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ORIGINAL ARTICLE

INHIBITION OF HEPATIC DRUG METABOLISM
BY ANTICANCER AGENTS

Chalotorn Techa-akrakul, Krongtong Chawalit and Amnuay Thithapandha

Departmernit- of Pharmacology, Faculty of $Science,

Mahidol University, Bangkok 10400.

SUMMARY

Pretreatment of the rats with methotrexate, cyclophosphamide
and S5-fluorouracil could cause inhibition of hepatic drug metabolism of
zoxazolamine, aminopyrine and aniline, as evidenced by a prelongation
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 importéﬁt 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 thefapy is mostly palliative but not curative (1).
‘However, the majority of drugs used are highly toxic and also 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 cytotoxic
to liver cells. Hepatitis, cirrhosis, fibrosis and fatty change in
liver cells have been found in liver biopsy samples from psoriatic

patients treated chronically with methotrexate {2). In the study of
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Custer et al. (3) it was found that rats given more than 125 ug/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 actiom, metabolism and toxicity of other drugs used concomitantly
in cancer patients; 7 _.Decreased actiritiee 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

enzymatlc act1v1t1es has not been fullv eluc1dated

The ob]ectlve of thls study is to determlne the effects of
subacute treatment of . methotrexate, cyclophosphamlde and 5- fluorourac11

on hepatlc drug metabollzlng e“ZYmESO_f'

“ MATERTALS AND METHODS

Experimental Animals and Chemicals

Adult male Flshe} rats of about 60 days of age ‘and welghlnfT
170- 200 g were used in the studv " The animals were supplled by the
Animal Center of the Faculty of Science, Mahidol University, Bangkok,
Four rats were kept in one caqe suspended over Absorb-Dri, All animale'
were allowed access of food (Purlna Laboratory Chow 7ue1110'Pte, Ltd.,

Singapore) and tap water ad libitum until 16 hours hefore sacr1f1ce
during which time they were allowed access to water only '

Chemlcal agents used in this experlment were obtained commer-

cially in the blghest grade available without further purlflcatlon
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Treatment of Experimantal Animals

The experimental ‘animals were fasted overnight prior to =
treatment with the anticancer aéents;”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 (i; 2, 3 and 5 mg/kg) and ¢yclophosphamide (20, 40
and 60 mg/kg) and the others were injected intraperitoneally with
5-fluorouracil (10, 20 and 3¢ 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 W1th 2 mg/kg methotrexate and
40 mg/kq eyclophosphamlde and 1rtraper1nea11y w1th 30 mg/kg 5- fluoro-
uracil, once dally for 5 days. Tbey were k111ed at 2 4, 6 10, 15 and 2
20 days after the last dose of the 5- day pretreatment schedule,' o

3. Collection of blood.samples

Blood samples were collected from rats by heart puncture
under light ether anesthesia, Heparln sodlum ‘solution” (200 units per =
tion. The blood was then centrifuged at 3,000 rpm for 20 min in the
International Centrifuge,Size 2.Model K and tbe 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-demethylase 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, Both the enzyme source and the microsomes were prepared

by the method described by Unchern and Thithapandha (8).

Thei activities of aminopyrine Nfdemethylése and aniline hydro-
xylase were determined by the methods described by Mazel (9), except
that 20 pmole of aminopyriﬁe or 10 umole of aniline and 1 uymole of NADP

were used.

 Microsomal protein was determined by the method of Lowry etal
(10) with bovine serum albumin as the standard. Cytochrome P-450 in

the microsomal pellet was eétimated by the method of Omura and Sato(11).

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 after 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 hy Conney et al (14),.

Pharmacokinetic Analysis and Statistical Analyses

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,



Thai: J, Pharmacol. } Anticancer Agents § Drug Metabelism

ApT.. - Jun. 1983 Vol.5 No.2Z 5% Chalotern Techa-akrakul, et al.

" RESULTS

_ As shown in Table 1, pretreatment of rats with methotrexate,
eyciophosphamidE'and S-fluorouracil at the 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 anlmals had been pretreated with these drugs, even
at the reduced doses, zoxazolamlne paralysis time were markedly pro-
longed when compared w1th the control (Table 2). These results thu5'
- suggested that the anticancer drugs might inhibit  the hepatic'micrdso4 T
‘mal metabolism of the muscle relaxant When the effects. of each drug
were 1nvest1gated further, it was found that methotrexate depressed the:*'”'
enzymatic act1v1t1es of hoth amlnopvrlne N- demethylase and aniline -
hydroxylase 1n ‘2 somewhat dose dependent manner (Table 3) It also

" caused a dose- dependent reductlon in hepatlc cytochrome P- 450 content

Table 1. The effect of anticancéer agents on rat body weight-

Body Welght (g) =~

Control Meth0~ﬂv' Cyc10phos— 5-Fluoro-
©0h0 otrexate . phamides - uracil o

702 184 3.9 178 ¥ 4.7
5,3% 148 * 8,5%

Before treatment 166 + 3.2 179
After treatment '~ 175 2. 8% - 164+ 5.5% 155

oy

i+
i+
I+

Six rats in each group: were treated with the drug once daily for: 5.
days as follows : methotrexate ( 5 mg/kg, PO ) ; cyclophOSphamlde .
( 60 mg/kg, PO } ; and 5-fluororacil’( 30 mg/kg, IP ). :
Control animals received an equal volume of saline. The asterisk:
indicates a s1gn1f1cant dlfference 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 zexazolamine paralysis time

Pretreatment . B ~ Paralysis Time (min)
Control 45 £ 3
*
Methotrexate 83 + 6
" . . o
Cyclophosphamide ' 119 £ 5
L »

5-Fluorouracil =~~~ 141 + 107

‘Male rats welghlng 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 equal
volume of saline. Zoxazolamine (60 mg/kg) was injected - (i.p.)
about 50 hours after the last dose of the prétreatment; the paralysis
time was then recorded. Results are expressed as mean + S.E, from 7
rats. *P < 0,01 (from control; Newman-Keule' test) - S

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 théée‘twe drﬁg metaboiiziﬁg enzymes qualitatively
similar to those of mefhotrexate (Table 4), except that this alkylating
agent also decreased mlcrosomal 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, cyclophosphémide 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 hYdquylaSefaCtivity to feturn
to normal (Fig. 1). Many of the treated rats died duriﬁg-this'courSe

of enz:mie*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 Weight - Microsomal Aminopyrine. : .- Anitine . -

{ PO, Once daily [ % of Body Weipght } Protein N-Demethylase. Hydroxylase Cytochrome P-450
for 5 days ) . Activityﬂ Ac:t.ivityb .
(mg/kg) . (mng/g livery (nmole/mg protein).

0 3,00 x 0,05 31.80 + 0.31 - 137.50 % 1,79 14,15 % 0,30 0,5 ¢ 0,01
H . 3.02 + 0,09 31,06 + 0.50 © 121,00 %10,70 11,88 * 1,61 0.57 &+ 0,02
2 3,97 £ 0.23 28.4e ¥ 1,06 58,54 £12,57% 4,52 » 0,75% 0,38 + 0,03
3 g 3,94 + 0,17 29,14 £ 0,45 58,55 % 9.75% 4.0} + 0, 87* $#.32 £ 0,03
5 3,58+ 0,09 31.09 = 1,08 21,43 + 2,15% 2,25 & O,20% 0,24 &£ G,033*

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. -
Asterisks indicate significant difference from control ( P < 0 05
Newman Keuls! test )

Table 4. Effects of cyclophosphamide on various parameters of drug-

metabolizing enzyme systems

Cyclophosphamide Liver Weight Microsomal Amninopyrine Aniline :
{ PQ, Once daily ( % of Body Weight } Protein N.Demethylase Hydroxy]ns_e Cy;ochrome ?.450
for 5 days ) ActiVitya Activity_o :
{mg/kg } {(mg/g liver) ( nmole/mg protein).
0 2.96 1+ 0,08 3898 + 1,22 144,07 2 6,61 13.77 + 0.69 0,58 + 0,02

20 2,87 + 0,03 33.94 * 0,857 102,48 £ 4,27 9,41 1+ 0,58* 0,42 + 0,06*
40 3,64 + 0,18 31,57 # 1.81* B3 .73 > 5.79% 5.16 = 0.38" G,28 + 0,027
60 4,02 £ 0,14 28,97 + 1,23* 60,84 & 7.46% 3 .45 ¢ G, 30% 0,21 = 0.01e

Values are expressed as mean + SE from 6 determinations

a = nmole formadehyde formed/mg protein/30 min.

b = nmole p-aminophenol formed/mg protein/20 min,

Asterisks indicate slgnlflcant dlfference from control ( P < 0.05 ;
Newman- Keuls' test )
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Table 5. Effects of 5-fluorouracil on various. parameters of. drug-

metabolizing enzyme systems

S-FU Liver Weight - Microscmal Aminopyrine Aniline.: . - .
(3P,Once daily " (% of Bedy Heighﬁ)" . Protein:- ... N-Demethylase Hydroxylase. . Cytochronie P-dSﬂ_
for 5 days) SR Sk Activitya Activltyh )

(mg/kg) (mg/g liver) c (nmole/mg proteini:

0 3081006 . . 27.23 11,02, 127.22 49,55 13,3 & 1.03 0.52 4 0.0%
@ .. 315 :90.06. . . 27,95+ 193 11836 + 8.04 1076 + 0.9¢ 044 £ 003
W 2.97 £ 0,04 27.70 + 1,59° . 120,532 4.85 . 1345 ¥ 2,54 . 0,55 £ 0.0¢
y .. . . L]

30 . 3.8 xo0.10,. . 22,50 £ G.B8 . 59.77 + 5 45 7.3 £ 1,117 . 032+ 004"

Values are-expressed as mean * SE from 6 determinations, -

a = nmole formaldehyde formed/mg protein/30 min,

b = nmole p-aminopheniol formed/mg protein/20 mim, _
Asterisks indicate 51gn1f1cant dlfference from control ( P <0 05 R
Newman- Keuls’ test Yoo ' S : : :

Lo _ Contral T e
100 Q“‘x\wg_“_ﬁqg______”mH_EL«—~—~—**—*'“F$rd Aﬂézé

Y

: m.‘__BD Cydnphosphamxde-:’_;‘;T;_,a—j"..//j
< 37 ., ,{»—*"‘ A X
- o S, _?_/’ S RS
<z - : S Al o
S 3 60 SRR L e
o = R T
ol R e T
=R MTX T
w40 § / __T‘ -
z > e A 5-FU ..
g E : \.‘:?I‘//"./
=z 20| ¥ ‘ .
B I T 1 i I
2 4 6 8 10 12 14 H 18 20
DAYS AFTER. LAST_ DOSE
Figure 1. Time-course of the effects of anticancer’ agents on an111ne

hydroxylase activity.  Methotrexate (2 mg/kg, PO), cyclophosphamlde

(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—deméthylase

(Fig. 2).

The plasma concentration-time Cﬁrves of aminopyrine and "ani-
line in control and drug- treated'énimaishéfe:SEOwn in Figs. S'and 4,
their pharmacoklnetlc parameters are tabulated in Tables 6 and 7. All
of the three ‘anticancer drugs caused an increase in hoth the plasma
half- 11fe and volume of distribution of the two tested amlnes.. The
drugs did not seem to cause any change in the initial rates of absorption
of amlnopjrlne though they did produce somewhat lower peak levels of

aniline in the treated groups (Figs. 3 and 4},

_:Cbﬁirol_f_j..."

ey
[ o] . .
< o [ =F
l I

&..
o
|

AMINOPYRINE N-DEMETHYLASE. -
ACTIVITY (%CONTROL)
P
i

B m— 7 T T T T i ]
o2 4 - 0 8 10 12 14 16 18 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 * 5.E. from
6 separate determinations,
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O « Control
a = MTX

o = Cyclophasphamide

» = 5-FU

5-FU

A ) .
~~.pCytlophosphamide
.\AMTX

~._ Controt

T T T

2. 1 & 8

TIME 1IN HOURS

Figure 3,
pretreated with anticancer .drugs.

separate determinations.
see Table 6.

PLASMA ANILINE (}:g/mli

x o0 b O

Plasma concentration-time curves of aminopyrine in rats

Each point represents mean from 4
The SE.ranged from 0.63 to 8.33,

For detail,

Coniral

= MTX

= Cyclophosphamide
« 5-FU

iy 5-FU
C~._ P Cyclophosphamide
- '
204 - OMTX
Control
I T 1 T
z 4 - 6 i
TIME IN HOURS:
Figure 4. Plasma concentration-time curves of aniline in rats pre-

treated with anticancer drugs, Each point represents mean from 4 sepa-

rate determinations.
see Table 7.

The SE. ranged from 0.56 to 4.78. For detail,
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Table 6. The pharmacokinetics of aminopyrime in animals pretreated
with anticancer agents

Half-1life Plasma Cleararice vd
Pretreatment _
( 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 + 0.08'  0.15 + 0,017 1.27 + 0.31%
5-Fluorouracil 7.60 + 1.260  0.14 + 0,008 1.49 + 0.28"

Male rats weighing 170-200 g were pretreated once daily for 5 days with
methotrexate ( 2 mg/kg, PO ), cyclophosnhamlde ( 40 mg/kg, PO ), and
5-fluorouracil ( 30 mg/kg, IP ). Control animals received an e ual - :
volume of normal saline.” Am1nonyr1ne C 200 mg/kg ) was given o;ally 48'e.
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 amlnopyrlne 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- .

minations. " p < 0,05 ( from control ). T p < 0.01 . { from control )

DISCUSSION

It is not uncommon to give drugs to cancer patieﬁts 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 could 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 good

-evidence that - anticancer agents:at appropriate dose can have a profound

effect on hepatic drug metabolism. - One might regard that the experi-



S CETI LY Anticancer Agents § Drug Metabolism

O# s auf 2 66

tu.u;-iliy, 2526 1lacs  tArzdAina. uaz Anz

Table 7. - ..The pharmacokinetics. of aniline in animals pretreated with.

anticancer agents

Half-life’ PléSma Clearance vd

 Pretreatment _ S e
( hrs ] ( L/xg/hr ) ( L/’kg ).
Comtrol. . . 3.83 0, 29 _0.17 + 0,003 0.95 £ 0.06 .
Methotrexate . . 7.13 £ 1. 22 0,17 2+ 0,011 . 1.68 + 0.19. . -
Cyclophosphamide  7.54 + 0. so 015 £0.007  1.63 + 0.11
+ +

5-Fluorouracil 6,10 + 0.22" 0.15

ES

L . *
0.004 1.46 0.60

Male rats weighing 170-200 g were" treated once dally for 5 days w1th
methotrexate ( 2-mg/kg, PO ), cyclophosphamlde {40 mg/kg, PO ). and "
5-fluorouracil: (30 mg/kg. IP ). Comtrol animals received an equal o
volume of normal saline. An111ne hydrochloride ( 100 mg/kg ) was glven" T
orally ‘48 hours after the last dose of the drug treatment. ' The animals. - .
were then sacrified at” varlous time intervals by heart puncture under

light ether anestesia. The nlasma levels of aniline were measured as -
described in Materials § ‘Methods.  Thé pharmacoklnetlc constants: were .
obtained  as described for the one-compartment open ‘modél; with the
assumptlon that aniline was: completely absorbed ‘inall groups. The

results are expressed as mean * SE from 4 separate déterminations.

* - .
P < 0.05 ( from control )

. ments.with'anticancer-egenfs.are comparable with those associated with
various.formsuéf'liver_dieease;; In liver disease the prolongation of
drug action-er increase;in-the_drug's'plesma half-1ife is ‘generally
ascribed to either a~reductioh-in:the_ability'of.hepaticacells to e
eliminate. the drug, to a reﬁuéed~functional.cell_mass or to-a reduced
perfusioneef;eachfcell with the‘drug,. The in,vitro'resultS'on the "
effects of methdtrexate; cyclophosphamide ‘and 5-fluorouracil: on various
Hepatlc parameters (Tables 3- 5) were complementary to those obtained-

with aminopvrine. or aniline pharmacoklnetlcs (Tables 6 and 7) and. sug-
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gested that decrease in hepatic drug metabolism was a key factor in the
ohserved impaired plasma clearance of the ahove two amines. Delaved

absorption of either aminopyrineor aniline from the put was not likely
to be the cause since the plasma concentration-time profiles of either
amine during the absorption phase in control and drug-pretreated groups

were very similar (Figs. 3 and 4).

Fowever, these three anticancer apents at the doses emploved
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 antican-
cer drugs retarded and decreased absorption from the gastrointestinal
tract and the elimination of antipyrine from thé 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 ahsorptidn'profilé of either aminopvrine or aniline was
not as clear cut as it was found with antipyrine by the above authors.

The discrepancy has yet to he settled,

The effect of anticancer drugs on hepatic drug metaholism
may have clinical relevance, Drug dosage should be modified on cancer
patients receiving chemotherapy, Capel et al. (17) have suggested that
antipyrine be used in patients hefore 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 dosage
adjustment several high-risk drugs may produce a fatal outcome in these

patients,
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Sasitorn Sasaluxnanon*, Reon Somana*,

Vijittra Leardkamolkarn* and Wanida Sripairojthikoon**

*Department of Anatomy, Faculty of Sc1ence and **Department of Anatomy,

Faculty of bPentistry, Mahldol Unlver51ty, Bangkok 10400¢
SUMMARY .

. Female Fisher rats aged 35 days were 1n]ected 1ntraper1to- i
neally with 50 ug and 100 ug per day of bovine thyrotrOpln(TSH) for 44
days. GH contentand coricentration in’ the TSH treated groups wére signi-
ficantly lower than that of the control.group. Wet weight of.anterior:
pituitary and thyroid gland were not altered by TSH treatment, whilo-f,g
the doses of 100 jug 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: hypofunctlon ‘which in turn lower pituitary GH synthesis. The T
bovine TSH antiserum may also cross react with rat FSH: and. LH. and lead to-
adrenal and ovarian hypofunction. -

The blologlcal role of TSH in stlmulatlng thyr01d functlon
has been well documented. Acute effects of TSH include the st1mulat1on
of adenylate cyclase and cyclic-AMP formation (1, 2), 1ncrea51ng the height
of thyr01d folllcular cells (3 4) and: the. stlmulatlon of thyro1d hormone -
secretlon (5 6] : Thyrotropln may also cause subsequent enzyme 1nduct10n
leadlng to T and T synth351s (7) However, chronlc admlnlstratlon of
TSH: has beenleportedto cause a suppr3551on of - metabollc rate and T3 and

Ty 13V815 (3 9y The serum of -animals that ‘had been treated chronlcally
Wlth; TSH when glven tO other anlmals for a prolong perlod 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 hormone. Passcasioc and Selenkow (11) repcrted 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
hlghly purified heterologous TSH was an antegenic substance in man. Thus,
it is 1nterest1ng to examine the chronic effects of bovine TSH on rat -

pituitary GH content as presented in this study.

MATERTALS 'AND METHOL:

Female Fisher rats aged 35 days were used in this study.
They were kept in room temperature of 25-30° ¢ with 12 hours of daily
light. Zuelling diet (Gold Coin Mills) and ta; water were available ad
likbitum. The animals were injected ihtreperitoneally and daily with 50
ug or 100 ng of bovine TSH for 44 days., The control 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'dﬂentitétiﬁe compliment fikatieh'immﬁhoaSsav (see 13 fer
detall descr1pt10n) Body length (from nose to t iy of tall) and wet we*
1ght of the ovary, uterus thyr01d and. adrenal g;ands 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 c¢oncentration were pro-
duced by prolong administration of either 50 ug or 100 ug of bovine TSH
(Table 1). .The absolute-and relative weights of thyroid gland, absolute

adrenal weight, and ovarian weigﬁt of rats treated with 50 ug of TSH
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Table 1 Effects of prolong treatments with bovine thyrotropin (TSH) in

female rats.

Control ' TSH injected TSH injected
50 ug/aay 100 ug/day
Final Body Weight (g) 150.0+ 1.9 154.0% 3.6 161.0%x 4.0
Final Body Length (cm) 35.4+ 0.43 34 .8+ 3,16 34.3i 0.31” _
Anterior Pituitary Wet Weight . . _ L
Absolute (mg) 6.75+ 0.41  6.78+ 0.38 6.30+ 0.33
Relative (mg/100 g BW)  4.41% 0.24  4.261 0.23 3.90+ 0.16
Anterior Pifﬁitary GH | .. _ | _ _ ._ _
Content (kg/gland)  285,0t 17,6 151.0t 9,9  172.0% 17.1
Lével.(pg/mg.fiséue) 39.7¢ 3.94  23.5% 1164**_ 27,4i.2ﬁ56%*
Thyroid Gland Weigﬁt T_ o - | o ' o
Absolute (mg) 9.94+ 0.76  9.08+ 0.60  7.16+ 0.29
Relative {(mg/100 g BW) 6.64+ 0,56 - 6.63% 0,37 - 4,45+ 0.17**
Adrenal Gland Weight
Absolute (mg) - C 462410247 42,18+ 2746 40,04+ 2,31

Relative (mg/100 g BW) - 30.68+ 1.38 28,45+ 1.56 24.68% 0,96
Ovary Weight : :

Absolute: (mg) - w:87.58% 5,40 81,52+ 5,10 70,97 3.16

Relative (mg/100 g BW) 58.48+ 3.97 52.59+ 2,45 43 .60+ 2.78%%-
Uterus Weight :
* o *%

- Absolute (mg)- o 331,15 16,600 250,0% 18,3 224 .6x 27.2
* % *
Relative (mg/100. g 'BW) . 218.7+ 11.7. .173.4%+ 10.1 . 137.9% 15.1 .

*

* . k%
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 pg 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
an& 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 CH 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 rafs 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
o - 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 ¢laborate the
mechanisms responsible for the reduction of pituitary GH and ovarian and

uterine weight observed in the present study.
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. The hypothe51s that oplates exert the1r pharmac010g1ca1

"ﬂuact1ons by 1nteract1ng w1th the 5pec1f1c receptor 51tes 1ocated on. the

- surface or 1n51de the nerve cells 1n the bra1n and p0551b1y other ETEARE
tissues has been proposed 51nce the 1ast decade.3 The reason for postu-h:nf:”
latlng receptors “for' morphlne and the related natural and synthet1c "
E narcotlcs is the f1nd1ng that. all these op1ate agonlsts, or analges1ca15
‘ly act1ve compounds, show bas1c s1m11ar1t1es 1n the1r molecular strucu_*."
tures. A sllght modlflcatlon of th15 bas1c strueture could result in: Lo
“an 1ncrease or a decrease 1n potency, or: could transform the compound _
-to the antag0n1st In addltlon, a: h1gh degree of sterlc and structural""
'SpBlelClty 1nherent in many of the actions of the op1ates observed ie;
for a large nunber of: morphlne 11ke analges1cs studled it is always the3'35
'levorotatory (- y isomer that 15 actlve whereas the dextrorotatory (+)
isomer has little or no analge51c or any other actlons assoc1ated w1th
= op1ates MOreover, all pharmacolog1ca1 effects of an 0p1ate c0u1d be ff
- obtalned with a very small dose of the drug, in turn suggestlng an-;

: 1nteractlon of the drug w1th the hlghly select1ve receptor Jltes

_ The dlscovery of op1ate receptors in the bra1n had led to a:
”search for an endogenous morphlne like substance that would act as'a;
natural op1ate receptor llgand There: is: ‘evidence for at 1east five
opioid peptidesfin mammalianpnervous-t1ssues:rmeth10n1ne- and: Teucine- -

enkephaline, Béendorphin, dynorphin and most recently d-neo—endorphinljh



.'c>111ﬂ11ln3ﬂ5H01'v" SRR C e T Sl fndogenous Oplatesff

df s keufh e L 78

ﬁj’;u v, —ﬂ u 2526 L T I b'_':. SRR :.b:.'b' AR nqﬁgqm-'i

”:nfiThls art1c1e descr1bes ‘the experlments carr1ed out by a number of laboaﬂ;¢f7~-ﬁ

'“iffrator1es to characterlze the endogenous oplates, and’ to 1mp11cate the1r.7;_'"

"id;}phy51olog1cal role 1n the modulat1on of pa1n percept1on

bﬂ"Enkephal1ns

':_ il Hughes (1) observed an- oplate llke act1v1ty of the extract of-f:b:"
'b{a low molecular welght substance from the bra1n of rabblts, gu1nea p1g,f:f
'J}rats and plgs The 2 op1ate 11ke substance had been 1solated and 1den-.f;ﬁ

'::'t1f1ed (2 3) and found to cons1st of two s1m11ar pentapeptldes W1th

Jb:}asequences of H Tyr Gly Gly Phe Met OH (Meth10n1ne enkephal1n) and H Tyrw o

*f'Gly Gly Phe- Leu OH (LeUC1ne enkephalln) The ex1stence of these two

hff]op1ate pept1des has been conflrmed by Pasternak et al (4) and Slmantov

bf;and Snyder (5) It has been found that bOV1ne bra1n conta1n5 4 t1mes asffffb]b

brf:much Teu= enkephalln as met enkephalln whereas in p1g bra1n thlS rat1o 1sizih'.

a'?'reversed The compet1t10n for op1ate receptor b1nd1ng by leu enkepha11nf:3”*fzf

'd:suggests that leu enkephal1n may be'a "pure" agon1st than met enkepha-:ﬁf3ﬁpﬁ_

'7:11n.a The structure of met enkephalln 15 conta1ned W1th1n the sequence

"'fp (re51dues 61 to 65) of 91 am1no acldsf of B 11potrop1n a peptlde 1sola-fdbfi“7

.'*if.;ted from the p1tu1tary gland of several vertebrate spec1es (6 7)

In the stud1es of Hughes and coworkers (l 2),-1t was found

" that both met—_and leu enkephallns had potent agonlstlc act1on at Oplateﬁbp_ufzz

'frfreceptor 51tes 1n that they produced a dose-related 1nh1b1tlon of elec—__*,f

.:"tr1cally evoked contract1on of the mouse vas deferens and the gu1nea p1gi_idbf_.
s 1leum preparat10ns These 1nh1b1tory effects could be completely anta—~5'*:
':fgonlzed by naloxone Met enkephalln 1s about twenty t1mes more actlve

f?than normorph1ne 1n the mouse vas. deferens and equ1potent to normorph1nej:} o

o :.pln the gu1nea-p1g 11eum 3 Wlth the mod1f1ed pur1f1cat1on procedure, en—'

':kephallns were found unevenly dlstrlbuted 1n the braln (p1g, rat, rabblt)
' fthe h1ghest concentratlons occurr1ng in: the str1atum m1dbra1n pons

:._and medulla No enkephal1ns were detected 1n cerebellum, l1ver and

bb;hrlung (1)
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*7f5The reglonal dlStleUthﬂ of enkephallns in the mOnkey bra1nz5 i

'””has been examlned by the 1nh1b1t10n of H naloxone b1nd1ng to rat brain’

':ﬁfvmembranes (8) STt has been found that the reglonal dlstrlbutlon of en—,-~*l--d

'Tf“kephalln act1V1ty 1n the monkey braln resembles in’ general Wlth the ;*-"v”dt

5a7reg10na1 dlstrlbutlon ‘of onlate reCeptor b1nd1ng However, the most

"bh}marked dlscrepancles between the dlstrlbutlon of enkephallns and the ].m333*:

'.'foplate receptors 1nv01ve the amygdala whlch contalns the hlghest den51

'"H*ty of 0p1ate receptor b1nd1ng in the monkey bra1n but only moderate to ?bh':'h

:43f10w 1evels of enkephallns The perlaqueductal gray, ‘one of the areas

. most enrlched 1n oplate receptor b1nd1ng, also contalns only moderate

.“h“;levels Of enkephallns The medlal thalamus 1mp11cated 1n the medla—fr

. "'tlon of affectlve components of paln, 15 hlghly enrlched 1n oplate re—_r.izzfﬂzg

.-;hfiblndlng as the lateral thalamus Enkephalln act1v1ty 1n the med1a1

h}ceptor blndlng and contalns about three t1mes as much oplate receptor

thalamus 15 fa1r1y low but is: more than tw1ce of the 1eve15 in the

lateral thalamus (8) However, the correlatlon of the reg10na1 d15tr1~,ﬁ?'

'-f'butlon of enkephalln act1v1ty and that of. oplate receptor blndlng 1n the nftht{

2 braln has been reported 1n rabblts (1), calves (4 9) and rats (4 9),

'*.f:'tlon of paln perceptlon

'.ﬁ:whlch 1n turn suggests the p0551b1e roles of enkephallns 1n the modu1a~

: Slmultaneously w1th the dlscovery of enkephallns, a 31 am1no
'ﬁac1d peptlde w1th 0p1ate 11ke propertles B endorphln has: been 1solated

' dand 1dent1f1ed from the p1tu1tar1es of bovlne (10), porc1ne (10 11),

'”fdcamel (12), and human (13 14) The amlno ac1d sequence of B endorphln.:tfvfi”l

-.]"15 1dent1ca1 to the sequence of the carboxy termlnal 31 amino, ac1ds of

" human B- 11potrop1n (1 e, p- LPH61 91) Immunohlstochemlcal studles show
f:ha dense stalnlng for @< endorphln contalnlng cells 1n pars Jntermedla, e
"wlth a sparser dlstrlbutlon of 1mmunoreact1ve cells 1n the adenohypophy~r-

: 515, the neurohypophy51s appears devo1d of such act1v1ty (15)
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: - .:: In the rat bra1n the B endorph1n 11ke act1V1ty has been found

.:.?to be about 3- 4 t1mes IOWer than in the p1tu1tary gland (16):, H1gh 8-

.d;endorphln llke 1mmunoreact1v1ty 1s found 1n the med1a1 hypothalamus,-;_rb'f
.:where 1t 1s threefold that in the next h1gher bra1n areas (preopt1c

"reg1on and: mesencephalon) and nearly flvefold the. value in- the lateral

"1 hypothalamus Moderate 8 endOrph1n 11ke 1mmunoreact1v1t1es are present

':1n the amygdala, septum and nucleus accumbens : Desp1te the h1gh enkepha«_p::
'._11n level in the- str1atum, only 1ow B- endorph1n 11ke 1mmunoreact1v1ty is:
found in thlS area, espec1a11y in the globus pa111dus. The thalamus,
the cerebral cortex as well as the hlppocampus also contaln low B- endor-._e

'::ph1n 1eve1s (16)

o It has been reported that B- endorph1n adrenocortlcotropln
'(ACTH), B MSH and - MSH are all formed from a’ common precursor ‘of 28-- _
41K Daltons whlch has’ been termed pro oplocort1n (17 20Y . Furthermore,; 'fd“
'ZACTH and B- endorph1n are released concom1tant1y after stressful st1mu11

- 1n rats such as footshock (21) or leg break 22y The assoc1at1on
between B endorph1n and ACTH mlght well reflect the proposed common or1-f* ;
::gln and blogenesls of - these two pept1des.' Footshock stress 1n rats can i-'f
_lalso e11c1t an analge51c response Wthh is’ part1ally reversed by nalo- R

'f'xone (23 25) It is posS1b1e ‘that g~ endorph1n has an unknown per1phe~-f: i
“ral. phy51olog1ca1 role, perhaps related to changes in adrenocort1ca1
:'funct1on or intermediary ‘metabolism dur1ng stress. The presence of_

. opiate receptors in the pituitary (26) also reflects'the”possible"intra?:
"pltu1tary function of B endOrph1n ‘which'could involve in"the: modulat1on :
f-of hormone synthes1s or release, Alternat1vely, B endorphln may’ be_-
"released ‘into: the hypothalam1c portal system (27) and be retrogradely

i transpOrted S0 that it could act on hypothalamlc or other braln centers(ZS};

-'Dynorph1n and da-neo- endorph1n

Goldsteln et al (29) have partlally sequenced a peptlde from j'_;:[h

commerc1a1 pltu1tary powder that contains the leu enkephalln sequence
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_h with a ba51c carboxy termlnal exten51on Thls peptlde named dynorphln

- has its first 13 residues as Tyr-Gly- Cly -Phe-Leu- Arg Arq Ile Arg Pro—:j""n
'V'Lys—Leu Lys.- 1t appears 'to be remarkably- potent-ln the.gu1neaap1g ileum
'assay;hbeino-some;730ﬂtimes7that'of“morphine:and'54'times'that'of“Bben;h.5:c
’dorphin" Its: effects on this tissue are blocked completely by naloxone,

but the apparent aff1n1ty of naloxone is’ 1/13th that for blockade of

"leu enkephalln or normorphlne In the mouse ‘vas- deferens, dynorphln_-.

Lo (- 13) is: three t1mes more” potent than leu- enkephalln._ In- tbe”bitdita4'

'ry (porclne bov1ne and’ rat), - 1mmunoreact1ve dynorphln 15 found predoml-:-cj”_
“nantly 1n pars nervosa In the’ central nervous system it is dlstrlbu-pbfT-:
ted w1de1y, w1th hlgh concentratlons 1n the hypothalamus, the medulla—g_'
-7pons, the m1dbra1n and the splnal cord’ (30) ‘In rabblts and rats, the
- concentratlon of 1mmunoreact1ve dynorphln iso hlgh 1n the dorsal asPect

L :of the splnal cord but is low in the root ganglla of botb specles (31)

. .H_ Mlllan et a1 (32) ohserved the dlstrlbutlon of 1mmunoreact1ve.f'-’ud:
"—dynophln (1r dyn) in the pltu1tary, dlscrete reglons of braln and the o

- Splnal cord, and observed the 1nf1uence of a- 5 min: footshock stress .

"'upon 1evels of ir= dyn in: these structures in rats. It was found that
'f'footshock produced a’ 51gn1f1cant fall in the anterlor p1tu1tary lobe
3'content of ir- dyn but: fio 51gn1f1cant chanpe in 1ts neur01ntermed1ate

: Zlobe In the hypothalamus, a 51gn1f1cant eleVatlon 1n level of 1r dyn _

was observed Wlth ‘the exceptlon of the frontal cortex in: Whlch a-dazir3f«"

':decrease in level of ir- dyn was found, in all other braln reglons exa--

mined no: 51gn1f1cant chanqes emerged FA s1gn1f1cant dlmlnutlon 1n con--d-*'.
centratlons of ir- dyn in both the lumbosacral and thoracic sectlons of -

“the 5p1na1 cord: was “also detected These: authors suggested that “due

to a partlcularly hlgh potency of dynorphln (29], ‘the: changes observed

in the1r experlments mlght be - of con51derab1e funct10na1 51gn1f1cance

in the response to stress (32)

.'“hster et al (33) employed the techn1que of chron1c 0p10]d
1nfu51on to produce tolerance attributable to spec1f1c receptor popu—

lation in the mouse vas deferens. They observed that the mouse vas
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.'-ffdeferens preparatlons taken from m1ce prevlously 51mu1taneous1y 1nfu5ed

':fiw1th D- Ala2D Leu? enkephalln (a §- agonlst) and; sufentanyl (a U= agon1st)

 for: a perlod of 51x days, deVeloped tolerance to 6 agonlst and = ago-:_u“"”

3ﬂqugqm o

f}nlst actlon However, it was obserVed that such tolerance d1d not deve— .;;g;{;

'”slop to the act1v1ty of dvnorphln (1 13) These authors therefore

., suggested the ex1stence of hlghly select1ve dynorphln receptors in: the

.'5'mouse vas deferens, wh1ch m1ght functlon 1ndependent1y of the = and 6~ “ff

S receptors in’ thls tlssue Frledman et al (34) demonstrated the 51gn1f1—':;?'“”5

"oicant effect of dynorphln(l 13) on morphlne and B- endorphln-lnduced

f.fanalge51a after the 1ntracerebroventr1cu1ar 1nJect1on in m1ce (the tall-f:i{
follck test) They observed that dynorphln(l 13) 1tse1f d1d not produce
_}:any s1gn1f1cant analge51a. ThlS peptlde attenuated the analge51a pro=- -
“duced by all doses of- morphlne used The peptlde attenuated the anal-g-ﬁfﬁh:' .
.ffge51c effect of hlgh doses of B= endorphln whereas 1t potent1ated that of’ f;r. -

" the low doses, suggestlng some common 51tes mlght ex1st between B endor— SRR

i :pphln and dvnorphln(l 13)

P1erce et a1 (35) observed an analge51c act1v1ty of dynorphln

'ﬁ“(l 13) by the ta11 f11ck test but not by the hot plate test and only

'fafter the 1ntrasp1na1 adm1nlstrat10n not e1ther after the 1ntracran1al

ot the 1ntraper1tonea1 admlnlstratlon In the same - exper1ment, ethyl---:f:“l'f'h

Fh ketocyclaZOC1ne was found to be most potent by the 1ntrasp1nal route

.:5f:1rrespect1ve of t e analges1c testsa: The f1nd1ng ‘that dynorph1n relled

”5fsole1y on: the sp1nal 51tes for its: analge51c act1V1ty and ethylketocy—~.

'7_*clazoc1ne a K receptor agon1st also showed a preference on the splnal

-f;cord act1v1ty had led the authors (35) to suggest that dynorph1n(1 13)

bﬁmlght be an endogenous l1gand for the K—receptor ThlS hvpothe51s has'

! been. further supported by Chavkln et al (36) who demonstrated that dynor-m

f.j'phln(l 13) and ethvlketocyclazoclne had equally poor sen51t1v1ty to nalo-fj;"'

"‘:.xone antagonlsm on:the gu1nea-p1g 11eum preparatlon. MoreOVer, 1n the'

:}“blnd1ng assays w1th,the membranes from gu1nea~p1g bra1ns, both compounds RS
'-_fwere more potent in d15plac1ng H ethylketocyclazoc1ne than 1n d15pla~

o c1ng u- or 6 op1ate receptor llgands _'“'
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K _ Kangawa and co workers (37 38) have recently 1solated and
':}1dent1f1ed a new 0p1ate 11ke decapeptlde, 's-neo- endorphln from porc1ne

- hypothalamus The sequence of . thlS peptlde has been determlned to: he

"'Tyr Gly Gly Phe Leu Arw Lys Tyr Pro Lys Thls peptlde showed a very

:potent oplate act1v1ty 1n the gulnea plp 11eum assav 6 7 times as hlgh

:_fas met enkephalln and 5 times as hlah as B- endorphln

o _ It'seems from the studles of B endorphln, dynorphln and’ a—."'.

.7-ne0 endorphln, that chemlcally speakln there are at least two faml—-
':11es of ‘opiate. peptlde based on met- enkephalln ‘and 1eu—enkepha11n "'_
:'respectlvely. It also appears ‘that carboxy-terminal exten51on can
l.greatly enhance: potency of both erkaphallns. In a11 three cases, B en—-”.

-_'dorphin' dynorphln and. a neo: endorphln have a number of strongly basic :
'nSide‘chalns Carboxy términal exten51on employlng neutral am1no ac1ds fﬁ7:5f-

does not give thls enhanced potencv (40)

' Spec1f1c receptor sites for endogenous oplates

The relatlon of the endogenous 0p1ates, enkephalrns and B en—

dorph1n to the op1ate receptors has heen establlshed by the multlple

:parallel assays 1n the laboratory of Lord et. a1 (41) Two of the assays.'“'; s

' 'were pharmacolog1ca1 in whlch the depresslon of the electrlcally 1nduced

.contract1ons 1n the gu1nea plg 1leum and in the mouse vas deferens were

h'observed The other two were ‘based on the 1nh1b1t10n of the hlndlng of

F 1eu enkephal1n and op1ate antagonlst 3H naloxone 1n homogenates of
.:cu1nea p1g braln : It was found that B endorphln is equ1potent 1n the =
two pharmacologlcal models and also 1n the two blndlng assays, Leu en-h-h_ _
-kephalln behaves dlfferently in that 1t is much more potent in the mouse }.;_'
vas deferens than 1n the 0u1nea plg 11eum and also more effectlve 1n.;
1nh1b1t1ng 3F 1eu enkephalln b1nd1ng than in 1nh1b1t1np H«nalaxone
"hlndlnu The actltlty pattern of met- enkephalln is ‘intermediate bet~_
weern’ those of B endorphln and leu- enkepha11n ‘In contrast morphlne 15.7fh

more potent in the gulnea—plg ileum than in the mouse vas deferens and”
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:Ehf.ls also a better 1nh1b1tor of H naloxone b1nd1ng than of H leu enke-ffh

IVh.phalln b1nd1ng. It was concluded that “the. receptors preponderant i

fs'the mouse vas deferens (6 receptors) corresponded to the 1eu enkephallnffiff3h.

'd_ blndlng 51tes 1n the bra1n and that those preponderant 1n the gu1nea- - eI

: fplc_lleum (p receptors) were correlated to the naloxone b1nd1ng s1tes
EEE In conclus1on, a numher of stud1es (e g 4l 43) have clearly

3f-def1ned at 1east three receptor types of wh1ch none of the llgands

.”'f(natural and synthetlc) 1s absolutely spec1f1c for.one receptor type

:.”but preferences are clearly dlscernable in varlous b1nd1ngsor bloassaysaﬁpf“x

At the present tlme, the u—receptor 1s deflned as haV1ng a preference ;jjf'

tfh!towards morphlne,_d1hydromorph1ne and B—endorphln as agonlsts and

*ffnaloxone as an antagonlst The 4= receptor has a: nreater afflnlty for.-”'

ﬁfp?fthe enkephallns as well as B endorphln but a poor afflnlty for naloxone.

'*:The;'m receptor 1s less well deflned but apparently prefers compounds

3“Lof the ketocyclazoc1ne serles and only has a weak aff1n1ty for naloxoneggfaﬁ.sﬁ

'*:hfSpec1f1c receptor blocklng agents are not avallable for problng these S

'V'g:_wlth the 6 and K= receptors

"-dlfferent receptor tvpes, i e. naloxone does has _a hlgh aff1n1ty for f;f}ﬁffit

“thh p receptor but 1t 1s not spec1f1c 1n that 1t w111 also 1nteract

"3P0551h1e phy51olog1cal role of endogenous oplates in: the modulatlon

o of pa1n perceptlon "_i~“f*': o

The phy51olog1ca1 role of endogenous op1ates in. the modulatlonp..,

:fﬂfof pa1n perceptlon has heen proposed by a number of 1nvest1gators who

'jemployed var1ous experlmental technlques, such as naloxone antagonlsm,

"ﬂ':mlcr01nJect10n of the compounds 1nto varlous braln areas, e1ectr1ca1

s _’stlmulatlon of the braln, acupuncture,.stress 1nduced analge51a etco._cf'

: Jacob et al (44) prov1ded the f1rst ev1dence 1n experlmental
7hfan1mals (mlce and rats) that naloxone produced hvperalge51a and hypom;,hffg_;"f
the51zed that thls was due to the 1nterference of the natural occurr1ng Sh

substances that are physlologlcal regulators of paln sen51t1v1ty and
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h?react1on to pa1n . These observat1ons have been conflrmed by some labo---'--

.hh-ratorles, (e g. 45 47), but not . by others (e g. 48 50) poss1bly because

Cof sllght d1fferences in methodology Experlments w1th naloxone 1n3ect10n
"'1nto humans have also been 1nvest1gated El Sobky et al (51) found no

f'reduct1on 1n pa1n thresholds 1n a s1tuat10n where pa1n was 1nduced ,;-l'

facutely by electrlcal st1mu1at1on of the sk1n 1n the healthy _'volun- f'fhf SRR

"teers._ Naloxone was adm1n15tered on a double b11nd ba51s, and the

h?reactlon to 1schemlc arm paln measured No effect on: pa1n thresholds ﬁfﬁﬂﬁfﬁ_”

.Hb'was observed whereas the subjects reported sllght chanqes 1n mood and

”h'fee11ng,-and an 1ncrea5e 1n anx1ety, host111ty and depress1on wh1ch

'T;ffcould in: fact have due to a blockade of. endogenous optate act1v1ty

}i:Worph1ne 1s known to affect ma1n1y the reactlon to pa1n tolerance rather

.ffythan Paln tbresbolds, and the blockade of endoaenous 0p1ates would be

'13expected to affect th1s psychosomatlc component

It has been well documented that the mesencephallc perlaque-;n-fu-;*':

'ff{ductal per1ventr1cu1ar gray (PAG) reg1ons in the m1dbra1n appear to be ;ff"' ]

'h3the major 51tes for op1ate analoes1c act1v1ty 1n the CNS Electrlcal

”.3-st1mulat1on of these reglons or’ the' nearby . reglons couid result

"1n an analgesrc response in. anlmals and human (52 56) Such st1mulat1on
'f:produced analges1a are part1ally or completely reversed by naloxone

'(53 56).- Furthermore,lt has been demonstrated that the stlmulatlon

*:produced analgesra outlasts the bra1n st1mu1at1on for a few mlnutes ‘to

"-;several hours, dependlng on the duratlon and 1nten51ty of the stlmula-:;ph

BRI t1on (52 57 58) ThlS observatlon may suppest that the e1ectr1cal st1~3~l

':'g.”mulatron of the med1a1 bralnstem appears to produce analge51a by act13rﬂﬁf3f

";vaat1on of an endogenous pa1n 1nh1b1tory svstem,_and the endogenous

-'oplate system appears to be the most: potentlal cand1date for thls phe—:rﬁ":"

'1;nomenon e Th1s hypothe51s has been supported by the observat1on of the

;f'oplate agon1st1c effects, Part1cularly analqe51a and catatonla 1n an1-tf-:* -

"mals whlch have been m1cr01n]ected W1th enkephallns (leu and met enke—;-..

,pballns) or B endorphln 1nto the per1aqueductal gray reg1on5 (e g 59 61)
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: Mayer et al (62) observed that the paln threshold to" e1ectr1~'p _
”;cal stimulation of: the tooth was s1gn1f1cantly 1ncreased by acupuncture:f3”
:f.needllng of Hoku p01nts between the thumb and 1ndex finger, This in-
_'crease was completely reversed by naloxorie 5. min after 1n3ect1on,_'Thee3fi'”
_ﬁreversal was 1ncomplete 10 ‘min after’ the 1nJect1on and: d1sappeared
‘within 15°min;  In- contrast, these authors- found no- effect of saline
.fb_ln]ect1on on: analge51a produced by acupuncture and no: effect of nalox-:
bone on the base l1ne pa1n threshold “The" reversal effect of naloxone - -

3 on acupuncture analgesla i Human’ has been reported by many 1nVest1- i

S0 gators (e; g.63, 64) hese results squest the p0551ble 1nvolvement of:f: B

S endogenous oplates in- acupuncture analgesla.'

_ It has been accepted that an1mals wh1ch are subm1tted to a
:vstressful procedure exh1b1t ant1noc1cept1ve (analges1c) response bTheatf-?.
: ant1noc1cept1on 1nduced by, stressful events was Tinked to the brain ;i?lc'”

'f}'endogenous op1ates because acute exposure to-stress induced changes 1nl7

- levels of bra1n op1ate pept1des (23, 24) ‘and- changes 1n brain- op1ate

'bri.receptor b1nd1ng character1st1cs (65 66) It was also noted ‘that §8- en—7_":

';dorph1n and ACTH were found to be concom1tant1y released from the’ p1tu1~ e

ﬁ tary gland follow1ng an acute stress in rats. (21 22) Ross1er et ‘al’.

.:-h (67) found a decrease in leu- enkephal1n levels in hvpothalamus of rats’

o follow1ng footshock ‘No, changes Were observed 1n other parts of the:f“"'
IVbra1n.- These data’ prOV1ded ev1dence in support of the 1nvolvement of
endogenous op101ds in stress 1nduced ant1n0c1cept10n “On ‘the other

hand there is ev1dence which’ casts doubt on’ th1s hypothe51s,_ “For~ exam— e

:'ple, the evidence’ prov1ded by Ross1er et al (21) who reported an incre-

S ase 1n B endorph1n level in the’ blood but not in: the bra1n fOllOWlng FRRAR N

footshock 1n ‘rats, Furthermoreé Fratta et ‘al’ (68)3found,no-change 1naﬁ_
the met= enkephalln content of the whoie*ﬁfain'ofjfatg'aftef’féotshockl-" .
"A'lesion placed in the dofsa1*paft of*tbe'lateral funicu1us'of'rat””".
.5sp1na1 cord, which reduced or-abolished: morph1ne and electrical brain
‘stimulation-induced analges1a (69) “had no“effect upon analge51a il
induced by electrical footshock (70)



o Thai: J Pharmacol Endogericus: Opiates

Vol.5 No.Z : S 87

CApr. - Jun 1983 ' Piti Trisdikean

: Slmllar observatlons have arlsen from a number of studles _
:whlch used morphlne and its antagonlst naloxone, as the experlmental_ﬁ
.'tools to 1mp11cate endogenous oplates in stress~1nduced ant1noc1cep- o
" tion, Stress 1nduced antanC1cept10n was found to be fully or. partl—isf_:_

."ally reversed by naloxone 1n some studles (e g 23 25 47 50 71 75) butp;p.:"

" not 1n other (25 75 77), The cross tolerance between morphlne and t

e stress 1nduced ant1noc1cept10n has been reported by some observers (50

"'74 75,78 79), but agaln not by others (30 81

Tolerance'tofandfphysicalfdependence'on'endogenous'opiates[’-'“:

Shmultaneously w1th the observatlon 1n the experlmental an1~;f”T”'
.'mals of the analge51c act1v1ty of an 1ntracerebroventr1cular dose of '
enkephallns ‘and" g- endorphln (e g 59 61) an attempt has been made o
1nvest1gate whether repeated admlnlstratlon of the erdogenous op1ates
'gwould lead to tolerance and phy51ca1 dependence in the same manner as
| L e :

observed 1n exogenous oplates (82 87

: The ant1noc1cept1ve effect of human B endorphln after an.

._1ntracerebroVentr1cular 1nJect10n observed in. rats was found to be 21

b'tlmes more potent than morphlne (85) Thls peptlde also produced mor*[-f

ph1ne 11ke catatonla and hypothermla. The responses were blocked by
'naloxone Repeated 1nJectlon of the peptlde (94 ug tw1ce da11y for 2 _

. days) 1nduced toleranCe to analgeslc response, catatonla and hypother~fo

-.'miagl Furthermore,a cross tolerance to. morphlne was: also ohserved The“'Tt

51mllar results were also reported by Van Ree et al (82)

_ Lok et al (83) 1nvest1gated an’ analges1c act1V1ty of B endor~_
ph1n after an 1ntracerebroventr1cu1ar 1nJect1on wh1ch was found to be |

18 to 33 t1mes more. potent than morphlne and its action was: ‘blocked by SR
'naloxone The authors found- that met: enkephalln produced a weak anal-

ge51c effect of ‘short duration (less than 5- 10 min): after an 1ntracere-“"3”‘
hroventrlcular 1nJectlon After 70 h of 1nfu51on of B-endorphin into

the rat hrains, all the anlmals demonstrated a naloxone~prec1p1tated
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h.'morph1ne l1ke w1thdrawal syndrome._ SUCh;fesulf;rwefexéisQZbbserved5J=-
.“_} w1th met enkephal1n (84) i R I TSN
In the exper1ment of Hu1dobro Toro and Leong Way (86) a B—en- 7:*
'fdorph1n 1nJected 1ntracerebroventr1cularly 1n m1ce produced a rap1d onset;fl*
_h'dose-dependent ant1noc1cept1ve effect Slnple dose tolerance develop- .jdf7'
":gment was: demonstrable w1th doses tw1ce or: more%han the LDSO(medlan anal—_J*
h}ges1c dose) Tblerance was max1mal at about 12 h follow1ng the pr1m1ng
“dose: and d1sappeared W1th1n 48 h Tolerance was accompan1ed by some

”-'degree of phys1cal dependence as noted by 51gns of naloxone—prec1p1tated L

”ﬂh_w1thdrawa1 s1milar to those e11c1table 1n the morph1ne dependent state

g :_Tolerance development to B endorphln was blocked by the 51multaneous

:l;adm1n1strat10n of naloxone and also by pretreatment w1th act1nomYC1n o

Cor cyclohex1m1de (the proteln synthesls 1nh1b1tors) The authors (86)n;¢r';'.

: :ﬂﬁ_ ﬂﬂﬂgﬁm.'i'.'

::7concluded that the 51ngle dose tolerance to B endorPh1n aPpeared to be_h;':i'°'

'hf1n1t1ated by a process s1m11ar to those 1nvolVed w1th tolerance resul—ﬁf p_f~7'

'jft1ng from chron1c adm1n1strat1on of morph1ne,,3_appf;~fhfg,nj;;f'”"':

Tseng(87) observed the analge51c actlon of D Ala D Leu enke—dfd{“f':.:"

"*fh.phalln (DADL) in rats W1th the ta1l fl1ck test “and reported that a

l.r”chron1c 1ntrathecal 1nfus1on of DADL for 5 days caused a sh1ft of dose

-;;;:response curves of both DADL and morphlne 1nJected 1ntrathecally to- thegijh;f

;lr1ght Th1s result 1nd1cated that a tolerance to DADL analges1c act1onl”dﬂ _fTV‘f

'iﬁand cross tolerance to morph1ne had developed 1n the chron1cally DADL

' f1nfused an1mals.: However, concomltant 1ntrathecal 1nfus1on of naloxonefffis

zp_whlch was more: sensitlve 1n blocklng u—receptors than 5 receptors bloc-.T;::'"”h

'vdfked the development of cross tolerance to morph1ne whlle that to DADL

:.f was: 1eft unaffected Thls author (87) presented the eV1dence that two

'dgstypes of op1ate receptors, 6~ and u receptors, dn ‘the sp1nal cord of

.pxrats were 1nvolved 1n the development of tolerance by chron1c DADL
':EXPOSUTE.Et inﬂ' . . . : .




Tha1 J Pharmacol -.3 T DO -f::::‘h}ﬂ:: . f._iJ_ = -r Endogenous Dplates -

h'. AP?Y - Ju" ' 1983 Vol.5 No.z .:.“ d..: n.i.usgd L .,_ R if ff Pitl Tr1sd1koonf.i
W
'f:lganughes, _ Isolatlon of an. endogenous compound from the bra1n w1th

_ :pharmacoloalcal propertles 51m11ar to morphlne Bra1n Resn 88
L 205-308, 1975, e Ly _'l]j'. L
Z"F:_Zf" Hughes," Smlth, Morgan, B and Fotherglll L:' Pur1f1cat10n 51_*}]
H..iffand propertles of enkephalln— the posslble endogenous 11gand for the

mrmorphlne receptor L1fe Sc1 ' 6 1753 1758 1975 R

' 5h.:3;p Hughes, s Smlth T W Kosterlltz, H W _:et al Identlflcatlon of fft_"

__Tftwo related pentapeptldes from the braln w1th potent op1ate agonlst
. activity. Nature 258 % 577- 579 1975 i
'hf4.d:Pasternak C'W Goodman, R. and Synder S H An endogenous mor—fd
E-_':phlne 11ke factor 1n mammailan bra1n ' L1fe Sc1 16 1765 1769,1975.
”hdﬁ;;d81mantov R and Synder 'S, H Isolatlon and structure 1dent1f1caw_:f;:ef'ﬁ
._tf:htlon of a morphlne—llke peptlde ”enkephalln"'ln bov1ne bra1n Llfe
S sei. 18{ 781-788, 1976. - o

'ka;Ll, C. Ho Barnafl, M., Chretlen, M and Chung, D_f Isolatlon and

_Tedamlno ac1d sequence of B LPH from sheep p1tu1tary glands Naturef'ﬁﬁz
- 208: 1093-1084, 1965 | | Ll

'fj]7a”;L1, c. H;
L *pllke act1v1ty'; Arch Blochem Blophys _83;? 592 604 1977

B endorphln A p1tu1tary‘pept1de w1th potent morphlne ir£=:”

d:i._fsff'Slmantov, R;, Kuhar, M J Pasternak G W and Snyder, 5. H The

- ':.reglonal dlStrlbutlon of a morphlne 11ke factor enkephalln 1n mon;gh:~
% Key brain, Braln Res. 106 : 189-197, 1976. o h_ e

"QI:*Pasternak G W Slmantov, R and Snyder, S H . Characterlzatlon ;:;'ff'::

'h{'of an’ endogenous morphlne-llke factor (enkephalln) 1n mammallan :15* o
"braln Mol Pharmacol 12 504~ 513, 1976 SR,

i IO;R Cox, B M Ophelm, K E Teschemacher H and Goldsteln A A' D

A peptlde llke substance from p1tu1tary that acts 11ke morphlne ﬁ;a; f'a'
i Pur1f1cat10n and pr0pert1es Llfe Sc1 16 1777 1782 1975 .

R 1Iih'Bradbury, A.E. Smyth D.G. and Snell C R Llpotropln : Precursor

't:to two blologlcally‘actlve peptldes Blochem Blophys Res Commum, ST
69 1 950- 956 1976, | | FE



3R T Enen PO R Endogenous Opidtes
: o4 s and 2 I * 1) I :

Vw2526 : _ S S « DA neufige

.112}:dLi; C. H “and Chung5'D;r Isolatlon and structure of an untrlakonta-..
'lpeptlde w1th opiate act1V1ty from camel p1tu1tary glands Proc. -
© Natl. Acad Sci. USA 73 : 1145-1148, 1976. S _.'ﬂ'j"{

13, Chretlen M Benjannet 5., Dragon H., et al | Isolatlon of dd'h
bR peptldes w1th opiate act1V1ty from sheep and human p1tu1tar1es,:'
'relatlonshlp to beta 11potrop1n Blochem Blophys Res’. Commun. SR
72 472-477, 1976 I A
.14fd:Li, C. H  Chung,.D 'i anid Doneen, B.A. Isolatlon characterlzae.hht'-'
':' t1on and 0p1ate act1V1ty of B~ endorphrn from human p1tu1tary : :
_;*glands Blochem Blophys Res.. Commun --72:: 1542 1547 1976 |
15,'.Bloom, ..; Battenberg,_Eté R0551er J > et a1 Endorphlns are AR
. located 1n the 1ntermed1ate and anterlor lobes of the p1tu1tary.dht o
_ _'glands ot in the neurohypoPhy51s L1fe Sc1 20 43 48 1977

Iio; fPalkovlts, M.; Graf L. Hermann, I ; et al Reglonal d15tr1bu-;"_7
" tion of enkephallns, endOrphlns and ACTH in the central ncrvous"

_d f'system of rats determlned by radlolmmunoassay In Endorph1n'78 _

. ed. by. L. Graf, M. PalkOV1ts and A. Z. Ronai pp 187 195,Exerpta ;;"'
".Medlca, Amsterdam, 1978 e o R
1.17;:sNakanlshi 'S Ta11, S;; H1rata, Y ' et al A large product of _

| d"ffree ce11 translatlon of, messenger RNA codlng for COTthOtTOPln h._f

_ :-Proc Natl Acad Sc1 USA 73 4319 4323 1976 e "': _" .

' 18, .Malns, R. E Elpper, B A and Llng, N Common precursor to cortho—-f

::f. tropins and endorphins. Proc. Natl. Acad Sc1 USA 74: 3014 3018 1977.

iQ;ffRoberts, J L and Herbert E Characterlzatlon of a common precur—'d
| sor to cortlcotropln and B 11potr0p1n : Cell- free SynthGSlS of the

precursor ‘and 1dent1f1catlon of cortlcotropln peptldes in the mole- |
o cules. Proc Natl Acad Sc1 USA 74 ; “4826- 4830 1977 '_ h
20 Malns, R E and E1pper, B A Synth951s and secretlon of cortlco-uh'u'
. troplns, melanotr0p1ns and endorphlns by rat 1ntermedlate p1tu1ta¥;
ry cells 'J. Biol. Chem. '54 7885 7894 1979 ; _h_ SRR
21, Rossler, J French E.D. R1v1er, C ; et al Footshock 1nduced
| " stress increases 8- endorphln 1evels in blood but not in braln

. Nature' 270 : 618- 620, 1977



Tha1 J. Pharmacoli .. E S F o E“dDEE“DUS 0p1ates

:- Aprn'— Jun'f 1983 Vol.5 NO 2 . o 91 P1t1 Tr1sd1koon

IIZQ.rJGu1llem1n R Vargo . Ross1er J et”al B- endorphln and
:“'_'adrenocortlcotropln are secreted concomltantly by p1tu1tary gland;
o Science 197-: 1367-1369, 19770 i R
"j;;, AKil," Hi Madden IV Iy Patrlck R. L ‘and Barchas, J D Str65555
.”}1nduced 1ncrease in endogenous op1ate peptldes : concurrent’ o
Tdanalge51a and 1ts reversal by naloxone -In Oplates and Endogen—.J
B ~dous Oplold Pept1des, ed by H. W Kosterlltz pp 63 70 Elsev1er/ :
_ . ”North Holland Amsterdam, 1976 _” j' i i
:h-24;; Madden J. H Akll Patrlck R L and Barchas J D Stress—i”r
:'hi d1nduced parallel changes in cen,ral op1o1d levels and pa1n res-uf:f
o .pon51veness in the Tat Nature 265 3582 360 1977 ;h _
::}251':Lew1s, J.W. Cannon J T. and hlebesklnd J.c. Op101d ‘And non~ i
3 fIOplOld mechan1sms of stress analge51a Sc1ence 20 623 625
1980, s _f_ | |
“26;-l51mantov, R. and Snyder S H Oplate receptor b1nd1ng 1n the g:yﬁ.
S p1tu1tarY gland Brain Res 124 1 178-184,1977, __'"‘d: i
27!_7011ver, G., M1ca1 and’ Porter S ol Hypothalam1c-p1tu1tary H
: fvasculature s Ev1dence for retrograde blood flow 1n the p1tu1taryfﬁ
S Ustalke Endocrlnology 101+ 598~ 604 1977. SRR
28y Beaumont,” A.. “and: Hughes,;J Blology of OplOId peptldes Aﬁﬁ;"névﬂ:'
..ll:':Pharmacol TOXlCOl 245 267 1979 R :'f'".” ST
29, oldste1n, A Tachlbana, ! Lowney, LT i et a1 Dynorphln (1 13], s
- .'an extraord1nary potent opl01d peptlde Proc Natl Acad Sc1 USAn L

30! dGoldsteln, A and Ghazar0551an V.E, Immunoreactlve dynorphln 1n :

_ 'p1tu1tary and bra1n Proc Natl Acad Sc1 USA 77 : 6207 = 6210, _a:.
1080 TR T R
.31;. Bottieelll. L J. Cox, B M. and’ Goldsteln, Aﬁd Immunoreact1ve diie
' 'dynorphln in mammallan Splnal cord: and dorsal root gang11a. Proc
.- Natl. Acad. Sc1 USA 78 - 7783 7786 1981 e f_j_ﬁ:: 5
f.'32;l.M1llan M. J o Tsang, Y F. Przewlockl,R . et al The 1nfluence ofih S
s footshock stress upon bra1n p1tu1tary and’ sp1na1 cord polls of

1mmunoreact1Ve dynorphln in rats, Neurosc1‘ Lett 24 75- 79 1981 ﬁldl'.'



BE St URLAGE UL Tl

R tTATOE THLEL S

gyl
a_r tors for dynorphln (1 13) in: the mouse vas deferens Eur"'J#ff'”[hi':

SSTERIEI IPharmacol 6z;f 235 236, 1930 ' - ' RN

'de34{d'
"h:.;A p0551b1e modulatory peptlde on morphlne or B endorphln analgesya d;:dd.n

© 0 in mouse. “Bur. J. Pharmacol. 69 3 357-360, 1981, | e

L 35

Frledman, H J Chang, Ji K Lee .N M. and Loh H J Dynorphln

dPlerce M F Varner K and Schroeder,_L A Analge51c act1V1ty

of 1ntrasp1na11y admlnlstered dynorphln and ethylketocyclazoc1ne

-.;g“Eurf:L_J Pharmacol 30 283 284 1982

Ithﬁf

{’Chavkln,: _ James, I E. and Goldsteln A Dynorphln 15 a

_”dhispec1f1c endogenous 11gand of the Kuoplate receptor SC1ence 215
";j413 415, 1982 L : ' : SR

h..:;dw1th potent op1ate act1V1ty from norc1ne hypothalaml Blochem
S .7_jffB10phys” . PR
tft38;

R R NI : LTI - Endogenous Opiates .. .
Cf s tauﬂ 2 T 92 B R ' E SRR nijugA

:Wuster M., Schulz, R and Herz :A;} nghly speC1f1c oplate recep-'*..f'”

Kangawa, K and Matsuo,dH: a Neo endorphln t A b1g leu enkephalln RN

: Res Commun 86 153,160 1979
_/

fKangawa K Mlnamlno N Ch1no N 5 et al The complete am1no

';:Uac1d sequence of a- neo endorphln.Blochem Blophys Res Commun

1981

; _Qf51a 1nduced by electrlcal stlmulatlon of the 1nfer10r centralls
.__:hftfof the raphe 1n the cat Paln L 139 145 1975 e '

.JHughes, _}; Beaumont A Fuentes, J A ¥ et al Op101d peptldes”

: “J ffAspects of thelr or1g1n release and metabollsm J Exp B101
Sl 89 239 255 1980, R

R T

Lord J A H Waterfleld A.A Hughes, J and Kosterlltz H W

___thndogenous op101d peptldes g Multlple agonlsts and receptors
. Nature 267 : 495-499, 1977, S

_d011vera5, J L 5 Redjeml,zF_ Gu11baud G and Besson J M Analge--

-dTerenlus, Wahlstrom, A Llndenberg, G 3 et al ' Oﬁiate'Lﬁ:m

: d;fferlng reglonal dlstrlbutlon 1n th'*braln"“’“" o




.Tha1 J Pharmacol T e e T :.-'-"Endog'_én:ous-'dpiates- :

VoI 5 No 2 Tl L 930

: Jun 1933 o S ER e T R Trisdikoon

g _ffand d1fferent1al blndlng of oplates and op1o1d pept1des .MQiJEJF:'“
:__,:hJsPharmacol 16 91 104 1979 I - $ Do
o _
..h vdnoc1cept1ve reactlon by naloxone 1n m1ce and rats PSYChOPharmaco_!.;,a.
._-_eiffIOgla (Berl 3o 217 223 1974 : B 5
w455

Jacob J T Trembley, E C. and Colombel M'C Enhancement of

'Freder1ckson, R C. A Burgls, V and Edwards, J D Hyperalges1a
L :j1nduced by naloxone fOllOWS dlurnal rhythm 1n respons1V1ty to '
DR 7:pa1nfu1 st1mu11 Sc1ence 198 756-758, 1977 s
;_?i_dérr
:J?e“'fpaln perceptlon 1n rats and m1ce Llfe Sc1 24 1149 1152 1979
AT

;Carmody, J J Carrol Py R and Morgans, D Naloxone 1ncreases

Holaday, J W and Belenky, G.L. Op1ate 11ke effects of e1ectro~_ﬂ”'7“

:T_convuls1ve shock 1n rats A d1fferent1a1 effect of naloxone on :5".

i fnoe1cept1ve measures L1fe Sc1 :3- 1929 1938 1980

:Goldste1n A Pryor, G T Ot1s,_L S and Larsen F On the role L

'_f,hof endogenous op101d pept1des : Fa11ure of. naloxone to 1nfluence
ﬂfshock escape threshold 1n the rat Llfe Sc1 18 599 604 1976

9L

:to alter react1v1tY tO paln in the formal1n test L1fe Sc1 f 22"Ef;fﬂﬁ-:"h

North M A Naloxone reVersal of morph1ne analges1a but fallure'f_tf-f:'*

"°‘f¢295 302, 1977,

oL

:'tIts reversal by naloxone and cross tolerance w1th morph1ne L1fe

{Chesher G.B _and Chan ;3 Footshock 1nduced analge51a in: m1ce"hhhl?

| sci. 21 :1569-1574; 1977,

EL-Sobky A_ DOStrovsky, I 0 and wa11 Lack of effect of

"'-naloxone on pa1n percent1on in humans Nature 263 783 784 1976

'Mayer ‘D, J., Wolfle,_T L. Ak11 “H: ,_et al : Analges1a from elec—- HJTJV~'

'l-tr1ca1 st1mulat1on 1n the bra1nstem of the rat Sc1ence 174

L ff;1351 1354 1971, T T
ff 53;f-Ak11 Mayer, D, J and L1ebesk1nd J C Antagon1sm of st1mu1a~-';f-f:h

“tiono produced analges1a by naloxone a narcot1c antagon1st

:.Sc1ence 191 @ 961- 962 1976,

.::ssdhl

3Pert A and Walter M Compar1son between naloxone reversal of

'morph1ne and electr1ca1 st1mu1at1on 1nduced analges1a ‘in the rat



- 111a11tn#ﬂ5nu1 EUS . ' B Endogenous Opiatcs
0 s e 2 %4 o R EEAREE 7 IR

”.tu u -ﬂ . 2526 &  nopiAn

. mesencephalon. Llfe Sci. 19°: i023- 1032 1976,

.:iSSQf.Llebesklnd J.C., Gu11baud G Besson J M. ‘and 011veras, 7 L.

L “.Analge51a from e1ectr1ca1 st1mu1at10n of the perlaqueductal gray
.matter 1n the cat Behav1oura1 observatlons and 1nh1b1tory effectS':

_'{n.on sp1na1 cord 1nterneurons Braln Res.iT 441 446 1973 :

'156;; HOSObUChl, Adams, J E: and L1nch1tz R.a Pa1n rellef by electrla,:-:%-'

= cal. stlmulatlon of the. central gray matter 1n humans and 1ts rever- -

o sal by naloxone ‘Science 197 :'183- 186, 1977.

57:d Mayer, D J., Prlce, b.D. Central nervous system mechanlsms of
B _:-.analge51a Pain 2 379 404 1976 SRR __'___
":.53ﬁ5 Rhodes, D E and Llebesklnd J C Analgesla from rostral bra1ns—_ Cn
S tem. stlmulatlon in the rat. Brain Res. a 143 :521-532, 1978,
't.59;d Belluz21, J.D. Grant Noy Garsky, et al Analge51a 1nduced
: in vivo by central adm1n15trat1on of enkephalln in’ rat Nature
- :_tzeo;: 625 626, 1976 : ERn f__. f”. i _nf _d'_.f - 5
GG!”'Graf L Szekely, J I., Ronal A Z _-ef“éi Comparat1Ve study on
:.:Hana1g651c effect of MetS—enkephalln and related llpotropln frag- o
B fe%iments Nature 263 240-241, 1976, RN ._“_ - SR
ﬁtﬁéi,{'Bloom F. Segal i., L1ng, N.'and Gulllemln .R;” Endorph1ns :
| :a“:profound behav1oura1 effects dn rats suggest new. etlologlcal
d**jfactors in mental 111ness ‘Science 194 1 630- 632 1976 o
'5_d62: Mayer, D J. ; Prlce D D and Raf11 AL Antagonlsm of acupuncture_~.”
_?'Jana1g851a 1n man: by the narcotlc antagonlst naloxone Braln Res
_:'-f121 368-372, 1977. Gl i e
| "63f”fCheng,_R S.5 and Pomeranz, B H Electroacupuncture analge51a is:
.d_fmedlated by stereospec1flc oplate receptors and 1s reversed by L
_ ndfantagonlsts of type 1 receptors 1fe Sci-, j26 631 638 1980
Jéddnl jolund B and Erlksson,:Mi Electroacupuncture and endogenous  21343_;1'
P morphlnes._Lancet 2 1085 1976 _"' SN R '{
:t*65:t_Chance W T, whlte, A C Krynock G M and Rosecrans,_J A
: :fedAutoanalge51a Acqulsltlon blockade and relatlonshlp to oplate
"i'f7b1nd1ng CBur. g Pharmacol 461 468, 1979.




".'Thal J: Pharmacol e . _ ' S o Endo'genous_ Opiates
E A]’)T e Jun 1983 Vol.5 No.2Z . . 95 .. . L o 'Piti-;TI‘iSdide_n .

:tfdGS;{:Chrlstle, M J Chesher ‘G, B and Blrd K D. The correlat1on.nh?n

2 ..bEtWEGH SWlm—stress 1nduced ant1noc1cept1on and ( H)leu enkephalln::;yt_h

]'blndlng to braln homogenates 1n mlce Pharmacol B1ochem Behav :
15 °: 853 857 1981 o PrATTAcoLy P1RTTen . 0

.'tt 67;-;Ross1er, ] Gu1llem1n R and Bloom B E Footshock~1nduced

i stress decreases leusz-enkephalln 1mmunoreact1v1ty 1n rat hypothauz". o
lamus.’ Eur “J: Pharmacol. .48 : 465-466, 1978 |

'3;fd-68.l:Fratta W Yang, H. Y T, Hong, _ﬁ-and Costa Stablllty of met—-'

enkephalln content 1n braln structure of morph1ne dependent or.:
i 'footshock stressed rats Nature 268 452 457 1977 .
.jl'69;.'Basbaum, A I Marley, N. J. E O'Keefe,._ and Clanton C. H
'”:-3Reversal of morphlne and stlmulus produced analge51a by subtotal
_ ydﬂ'splnal cord 1es1on Paln 3 43: 56 1977 R f.'__ _
'.i:fO-l Hayes, R, L “Price, D. D. Bennett G.J., et al D1fferent1al L
:1deffects of sp1na1 cord 1e51ons on narcotlc and non narcot1c S
ltosuppress1on of noc1cept1ve reflexes Further ev1dence for the- :
.fphys1olog1cal mult1p11c1ty of paln modulat1on Braln Res 155ﬁ,-_:':7d o
- o1-101, 1978 Gl i
E{Zl}iplAm1r, S. and Amlt "z Endogenous op1old llgands may medlate _
. :stress 1nduced changs in the affectlve propertles of paln related
_ ””1 :;:dbehavrour 1n rats' L1fe Sc1 -y 1143 1152 1978 ____: R
“t'_e72}_lBodnar ‘R J s Kelly, D D Splaggla Ai and Glusman, M Analge51a
. -f:produced by cold water stress Effect of naloxone Fed Proc R
"d'365f 3869, 1977 _ _' L SERER |
 '73. .Grau J W.; Hyson R L Ma1er S F » et ali Long erm Stress 1nduced
':_7i.ana1ge51a and act1vat10n of the onlate system Sc1ence 213 l409~-
o "-;;1411 1981 _ EENE i __' PR _.] 5 [ _;r,:_._: TR
'”.;?4.'rLew1s J W Sherman J E and L1ebesk1nd J .C. Op101d and non- fd--ddf::d

' Oplold stress analges1a Assessment of tolerance and cross’ —fyﬁfﬁ'“”'

fd[tolerance w1th morphlne J Neurosc1 l 358 363 1981
'75;d'Watk1ns, L R: and Mayer D J Organlzatlon of endogenous oplate

-and nom- oprate paln control systems Sc1ence 216 1185 1192 1982



: ‘111a11mé’n’inu1 S T T e R Endogenous Opmtes

ﬂﬁ's'tauﬁz S 96

'tu i ..ﬂ “ 2526 TR B - Lo . ) | E .. . : g '..."'Dﬁ.:_- nqu.ﬂqm ;

”lr;?7611;Hayes, R. L Bennett G J Newlon P G and Mayer D J Behaﬁioul:': L
"'“_fral and phys1olog1cal stud1es on. non narc0t1c analge51a in the rat.:.:“-:'

_..JJiel1c1ted by certa1n enV1ronmenta1 st1mu11.Bra1n Res 155 69 90 19785l7'”

'JEJCTJ;QCChance W.T.. and Rosecrans, J.A Lack of effect of naloxone on

. _fl”dfautoanalges1a Pharmacol Blochem Behav ll 643 646 1979
ftfféﬁj”8p1agg1a,_ Ayl Bodnar, R J Kelly, D D and Glusman,:_- Oplate

'fi_and non- oplate mechan1sm5 of stress 1nducés analgeS1a cross toler-l_df..Tf-*

- J”Fance between stressors Pharmacol Blochem Behav 10 761 765 1978
5f79;f_Drugan, R, C Grau J W Maler S F et al Cross tolerance

'between morph1ne and the long term analge51c reactlon to 1nescapa«;fjgr:'-77

.:dedble shock Pharmacol Blochem Behav 14 677 682 1981 :

5f86:ffChance» w T and Rosecrans, J A Lack of cross tolerance between._u
.H.atmorphlne and autoanalge51a Pharmacol Blochem Behav ll 639"5f;:i” s
__:_._.f'642 1979. 'f' o SRR R e ',' :f_]f = ”:_d
'Tf}éllr"godnar R J Kelly, D D Ste1ner, S S and Glusman M. Stress—v:

“ffdproduced analge51a and morphlne produced analge51a } Lack of

: ﬂ_rﬁ;cross tolerance Pharmacol Blochem Behav f 661 666 1978

:-SznfiVan Ree, J M de We1d D Bradbury, A, E. et al Inductlon of .
i;ﬁfftolerance to the analge51c actlon of 11potr0p1n C fragment Nature .f*ffa?“”

___;]f7_264 792 793 1976 '_r_;l_ _“_' S ;t _; B _L;,.__ s

2}183tf"ﬁbh\ H] H Tseng L. F “E. and L1 B Endorph1n is- a

-fﬁ?_84lf:We1, E.: and Loh H Phys1cal dependence on oplate Tlike peptldes
| _f”f_:f;5c1eﬁce 1262 1263, 1976, o :S-'y, d
all SE;;JTseng L. B Loh, H H and Li, C H Human B endorph1n Develop---
'dd;;:;ment of tolerance and behav1oural act1v1ty 1n rats' B1ochem Blo-:-'
0 phys. Res. Commun 174;: 390-396, 1977.
'f;f'éétdaHuldobro Toro J P and Leong Way, lf S1ng1e dose tolerance to ot
o 3fﬁant1noc1ceptlon and phy51cal dependence on B endorphln in m1ce .

s Eurﬁa J. Pharmacol 52 179 189, 1973

:?l"él;fiTseng, LB Tolerance and cross< tolerance to morph1ne after

1'chron1c splnal D- alaz-D leu5-enkephal1n 1nfus1on L1fe Sc1 31

:5'i_-987 992 1932

ff'potent analges1c agent Proc Natl Acad Sci USA.73 2895- 2898 1976;fﬁﬁf_* o



Thai J.. Pharmacol e T - RE R T Aflatoxms__-_-

]-APrﬂ_«.Jun 1033 Vol.s Moz 9 Auratal Arﬂmnhcngnhaﬁfi”

'.GENERAL*ARTrQLE{_”f

AFLATOXINS TOXICITY AND CARCINOGENICITY

Auratal Aramphongphan

Department of Pharmacology,.Faculty of Sc1ence, :Zg::

Mahldol Unlver51ty, Bangkok 10400'3{5pt-;t*

Aflatox1ns (AFS) (see F1gure 1), a group of mycotox1ns

"1gf:Produced by the fungl Asperglllus par651thuS and the1r an1mal b1otrans--r”:“ .

9;_format10n products, have been con51dered as respon51ble for the deaths

'hﬂ”of large numbers of domestlc anlmals and poss1b1y for the h1gh 1nc1dence S

of llver cancer among EXposed human POPulatlons (1) : These aflatox1n G

uﬁﬂ“produc1ng mold stra1ns can grow at temperatures of 40 45 c w1th an

'jttoptlmum at 30 ¢, and a relat1ve hum1d1ty of 75/ or greater These

_u}thln 1ayer chromatograms at four components de51gned as aflatox1ns B

"naturally occured tox1n5 had a character1st1c fluorescence pattern on

11

-J:,.B G and G the four components were d1st1ngu1shed by the1r blue or:'3*”'”l

1

”ffpgreen fluorescence and by the1r Rf values on th1n layer chromatograms

'fi blsfuran rlng system fUSed to a substltuted coumar1n mo1ety, w1th a o

\ffh?'groups all have deflnlte effects on the tox161ty of AFS (2 4} o

'"fhbeen shown to be. the most potent hepatocarc1nogen yet found for the rat

”fTwelve of . structurally related components have been 1501ated and chem1—:'”
mfhcally character1zed 1e Ml’ 2, B G2 ,etc The M1 and M fractlons
_"were f1r5t 1solated from the mllk of cows feed1ng on AFS contam1nated g;[s.a

*food

' h The chemlcal structure of the AFs conta1ns a d1furofuran or

":methoxy group attach at the correspondlng'benzene r1ng These funct1ona1

The tox1n that has been stud1ed most'extens1vely and COHS*IQI

"tutes by far the maJor components of" most naturally produced mlxtures ,

"of AFs 15 AFB1 It 15 the most tox1c member of the group and has also

Tj and ralnbow trout (3 4)
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The toxlc act10ns of aflatox1n5 have been 1nve5t1gated 1n many

k1nds of blologlc test systems The aflatox1ns are lethal to many anlmal

”spec1es thus far:studled when admlnlstered acutely at sultable dose

50

.f_levels. Typlcal s1ng1e dose LD _'Values of aflatox1n Bl’ 'isin the
..range of 0 5 10 mg/kg body Welght (Table 1) B S PR

In all spec1es, AFS tox1c1ty maln target organ 15 the llver.fh
Efother can be kldney, stomach lung,_sallvary and lacr1mal glands, colon
.fand skln In AFBl acute and subacute p01son1ng, 11ver 15 the ma1n -
- target organ It cause centrllobular necr051s and/or b11e dUCt prollfe— o
”hfrat1on ' Tox1c1ty depends on age sex specles strain and d1et L '
:'Repeated dose or chron1c feed AFB1 can 1nduce hepatocellular carc1noma o

:and cholangloma n1mal at least 3 5pec1es (rat 'ra1nbow trout

7,duck)- Sheep is. re51stant to chronlc exposure to AFB1 And_1n a11
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Table 1. Single dose lethality of AFB1 in various animal species (5)

Animal Age or Weight Sex LD50(mg/kg)
buckling 1 day male § female 0.40
Rabbit weanling 0.5C
bog adult male § female 0.50
Trout* 100 g male § female 0.50
Guinea pig adult male & female 1.40
Rat 1 day male § female 0.56
21 days male 5.50
21 days female 7.40
Hamster 21 days male 5.50
30 days ‘ male 10.20
Mouse 21 days male 63.00
Sheep adult - male § female 500.00

* Intraperitoneal; other values refer to the oral route,

species, young animals are more susceptible than adult, male are more
susceptible fhan female to acute and subacute toxicity and develop
tumor more quickly than female., Toxic and carcinogénic effects are
enhariced 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 died
with Rey's syndrome were chemically assayed for aflatoxins; AFB1 and AFB2

were found in the liver specimens from 22 cases, usually at the levels
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hetween 1 and 4 ug/kg tissue wet weight. In two cases, the concentrations
of AFBl were of the same magnitude as the levels in the livers from monkeys
in the acute toxicity study. At this level, AFB1 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
AFBl requires metabolic activation for toxic activity (3). Since dis-
tinct differences in drug metabolizing activity exist among various
animal species, the differences in specles susceptibility to carcino-
genic aflatoxicosis have been considered with these metabolic differences.

Correlations between the in vitro hepatic metabolism of AFB, and species

susceptibility to aflatoxicosis have been shown (8-10). Unéer in vitro
conditions as reviewed by Campbell and Hayes (3), AFBl 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 AFQl;
of o-demethylation, AFP.; of hydration, AFB

1’ Za
2,3-epoxide of AFB AFB1 is also reduced by the reductase. In addi-

; and of epoxidation, the

1
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
AFBl, Wong and Hsieh (4} performed the Ames mutagen assay on all of

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

1’
been isolated. The results are summarized in Table 2. The 2,3-epoxide

was postulate to be an ultimate carcinogenic metabolite of AFB1 that

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

ing N7 -guanine AFB. adduct of DNA or RNA molecules (11).

1
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Table 2. Correlation of S.typhimurium mutagenicity of aflatoxins to

their animal carcinogenicity

Aflatoxin Relative Carcinogenicity
mutagenicity
(%)?
AFB1 100 most potent hepatcocarcinogen in rat and

rainbow trout

AFL . 22.8 possessed half the tumor activity of AFBl
in rainbow trout

AFG1 3.3 less tumorigenic‘in rat than AFB1
less hepatocarcinogenic in rainbow trout
than AFBl

AFM1 3.2 possessed one-third the tumor activity of

AFB1 in rainbow trout

less tumorigenic than AFB1 in rat

AFLH1 2.0
AFQl 1.1 nontumorigenic in rainbow trout
AFB2 0.2 inactive in rat, weak activity in rainhow
trout
AFP, 0.1
AFG2 0.1 - found inactive in rainbow trout
AFB 0.00
2a
AFG 0.00
2a

Data from Wong and Hsieh (4)
a = 5lope value percent : compound slope divided by AFB1 slope x 100,

The postmitochendrial supernatant (S-9) of the rat liver was
used as the activation system 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 fer 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 AFB1 had the highest mutagenic activity, followed hy
AFL, AFGl, and other derivatives  Therefore,it appears that AFB1 has
the molecular structure optimal for mutapenic activity, Any alteration
of either the 2, 3-vinyl ether double bond, thé methoxy, or the cyclo-

pentenone groups invariably results in a marked reduction in activity,

When these mutagenicity 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 AFB1
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
of AFB., formed at the target site  This c¢ritical concentration of AFB1

1
in a particular liver can be estimated as Salmonella mutagenicity by

may be a function of the concentration of the active form

the Ames assays using the hepatic S-9 preparation derived from the liver
in question. Hsieh et al. (12} used the hepatic $-9 preparations
derived from different animals for- the Salmonella mutagenicity test to
compare the net biocactivation efficiency for AFB1 in their livers,
Because of their distinct differences in susceptibility to the in vivo

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

1)
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 AFBI, 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—Bl—induced in vitro Salmonella mutagenicity and in vivo

animal carcinogenicity (12).

o f'-.'il ARy
Iepatoma
Npecies AMutavenic aetiviry it
{nree, yev)

frectcteonen
rev g AFB fing oot level {viv) ("

Divck (3, male) BA93 (6508--10,489) 35 ppb 1.2 12
Rat (9, male) 2008 {1262-26:13) IS pph [.3.-1.5 100
100 pph 08 42 86

100 pph 2.0 %

Monkey (5, male) ld (119-2050) I60 pphb L0 it
| 80} N\i\ in 0

Q95102 mp deht) 7

hMouse (9, male) 491 (420-005) 1000 ppb 13 5
1O ppb 1.7 i

1O prp/day |0 0

Tlamian {5, Temale) 2R0 (100755 li ? "y

net bicactivation 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 AFBlv

Rased on the observations of long-term feeding experiments,
mice and monkeys are shown to be relatively resistant to the carcinoge-
nic effects of AFBI, compared to the rat (the most wildly used animal
for AF carcinogenicity determinations), which developed a 48% incidence
of liver carcinoma after 2 years of centinous feeding of 100 ppb of AFB1
in the diet (13). Only 7% of monkeys developed liver tumors after 2

vears 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 in vitro biocac-
tivation activity of human §-9 preparations relative te 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 been 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., alcchol consumption, low protein diet and liver

fluke infection.
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