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1) than the other two. This pattern is maintained in the
dystrophic group. When the muscles in untreated normal
and untreated dystrophic animals are compared. the dys-
trophic muscles contain less CPK, LDH and HBD, but
the activity of succinate: (INT) oxidoreductase, except in
the gastrocnemius, is not significantly altered. Depending
on which muscle is considered, the loss in activity of CPK
and LDH is between 14 and 18 per cent for LDH and
between 17 and 33 per cent for CPK. The HBD-LDH
ratio 1s also reduced by 5-7 per cent except in the tibialis
anterior, the lowered value indicating a higher proportion
of M-subunits.

The effect of indomethacin treatment on muscle enzyme
activities in dystrophic hamsters is complex and depends
upon which muscle is examined (Table 2). However, firstly.
muscle enzyme levels in the treated normal group, in con-
trast to serum, were unaffected by the drug so that data
for the normal treated group is omitted. When the dystro-
phic treated group is compared with the dystrophic con-
trols, the mean tissue enzyme activities generally show a
trend towards normal, but only in certain instances is the
difference significant, The most striking effect is on CPK.
data for which is presented separately (Fig. 1). In the gas-
trocnemius, for example, indomethacin treatment causes
a significant rise in CPK, LDH and HBD. In all three
muscles, although CPK activity in the treated dystrophic
hamsters remains lower than that in the normals, the dif-
ference is no longer significant. The rise in gastrocnemius
in LDH and HBD is similar, so that the ratio HBD-LDH
is not significantly altered.

In the biceps femoris, there is an increase in HBD unac-
companied by any overall increase in LDH; consequently,
the ratio HBD-LDH rises.

At present, there is no proof that these effects are related
to the known pharmacological action of indomethacin, e.g.
inhibition of prostaglandin synthetase [17] or of lysosomal
enzyme release [ 18], so that the chief interest of the present
study is the demonstration that the biochemical changes
in muscle, as well as in serum, which occur in an hereditary
muscle disease can be partially reversed by drug adminis-
tration.

We must emphasise that, although indomethacin treat-
ment leads to a partial restoration of intra-cellular enzyme
levels to normal, we have no evidence, as yet that there
is any corresponding increase in survival time of the
affected animals. A pilot study now in progress may pro-
vide evidence on this point.

983

Acknowledgement—This work was supported by the Mus-
cular Dystrophy Group of Great Britain.

Muscular Dystrophy Research Labhoratory,  DITTA BULIEN

The Department of BEAUMONT HUGHES
Neurochemistry,

The Institute of Neurology,

The National Hospital.

Queen Square,

London WCIN 3BG, England

REFERENCES

1. T. L. Munsat, Neurology, 22, 335 (1972).

2. J. B. Peter & D. S. Campion, Abst. 3rd International
Congress on Muscle Diseases, 156. (1974).

3. L. Cohen, J. Morgan & R. Balsamo, Abst. 3rd Interna-
tional Congress on Muscle Diseases, 157. (1974).

4. D. B. Drachman. K. V. Toyka & E. Myer, Lancet ii.
1409 (1974).

5. R.J. T. Pennington, Biochemical Aspects of Muscle Dis-
ease in Disorders of Voluntary Muscle (Ed. J. N. Wal-
ton), 3rd ed.. p. 448. Churchill Livingstone, London
(1974).

6. M. Eppenberger. C. W. Nixon. J. R. Baker & F. Hom-
burger, Proc. Soc. exp. Biol. Med. 117, 465 (1964).

7. F. Homburger, J. R. Baker, C. W. Nixon, G. Wilgram
& J. Harrop, J. Path. Bact. 89. 133 (1965).

8. R. Friedel & H. Mattenheimer, Clinica chim. Acta 30.
37 (1970).

9. Ditta Bulien. Unpublished work

10. R. J. T. Pennington, Biochem. J. 80. 649 (1961).

I1. F. Wroblewski & J. S. La Due, Proc. Soc. exp. Biol.
Med. 90, 210 (1955).

12. S. B. Rosalki and J. H. Wilkinson, Nature, Lond. 188.
1110 (1960).

13. O. H. Lowry. N. J. Rosebrough, A. L. Farr & R. J.
Randall. J. biol. Chem. 193. 265 (1951).

14. A. E. H. Emery, Nature, Lond. 201. 1044 (1964).

15. M. G. Lauryssens, M. J. Lauryssens & H. A. Zondag,
Clinica chim. Acta 9, 276 (1964).

16. C. M. Pearson, N. C. Kar. J. B. Peter & T. L. Munsat,
Am. J. Med. 39. 91 (1964).

17. J. R. Vane, Nature, New Biol. 231, 232 (1971).

18 M. Nakanishi and K. Goto, Biochem. Pharmac. 24. 421
(1975).

Biochemical Pharmacology. Vol. 25. pp. 983 985. Pergamon Press. 1976. Printed in Great Britain,

Correlation between inhibition by anti-inflammatory substances. of
arachidonic acid-induced hypotension and of prostaglandin
biosynthesis in vitro*

(Received 3 July 1975; accepted 14 October 1975)

According to Vane [1], the nonsteroidal anti-inflammatory
drugs act as inhibitors of prostaglandin biosynthesis.
Various studies have sought to find a parallel between the
inhibition of prostaglandin biosynthesis and their antiphlo-
gistic action, but marked differences in the inhibitory
action were observed according to the organs providing
prostaglandin synthetases. Therefore, no strict parallel can
be drawn between synthesis inhibition and antiphlogistic
effect [2, 3].

On the other hand, the hypotensive action of arachi-
donic acid, precursor of PGE, and PGF,,, is enhanced
by high doses of heparin [4], whereas this hypotension

is inhibited by eicosatetraynoic acid, an inhibitor of pro-
staglandin synthesis [5,6]. The arachidonic acid-induced
hypotension, which depends on endogenous formation of
prostaglandins, could be considered as evidence of prostag-
landin synthesis in vivo, facilitated in the presence of
heparin [4]. Therefore, a study of the hypotensive activity
of arachidonic acid in animais treated with nonsteroidal
anti-inflammatory compounds could be used as an indi-
cator of their inhibitory property towards prostaglandin
synthetases in vivo. A measure of the total inhibitory
activity of the anti-inflammatory drugs using intact ani-
mals could be a better approach to the actual mechanism
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Table 1. Inhibitory action of several drugs on arachidonic acid-induced hypotension and on other systems described
in the literature

Arachidonic acid-induced Vesicular Carrageenin Mycobacterium
hypotension synthetaset oedemal arthritis§
Minimal active
dose* Inhibition D54 D50 Dsq
Drug (mg/kg) (%) (M) (mg/kg) (mg/kg)
L 8027 0.8 + 0.23 100 1 x 107°% 22 3
(iv..n =8
Indomethacin 1.84 £ 04 100 21 % 107° 4 0.2
(iv..n=12)
L 8109 643 +0.34 100 83 x 107* 22 0.5
(iv.;n =9)
L 7035 70 0 1.7 x 107% 100 to 300 300
(ipsn=73)
35
(iv.;n =4j
L 2197 75 0 I x 1072 100 100
{(tv.:n = 4) {inactive)
*Mean + S.D.

+ From reference 7.
1 From reference 8.
$ From reference 9.

of their antiphlogistic potency. In order to test this new
in vivo method, we used five substances. with known effects
on the biosynthesis of prostaglandins in vitro [7].

White Wistar rats of either sex (270-300 g) were anacs-
thetized with sodium pentobarbital (Nembutal, Abbott) (3
mg/100 g, i.p.). The right jugular vein was cannulated for
intravenous injection and the left carotid artery to record
arterial blood pressure by means of a mercury manometer.
A cannula was inserted in the trachea. The rats were pre-
treated by intravenous injection of heparin (20 to 25
mg/kg). Dose-response hypotension curves were initially
recorded for PGE, and PGE, (0.25 to 2 pg/kg). The mini-
mal active dose of arachidonic acid (AA) was determined
and repeated until a constant response was obtained. An
inhibitory substance was given thereafter and the minimal
dose of this substance inhibiting the vasodepressor action
of AA injected in increasingly large doses up to 2.5 mg/kg
was determined. Finally, the injection of a prostaglandin
was repeated. Only one substance was tested by each ani-
mal.

Rabbits weighing between 2.5 and 3 kg were anacsthe-
tized by intravenous injection of 20%, urcthan (1.4 g/kg)
After tracheotomy. the carotid artery was cannulated in
order to record blood pressure and the jugular vein was
catheterized for intravenous injections. The animals were
heparinized (20 mg/kg). Arachidonic acid was injected (0.15
mg/kg) before the administration of the anti-inflammatory
substance. and at doses of 0.15, 0.25 and 1 mg/kg there-
after. The vasodepressor activity of PGE, was recorded
before and after the injection of cach test substance.

The following drugs were used: L 8027, 3-(2-isopropyl
indolyl)-3-pyridylketone: L 8109, (S-chloro-3-mcthyl 2-
benzo [b] thienyl) acetic acid: L 2197, 2-cthyl-3-{4-hyd-
roxybenzoyl)}-benzofuran; these substances were dissolved
in polyethylene glycol-NaCl 0.9% (10:90. v/v). L 7035,
2-isopropyl 3-isonicotinoyl benzofuran, was dissolved in
polyethylene glycol-NaCl 0.9Y% (40:60, v/v). These four
drugs were supplied by Labaz, Avenue de Béjar, 1120 Brus-
sels. Indomethacin (Indocid, Merck. Sharp & Dohme) was
dissolved in a small volume of saturated sodium carbonate
solution, adjusted to pH 7.4 with HCl and made to a final
concentration of 1 mg/ml in NaCl 0.9%;. Arachidonic acid
(Sigma) was dissolved in 2 M Tris—=HCI at pH 7.8 and
adjusted to 0.5 mg/m!l in NaCl 0.9%.

Indomethacin, L 8027 and L 8109 induced a 10 to 15
per cent increase in blood pressure for more than one hour.

This increase was sometimes preceded by a transient falll
a response which was only induced by L 7035 and L 2197,

None of the substances inhibited the hypotensive action
of PGE, and PGE, in the rat or rabbit. In the rabbit,
L. 8027, L 8109 (1.5 mg/kg) and indomethacin (4.5 mg/kg)
completely inhibited the hypotensive response induced by
AA {1 mg/kg) L 7035 and L 2197 (9 mg/kg) did not inter-
fere with the hypotensive action of AA. In the rat, indo-
methacin, L 8027 and L 8109 suppressed the vasodepres-
sive activity of AA. The effect was obtained in one minute
and lasted for more than one hour. L 7035 and L 2197
had no inhibitory effect. Polyethylene glycol had no in-
fluence upon the hypotensive action of PGE,, PGE, and
AA.

Table | compares the doses of the substances which sup-
press the hypotensive activity of AA (2.5 mg/kg) in the
rat with the data found in the litcrature on the in viro
inhibitory power of these five substances against vesicular
synthetases [7] and also their D5, against carrageenin
oedema and Mycobacterium arthritis in the rat [8,9].
There is a good parallel between the inhibition of vesicular
synthetases and their action on the vasodepressive activity
of AA. In both cases. the activity decreases from com-
pounds L 8027 to L §109. For the first three of the series
the correlation coefficient is 098 (P < 0.01). L 2197 has
no inhibitory action in the two tests. L 7035, as the single
exception. is much weaker than indomethacin on synthesis
in vitre but has no action in vivo.

This discrepancy between the in vitro and in vivo effect
of L 7035, might be explained by its low water-solubility.
in vizo the drug would not reach the synthetases involved
in the biosynthesis of prostaglandins. According to Fer-
reira and Vargaftig [10]. prostaglandin formation, which
is responsible for the vasodilator action of AA in the vascu-
lar bed on the dog’s leg. takes place in platelets. However,
in the platelet-depleted rabbit, AA remains hypotensive
[11]. Thus. PG synthesis from AA might occur in some
vascular walls. The sensitivity of these synthetases towards
the anti-inflammatory substances may be different from the
sensitivity of the vesicular synthetases. This difference
could also explain the in vivo inactivity of L 7035,

Table 1 shows that there is no parallel between the
antiphlogistic activity of the tested anti-inflammatory
drugs and their inhibitory activity on prostaglandin syn-
thesis, either in vivo or in vitro [7. see also Ref. 12]. More-
over the 1Ds, of the inhibitors tested varies with the
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selected model of inflammatory reaction. This difference
could be explained. according to Vane [1-3]. either by
a variation in the sensitivity of the prostaglandin synthe-
tases with respect to the anti-inflammatory drugs or by
the altered role of prostaglandins in the determination of
the various inflammatory responses. In the latter case, the
action of the anti-inflammatory agents could be attributed
to other mechanisms.
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Effect of benzo(a)pyrene and chlorpromazine on aryl
hydrocarbon hydroxylase activity from rat tissues

(Received 21 Muarch 1975

Aryl hydrocarbon hydroxylase (AHH), an inducible mixed-
function oxidase system, is found in animal tissues. essen-
tially those at the portals of entry to the body [1-12]. This
enzyme system metabolizes polycyclic hydrocarbons and
related compounds[11,13,14]. As polycyclic hydro-
carbons are found in the environment, the metabolism of
such compounds has been the object of many investiga-
tions [3, 13, 15-19]. The biotransformation process renders
these compounds more water-soluble, and hence more
excretable, but during this process of some polycyclic hy-
drocarbons, toxic intermediates may be formed [20,21]. A
polycyclic hydrocarbon, benzo(a)pyrene, has been impli-
cated through an AHH formed intermediated. as one of
the precarcinogens found in cigarette smoke and thereby
a contributor to the rapidly increasing lung cancer in
man [15.16] and perhaps to carcinogenesis in other tis-
sues. Genetic and physical factors as well as xenobiotics
from drugs, dictary and environmental sources have also
been shown to increase or decrease the activity of
AHH [19, 22-26].

From recent studies discussed by Gillette, Mitchell and
Brodie [24, 26] it appears that mixed-function oxidases of
extrahepatic tissues may also be of importance in the de-
velopment of serious drug toxicities through activated in-
termediates. Thus there is a need to examine the distribu-
tion, levels, induction response and related contribution
to total body xenobiotic metabolism, of these enzyme sys-
tems.

This communication reports on the distribution and
relative levels of AHH in nine rat tissues, with data on
the induction response to two xenobiotics, BP and CP.*
to which man may become exposed.

The materials were obtained from known commercial
sources as indicated in a previous paper [23]. Dr. Harry

* Abbreviations used: BP = 3.4-benzo(a)pyrcne. CP =
chlorpromazine.

accepted 10 October 1975)

V. Gelboin of NIH U.S.A. generously donated the 3-OH-
benzo(a)pyrene.

Animals. Male rats weighing between 150-200 grams or
female rats in a 250-300 gram weight range (on their 15th
day of pregnancy) were obtained from the Sprague-Dawiey
Laboratory in Madison. Wisconsin. Housing was in over-
hanging steel cages (20 x 11 x 8in.) over Sanicel as bed-
ding and in well-ventilated rooms at 76° £ I'F with a
12-hr light cycle. Rat chow (Ralston Purina Co. in St.
Louis, Mo.} was fed ad lib. The experiment was started
after a 5-day acclimation period.

AHH Assay. In vitro drug metabolism was assayed by
a microsomal hydroxylase found in various animal species
and different tissues that catalyzes the ring hydroxylation
of benzo(a)pyrenc yielding a mixture of hydroxylated prod-
ucts, the major one being 3-OH-benzo(a)pyrene.

All rats were guillotined and exsanguinated between
9:00 am. and 12:00 noon and tissues were used immedi-
ately after washing in cold saline. Tissues were removed
and prepared in the cold as follows:

Lungs from male rats were scraped with a clean single-
edged razor blade to remove connective tissues of the lobar
bronchi, their major branches, and the accompanying
branches of the pulmonary veins and articles. Lymph
nodes from male rats were removed from the mesentery
and stripped of fascia. Two rats were pooled for each assay.
The submaxillary and sublingual salivary glands from two
male rats were pooled for each assay. One kidney from
each male rat was removed and minced for assaying. With
prostate tissue. two rats were pooled for each determina-
tion. Portions of the mammary glands were removed and
scraped {as done with lung) to remove connective tissue.
The livers of newborn male rats from separate litters were
minced into 1-cm pieces and pooled. All tissues were
homogenized as previously described [23].

After removing and preparing the tissues the AHH ac-
tivity was assayed using modifications of the methods of
Wattenberg and Kuntzman[1,27] as previously de-



