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The lipoperoxidation rates are given in Table II. The
values with added cofactors correspond well with the
enzyme activities shown in Table I, thus reflecting the
close connection with the NADPH-depending microsomal
electron transport chain. The rate of cofactor-supported
lipoperoxidation in human fetal liver was 3 to 5 times
greater when compared to fetuses of other mammalian
species studied. This is in agreement with the higher con-
tent of cytochrome P-450 and higher activities of related
enzymes in human fetal liver. Furthermore, it must be
taken into consideration that animal fetuses were end-
term ones, whereas human fetuses were about 14- to 16-
weeks of fetal age, i.e., from the first half of pregnancy.

Although the activation of the lipoperoxidation by
ascorbic acid is known to be non-enzymatic??, the values
found rely on the enzyme activities. The reason why the
fetal and newborn guinea-pig show less lipoperoxidation
activity than to those of other species even after addition
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of ascorbic acid remains obscure. It may be due to the
fact that guinea-pig differs from rat and rabbit in the
ascorbic acid metabolism by lacking the microsomal
enzyme L-gulonolactone oxidase.

Our results show that fetuses of common laboratory
animals have only negligible levels of drug-metabolizing
enzymes and cofactor-supported lipoperoxidation. On
the other hand, the human fetal liver contains a typical
intact electron transport chain and actively supporting
lipid peroxidation. The suggested role of lipoperoxidation
in drug-induced tissue lesions, e.g. in CCl-induced liver
injury, permits the speculation that animal fetuses are
resistant to those kinds of injuries, whereas the human
fetus may develop lipoperoxidation-mediated tissue
lesions because of the presence of an intact electron
transport chain in liver microsomes.

28 B. D. WiLLs, Biochem. J. 773, 315 (1969).

The Effect of Thiazol-4-ylmethoxyamine, a Histidine Decarboxylase Inhibitor, on the Development
of Morphine Tolerance and Physical Dependance in Mice!

Koon-Sea Hur?
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Summary. A new histidine decarboxylase inhibitor, thiazol-4-ylmethoxyamine (TMA), injected into mice in a dose
of 100 mg/kg i.p. 48 h before the implantation of a morphine-containing pellet, inhibited the development of morphine

tolerance and physical dependence.

General inhibitors of protein synthesis, e.g. cyclohexi-
mide, are known to impair the development of morphine
tolerance and physical dependence®* This action is
presumably related, at least in part, to a depression of
synthesis of enzymes involved in the metabolism of neuro-
transmitters which mediate these central actions of mor-
phine. There is increasing evidence that histamine (Hm)
may be a transmitter in the brain?%, and some recent work
appears to implicate Hm in the neural mechanisms of
morphine tolerance and physical dependence®-%. If this is
so, then the specific and potent histidine decarboxylase
inhibitor thiazol-4-ylmethoxyamine (TMA) 9 10, which can
cross the blood-brain barrier, should have actions rather
similar to cycloheximide in this respect.

Materials and wmethods. Mice (WHT/Ht strain; both
sexes, weighing 25-40 g, in roughly equal numbers) were
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Table I. Effect of TMA on the analgesic action of morphine in naive and oependent mice?

Treatment Naive (n=25) Dependent (n=24) Slope Ratio Potency Ratio fr.&.
Slope function AD;, (mglkg) Slope function ADy, (mg/kg) (P. R.)

Control 2.02 6.85 2.27 17.5 1.12 2.55 1.85

group (2.46-1.66) (8.84-5.31) (3.97-1.30) (39.8-7.7) (2.02-0.68) (4.72-1.38)

TMA 1.23 9.20 2.02 11.00 1.64 1.200 1.75

group (1.62-1.08) (11.73-7.22) (3.22~1.30) (18.15-6.67) (2.83-0.95) (2.1-0.69)

»The potency is expressed as the median analgesic dose (ADj,) of morphine after morphine-containing and blank pellet implantation. Figures

in parantheses denote 959%, confidence limits.

»As the P. R. is smaller than the fe =, the 2 ADy, values are not significantly different.

Calculations according to the methods of LitcurreLp and WiLcoxon?
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Table 11. Effect on TMA on brain level of Hm and uptake of mor-
phine in naive and dependent mice

wg Morphine/g ng Histamine/g»

brain= brain 4+ SEM
-+ SEM
Control group Naive 1.344-0.04 (5) 161.7148.3  (7)
Dependent 1.274-0.08 (4) 170.444+11.06 (6)
TMA group Naive 1.4540.20 (4) 173.94-45.52 (5)
Dependent  1.6340.03 (5)¢ 170.2049.62 {4)

Numbers of mice in brackets.

*30 min after 60 mg/kg morphine sulphate, i.p.; and 3.5 h after re-
moval of the pellet implanted for a day. TMA was administered 48 h
before the implantation of the pellet.

»TMA was injected 48 h before the implantation of the pellet. 24 h
after the implantation of the pellet, the mice were decapitated and
the brain histamine estimated. .

¢$<0.01, compared with its corresponding control (Student’s ¢-test).
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Fig. 1. Log-dose response curves of the analgesic effect of morphine

in naive (solid line) and dependent (broken line) mice. Fach point
represents the mean of 4 or 5 measurements.
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Fig. 2. Log-dose response curves of the analgesic effect of morphine

in naive (solid line) and dependent (broken line) mice treated with
TMA. Each point represents the mean of 4 or 5 measurements.

Table I11. Naloxone-precipitated jumping in dependent mice*
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made morphine-dependent by the implantation of a new
type of morphine-containing pellet!!; these are referred
to as dependent mice. Non-dependent mice, given a blank
pellet without morphine, are referred to as naive mice.
TMA (100 mg/kg) was injected i.p. 48 h before pellet im-
plantation, as a brain Hm depletion is said to be maximal
after about 72 h with recovery to normal over the next
2-3 days'0. 24 h after implantation, the pellet was re-
moved, and 3 h later mice were submitted to the tail-
flick test!2 in order to measure the antinociceptive effect
of various doses of morphine sulphate (2.5-20 mg/kg).
Physical dependence was assessed in the same mice by
giving a naloxone challenge (0.5-200 mg/kg'?) 1 h after
the morphine sulphate administration. The percentage of
mice leaping off a raised platform in the 15 min following
the dose of naloxone was used as the sole criterion for
assessment of physical dependence 4.

Brain morphine and Hm were estimated by the fluoro-
metric method of KuprFERBERG et al.l® and HAKANSON
et al.!® respectively (Aminco-Bowman SPF).

The well-known procedure of LitcarieLnp and WiL-
coxoN'7 was used to estimate the ED;, and ADj, values
and their 959, confidence limits. The degree of morphine
tolerance was measured by the increase in ADy,, and the
degree of physical dependence by the increase in naloxone

50"

Results. Table 1 shows that the difference between
ADy;, values for morphine in the dependent and naive
groups treated with TMA is statistically non-significant
(11.0 and 9.2 mg/kg; potency ratio 1.2). In the control
groups not treated with TMA, the corresponding values
are 17.5 and 6.85 (potency ratio 2.55), indicating the de-
velopment of significant tolerance. The dose-response
curves on which these data are based are illustrated in
Figures 1 and 2. TMA clearly inhibits the development of
morphine tolerance. The whole brain uptake of morphine
was shown to be significantly higher (p< 0.01) in de-
pendent TMA-treated mice than in dependent control
mice, but not in comparison with TMA-treated naive
mice (Table IT). This finding cannot, therefore, provide a
convincing explanation for the observed inhibition of
tolerance development.

11 K. S. Hur and M. B. RoBERTS, J. Pharm. Pharmac. 27, 569 (1975).

12 7, S. Harris and A. K. PiErsoN, J. Pharmac. exp. Ther. 743, 141
(1964).

13 Naloxone hydrochloride, Endo Laboratories Inc. N.Y., USA.

U T, L. WAy, H. H. Lox and F. H. SHEN, J. Pharmac. exp. Ther.
767, 1 (1969).

15 H., KUPFERBERG, A. BurgHALTER and E. L. Way, J. Pharmac.
exp. Ther. 745, 247 (1964).

18 R. HAxanson, A.-L. RénnserG and K. SjoLunp, Analyt. Bio-
chem. 47, 356 (1972).

17 J. T. LitcurieLD, Jr. and F. WiLcoxox, J. Pharmac. exp. Ther,
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Control group (n=20) TMA group (n=25)

Slope Ratio Potency Ratio

Slope function EDy, (mg/kg) Slope function ED;o (mg/kg) (P. R
1.22 0.94 1.54 1.45 1.26 1.54
(1.59-0.94) (1.18-0.75) (1.93-1.23) (2.12-0.99) (1.76-0.9) (2.38-1.00)

*The potency is expressed as the median effective dose (EDj,) of naloxone producing jumping in morphine-dependent mice. Figures in pa-
rentheses denote 95%, confidence limits (calculations according to LircurFIELD and WILCOXONY7),
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TMA also appears to inhibit the development of physi-
cal dependence, as indicated by mnaloxone-precipitated
jumping (Table III), i.e. more naloxone is required to pro-
duce 50%, jumping in TMA-treated dependent mice (po-
tency ratio 1.34). Control naive mice did not jump with
doses of naloxone up to 100 mg/kg, but TMA-treated naive
mice jumped with 75 mg/kg naloxone (409,) and 100 mg/
kg (20%). Below 75 mg/kg and above 100 mg/kg, jump-
ing was not observed. The reasons for the apparent sen-
sitization to large doses of naloxone in naive mice treated
with TMA are not clear, but this incidental finding does
not invalidate the results in Table III which were ob-
tained with much lower doses of naloxone (0.5-5.0 mg/kg).

Discussion. TMA, like cycloheximide, can inhibit the
development of morphine tolerance and physical de-
pendence. Comparisons in our laboratory indicate that
TMA is about as potent, weight for weight, as cyclo-
heximide in preventing tolerance, but only about 209, as
effective in inhibiting physical dependence. It can be
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tentatively concluded from these results that morphine
tolerance and physical dependence both have underlying
mechanisms which depend in some way on the formation
of Hm somewhere in the brain. However, TMA in the dose
used in these experiments (100 mg/kg) did not in fact
significantly lower whole brain Hm levels 72 h after ad-
ministration (Table 1I). This is in conflict with the find-
ings of MENON et al.1% in rats, and may be due to species
difference. The absence of significant reduction in whole
brain Hm after 100 mg/kg TMA does not, of course, rule
out localized depletion in areas related more specifically
to the central actions of morphine. Furthermore, the mea-
surements were made at one point only in time (72 h after
TMA injection), and ideally brain histamine levels should
be determined at other time intervals. Higher doses of

‘TMA, e.g. 200 mg/kg, could not be used to increase the

chance of obtaining measurable histamine depletion be-
cause of substantial mortality (409%). MeNoN et al.10 re-
port an LDy, of 350 mg/kg i.p. for their strain of mice.

Effect of Substrate Pretreatment on Renal Organic Ion Transport in the Adult Rat?

D. G. Prcc? K. M. McCormack and J. B. Hook?

Michigan State University, Department of Phavmacology, East Lansing (Michigan 48824, USA), 24 Mavch 1976.

Summayy. The ability of renal cortical slices to accumulate PAH and NMN was not significantly affected by pretreat-
ment of adult rats with large doses of PAH. Pretreatment of adult rats with THAM significantly increased PAH
accumulation but had no effect on NMN. Inulin and PAH clearance and filtration fraction were significantly decreased
by PAH pretreatment but unaffected by THAM pretreatment. The effects of pretreatment on transport are probably

due to non-specific toxicity.

Renal organic anion transport capacity is less in the
newborn that in the adult4-¢. A major stimulus to devel-
opment of transport is substrate availability %8 Expo-
sure of newborn animals to increased substrate load alters
the rate of transport development. Hirscu and
Hooxk®- %3¢ observed that p-aminohippuric acid (PAH)
accumulation into renal cortical slices from neonatal rats
and rabbits was significantly increased by pretreatment
with penicillin. There was, however, no effect on trans-
port capacity in adult animals®. It was concluded that a
finite number of transport sites existed in the kidney and
that after full development further stimulation could not
be produced®. BRAUNLICH et al.!! and BERNHARD et al.1?
recently reported that pretreatment of adult rats with
large doses of PAH -or #is-hydroxymethylaminomethane
(THAM) enhanced the urinary excretion of PAH and
THAM, respectively. The purpose of this study was to
specifically determine the effect of PAH and THAM pre-
treatment on renal transport of organic ions. Transport of
PAH and the organic base N-methylnicotinamide (NMN)
was quantified in vitro at steady state using renal cortical
slices. Transport of PAH was also quantified in vivo in
clearance experiments.

Methods. Adult, male Sprague Dawley rats approxi-
mately 50 days of age were purchased. On day 55 treat-
ment was begun. One group of animals received 300 mg
PAH/100 g body weight. The second group received 94 mg
THAM/100 g body weight. Both compounds were ad-
ministered i.p. in a total volume of 5 ml. Controls received
saline. All solutions were adjusted to pH 7.4 immediately
prior to injection. Animals were treated twice daily for
4 days. Transport was measured on the 5th day.

Organic ion transport capacity was determined using
renal cortical slices. Thin slices of renal cortex were pre-
pared freehand and incubated in 2.7 ml of the phosphate
buffered medium described by Cross and TAGGART!3
which contained 7.4 X10-% M PAH and 6.0 x10-¢ “C-
NMN. Incubations were carried out in a Dubnoff meta-
bolic shaker at 25°C under 1009, O, for 90 min. After in-
cubation, slices were quickly removed from the medium,
blotted dry and weighed. Tissue and a 2 ml alignot of
medium were homogenized with 3 ml 109, TCA and
brought to a final volume of 10 ml with distilled water.
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