structural 

specificity inherent in many of the actions of the opiates observed,i.e. 

for a large number of· morphine-like analgesics studied, it is always the 

levorotatory (-) isomer that is active, whereas the dextrorotatory (+) 

isomer has little or no analgesic or any other actions associated with 

opiates. Moreover, all pharmacological effects of an opiate could be 

obtained with a very small dose of the drug, in turn suggesting an · 
' 

interaction of the drug with the highly selective receptor site~. 

The discovery of opiate receptors in the brain had led to a 

search for an endogenous morphine-like substance that would act as a 

natural opiate receptor ligand. There is evidence for at least five 

opioid peptides in mammalian nervous tissues: methionine- and leucine­

enkephalins, S-endorphin, dynorphin and most recently a-neo-endorphin. 
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This article describes the experiments carried out by a number of labo­

ratories to characterize the endogenous opiates, and to implicate their 

physiological role in the modulation of pain perception. 

Enkephalins 

Hughes (1) observed an opiate-like activity of the extract of 

a low molecular weight substance from the brain of rabbits, guinea-pig, 

rats and· pigs. The opiate-like substance had been isolated and iden­

tified (2,3) and found to consist of two similar pentapeptides with 

sequences of H-Tyr-Gly-Gly-Phe-Met-OH (Methionine-enkephalin) and H-Tyr­

Gly-Gly-Phe-Leu-OH (Leucine-enkephalin). The existence of these two 

opiate peptides has been confirmed by Pasternak et al (4) and Simantov 

and Snyder (5). It has been found that bovine brain contains 4 times as 

much leu-enkephalin as met-enkephalin whereas in pig brain this r.atio is 

reversed. The·competition for opiate receptor binding by leu-enkephalin 

suggests that leu-enkephalin may be a "pure" agonist than met-enkepha­

lin. The structure of met-enkephalin is contained within the sequence 

(residues 61 to 65) of 91 amino acids of S-lipotropin, a peptide isola­

ted from the pitu.itary gland of several vertebrate species (6, 7). 

In the studies of Hughes and coworkers (1,2), it was found 

that both met- and leu-enkephalins had potent agonistic action at opiate 

receptor sites in that they produced a dose-related inhibition of elec­

trically evoked contraction of the mouse vas deferens and the guinea-pig 

ileum preparations. These inhibitory effects could be completely anta­

gonized by naloxone. Met-enkephalin is about twenty times more active 

than normorphine in the mouse vas deferens and equipotent to normorphine 

in the guinea-pig ileum. With the modified purification proc~dure, en­

kephalins were found unevenly distributed in the brain (pig, rat, rabbit) 

the highest concentrations occurring in the striatum, midbrain, pons 

and medulla. No enkephalins were detected in cerebellum, liver and 

lung (1). 
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The regional distribution of enkephalins in the monkey brain 

has been examined by the inhibition of 3H-naloxone binding to rat brain 

membranes (8). It has been found that the regional distribution of en­

kephalin activity in the monkey brain resembles in general with the 

regional distribution of opiate receptor binding. However, the most 

marked discrepancies between the distribution of enkephalins and the 

opiate receptors involve the amygdala which contains the highest densi­

ty of opiate receptor binding in the monkey brain but only moderate to 

low levels of enkephalins. The periaqueductal gray, one of the areas 

most enriched in opiate receptor binding, also contains only moderate 

levels of enkephalins. ·The medial thalamus, implicated in the media­

tion of affective components of pain, is highly enriched in opiate re­

ceptor binding and contains about three times as much opiate receptor 

binding as the lateral thalamus. Enkephalin activity in the medial 

thalamus is fairly low, but is more than twice of the levels in the 

lateral thalamus (8). However, the correlation of the regional distri­

bution of enkephalin activity and that of opiate receptor binding in the 

brain has been reported in rabbits (1), calves (4,9) and rats (4,9), 

which in turn suggests the possible roles of enkephalins in the modula­

tion of pain perception. 

S-Endorphin 

Simultaneously with the discovery of enkephalins, a 31-amino 

acid peptide with opiate-like properties, s-endorphin has been isolated 

and identified from the pituitaries of bovine (10), porcine (10,11), 

camel (12), and human (13,14). Tl1e amino acid sequence of S-endorphin 

is identical to the sequence of the carboxy terminal 31 amino ac~ds of 

human S-lipotropin (i.e. S-LPH61-91). Immunohistochemical studies show 

a dense staining for S-endorptin-containing cells in pars intermedia, 

with a sparser distribution of immunoreactive cells in the adenohypophy­

sis, the neurohypophysis appears devoid of such activity (15). 
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In the rat brain, the a-endorphin-like activity has been found 

to be about 3-4 times lower than in the pituitary gland (16). High a­

endorphi:n-like immunoreactivity is found in the medial' hypothalamus, 

where it is threefold that in the next higher brain areas (preoptic 

region and mesencephalon) and nearly fivefold the value in the lateral 

hypothalamus. Moderate a-endorphin-like immunoreactivities are present 

in the amygdala, septum and nucleus accumbens. Despite the high enkepha­

lin level in the striatum, only low a-endorphin-like immunoreactivity is 

found in this area, especially in the globus pallidus. The thalamus, 

the cerebral cortex as well as the hippocampus also contain low a-endor­

phin levels (16). 

It has been reported that S-endorphin, adrenocorticotropin 

(ACTH), a-MSH and a-MSH are all formed from a common precursor of 28-

41K Daltons which has been termed pro-opiocortin (17,20). Furthermore, 

ACTH and a-endorphin are released concomitantly after stressful stimuli 

in rats such as footshock (21) or leg break (22). The association 

between ~-endorphin and ACTH might well reflect the proposed common ori­

gin and biogenesis of these two peptides. Footshock stress in rats can 

also elicit an analgesic response which is partially reversed by nalo-

xone (23-25) .. It is possible that a-endorphin has an unknown periphe-

ral physiological role, perhaps related to changes in adrenocortical 

function or intermediary metabolism during stress. The presence of 

opiate receptors in the pituitary (26) also reflects the possible intra­

pituitary function of a-endorphin which could involve in the modulation 

of hormone synthesis or release. Alternatively, S-endorphin may be 

released into the hypothalamic portal system (27) and be retrogradely 

transported so that it could act on hypothalamic or'other brain centers(28). 

Dynorphin and a-neo-endorphin 

Goldstein et al (29) have partially sequenced a peptide from 

commercial pituitary powder that contains the leu-enkephalin sequence 
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with a basic carboxy t~rminal extension. This peptide, named dynorphin 

has its first 13 residues as Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro­

Lys-Leu-Lys. It appears to be remarkably potent in the guinea-pig ileum 

assay, being some 730 times that of morphine and 54 times that of S-en­

dorphin. Its effects on this tissue are blocked completely by naloxone, 

hut the apparent affinity of naloxone is 1/13th that for blockade of 

leu-enkephalin or normorphine, In the mouse vas deferens, dynorphin 

(1-13) is three times more potent than leu-enkephalin, In the pituita­

ry (porcine, bovine and rat), immunoreactive dynorphin is found predomi­

nantly in pars nervosa. In the central nervous system, it is distribu­

ted widely, with hip;h concentrations in the hypothalamus, the medulla­

pons, the midhrain and the spinal cord (30}. In rabbits and rats, the 

concentration of immunoreactive dynorphin is high in the dorsal aspect 

of the spinal cord ,but is low in the root ganglia of both species (31) 

Millan et al (32} ohserved the distribution of immunoreactive 

-dynophin (ir-dyn) in the pituitary, discrete regions of brain and the 

spinal cord, and observed the influence of a 5 min footshock stress 

upon levels of ir-dyn in these structures in rats. I,t was found that 

footshock produced a significant fall in the anterior pituitary lobe 

content of ir-dyn but no significant change in its neurointermediate 

lohe. In the hypothalamus, a significant elevation in level of ir-dyn 

was observed. With the exception of the frontal cortex, in which a 

decrease in level of ir-dyn was found, in all other brain regions exa­

mined no significant changes emerged. A significant diminution in con­

centrations of ir-dyn in both the lumbosacral and thoracic sections of 

the spinal cord was also detected. These authors suggested that, due 

to a particularly high potency of dynorphin (29), the changes observed 

in their experiments might he of considerable functional significance 

in the response to stress (32). 

11uster et al .(33} employed the technique of chronic opiojd 

infusion to produce tolerance attrihutahle to ·specific receptor popu­

lation in the mouse vas deferens. They observed that the mouse vas 
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deferens preparations taken from mice previously simultaneously infused 

with D-Ala2D-Leu5enkephalin (a o-agonist) and sufentanyl (a µ-agonist) 

for a period of six·days, developed tolerance to o-agonist and µ-ago­

nist action. However, it was observed that such tolerance did not deve­

lop to the activity of dynorphin (1-13). These authors therefore 

suggested the existence of highly selective dynorphin receptors in the 

mouse vas deferens, which might function independently of the µ- and &­
receptors in this tissue. Friedman et al (34) demonstrated the signifi­

cant effect of dynorphin(l-13) on morphine and S-endorphin-induced 

analgesia after the intracerebroventricular injection in mice (the tail­

flick test). They observed that dynorphin(l-13) itself did not produce 

any significant analgesia. This peptide attenuated the analgesia pro­

duced by all doses of morphine used. The peptide attenuated the anal­

gesic effect of high doses of s-endorphin whereas it potentiated that.of 

the low doses, suggesting some common sites might exist between S-endor­

phin and dvnorphin(l-13). 

Pierce et al (35) observed an analgesic activity of dynorphin 

(1-13) by the tail-flick test but not by the hot plate test and only 

after the intraspinal administration,not either after the intracranial 

or the intraperitoneal administration.· In the same experiment, ethyl­

ketocyclazocine was found to be most potent by the intraspinal route 

irrespective of the analgesic tests. The finding that dynorphin relied 

solely on the spinal sites for its analgesic activity and ethylketocy­

clazocine, a K-receptor agonist also showed a preference on the spinal 

cord activity had led the authors (35) to suggest that dynorphin(l-13) 

might be an endogenous ligand for the :K-receptor. This hypothesis has 

been further supported by Chavkin et al (36) who demonstrated that dynor­

phin(l-13) and ethylketocyclazocine had equally poor sensitiizity to nalo­

xone antagonism on the guinea-pig ileum preparation. Moreover, in the 

binding assays with the membranes from guinea-pig brains, both compounds 

were more potent in displacing 3H-ethylketocyclazocine than in displa­

cing µ- or o-opiate receptor ligands 
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Kangawa and co-workers (37,38) have recently isolated and 

identified a new opiate-like decapeptide, a-neo-endorphin from porcine 

hypothalamus. The sequence of this peptide has been determined to he 

Tyr-Gly-Gly-Phe-Leu-Arg-Lys-Tyr-Pro-Lys. This peptide showed a very 

potent opiate activity in the guinea-pig ileum assay, 6.7 times as high 

as met-enkephalin and S times as high as s-endorphin. 

It seems, from the studies of s-endorphin, dynorphin and a­

neo-endorphin, that, chemically speaking, there are at least two fami­

lies of opiate peptide based on met-enkephalin and leu-enkephalin 

respectively. It also appears that carboxy-terminal extension can 

greatly enhance potency of both enkaphalins. In all three cases, S-en­

dorphin, dynorphin and a-neo-endorphin have a number of strongly basic 

side chains. Carboxy-terminal extension employing neutral amino acids 

does not give this enhanced potency (40). 

Specific receptor sites for endogenous opiates 

The relation of the endogenous opiates, enkephalins and S-en­

dorphin, to the opiate receptors has been established by the multiple 

parallel assays in the laboratory of Lord et al (41). Two of the assays 

were pharmacological in which the depression of the electrically induced 

contractions in the guinea-pig ileum and in the mouse vas deferens were 

observed, The otPer two were based on the inhibition of the binding of 
3H-leu-enkephalin and opiate antagonist 3H-naloxone, in homogenates of 

guinea-pig brain, It was found that S-endorphin is equipotent in the 

two pharmacolor,ical models and also in the two bindinr, assays, Leu-en­

kephalin behaves differently in that it is much more potent in the mouse 

vas deferens than in the guinea-pig ileum and also more effective in 

inhibiting 3H-leu-enkephalin binding than in inhibiting 3H-nalaxone 

rinding. The activity pattern of met-enkephalin is intermediate bet­

ween those of s-endorphin and leu-enkephalin. In contrast, morphine is 

more potent in the guinea-pig ileum than in the mouse vas deferens and 
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is also a better inhibitor of 3H-naloxone binding than of 3H-leu-enke­

phalin 'binding, It was concluded that the receptors preponderant in 

the mouse vas deferens (a-receptors) corresponded to the leu-enkephalin 

binding sites in the brain and that those preponderant in the guinea­

pig ileum (µ-receptors) were correlated to the naloxone binding sites 

( 41) . 

In conclusion, a n(tmber of studies (e.g,41-43) have clearly 

defined at least three receptor types of which none of the ligands 

· (natural· and synthetic) is absolutely specific for one receptor type 

but preferences are clearly discernable in various bindings or bioassays, 

At the present time, the µ-receptor is defined as having a preference 

towards morphine, dihydromorphine and S-endorphin as agonists and 

naloxone as an antagonist. The a-receptor has a greater affinity for 

the enkephalins as well as S-endorphin hut a poor affinity for naloxone. 

The K-receptor is less well defined but apparently prefers compounds 

of the ketocyclazocine series and only has a weak affinity for naloxone. 

Specific receptor b.locking agents are not available for probing these 

different receptor types, i.e. naloxone does has: a high affinity for 

the µ~receptor but it is not specific in that it will also interact 

with the 8-and K-receptors, 

Possible physiological role of endogenous opiates in the modulation 

of pain perception 

The physiological role of endogenous opiates in the modulation 

of pain perception has been proposed by a number of investigators who 

employed various experimental techniques, such as naloxone antagonism, 

microinjection of the compounds into various brain areas, electrical 

stimulation of the brain, acupuncture, stress-induced analgesia, etc, 

Jacob et al (44) provided the first evidence in experimental 

animals (mice and rats) that naloxone produced hyperalgesia and hypo­

thesized that this was due to the interference of the natural occurring 

1
substances that are physiological regulators of pain sensitivity and 
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reaction to pain. These observations have been confirmed by some labo­

ratories, (e.g.45-47), but not by others (e.g.48-50) possibly because 

of slight differences in methodology.Experiments with naloxone injection 

into humans have also been investigated. El-Sobky et al (51) found no 

reduction in pain thresholds in a situation where pain was induced 

acutely by electrical stimulation of the skin in the healthy volun­

teers. Naloxone was administered on a double blind basis, and the 

reaction to ischemic arm pain measured. No effect on pain thresholds 

was observed whereas the subjects reported slight changes in mood and 
• 

feeling, and an increase in anxiety, hostility and depression, which 

could in fact have due to a blockade of endogenous opiate activity. 

lforphine is known to affect mainly. the reaction to pain tolerance rather 

than pain thresholds, and the blockade of endogenous opiates would be 

expected to affect this psychosomati~ component. 

It has been well documented that the mesencephalic periaque­

ductal periventricular gray (PAG) regions in the midbrain appear to be 

the major sites for opiate analgesic activity in the CNS, Electrical 

stimulation of these regions or the' nearby regions could 'result 

in an analgesic response in animals and human (52-56). Such stimulation 

produced analgesia are partially or completely reversed by naloxone 

(53-56). Furthermore, it has been demonstrated that the stimulation 

produced analgesia outlasts the brain stimulation for a few minutes to 

several hour~, depending on the.duration and intensity of the stimula­

tion (52,57,58). This observation may suggest that the electrical sti­

mulation of the medial brainstem appears to produce analgesia.by acti­

vation of an endogenous pain inhibitory system, and the endogenous 

opiate system appears to be the most potential candidate for this phe­

nomenon. This hypothesis has been supported by the observation of the 

opiate agonistic effects, particularly analgesia and catatonia, in ani­

mals which have been microinjected with enkephalins (leu-and met-enke­

phalins) or S-endorphin into the periaqueductal gray regions (e.g.59-61). 
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Mayer et al (62) observed that the pain threshold to electri­

cal stimulation of the tooth was significantly increased by acupuncture 

needling of Eoku points between the thumb and index finger. This in­

crease was completely reversed by naloxone 5 min after injection, The 

reversal was incomplete 10 min after the injection and disappeared 

within 15 min. In contrast, these authors found no effect of saline 

injection on analgesia produced by acupuncture and no effect of nalox­

one on the base-line pain threshold, The reversal effect of naloxone 

on acupuncture analgesia in human has been reported by many investi­

gators (e.g.63,64). These results suggest the possible involvement of 

endogenous opiates in acupuncture analgesia. 

It has been accepted that animals which are submitted to a 

stressful procedure exhibit antinociceptive (analgesic) response, The 

antinociception induced by stressful events was linked to the brain 

endogenous opiates because acute exposure to stress induced changes in 

levels of brain opiate peptides (23,24) and changes in brain opiate 

receptor binding characteristics (65,66). It was also noted that S-en­

dorphin and ACTH were found to be concomitantly released from the pitui­

tary giand following an acute stress in rats (21,22). Rossier et al 

(67) found a decrease in leu-enkephalin levels in hypothalamus of rats 

following footshock. No changes were observed in other parts of the 

brain. These data provided evidence· in support of the invdlvement of 

endogenous opioids in stress-induced antinociception, On the other 

hand, there is evidence which casts doubt on this hypothesis, For exam­

ple, the evidence provided by Rossler et al (21) who reported an incre­

ase in S-endorphin level in the blood but not in the brain following 

footshock in rats, Furthermore, Fratta et al (68) found no change in 

the met-enkephalin'content of the whole brain of rats after feotshock. 

A lesion placed in the dorsal part of the lateral funiculus of rat 

spinal cord, which reduced or abolished morphine and electrical brain 

stimulation-indu.ced analgesia (69) , had no effect upon analgesia 

induced by electrical footshock (70) 
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Similar observations have arisen from a number of studies 

which used morphine and its antagonist naloxone, as the experimental 

tools to implicate endogenous opiates in stress-induced antinocicep­

tion. Stress-induced antinociception was £ound to be fully or parti­

ally reversed by naloxone in some studies (e.g.23,25,47,50,71-75),but 

not in other (25,75-77), The cross tolerance between morphine and 

stress-induced antinociception has. been reported by some observers (SO, 

74,75,78,79), but again not by others (80,81). 

Tolerance to and physical dependence on endogenous opiates 

-S~multaneously with the observation in the experimental ani­

mals of the analgesic activity of an intracerebroventricular dose of 

enkephalins and S-endorphin (e.g.59-61) an attempt' has been made to 

investigate whether repeated administration of the endogenous opiates 

iwould l~ad to tolerance and physical dependence in the same manner as 
i 
1observed in exogenous opiates (82-87). 

The antinociceptive effect of human S-endorphin after·an 

intracerebroventricular .injection observed in rats was found to be 21 

times more potent than morphine (85). This peptide also produced mor­

phine-like catatonia and hypothermia. The responses were blocked by 

naloxone. Repeated i~jection of the peptide (94 µg twice daily for 2 

day~) induced tolerance to analgesic response, catatonia and hYPother­

mia. Furthermore,a cross-tolerance to morphine was also observed. The 

similar results were also reported by Van Ree et al (82). 

Loh et al (83) investigated an analgesic activity of S-endor­

phin after an intracerebroventricular injection, which was found to be 

18 to 33 times more potent than morphine and its action was blocked by 

naloxone. The authors found that met-enkephalin produced a weak anal­

gesic effect of short duration (less than 5-10 min) after an intracere­

broventricular injection. After 70 h of infusion of S-endorphl:n into 

the rat brains, all the animals demonstrated a rtaloxone-precipitated 
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In the experiment of Huidobro-Toro and Leong Way (86) a a-en­

dorphin injected.intracerebroventricularly in mice produced a rapid onset, 

dose-dependent antinociceptive effect. Single dose tolerance develop­

ment was demonstrable with doses twice or more!than the LOSO(median anal­

gesic dose). Tolerance was ma.ximal at about 12 h following the priming 

dose and ·disappeared within 48 h. Tolerance was accompanied by some 

degree of physical dependence as noted by signs of na.loxone-precipi tated 

withdrawal similar to those elicitable in the morphine-dependent state. 

Tolerance development tp a-endorphin was blocked by the simultaneous 

administration of naloxone and also by pretreatment with actinomycin D 

or cycloheximide (the protein synthesis inhibitors). The authors (86) 

concluded that the single dose tolerance to a-endorphin appeared to be 

initiated by a process similar to those involved with tolerance resul­

ting from chronic administration of morphine. 

Tseng(87) observed the analgesic action of D-Ala2D-Leu5enke­

phalin (DADL) in rats with the tail-flick test, and reported that a 

chronic intrat)lecal infusion of DADL for 5 days caused a shift o.f dose 

response curve's of both DADL and morphine injected intrathecally to the 

right. This result indicated that a tolerance to DADL analgesic action 

and cross-tolerance to morphine had developed in the chronically DADL 

infused animals. However, concomitant intrathecal infusion of naloxone 

which was more sensitive in blocking µ-receptors than d-receptors bloc­

ked the development of cross-tolerance to morphine while that to OADL 

was left unaffected, This author (87) presented the. evidence that two 

types of opiate receptors, o- and µ-receptors, in the spinal cord of 

rats were involved in the development of tolerance by chronic 'DADL 
exposure. 
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Aflatoxins (AFs) (see Figure 1), a group of mycotoxins 

produced by the fungi Aspergillus parasiticus and their animal biotrans­

formation products, have been considered as responsible for the deaths 

of large numbers of domestic animals and possibly for the high incidence 

of liver cancer among exposed human populations (1). These aflatoxin 

producing mold strains can grow at temperatures of 40-45"c with an 

optimum at 30"c, and a relative humidity of 75% or greater. These 

naturally occured toxins had a characteristic fluorescence pattern on 

thin layer chromatograms at four components designed as aflatoxins B1 , 

B2,G1 and G2 ; the four components were distinguished by their blue or 

green fluorescence and by their Rf values on thin layer chromatograms. 

Twelve of structurally related components have been isolated and chemi­

cally characterized, ie. M1 , M2, B2 , G2a,etc. The M1 and M2 fractions 

were first isolated.from the milk of cows feeding on AFs contaminated 

food. 

The chemical structure of the AFs contains a difurofuran or 

bisfuran ring system fused to a substituted coumarin moiety, with a 

methoxy group attach at the corresponding benzene ring. These functional 

groups all have definite effects on the toxicity of AFs (2-4). 

The toxin that has been studied most extensively and consti­

tutes by far the major components.of most naturally produced mixtures 

of AFs is AFB1 . It is the most toxic member of the group and has also 

been shown to be the most potent hepatocarcinogen yet found for the rat 

and rainbow trout (3,4). 
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Figure 1. Structures of the naturally occuring aflatoxins and metabolites. 

TOXICITY 

• 
The toxic actions of aflatoxins have been investigated in many 

kinds of biologic test systems. The aflatoxins are lethal to many animal 

species thus far studied, when administered acutely at suitable dose 

levels. Typical single dose Lo50 values of aflatoxin B1, is in the 

range of 0.5-10 mg/kg body weight (Table 1). 

In all species, AFs toxicity main target organ is the liver ; 

other can be kidney, stomach, lung, salivary and lacrimal glands, colon 

and skin. In AFB1 acute and subacute poisoning, iiver is the main 

target organ. It cause centrilobular necrosis and/or bile duct prolife­

ration. Toxicity depends on age, sex, species, strain and diet. 

Repeated dose or chronic feed AFB1 can induce hepatocellular carcinoma 

and cholangioma ih animal at least 3 species (rat' rainbow trout' 

.duck) . Sheep is resistant to chronic exposure to AFB 1 . And in all 
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Table 1. Single dose lethality of AFB 1 in various animal species (5) 

Animal 

Duckling 

Rabbit 

Dog 

Trout* 

Guinea pig 

Rat 

Hamster 

Mouse 

Sheep 

Age or Weight 

1 day 

weanling 

adult 

100 g 

adult 

1 day 
21 days 
21 days 

21 days 
30 days 

21 days 

adult 

Sex 

male & female 

male & female 

male & female 

male & female 

male & female 
male 
female 

male 
male 

male 

male & female 

* Intraperitoneal; other values refer to the oral route. 

LOSO (mg/kg) 

0.40 

0.5C 

0.50 

0.50 

1.40 

0.56 
5.50 
7.40 

5.50 
10.20 

63.00 

500.00 

species, young animals are more susceptible than adult, male are more 

susceptible than female to acute and subacute toxicity and develop 

tumor more quickly than female. Toxic and carcinogenic effects are 

enhanced by low protein diets or cirrhogenic diets prior to or during 

exposure to toxic compound. 

In human, number of cases and evidence involving AFs in acute 

poisonings were reported in Thailand (6) Uganda (7) and Taiwan (8) . 

Reye's syndrome is epidemic in northeastern Thailand and is limited to 

children up to adolescene; it is characterized by a short prodrome of 

several hours followed by vomiting, hypoglycemia, convulsions, hyperam­

moniemia, and coma usually ending in death within 24 to 48 hours after 

onset. Histopathologic examination revealed severe cerebral edema and 

extensive fatty accumulation in hepatocytes, renal tubular epithelium, 

and myocardial fibers. Autopsy specimens from 23 Thai children who di~ed 

with Rey's syndrome were chemically assayed for aflatoxins; AFB 1 and AFB 2 
were found in the liver specimens from 22 cases, usually at the levels 
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between 1 and 4 µg/kg tissue wet weight. In two cases, the concentrations 

of AFB1 were of the same magnitude as the levels in the livers from monkeys 

in the acute toxicity study. At this level, AFB 1 intoxication in the 

monkey was remarkably similar to Rey's syndrome. However, other factors 

may be involved in this syndrome such as malnutrition status, viral inf­

ection and seasonal changes. 

CARCINOGENICITY 

In vitro stuies 'Of the mode of action of AFs revealed that 

AFB 1 requires metabolic activation for toxic activity (3). Since dis­

tinct differences in drug metabolizing activity exist among various 

animal species, the differences in species susceptibility to carcino­

genic aflatoxicosis have been considered with these metabolic differences. 

Correlations between the in vitro hepatic metabolism of AFB1 and species 

susceptibility to aflatoxicosis have been shown (8-10). Under in vitro 

conditions as reviewed by Campbell and Hayes (3), AFB 1 is known to be 

oxidized by the mixed-function oxygenases of the microsomal fraction of 

homogenized liver to from the products of hydroxylation, AFM and AFQ1; 

of o-demethylation, AFP1; of hydration, AFB 2a ; and of epoxidation, the 

2,3-epoxide of AFB 1 . AFB 1 is also reduced by the reductase. In addi­

tion, the cytosol fraction contains numerous enzymes and other molecules 

involved in the conjugation of certain AF metabolite to render them 

water-soluble. 

To determine the relative contributions of these metabolites 

toward the carcinogenic effect of AFB1 and to seek the active form of 

ACB1 , Wong e.nd Hsieh (4) performed the Ames mutagen assay on all of 

these metabolites except for the 2,3-epoxide of AFB 1 , which has not yet 

been isolated. The results are summarized in Table 2. The 2,3-epoxide 

was postulate to be an ultimate carcinogenic metabolite of AFB
1 

that 

can bind covalently to the DNA at the N7 -position guanine base yield­

ing N7 -guanine AFB 1 adduct of DNA or RNA molecules (11). 
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Table 2. Correlation of s.typhimurium mutagenicity of aflatoxins to 

their animal carcinogenicity 

Aflatoxin 

AFL 

AFP
1 

AFG 2 
AFB 2a 

AFG 2a 

Relative 
mutagenici ty 
(%)a 

100 

22.8 

3.3 

3.2 

2.0 

1. 1 

0.2 

0 .1 

0 .1 

0.00 

0.00 

Data from Wong and Hsieh (4) 

Carcinogenicity 

most potent hepatocarcinogen in rat and 

rainbow trout 

possessed half the tumor activity of AFB
1 

in rainbow trout 

less tumorigenic in rat than AFB
1 

less hepatocarcinogenic in rainbow trout 

than AFB
1 

possessed one-third the tumor activity of 

AFB
1 

in rainbow trout 

less tumorigenic than AFB
1 

in rat 

nontumorigenic in rainbow trout 

inactive in rat, weak activity in rainhow 

trout 

found inactive in rainbow trout 

a = Slope value percent : compound slope divided by AFB
1 

slope x 100. 

The postmitochondrial supernatant (S-9) of the rat liver wao 

used as the activation syste~ for the AFs to cause reverse mutation to 

a sensitized frameshift auxotroph of Salmonella typhimurium, strain TA 

98 The hepatic S-9 preparation was definitely required for the mutage­

nic activity of all the AFs tested, indicating that none of them is the 
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active from but that they are indeed procarcinogens(precarcinogens). Of 

all the AFs tested AFB 1 had the highest mutagenic activity, followed by 

AFL, AFG 1, and other derivatives Therefore,it appears that AFB
1 

has 

the molecular structure optimal for mutarenic activity, Any alteration 

of either the 2, 3-vinyl ether double bond, the methoxy, or the cyclo­

pentenone groups invariably results in a·marked reduction in activity, 

When these mutageni.city data were compared with the carcino­

genicity data for various AFs obtained from animal-feeding experiments 

a remarkable correlation was found between the in vitro bacterial muta­

genicity of these compounds and their in vivo animal "carcinogenicity, 

as shown in Table 3, 

The difference in the carcinogenic potential of various AFB
1 

metabolites suggests that the susceptibility of an animal to carcinoge­

nic aflatoxicosis may be a reflection of the net bioactivation effici­

ency of the simultaneous action of various metabolic pathways in the 

liver, In other words, the probability that a biochemical lesion 

caused by AFB1 may be a function of the concentration of the active form 

of AFB1 formed at the target site This critical concentration of AFB
1 

in a particular liver can be estimated as Salmonella mutagenicity by 

the Ames assays using the hepatic S-9 preparation derived from the liver 

in question, Hsieh et al. (12) used the hepatic S-9 preparations 

derived from different animals for· the Salmonella mutagenicity test to 

compare the net bioactivation efficiency for AFB1 in their livers, 

Recause of their distinct differences in susceptibility to the in vivo 

carcinogenic effect of AFR1, four species, i.e., ducks, rats, monkey 

and mice were used as source of hepatic S-9 system for in vitro asssays 

of AFB1 bioactivation. This data, including human liver S-9 preparation 

activity were shown in Table 3. The in vivo responses of each species 

to the carcinogenic effect of AFB1 , as available from the literature, 

are also tabulated for comparison. 

From the limited data complied, the ranking of the relative 
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Table 3. Aflatoxin-B -induced in vitro Salmonella mutagenicity and in vivo 
1 

animal carcinogenicity (12). 
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net bioactivation efficiencies for AFB1 of the livers of different 

animal species appears to be consistent with the ranking of their sus­

ceptibilities to the carcinogenic effect of AFB
1

• 

Based on the observations of long-term feeding experiments, 

mice and monkeys are shown to be relatively resistant to the carcinoge­

nic effects of AFB1, compared to the rat (the most wildly used animal 

for AF carcino~enicity determinations), which developed a 48% incidence 

of liver carcinoma after 2 years of continous feeding of 100 ppb of AFB1 
in the diet (13) ' Only 7i, of monkeys developed liver tumors after 2 

years of multiple subacute doses and multiple routes of exposure to AFB1 

(14), and no tumor was detectable in mice fed 1,000 ppb of AFB1 for 80 

weeks (2), Hsieh et. al, (12) concluded that the low in jn vitro bioac­

tivation activity of human S-9 preparations relative to that of the 

other species indicate that the human were less sensitive or more re 

sistant than mice to the carcinogenic aflatoxicosis, So far, correla­

tions have heen presented between the levels of aflatoxins found in 

diets consumed in certain areas of Thailand (1) East Africa (15,16) and 
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the high frequency of occurence in these areas of primary liver cancer. 

However, liver tumors in these areas may arise from more than one etio­

logical factor, i.e., alcohol consumption, low protein diet and liver 

fluke infection. 

REFERENCES 

1. Shank, R.C., Bhamarapravati, N., Gordon, J.E. and Wogan, G.N. 

Dietary aflatoxins and human liver cancer IV. Incidence of primary 

liver cancer in two municiple populations of Thailand. Food Cosmet. 

Toxicol. 10:171-179, 1972. 

2. Wogen, G.N. Aflatoxin carcinogenesis. In : Methods in Cancer 

Research ed. by H. Busch, Vol. 7, pp. 309-344, Academic Press, New 

York, 1973. 

3. Campbell, T.C. and Hayes J.R. The role of aflatoxin metabolism in 

its toxic lesion. Toxicol. Appl. Pharmacol. 35:199-222, 1976. 

4. Wong, J.J. and Hsieh, D.P.H. Mutagenicity of aflatoxins related to 

their metabolism and carcinogenic potential. Proc. Natl. Acad. Sci. 

73:2241~2244, 1976. 

5. Wogan, G.N. Nutrition society symposium geographic nutrition. 

Aflatoxin risk and control measure. Fed. Proc. 27:932-937, 1968. 

6. Bourgeois, C., Keschamra, N., Comer, D.S., et al. Udorm encephalo­

pathy : Fatal cerebral edema and fatty degeneration of the vicera in 

Thai children. J. Med. Assoc. Thailand. 52:553-565, 1969. 

7. Serck-Hanssen, A. Aflatoxin-induced fatal hepatitis ? A case 

report from Uganda. Arch. Environ. Health. 20:729-731, 1970. 

8. Ling, K.H., Wang, J.J., Wu, R.,et al. Intoxication possibly caused 

by aflatoxin B1 in the moldy rice in Shuang-Chih Township. J. For­

mosan Med. Assoc. 66:517-525, 1967. 



Thai J. Pharmacol. 
Apr. - Jun. 1983 Vol.S No. 2 105 

Afl.a.toxins 

Auratai Aramphongphan 

9. Patterson. D.S.P. Metabolism of aflatoxins as a factor in determi­

ning the toxic action of aflatoxins in different animal species. 

Food Cosmet. Toxicol. 11:287-294, 1973. 

10. Tilak, T.B.G., Nagarajan,v. and Tupule, P.G. Microsomal metabolism 

as a determinant of aflatoxin toxicity. Experientia 31:953-954, 

1975. 

11. Swenson, D.H., Lin, J.K'., Miller, E.C., Miller, J.A. AFB1-2,3 oxide 

as a probable intermediate in the covalently binding of AFB1 and B2 
to rat liver DNA and ribosomal RNA. Cancer Res. 37:172-181,1977. 

12. Hsieh, D.P.H., Wong, J.J., Wong, Z.A., et al, Origins of human 

cancer. In:Hepatic transformation of aflatoxin and its carcinoge­

nicity, ed. by H.H., Hiatt, J.D. Watson, and J.A. Winsten, pp.683-

707. Cold Spring Harbor Laboratory, 1977. 

13. Newberne, P.M. and Butler W.H. Acute and chronic effects of. afla­

toxin on the liver of domestic and laboratory animals : A review. 

Cancer Res. 29:236-250, 1969. 

14. Adamson, R.H., Correa, P., Sieber, S.M., et al. Carcinogenicity 

of ~flatoxin B1 in rhesus monkeys: Two additional cases of liver 

cancer. J. Natl. Cancer Inst. 57:67-69, 1979. 

15. Alpert, M.E., Hutt, M.S.R., Wogan, G.N. and Davidson, L.S. Associ­

ation between aflatoxin content of food and hepatoma frequency in 

Uganda. Cancer 28:253-260, 1971. 

16. Peers, F.G. and Linsell, G.A. Dietary aflatoxins and liver cancer. 

A population-based study in Kenya. Br. J. Cancer 27:473-484,1973. 



THAI JOURNAL OF PHARMACOLOGY 
ISSN 0125-3832 

Official Publication of the 
Pharmacological and Therapeutic Society of TI1ailand 

Published Quartery 

Aims and Scope 

Thai Journal of Pharmacology publishes (within 4 months of 
acceptance) the article in all branches of pharmacology. Papers of the 
related biomedical sciences will also be considered for publication. 
Authors need not be members of the Pharmacological and Therapeutic Soc­
iety of Thailand. 

Ca II for Pape rs 

The Editors will be pleased to receive contributions from 
authors for editorial consideration and rapid publication. Manuscript 
will be reviewed by the editorial board or the invited referee; the 
author will be notified of any change or suggestion for modification 
before the final typing and publication. 

Manuscripts 

Manuscripts will be classified as original article, case re­
port, review article, general article, point of view, letter to editor, 
book review, and editorial; the language can be Thai or English. The 
original article, case report, and review article must contain a 
SUMMARY in English. References should be given as numbers in order of 
citation in the text, not in alphabetical order. Tables and figures, 
including footnotes, should be in the size not larger than 15 x 20 cm. 
Two copies of the manuscript should be sent to Borpit Klangkalya, 
Department of Pharmacology, Pramongkutklao College of Medicine, Raja­
vi thi Road, Bangkok 10400, Thailand. 

Subscription 

Subscribers in Thailand 
Subscribers outside Thailand 

60 Baht/Year 
U.S. $20.00 /Year 
U.S. $35.00 /2 Years 

Prices include surface mail postage. 
Please send subscription request and make cheque or money 

order payable to: Chainarong Cherdchu, Manager , Thai Journal of Pharm­
acology, Department of Phal"macology, Pramongkutklao College of Medicine, 
Rajavithi Road, Bangkok 10400, Thailand. 



onuunu1n1s 

usun 1un1nosuJ1su1 
0 ~--

v1no 

~ ~ ~ "-' 
c:iC::.. ef °""" Cl 0 <l..o' "'-' d c:.11 .::::.. 

ti 1 lii l?l 'J f:J 1 VI TH 'i.'1 ':i :U 'l"l ':i :U fl 'll '1 A fj 'IJ iii 1 VI 'a 'lJ iii l?l 'H eH.h:l 'Yl fl ti tl (?) 

1-1 auu•R• 2 (•1uu:m) ni~tnwi 10100 

1tt"J. 2231371-!=l 

• 

41/3 nuu\w~,~~J m.u,~uo n."~:~~~tt~~ 

~.~~~~U~1n1~ 1~~. 4626586-7. 4627836-7 



Dnuunu1n1s 

n1unuaJuil1iio fvao 
• 

lfilc;ic;i« f;IUU'iila..ll"llbbVl\1 fl'iitlb'n'W '1 
• 



",.., "H•I11 i11:f'Zf~VHJ1" L WJ11i>f1··n11'1~'Zf·1n11"1JD'1"illJ1fllJ Ln~'Zfl)vi u1ul'i\Jtl"'i::: L V1Ft1 viu !i"!vititli:::il\Jfl L vfD 

L l\4UlLYf~i'Zf1fi 11" N~\11'UV11\J L niJ''1JiV1 U1LL W :::'iV1U1ff1"ilVI -i'i'f L f/uJVD\J fi'ud\1 L "1'ilJn11'i~ULL~::: L "ili'lJili 1'1fi11 

~Yl~ utli :::a1u \J1'U 1:::'11~1'1"illJ1'lln "l u~n1truvi 1'1'1 

1 • 11u\11t.t"'S~u (Original Art i c 1 e) L tlu11U'11tJ~ .. r"1'11'U·~~£J'V'tl'1~L1fuu L fl\1 ~"U\:i "lJ L 11uffffu,.j',.,;'tlni~'11t.i 

n11~~uW"luJ11a11~w 

2. i1£J\11u~i.l10 (Case Report) L W11U\l1uc.J~n11~n~11. u~JJ u l u L ~'tl\lvf L rluJVt:1\lfi'u-i'Zf1 L11ff'Zf'i'Vlu1 

3. UVlflJ 1i.;tl1l"fflti (Review Article) L Wn 11"1Ju111Jti'Bl,!~HL~:::ti·pJ-i-:>J1 "HU.., w L ~D'1lYl L ~D'1l1ff \1Dri1\l 

w::: L fluYl ~n'3\l uw:::ii1J11U'1i.w~1ut1u'1 

4. u~"o1mlfo hJ (General Article) "''" tiwn1,a1t!"o1~iwn~ L'71h11H ~""1"' ~"""il" 'if,llth"-
1 u'IJU~t:1n1 "'l L "f uun-1 ·H~'tlw Vl~D~:u~u11lnLL ~:::tJ~.; :::«.J1'Zfuvfaul "<a 

s. LJ~~FIU (Point of View) lUun11'i-:>J1~ru,.,;uiauu.Vn~Yl~~u"lua11:::a'1~t\.fVl1'1Lnff'Zf'iviu1 ,..,~DriLrluJ 

.; D \] f'lun 1 "'j L ~ tl'Ufi 11" "ilDU i'Zf1 L 11#t1iY1 U1 ,., ~D fl 1~j~1 L il'U \J 1'U'Vtl'.'l "illJ "lfllJ L 11ff'1J"j"VJ u 1LL11\J t],-::: L v11•11 Vl[J 

6. OJY111u1u~\Ju11ru1~n11 (Letter to Editor) LiJun11~~11ru,..,;uL"il'U~.;D~YlL~U~LrfuJ~D\lfiun11~YlV1i 

J1 "'l"il1"'l L n#'IJ'iVltJ1 11~B L ~D\Jvf11~1J,.j, 'Ul'l"'l~1 "S ~\Ji'lfU:::U"'l iru1 fin1JD1~f?OJ11ru1 l ;~yf L rfr..iJ;B\lfliJU.;D"i""l1 'lru 

'11~il.;B L"ilUDLL\.l:::fit.Fj 

7. ~'11,rul'lii'Jffil (Book Review) dJu-ti£1iOJ1·HU11~e:nLu:::u~1l'lil'\J~t1~~Yiuvii..,,ri1tJ"l\.ltl'l::: lVlflLLn:::lufi1,1tl"'l::: L'Vlfl 

~'\JF1ru:::uiiru1Gn11Lnu~1"lit11:::1r..i~U~v~81u 

8. 'UVIU ,,.ru1fin1 ·J (Edi tori al) L VuuV1f!'llli'l1 ~u-tiu~Vl L ~u lu L ~D..,,¢. L rluJ;a'-lf'1U-i'Zf1 Lfl:f~'lV1u1 11 'l a1 ""'i 

!, fl~~'S'Vlu 1 ,., ~i] il"li 1fll.1 L n-ff'II'iVI [J1LL1-i \JtJ""'i::: L Vlfl 1 VIU 'if'-lflru:::u, Jru-1Gn1 'l OJ :::fi'"ll 'l "l"fll1 L Vu L ~D\1, 1 tJ 

l . ~tH1Uu~-i\] "l Yi'91'l1"'l0Jl;tl'\J 1tl L fltl~W111'i1J1riuu l1~Dfl°1~\JjtJfi 'lJ~'Auvi"l U"11 "i"il1 'l'l1~B11il'\J~Dfiu~ LV~ :::-:.i:::viu\] 'lu' 

~\J 1tl~W"W~rlu111tJl'1~\l-:.i1n9fflru::u11ru1Gn11 'lv1'91EU~u L ~t1\J?l'\Jn~1-:iu;, 

2 • L ; tl\l~~WlJW° LL -5'1 L iliJ il"lJiJqf 'lJ LJ \'l ~1J 1 fllJ L nt,i'~'iVI ti 1LL1-i°'1tl1:: L Ylf11 Y1 U lL 'W::: L tlu ~ft\lJU ~'VI tfvintJ1::: fl '11 

3 • "17t:1fl-j llJLL"l :::fl'111Jf'il'l 1. ii"u "lu\ ~u\lvf~~11TI' l-111 'lWl".l L W"llD\l~ L fJtJu oif\JF1ru:::ui"iru1nn1'"i 1J'li l th.JOJ:::iu\'l L ii"u;CJ\l 

f)J!J 

4 . -n1a1 ""~"ai 'u1 '~""l'f~w~i1"o" "iu-rn 25 ulfu1 ,;~, ~"um~l'fm.i>h"'l 11' 

l . ;\.liltfut110J L llu111~11 VJ u11~t11111::11Il,:int)11i11 ,,.] fi1 1. W111"b'1 'l l1t1'l:::vit1\JO L ~ti\JUa111t:t1Il'1nfJl.!!'tJ~9i'-i tJ u w::if'i°fD L ~CJ" 

'lfil 'lfu-Nf)~ LL~:::riVli\llU'lJil\1~ L 1tt1UD~l'i-iui\Jn11:.11 'l 'Vlt!LLW!:1111::11D''-lf1CJ1::1 on L 1u L ~D\lff L fiu l J9'!V!flti° 'lYll'l1J1 u 

1'1'1U'l'ltu16n11 "l'l1 iMrl1'1{1tJ LL~~uviui·H1J1fin1"'l" a1'l 1J;D.,10 L 4n\lGEJll1vi 
., .. ., d • ., ..... 

2. \i'lUUi.fUfl'J"'j~lJ'Yi~VlU11Vl'Vl L ""1Ufl'l\JU"i1l'ffl (I~ Space) UWn""i::Vl11:f"J'1'1Elt!1\1~lJ LL~ft1J"tll'IU1 L$iUJ 111r/lu 

r11iJU"lJ'U11'1 15 x 20 cm.XI L~'lJf!J1i.'liL~"lJD11101'1l'T'\Jl'lllYl 9'i'JTIJ1\1n1"'l"Vi1Jvi° n1"-; L-luui:"'lt-'rl'lU~ZJ"';"jf'lfltl\J 

.i1"1 hh•~•1n '~""rl~~ui1'luo11il1> of! 4 uviw:1uflfi~i1wi.1u1tJLLuurlni"'u"11'"1,no1?LL00•"1.i'iu 
n11W~11ru1~W~~~~1~u 



3, 11u,11ui{iu~~"''""'"~1.hum1!lh'"il;l'1flllJo'i~ull\1il' ;fo <'la" ~""""'m1!lul'1V11"1u'!ln"~ •'1uu 

, ~"'"J'D (SUMMARY) uviu'i (INTRODUCTION) ~\l'n111'tn>11 (METHODS) •iln1'!1n>f1 (RESULTS) 

~''"'""(DISCUSSION) uvrn1tl(CONCLUSION) ft·1.,mu~<Y(ACKNO\l'LEDGEMENT) """ •nno11.i1"li" 

(REFERENCES) 

4 , uvi r1111J tl'1'~flti 1'1'11fil f' "'i\l'i'f.; 1""11J a i?l'u?i' '1il 'liu ~ ~S\l ~'El LL a:::~tl11lu9'~1'11U'l.la \l~ l ~uu l ~il\l ~il uviu i ~l ~::.: 

Lll'n d,,,, ('ii" 1J, off"~"""'") umqtl •1'11nU~<Y """ 'nmn 1'Jl'1li'1 

5 , i.J'Vlfl 11.i.J#'l 'l tl L -:iiil"1°1'1ti 'l9lV1111uU\1U"S'1C111 Gn1 i u ci~u'r1u "l "it'r.ll~n1, 1ii'l'\t'l9'11l1.;un 11 ~'fittu L~'IN:::t11~ 1.-d' 
nc101·00'1LlUUu11on~n1~ (BIBLIOGRAPHY ~'fo READING LIST) ~1,\ 

6, i Bfl8 -1y,j'1 ,,~~ "l Yi'i, i!1 :::t1u~r1 l ~'V L ~u-1'fl 1ullli1fun11fl'1'\lt'1\11 u L d°'ti l ~fl\} -----
·""i 'i''H) 1 \]~'\) l tlnm'T1'J'lfl'Tl1ill! i G1n'3u~ L 1!1:.rw 1J diu 4 ~n/h1 vlilt.1u'11€1'Vlnfl'U tl1n'lfu~ L-t1r.Jti ~nu 4 flU 

'l~ll1iuu{fuvuY11;:. 3 flt.n11n '11LlJ~-HJfl1 n~~flru:::(et"al) u;:;i:::i.li'~11s:i1:\u4l-Jfi 

•ifoc~"~'"'''• iln>1'u"{i,,.iu (l'foll"'~""'liwm>11tm1 1;,~"" ·;1.;,, ;lo&~•) !lu'~"" ~fo11,a10 
(J1".i~1,.fl'l~IIT\lfitp:.ti.i1"l-ii'{fflr.;rJ';l-il.I Index Medicus ) vc/JJ9f tiU°1u1"n-'r1U1f{'11;1u, fl .n'J~"1flJ1\l 

uti'l\Tl"'i ri0•-Jt'i'<'IU'l. UYIUIYlV11-Jiil:ij1;Y1u~1'lJti'J Opioid peptides Lll'l:::n1J1':1"1"11JJ'l1nNl'l'lJil\J Naloxone. 

1'' .. i11'1'1lfl~"IJ9JYIH1 3:85-93_. 2524. 

Nelson,J.A. and Nechay,B.R. Interaction of ouabain and K+ in vivo with respect 

to renal ad~nosine triphosphatase and Na+ reabsorption. J. Pharmacol. Exp. Ther. 

176:558-562, 1971. 

Andcn,N.E., Corrodi,H., Puxe,K., et al. Evidence for central noradrenaline 

Teceptor stimulation by clonidinc. Life Sci. 9:513-523, 1970. 

n 1"'jfl1 'l ~'JY!if \l~fl.x \J ~ -ilJ ~111'1 ~~u?I \Jo 

Costa,E. and Trabucchi,M. Editors: Neural Peptides and Neuronal Communication. 

Advance in Biochemical Psychopharmacology, Volume 22, Raven Press, New York, 1980. 

n '1"5fl1 "1f'.! \lU'Vl 1 \.J'r'li'r \l~tl~fl f1 i;lu?f 'lld 

Jaffe,J.H. and Martin,W.R. Opioid analgesics and antagonist. In: The Pharmacol­

ogical Basis of Therapeutics, 6th edition, ed. by A.G.Gilman. L.S.Goodman and 

A.Gilman, pp. 494-534, MacMillan Publishing Co., Inc., New York, 1980. 

7. ~lo·"" """ /"~" 'ltJth"nuun11~w111'w """" 1ullu1 u m oflmln~'l 1n On '~""~ 1~~'rnml·ovl.ln'1n1' t:t! '~uu 
fl1"1lll1t1u"11LJY1i1nilu l ~t1uuun1::'1111:t'l.!1ifl J.,,,~ ttl~-1t1fl1"5 l Uu itl'l.t1111iuun 1:::fl'l'l::rE1LJ-i\l l 'l'tiu ~'111111\l 

'l tl lll'l :::fl in 6U'l E.lfl'11r1'lJU 1\llWfl L 'r'llJ 1:;:fif 'l::~Yf1Jrfi>l\l i. un "'iflU'llU 'lYI 1 l'l,;'l'lJfl\lJ1')~11 ,fl., '11E.lfl 1\J ( 1li L fiu 

15 x 20 cm. J 'il11'1'J ll~::/ti~fl'l~'JUill1"'J'lnNi>l\l1't.f9f~t'?lJ,;LL;'1'l:::viil\l;1'Jff\Jllfli>l
1

\l~lJ'l;,t! 

i 11" ~\J;W\lif U <OJ itr1u 2 'l.jfl V:n flru::u 1"".it'l!'l15n 111 ~'Vlnflu l-1 itl 'l::: d\lVI 1'J1 tl"li:rlilti' ft-Ju '11flJ1tin11 

w .VJ. U~Vl1 nl'11\lt'liiu1 111fli'{f1 Ln:'IJ:isVltJ1 ~Vltl'l~tJLll'lVILJl'f1~11;1'1"i:'.1J'Jfj!J Lfi;1 riull11"{fifl fl(\l LYIW 10400 

u 1 ·,fu16n ~i ~. ;;i:::·~'J\"1~1viuu ·Yu ll "1::: /'11 iuciJu L w-uuuu::: 1 un'1"'.iLLn1'lJ~uoUuu-1 €1-J~ L °'lfrJW <if'l .. l un ituvifln11un"l 'lJ 

~ L 'lluuu1"lLlii1'l.IVI11Jfl ~HLU:::u~ Yl~t1t16u1 tJtlu€1u l'I iu viltJu n~ll L 0'!11vi-11Jri L li'u~11'1l--:i 1 LL;-J-d'J~Ut"J\lflru::u 1 ""iflJ'1-

~fl1"i111 [J~JW t ~nWu1.fl'l 1lJ "itlu UUll a:-:91Yh.1;"l U'J1 iW'l"'Hiifl "I. tJ 



anuunu1n1s 
li.l'Ul 

fllfll";i D. T. C . 

11s tillu'Yl~ti'ntilluil>ru 11uuat1u;n 1 B4 l 'Yl>:1tiu~ nnu. 
' . . 

ln>. 3111371 - a 

Anti Anemic Agent 
with Ferrous Fumarate 

DISTRIBUTED BY 

THAI JAPAN DISTRIBUTORS CO.,lTD. 
176 Soi 64 { Pongvej Anusorn ).Sukhumvit Rd., 
Bangchak, Phrakhanong, Bangkok. Tel. 3111371-6 



anuunu1n1s 

11.J tJ 0 c.,. c... __. ' 

n1onuaJuu1no 1515SH 

0 I Cll 0....- r/ a: &,.. r/O. d 

1il l'Wl.J 1 ti U'11l.flnll'I U'l ':!£h'lttfl '"J tt~ :::'fltlfl':!nl '"J'YI til li'l 1 &11?1 'a 
• 

°"" ~ ell (\,,; d 0 a..; 0. °"" 
<a'U&l\'I t~1l.flnll'l&l1Vl'a'U\'11'1.J'"J1iltl'21'fl\'I SIGMA CHEMICAL CO. U.S.A. 

'lti"I. 3777048 



Pure Anxiolytic 
Optimum Alertness 

B-DEP/ TRX- Dl -40- 83 

OlfJ LABORATOIRES CU N- MIDY 

~)~ Sanofi Pharma Internat ional 20 , Rue des Fosses Saint-Jacques 75240 PARIS Cedex 05 



f 

J 

The original so ·um vatproate from LABAZ 

a inajor first line antiepileptic drug 



Mulvitin Syrup ... 
111?11aJU'j13J~1ViftJb~nt1U~it1 

Mulvitin Drop · 
111?11iJU<;i'daJ~U~Vit1~ 

0 Q.I Qi '°' 
~1Vl<;itJb~nb~n 

ulvitin Tablet 
111?11aJU<;i13J~1VlftJb~n 

liC.'I C:l'U c::l 

t1U~b'°1t11 <JaV111u n~uVie:iaJ 

t1i,;,n ~a~n1fittcwV1!i ~nt'I 
27/2 t"l'U'U'WCU11'Vl n'lllb'Vl'W:J..JVl1'Ul'l'l 
L'Yl'l. 245339,-3, 2454579. 2454599 






