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Abstract—Chlorpromazine, phenylbutazone, SKF 525-A, benzydamine and CCl4 pro-
duce in mice, after a weekly treatment, a liver weight increase. At the same time CCly
increases the sleeping time induced by hexobarbital, and the retention of BSP, while
the other drugs produce the opposite effects. These actions were generally already
evident 24 hr after a single administration, while 40 min after this administration
CCl4 produced inconstant effects and the other drugs increase the BSP retention, or the
sleeping time, or both. The results obtained are discussed in consideration of the available
data regarding the enzymatic induction produced by drugs.

INTRODUCTION

THE EXPERIMENTS reported in this paper have been suggested by the observation that
benzydamine, a recently described analgesic anti-inflammatory drug! produced in
the mice and rats, following chronic treatments, an increase in liver weight uncon-
nected with degenerative nor with proliferative changes that could be demonstrated
histologically.? The bromosulphtalein (BSP) test was used, which after successive
improvements introduced in the original method proposed by Rosenthal and White3
has now become an excellent diagnostic test in hepatic pathology both in men and
animals.4~7 The duration of sleep produced by a barbiturate was also investigated as
suggested by Kutob and Plaa8 so as to determine the entity of liver damage. Finally
the body growth curve and weight variations of the liver were studied.

Benzydamine has been compared with CCly, a typical hepatotoxic agent and with
some drugs which are known to increase the activity of several liver microsomal
enzymes. This action, which has been reported for several drugs,®—12 may be ac-
companied by an increase in liver weight and in total liver proteins.13, 14 Therefore,
our working hypothesis was that even liver weight increase produced by benzydamine
could be interpreted in the same way.

MATERIALS AND METHODS

CF 1 mice of both sexes and weighing between 17 and 23 g, and Long Evans rats
weighing between 65 and 75 g were used.

In acute experiments the compounds were administered only once via a stomach
tube and the tests were carried out 40 min or 24 hr later. In chronic experiments the
compounds were administered in the diet (with the exception of CCly which was given
by a stomach tube), for 7 or 50 days. The tests were carried out at the end of the

* A preliminary report of this research was presented at the XIIIth meeting of the Italian Society
of Pharmacology (Palermo, April 22, 23 and 24, 1965).
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experiments, after the animals had been left without any treatment for 16 hr. The
quantity of drugs administered was calculated on the basis of daily food intake, which
was approximately 15 per cent of body weight in mice and 10 per cent in rats.

The retention of BSP was investigated by administering 100 mg/kg of the product
i.v. and then determining the plasma levels according to Casals and Olitsky’s method.5
A series of preliminary investigations was undertaken to measure the BSP retention
15 min after administration, since this lapse of time made it possible to demonstrate
both the positive and the negative effects. Blood was taken from animals killed by
severing of the jugular vein and carotid artery.

Effects on sleeping time were investigated by injecting sodium hexobarbital (100
mg/kg i.p.) to animals kept at a room temperature (23~24°). The recovery of righting
reflex was considered as the end point of narcosis.

Aqueous solutions of the compounds were used, excepting CCly and BSP, which
were dissolved in olive oil and in a 0-9%, saline solution respectively. Controls and
treated animals received a quantity of liquid corresponding to 10 ml/kg. Doses re-
ported refer to the salt used. Statistical evaluation of the results was carried out accord-
ing to the Student’s ¢ method.

RESULTS
Benzydamine was previously shown to produce a liver weight increase following
six months treatments in mice and rats.2 This length of time appeared too long to
permit an easy reconfirmation and an extention of this result to other drugs. We
therefore primarily wanted to establish whether the liver weight would also increase
following shorter treatments. Results obtained in mice and rats treated with benzy-
damine for 50 days have been summarized in Table 1.

TABLE 1. EFFECT OF BENZYDAMINE IN MICE AND RATS TREATED FOR 50 DAYS

Hexobarbital
Treatments and Animal Body weight Liver weight BSP retention sleeping time
concentrations  species
in the diet and sex No. of Begin- No. of No. of No. of Min-
animals ning End animals g% animals mg9%, animals utes
Benzydamine mice 20 119 296 10 7-6 10 27 10 16-1
0-1% ¢ (1) (1) (1) 1)
Controls mice 20 1221 329 10 579 10 9 10 43
)
Benzydamine mice 20 119 247 10 77 10 2:5 10 10
01% ? ¢))] 1) 1)
Controls mice 20 12-1 258 10 53 10 62 10 36
?
Benzydamine rats 20 696 222 10 57 10 4 10 9
0-5% 3 1) 1) (2 (1)
Controls rats 20 695 271 10 43 10 92 10 16
3
Benzydamine rats 20 701 180 10 61 10 22 10 17
0-5% ? $)) )] Q) )
Controls rats 20 70-1 216 10 41 10 104 10 89-6
9 .
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The effects on liver weight have been confirmed. Moreover the following effects
have been observed: an inhibition of body growth in male mice and in rats of both
sexes; a lower BSP retention; a reduced sensitivity to hexobarbital. The effective
concentrations of benzydamine in the diet confirm previous observations, indicating
that mice are more sensitive to this drug than rats are.

A second set of experiments was thereafter carried out to verify whether these effects
occurred even following shorter treatments. Different drugs have been compared in
mice. The results obtained are summarized in Table 2.

TABLE 2. EFFECTS OF DIFFERENT COMPOUNDS IN MALE MICE TREATED FOR 7 DAYS

Hexobarbital
Treatments and Body weight Liver weight BSP retention sleeping time
concentrations
in the diet Number Number Number Number
or daily doses of Begin- of of of
(mg/kg per os) animals ning End animals g% animals mg?% animals min
Benzydamine 30 1777 23 20 8 10 274 20 10-6
019 2 2 1
Controls 30 1777 24 20 67 10 52 20 369
Benzydamine 20 195 21 20 63 10 78 10 24-1
0-03% (1)
Controls 20 195 227 20 6-4 10 73 10 51-8
Phenylbutazone 15 179 233 10 71 5 46 10 236
017% (1)
Controls 15 178 224 10 7 5 4-2 10 40-7
Phenylbutazone 30 1776 207 30 72 15 4-1 15 161
03% () () 1)
Controls 30 174  21-5 30 63 15 625 15 426
Chlorpromazine 20 21-3 182 10 10-3 5 12 10 6-25
017 §)) 1 ()] )
Controls ©20 21-:3 246 10 67 5 86 10 41-8
CCly 20 176 18 20 7 15 10 5 83-2
25 mg/kg per os ) 0y} 1)
Controls 20 176 21 20 6 15 7 5 406
SKF 525-A 30 195 214 30 833 10 246 20 57
0057, 1) 1 (1)
Controls 30 195 218 30 652 10 4-49 20 38
(HP <001,
)P <005

All the products were administered with the diet, with the exception of CCly, which
was given by means of a stomach tube. Only chlorpromazine and CCly produced a
significant inhibition of body growth. All the drugs increased the liver weight. BSP
retention and duration of hexobarbital induced sleeping time were inhibited by all
the tested compounds, with the exception of CCls, which caused the opposite action.
Results obtained with two different dosage levels of benzydamine and phenylbuta-
zone indicate the existence of a dose/effect relationship.

Table 3 shows the results obtained investigating BSP retention and the length of
sleep induced by hexobarbital in mice treated 24 hr previously with the products under
evaluation.

Under these experimental conditions, BSP retention was inhibited by phenylbuta-
zone at a dose of 200 mg/kg, while CCly increases it in a very marked manner even
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TABLE 3. EFFECTS OF DIFFERENT COMPOUNDS RECORDED IN MALE MICE 24 HOURS
AFTER A SINGLE ADMINISTRATION

AFTER A SINGLE ADMINISTRATION

Hexobarbital
Compounds Doses BSP retention sleeping time
(mg/kg)
No. of No. of
animals mg%; animals min
Benzydamine 100 10 4-7 10 136 2)
Controls ] / 10 49 10 47-3
Benzydamine 25 10 42 10 35 @
Controls / 10 39 10 652
Benzydamine 12-5 / / 10 304
Controls / / / 10 27-3
Phenylbutazone 200 30 325 (1) 15 15
Controls L] 30 4-77 15 473
Phenylbutazone 50 15 3-8 10 282 (2)
Controls / 15 4-1 10 652
Phenylbutazone 25 5 3-56 5 47-6
Controls / 5 4-64 5 64-6
Chlorpromazine 25 20 7-63 10 399
Controls / 20 5-28 10 359
SKF 525-A 10 5 4-41 10 42:8 (2)
Controls / 5 4-64 10 643
SKF 525-A 5 10 5-52 10 46'8 (2)
Controls / 10 4-19 10 652
CCls 200 5 30 @ 5 200 (1)
Controls / 5 32 5 46
CCls 100 15 162 (1) 5 192 (D)
Controls / 15 43 5 473
CCls 50 10 231 (D 5 183 (D
Controls / 10 52 () 5 454
Cls 25 5 20-28 (1) 5 496
Controls / 5 64 5 48

()P <001.

2)P <005
at low doses. The length of sleep induced by hexobarbital was increased by CCly
and was shortened by benzydamine, phenylbutazone and SKF 525-A. Chlorptro-
mazine produced inconstant effects. This last substance even shortens the length of
sleep when the trial is carried out 48 hr after administration.

Table 4 shows the results obtained studying BSP retention and sleeping time 40
min after the administration of the drugs.

Benzydamine, CCly, large doses of phenylbutazone and even very small doses of
chlorpromazine, increase BSP retention, whereas large doses of SKF 525-A had an
inhibiting effect. Length of sleep was, on the other hand, considerably increased in the
animals treated with phenylbutazone, chlorpromazine, and SKF 525-A, whereas
CCly and benzydamine proved to be inactive. ’

DISCUSSION
Results obtained show that short-term treatments with benzydamine produce in
mice a liver weight increase quite similar to the effect previously observed in mice
and rats following longer treatments. Therefore the one week experiment has been used
to study this phenomenon in details and to carry out a comparative evaluation of
different drugs.
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TABLE 4. EFFECTS OF DIFFERENT COMPOUNDS RECORDED IN MALE MICE 40 MIN AFTER
A SINGLE ADMINISTRATION

Hexobarbital
BSP retention sleeping time
Compounds Doses
mg/kg No. of No. of .
animals mgY; animals  minutes
Benzydamine 100 24 159 (1) 30 459
Controls / 24 83 30 459
Benzydamine 50 30 9-6 10 373
Controls / 30 10-3 10 373
Phenylbutazone 200 25 191 (2) 10 88 ()
Controls / 25 147 10 45-3
Phenylbutazone 100 10 64 15 83-6 (1)
Controls / 10 53 15 43-8
Phenylbutazone 50 10 10 10 58-8 (1)
Controls 10 11 10 32:2
Phenylbutazone 25 10 5-8 10 934 (1)
Controls 10 58 10 574
Chlorpromazine 25 15 21-3 (1) 10 180 (1)
Controls / 15 84 10 59
Chlorpromazine 12-5 5 13-4 (1) 10 147 (1)
Controls / 5 69 10 496
Chlorpromazine 6-25 5 913 (1) 5 73 ()
Controls / 5 413 5 322
Chlorpromazine 31 10 58 10 731 (2)
Controls / 10 59 10 38-5
SKF 525-A 25 10 34 (3) 5 166 (1)
Controls / 10 6 5 266
SKF 525-A 10 10 97 10 169-6 (1)
Controls / 10 10-3 10 384
SKF 525-A 5 5 6-11 5 158-6 (1)
Controls / 5 5-8 5 634
SKF 525-A 25 5 71 5 492
Controls / 5 5-8 5 32:2
CCl, 200 / / 10 66+5
Controls / / / 10 50-9
Cls 100 10 207 (3) 15 61-6
Controls / 10 89 15 532
CCly 50 18 10-9 5 59-6
Controls / 18 9-4 5 41-2
P <001.
)P < 0,02
(B)P <005

It has been observed that the liver weight increase produced by benzydamine is
accompanied by a more rapid BSP clearance and by a reduced sensitivity to hexo-
barbital. The last two effects are in evidence 24 hr after a single administration,
whereas 40 min after the single administration no effects or opposite effects are
observed. A similar behaviour has been recorded with phenylbutazone, chlorpro-
mazine and SKF 525-A.

During the last few years it has been reported that the above mentioned drugs
and many others as well, may produce an induction of microsomial enzymes, which
in turn activates the breakdown of the “inducer” or of quite different compounds.?> 11
This effect often follows a brief stage of enzymatic inhibition.12

Our experiments show that even BSP clearance may be affected in the same way by
some drugs. Whether this effect is related to an involvement of the aspecific secretory
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function of the liver, or to some more specific actions on enzymatic systems deputized
to the BSP detoxication,!5: 16, is not quite clear. Experiments are in program aiming
at verifying this point.

Anyway it may be advanced the hypothesis that even the liver weight increase
produced by benzydamine is related to an enzymatic induction and not to a toxic
effect.

This hypothesis is further endorsed by the results obtained while studying CCly,
which is considered a typical hepatotoxic agent. As a matter of fact the liver weight
increase produced by this compound is accompanied by quite opposite effects on
BSP clearance and hexobarbital response. Results obtained suggest some general
consideration.

Firstly the phenomenon of enzymatic induction which appears to be quite common
among therapeutic agents, should be taken into consideration in the evaluation of
chronic toxicity results. Effects on BSP retention and on sleeping time which were
used by Kutob and Plaa8 to evaluate the hepatotoxicity of some compounds, show
that these tests may be affected in a quite peculiar way by some pharmacological
treatments.

Secondly, it should always be kept in mind that many drugs may produce, besides
the specific pharmacological effects, an enzymatic induction, which is less specific
and long lasting. ,

A few examples show that some drugs may stimulate microsomial enzymes even
in men, but the general importance of this phenomenon, in the common range of
therapeutic doses, is yet to be explored. The results obtained on animals by acute and
chronic experiments need therefore to be always compared and evaluated with ex-
treme care.

Addendum—After this manuscript was prepared, we read the paper by Fujimoto er al. [Biochem.
Pharmac. 14 ,515 (1965)] reporting results which are in agreement with ours.
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