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Abstract—-In female rats, zoxazolamine paralysis was significantly reduced by pretreatment with preg-
nenolone-16a-carbonitrile (PCN). spironolactone. dexamethasone acetate, betamethasone acctate, 9x-
fluoro-118,21-dihydroxy-16x.172-dimethyl-1.4-pregnadiene-3.20-dione, 6x-fluoro-9«-chloro-11g-acetoxy-

21-valeryloxy-16a-methyl-1.4-pregnadiene-3.20-dione,

9x-fluorocortisol  acetate, triamcinolone or

adrenocorticotropic hormone (ACTH). With the exception of triamcinolonc and ACTH. the protective
effects of these compounds were associated with decreased drug concentrations in plasma at the end
of the pharmacologic response, compared with controls killed at the same time. The drug levels were
found to be lowered via hepatic drug-metabolizing enzyme induction. All the fluorosteroids exerted
glucocorticoid activity. Thus, PCN and spironolactone protect via increased drug metabolism, triam-
cinolone and ACTH via decreased organ sensitivity, and the remaining fluorosteroids via both prophy-

lactic mechanisms.

It has been established that steroids occupy an impor-
tant position among various factors that alter the
body’s response to drugs through different biochemi-
cal processes [1,2]. Thus, many steroids decreasc an
agent’s pharmacologic and toxic effects via biotrans-
formation. This type of protection, called catatoxic,
is associated with diminished drug concentrations in
plasma [3,4]. However, there are certain steroids
which considerably reduce the toxic manifestations of
many drugs without a concomitant fall in the blood
level of the drugs. Here, a syntoxic mechanism
renders the body less sensitive to the pathogen by
increasing tissue tolerance.

In our previous reports [5, 6], certain fluorosteroids
were shown to protect experimental animals against
various intoxications but the mode of their prophy-
lactic action was not clearly demonstrated. We, there-
fore, undertook an investigation into the underlying
mechanism and correlated our findings with the other
pharmacologic properties of the fluorosteroids (e.g.
glucocorticoid activity). At the same time, the in-
fluence of these steroids upon the body’s response to
zoxazolamine was compared with that of typical cata-
toxic [e.g. pregnenolone-16a-carbonitrile (PCN) and
spironolactone] and syntoxic [e.g. triamcinolone and
adrenocorticotropic hormone (ACTH)] agents.

MATERIALS AND METHODS

Female Charles River CD® rats (Canadian Breeding
Farms & Laboratories Ltd., St. Constant, Quebec),
weighing 90-110 g. were maintained ad lib. on Purina
laboratory chow (J. Mondou Inc., Montreal, Quebec)
and tap water.

In the first experiment, the animals were pretreated
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twice daily p.o. for 3 days with | mg PCN (Upjohn). spi-
ronolactone (Searle). dexamethasone acetate (Merck),
betamethasone acctate (Schering), 9x-fluoro-11-4,21-
dihydroxy-164,172-dimethyl-1,4-pregnadiene-3.20
dione (Organon), 6a-fluoro-9a-chloro-11f-acetoxy-21-
valeryloxy-16x-methyl-1.4-pregnadiene-3.20-dione
(Schering), 9x-fluorocortisol acetate (Upjohn) and
triamcinolone (Pfizer) in 1 ml water (as micronized
suspensions with a trace of Tween 80), or once s.c.
on day 3 with 5 L.U. of ACTH [Synacthen Depot
(Ciba)]. Zoxazolamine (K & K Laboratories) was
administered i.p. on day 4 at a dose level of 10 mg/100
g body wt, 18 hr after the last steroid pretreatments
or 24 hr after the ACTH injection. Two control
groups (given water plus Tween 80) were used for
comparison with each of the steroid- or ACTH-pre-
treated groups. The latter and one set of controls

. {recovered) were killed at the cnd of the pharmacolo-

gic response (i.e. when the righting reflex was
regained), while the other (unrecovered) was sacrificed
when the pretreated animals recovered spontaneously.

Drug-free plasma from pretreated and non-pre-
treated rats was used for preparing standards and
blanks. The zoxazolamine concentrations in plasma
were determined by the method of Burns er al. [7].

In the second experiment, 20 umoles of the above-
mentioned steroids or 5 L.U. of ACTH was adminis-
tered as described in the first experiment, and the
rats were killed by decapitation 18 hr after the last
treatment. The livers were immediately removed,
weighed and washed in an ice-cold 1:15%;, KC! solu-
tion. Samples were taken and processed at 0-4°, after
which 1 g liver was homogenized in 3 ml isotonic
KCl containing 0-02 M Tris-HCI (pH 7-4). The homo-
genate was centrifuged at 9000 g for 20 min, and the
9000 g supernatant fraction was used in a study on
zoxazolamine and ethylmorphine metabolism. Zoxa-
zolamine ring oxidation was determined by the
method of Juchau er al. [8]. and ethylmorphine N-
demethylation was assessed [9] with the Nash [10]
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reaction by estimating the amount of formaldchyde
formed.

The incubation medium for the assays containced:
002 M Tris HCI buffer (pH 7-4). 5 mM MgCl,. §
mM glucose 6-phosphate. 0-4 mM NADP. -2 M
zoxazolamine or 3 uM cthylmorphine. and postmito-
chondrial supernatant corresponding to 0-220 and
0-083 g liver for zoxazolamine and ethylmorphinc. re-
spectively: the total incubation volume was 3 ml. The
duration of incubation with zoxazolamine and cthyl-
morphine was 30 and 10 min respectively, The
method of Lowry ¢t «l. [117] was used for the protein
determinations.

In the third experiment, the glucocorticoid activity
of the steroids was assessed by the criteria of thymus
involution and hepatic glvcogen deposition [12].
Liver glycogen was determined by the phenol sulfuric
acid method of Montgomery [13]. The steroids were
given at a dose level of 01 mg, once daily p.o. for
3 days.

RESULTS

Pretreatment with all the test compounds consider-
ably reduced zoxazolamine paralysis time in the fol-
lowing descending order of potency: dexamethasone,
PCN, betamethasone, 9x-fluoro-114.21-dihydroxy-
162.172-dimethyl-1.4-pregnadicne-3.20-dione, ACTH.
9ax-fluorocortisol acetate, 6x-fluoro-9x-chloro-11 f-ace-
toxy-21-valeryloxy-16s-methyl-1.4-pregnadienc-3.20-
dione. triamcinolone and spironolactone (Table 1).

With the exception of rats given prior doses of
triamcinolone or ACTH, the zoxazolamine levels in
the plasma of pretreated animals were lower than
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those in the unrecovered controls. Moreover. the drug
concentrations in the triamcinolone- or ACTH-pre-
treated groups were higher than in the recovered con-
trols. Similar results were obtained with  prior
administration of 6z-fluoro-9z-chloro-11f-acetoxy-21-
valeryloxy-16z-methyl-1 4-pregnadienc-3.20-dione. 97-
fluoro-11.21-dihydroxy-16217%-dimethyl- 1. 4-pregna-
diene-3.20-dione or betamethasone.

The metabolism in vitro or zoxazolamine by the
liver was altered by pretreatment in the following
order of activity: dexamethasone, betamethasone. (-
fluoro-9=%-chloro-11fi-acetoxy-21-valeryloxy-16x-meth-
yl-1.4-pregnadienc-3.20-dione. 9z-fluoro-114.21-dihyd-
roxy-162.17z-dimethyl-1.4-pregnadienc-3.20-dione.
PCN, spironolactone.  9z-fluorocortisol  acetate,
ACTH and triamcinolone (Table 2). Based on the
results in gmoles/g of liver. however, the effects of
the protective agents would be expressed as pereen-
tages (control 0 per cent) as follows: dexamcthasone
(206 per cent); PCN (189 per cent); 9z-fluoro-115.21-di-
hydroxy-16%. 172-dimethyl-1.4-pregnadienc-3.20-dione
(184 per cent); betamethasone (180 per cent): 6%
fluoro-9z-chloro-11 fi-acctoxy-21-valeryloxy-16y-meth-
vi-1.4-pregnadicene-3.20-dione (176 per cent): spirono-
lactone (140 per cent); 9z-Aluorocortisol acetate (32 per
cent): ACTH (17 per cent) and triameinolone (9 per
cent). The same order applics more or less to ethyl-
morphine N-demethylation (Table 2).

The test compounds exhibited diminishing gluco-
corticoid activity in the following order: dexametha-
sone, betamethasone,  9x-fluoro-115.21-dihydroxy-
162, 17x-dimethyl-1.4-pregnadienc-3.20-dione,  triam-
cinolone.  9x-fluorocortisol  acetate.  6x-fluoro-9x-
chloro-11f-acetoxy-21-valeryloxy-16z-methyl-1.4-
pregnadiene-3.20-dionc and PCN (Table 3).

Table 1. Effect of various steroids and ACTH on zoxazolamine concentrations and paralysis time

Zoxazolamine concentrations in plasma Paralysis timwe
(2 ml} tmin) Reduction
of
Unrecovered Recovered paralyses

Pretreatment Pretreated® controlt control* Pretreated Control )

Pregnenolone- [62- 26013 + 122 3609 + Tidas 2750 = 089 NS ERIEAE N 150+ 10 0

carbonitrile (N [Cl 7

Spironolactone 2300 + 150 20037 + )XTEX 2064 ¢ 1°72NS TN 3 Jod 5 8 25
17 (10) (¥)

Pexamethasone acetate IN-KD 4+ 106 2N02 > 166y 1758 + 0:7TONS Mo 128 = 7 6
19 [ to)

Betamcethasone acetate A9+ 16y J022 4 0N 2808 = 022y 127 4 3 292 417 G0
[ALY)] (¥) (1

9y-Fluoro-11f.21-dihvdroxy- 25334+ kwd 2996 1 096 19-59 — (698 63 = 132 114 NI

1621 7x-dimethyl- | 4- (15} 114 (R

pregnadienc-3.20-dione

62-Fluoro-9x-chloro-1 1~ 3493 = 051 IR 4 OHY NS 2045 + 1-79F* T2 gx 104 4+ N 3

acetoxy-21-valeryvloxy-16x- (N1 IN) (%)

methyl-1.4-pregnadiene-2.

20-dionc

9z-Fluorocortisol acetate 2310+ 1-30 26:55 1 140FF 2204 = 1-IONS CRENEN RS I4x 512 Ry
(] (7 [

Triamcinolone 335+ 202 2719 + 20 NS 2335 £ 0k TES & oyee JESUEE N 28
i7) 7 17)

ACTH 37334 210 W93 + 230NS BRI B RN NIk S 136 - 3 4N
(7 (¥} (6)

* Killed when the righting reflex was regained (“recovered control™).
t Killed when the pretreated groups regained the righting reflex (“unrecovered control™.

+ Figures in parentheses indicate number of animals.
§P < 0-005.

, Plasma levels of zoxazolamine in the recovered and unrecovered controls are compared with

centrations of the drug in the pretreated rats.
¢ NS = not significant.
** P o< (005
P < 001

the plasma con-
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Table 2. Effect of steroids and ACTH on the metabolism in vitro of zoxazolamine and ethylmorphine
Zoxazolamine metabolism Ethylmorphine metabolism Protein
No. of Rate Increase Rate Increase Conen Increase
Pretreatment animals (umoles: g hr)* ) (HCHO:umoles g hr)* (8] (mg'g) )
Pregnenolone-16z- 6 ALK 1 6T 166 KR4 4 227% 337 2 7
carbonitrile 4 {160 + 148 (724 -2y -0
Spiroaolctone 3 130 = 13u* 132 2 NS 2
f ESRRRRT] (1)
Dexamethasone acetate & 213 £ 2061 603 ANS 2
4 + >3 -3
Betamethasone acetale s 9% 5+ 2%e6t 262 4 -6
s N R 31NS
Gx-Fluoro-11#.21-dihydroxy- & {76 G+ 2109 RN -7 N§ 3
tox, 1 Tz-dimethy -1 4-pregna- [ (724 + 23 O
diene-320-dione
ta-Fluoro-9z-chlaro- 11 f-ucetoxy- 6 547§ 30 [h43 2593 + BT 258 841 + 311 —~ 13
2-valerylosy-16z-methyl-1.4- [ {190 = 21} 724 4+ 23 (98-4 £ 29}
pregnadiene-3.20-dione
Sz-Fluorocortisol acetitte a 8 54 [80-7 + 17-0F 13t 777 + b6t -3
4 O (780 + 1+6) (843 + 1-4)
Triameinolone N + 15 1512 + 133NS 30 R4+ 17 1
4 S+ (e = 135 {841 + NS
ACTH 16 + 14 1323 + 91 N§ - 20 827 4 17 -4
7 + (1660 + 10494 (860 + 20INS

* Grams of liver protein.

TP < 0005,

1P < 005

§ Figures in brackets represent control values.
1 NS = not significant.

DISCUSSION

Pretreatment with all the compounds tested more
or less markedly reduced zoxazolamine paralysis time
(Table 1). This is in agreement with earlier studies
[1. 3-5. 14. 157 on some of these agents. The greatest
protection was offered by PCN and dexamethasone,
followed by betamethasone. 9«-fluoro-11.21-dihyd-
roxy-16x.172-dimethyl-1.4-pregnadiene-3.20-dione
and ACTH: the remaining compounds provided
moderate protection. In most cases, this prophylaxis
was correlated with decreased zoxazolamine con-
centrations in the plasma of pretreated animals (killed
when paralysis disappeared) compared to unrecov-
ered controls (sacrificed at the same time). Further-
more, Table 1 indicates that the plasma levels of zoxa-
zolamine in PCN- or spironolactone-pretreated rats
are similar to those in the recovered controls, which
were killed upon regaining the righting reflex. How-
cver, spironolactone lowers the drug concentrations
in plasma less significantly than does PCN as mea-
sured directly and shown by the degree of protection

offered. Earlier, similar differences in potency were
observed with other substrates [1,4] as well as in
the effects upon the mixed-function oxygenase system
(e.g. cytochrome P-450 and cytochrome ¢ reductase)
[16] of pretreated rats, indicating important diver-
gences in the detoxication mechanism of the two ster-
oids. Furthermore, although female rats were used in
this study, it should be mentioned that great sex dif-
ferences in the induction of microsomal enzymes have
been reported after spironolactone and, to a lesser
extent, after PCN treatment. These differences have
been attributed to impairment of testosterone biosyn-
thesis [17, 187]. The protection offered by triamcino-
lone or ACTH was not associated with reduced drug
concentrations in plasma. In particular, here, the
plasma levels of zoxazolamine at the end of the phar-
macologic response were the same as those in the
unrecovercd controls but much higher than in the
recovered control group.

These findings confirm our earlier results [3.4],
which suggest characteristic differences between the

Table 3. Effect of various steroids on hepatic glycogen and thymus weight

No. Hepatic glycogen Thymus weight

Pretreatment of animals (g g} (mg 100 g body wti
Water 14 059 = 010 389 + 21
Dexamethasone acctate 7 6199 + 410 80 + 5*
Betamethasone acetate 7 3081 1 100* 130 + 4%
Yy-Fluoro-11/.21-dihvdroxy-16:2.172-
dimethyl-1.4-pregnadiene-3.20-dione 7 2240 £ 1-00% 113 + 9%
Triamcinolone 7 20032 + 180* 330 + 20*
Yx-Fluorocortisol acetate 3} 1153 4 OR3* 106 + 9%
63-Fluoro-Yz-chloro-1 1 ff-acetoxy-21-
valeryloxy-16z-methyl- 1 d-pregnadicenc- 7 1010 & 001* 295 & 25
3.20-dione
Pregnenolone-16z-carbonitrile 7 346 + D02* 474 + 30 NS

* P < 0005,

g

< G0l

ke

P
NS = not significant {(compared with the group given water).
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two protective mechanisms [, 4,5, 19]. attributed
mainly to: (1} hepatic drug-metabolizing enzyme in-
duction (i.e. a more rapid inactivation of drugs by
pretreatment with PCN, spironolactone, etc.), or (2)
increased organ tolerance without enhanced drug
degradation (c.g. by prior administration of triam-
cinolone or ACTH). These differences are also indi-
cated by our experiments in vitro on zZoxazolamine
and ethylmorphine metabolism by the 9000 ¢ liver
supernatant fraction (Tablc 2). Our results clearly
show that PCN and spironolactone greatly increase
zoxazolamine hydroxylation and cthylmorphine N-
demethylation by the liver. Triamcinolone and
ACTH, on the other hand, demonstrated no signifi-
cant effect on the metabolism in vitro of cither drug.
This fact suggests that their protective action is
achieved by an increase of organ tolerance to the
drugs and not by drug-metabolizing enzyme induc-
tion. Table 2 shows that there arc differences in the
effects of the steroids on zoxazolamine and ethylmor-
phine metabolism. the biotransformation of zoxazola-
mine being two to three times higher than that of
ethylmorphine; spironolactone and ACTH did not
exhibit such differences. The fluorosteroids present an
interesting case, lying between the two types of pro-
tective actions. The zoxazolamine levels in the plasma
of pretreated rats tend to be lower than in the unrecov-

cred and higher than in the recovered controls. The-

fluorosteroids also stimulate both zoxazolamine hy-
droxylation and cthylmorphine N-demethylation in
vitro, thus appearing to act via both mechanisms,
although in some instances one is more pronounced
than the other. For example. dexamethasone was
more catatoxic than the other fluorosteroids. while
betamethasone  and  9x-fluoro-113,21-dihydroxy-
1621 72-dimethyl- 1 4-pregnadiene-3,20-dione - demon-
strated prominent syntoxic and catatoxic characters.

Table 2 also shows that there is little effect on the
protein content of the postmitochondrial liver frac-
tion {9000 g supernatant). In the PCN-treated ani-
mals. the slight increase in protein becomes significant
since it is accompanicd by a simultancous decrease
of hepatic glycogen (Table 3) [20], while the mild
reduction of protein after administration of most of
the glucocorticoids could be attributed to augmented
glycogen deposition.

Expressed in gumoles/g of liver protein, PCN seems
to be less active than the fluorosteroids in inducing
zoxazolamine metabolism. However, if expressed per
g of liver tissue. it is sccond on the list as regards
potency. Fluorosteroid pretreatment increases hepatic
glycogen and consequently reduces protem. whereas
prior adminstration of PCN has an inverse effect
[20]. However, it cannot be ruled out that the activity
of liver protein (lower after PCN than after fluoroster-
oid pretreatment)or the presence of glycogen may play a
role in zoxazolamine metabolism. Furthermore. an
element that may be important in considerations of
the body’s drug response is the fact that fluorosteroids
provide readily available sources of energy (e.g. carbo-
hydrates. free fatty acids) for adaptive work. while
also inducing drug-metabolizing enzymes.

Table 3 shows a classification of the glucocorticoids
in decreasing order of glucocorticoid activity. Spiro-
nolactone. known to be devoid of glucocorticoid
properties [21-23], and ACTH. which could not be
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tested with the method used {adrenalectomized rats),
have not been included. Dexamethasone was the most
potent glucocorticoid in this series. PCN, which was
being tested for the first time to determine its gluco-
corticoid activity, was found to have none and. in
fact, demonstrated weak antiglucocorticoid proper-
ties; the hepatic glycogen depletion noted after PCN
treatment has already been reported [20].

Tables | and 2. in conjunction with Table 3. indi-
cate that the protective effects of the fluorosteroids
{reduction of zoxazolamine paralysis). though
mediated via both mechanisms, depend more inti-
mately upon the catatoxic character of the test com-
pounds. As this decreases, their prophylactic activity
in vivo declines but is not closely correlated with glu-
cocorticoid potency.

This dual protective action has also been suspected
for 9x-fluorocortisol acetate [4, 5]. The proposed rela-
tionships [4.5.14] between drug concentrations in
the plasma of pretreated animals and controls that
are characteristic of these mechanisms can now be
complcted as follows:

Mechanism [ {catatoxic) Cy < C;, Cy =~ G,
Mechanism 11 (syntoxic) Cy ~ €y, G4 > C,
Dual action C, > C, > C,.

[ Drugconcentrations in: (1) C; = pretreated {condi-
tioned) rats killed at the endpoint of the pharmacolo-
gic response; (2) C, = unrecovered controls sacrificed
when the drug cffect has vanished in the pretreated
group; and (3) C, = spontaneously recovered con-
trols.]

The present experiments  confirm  the view
[1.20,24.25] that mechanism I is independent of any
other known hormonal and/or pharmacologic activi-
tics of the test compounds. whereas mechanism 11 is
related to their glucocorticoid propertics. Moreover,
many fluorosteroids protect pretreated animals
against  zoxazolaminc  intoxication via  both
mechanisms. This overlap is not uncommon in bio-
logic processes {c.g. between gluco- and mineralocor-
ticoids); yet, distinction between the two phenomena
is justified because usually individual steroids predo-
minantly elicit either action although the mani-
festation of one does not exclude the other.
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