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Effect of Acute Alpha-Naphthylisothiocyanate Administration on
Hepatic Microsomal Drug Metabolism in the Mouse.* (30372)
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Acute administration of alpha-naphthyliso-
thiocyanate (ANIT) has been found to pro-
duce hyperbilirubinemia and cholestasis in
rats(1,2) and mice(3). Hepatocyte changes,
as visualized by light microscopy, are mini-
mal 24 hours after acute administration of
ANIT. The tendency has been to attribute
the hyperbilirubinemia to an inflammatory
response of the bile ductules(1,2). Recent
studies(3,4) have shown that the temporal
aspects of ANIT-induced hyperbilirubinemia,
and changes in sulfobromophthalein disap-
pearance, are not consistent with those ob-
served in experimental extrahepatic cholesta-
sis (bile duct ligation). The results suggested
that ANIT exerted an effect on the hepato-
cyte. Spycher and Riittner(5) have shown
that in rats ANIT causes alterations in the
plasma membrane of the hepatocyte; these
changes are seen in electron micrographs 24
hours after administration of ANIT.

The purpose of the present study was to
see whether ANIT does cause changes in
mouse hepatocyte function after acute ad-
ministration. The ability of the hepatic mi-
crosomes to metabolize drugs was used as
a measure of hepatocyte function. Prelim-
inary comparative studies were carried out
using 2 congeners of ANIT: phenylisothio-
cyanate (PIT) and beta-naphthylisothiocya-
nate (BNIT).

Methods. Male, Swiss mice (22-25 g) were
used throughout. The aryl isothiocyanates
were dissolved in corn oil and administered
by gavage (0.01 ml/g) in the following
dosages: ANIT, 20 and 80 mg/kg; PIT,
110 mg/kg; and BNIT, 80 mg/kg.

At either 2 or 4 hours later, the mice were
killed by cervical dislocation. The livers were
immediately excised and placed in vessels
immersed in ice. Each liver was homogenized
with 2 volumes of cold KCl (1.15%) in a
Potter homogenizer having a plastic pestle.

* Supported in part by USPHS grants AM-08083
and GM-06034.

Homogenates were centrifuged at 9000 X g
in a refrigerated high-speed angle centrifuge
for 20 minutes to sediment nuclei, mitochon-
dria and cell debris. The resultant superna-
tant fraction, composed of microsomes plus
“soluble” fraction, was used for determina-
tion of enzyme activity.

The drug metabolic pathways studied were
side chain oxidation of hexobarbital, ring
hydroxylation of aniline and oxidation of
the ring-sulfur of chlorpromazine. Hexobar-
bital metabolism was assessed by following
substrate disappearance by the method of
Cooper and Brodie(6). Aniline metabolism
was followed by measuring the formation of
the metabolite, p-aminophenol, by a method
of Gillette as described by Hart and Fouts
(7). Chlorpromazine metabolism was asses-
sed by following substrate disappearance by
the method of Salzman and Brodie(8). The
conditions of incubation, cofactors used and
their concentrations were as previously de-
scribed by Dixon et @¢/(9). The amounts of
substrate used were as follows: hexobarbital,
3 micromoles; aniline, 13 micromoles; and
chlorpromazine, 1 to 2 micromoles, in a total
volume of 5 ml. One ml of liver 9000 X g
supernatant fraction was incubated in a Dub-
noff metabolic shaker-incubator for 1 hour
at 37°C with oxygen as the gaseous phase.

The direct effect of ANIT and PIT on
pooled mouse liver microsomes was also
studied. ANIT and PIT were dissolved in
95% ethanol so that 0.2 ml of the solutions
contained sufficent test agent to give final
concentrations of 10=3 to 10~° M in the
incubation vessels. The pathways studied in
these experiments were side chain oxidation
of hexobarbital and oxidation of the ring-
sulfur of chlorpromazine.

Results. Table I shows that when ANIT
was administered orally to mice in a dosage
of 80 mg/kg, the hepatic microsomal drug
metabolizing activity for hexobarbital and
for aniline was significantly depressed 2 hours
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TABLE 1. Effects of Single Oral Dose (80 mg/kg) of ANIT on Hepatic Microsomal Drug
Metabolizing Aectivity in the Mouse.

Amt of substrate metabolized*

Time after

ANIT+ Treatment Hexobarbital Ratiof Aniline Ratio Chlorpromazine Ratio

2 hr ANIT (6) 51 + 12§ 27 34 +17¢ .32 123 + 16 1.08
0il (6) 187 + 14 106 + 27 114 + 19

1 day ANIT (6) 49 + 12§ .29 51 = 16§ .40 129 + 10 .95
0il (6) 166 + 29 127 + 18 136 += 13

5 days ANIT (6) 125 + 259 .65 86 + 25¢ .65 128 + 19 .98
0il (6) 193 + 27 132 + 13 131 =15

9 7 ANIT (4) 149 + 16§ .70 92 +- 17¢ .68 131 + 12 90
0il (4) 214 + 17 136 + 15 146 + 14

* Values in Table represent metabolism by supernatant fraction expressed as mean micro-
moles drug metabolized + standard deviation per g nitrogen in 1 hr. Numbers in parentheses

represent No. of animals per group.

t Time between administration of agent and time of sacrifice.
1 Aectivity of ANIT-treated animals/activity of oil-treated animals.
§ ANIT-treated value is significantly different from oil eontrol (P <.05).

after ANIT treatment, and the inhibition per-
sisted for at least 9 days. On the other hand,
ANIT treatment had no effect on the ability
of the microsomes to metabolize chlorproma-
zine. The latter observation was more strik-
ing in view of the fact that the activities of
the other two oxidative pathways were dimin-
ished to 30 to 40% of control, 2 to 24 hours
after ANIT. A lower dose of ANIT (20 mg/
kg) also inhibited the metabolism of hexo-
barbital and aniline, but not that of chlor-
promaczine, 2 hours after oral administration.
The rates of metabolism (compared to con-
trols) were 54, 67 and 102% for hexobarbi-
tal, aniline and chlorpromazine, respectively.

The two congeners of ANIT exhibited dif-

fering effects (Table II). Treatment with
BNIT resulted in inhibition of both hexo-
barbital and aniline metabolism at 2 hours;
by 24 hours, only hexobarbital metabolism
was significantly depressed. BNIT had no
effect on chlorpromazine metabolism. PIT
had a significant effect on hexobarbital me-
tabolism only at 2 hours; aniline and chlor-
promazine metabolism were not affected.
ANIT and PIT added directly to liver mi-
crosomes decreased the hexobarbital metabo-
lizing activity in concentrations as low as
10=% M (Table IIT). On the other hand, the
chlorpromazine pathway was affected only
when the concentration was 10—% M. The
concentrations of ANIT and PIT fequired to

TABLE II. Effects of Single Oral Doses of ANIT Congeners on Hepatic Mierosomal Drug
Metabolizing Aectivity in the Mouse.

Time after Amt of substrate metabolized*
treatment Treatment . .
(hr)t and dose Hexobarbital Ratio} Aniline Ratio Chlorpromazine Ratio
2 BNIT, 80 mg/kg 134 + 28§ .60 46 + 8¢ .42 121 %16 1.04
0il 224 + 21 110 = 23 118 =10
24 BNIT, 80 mg/kg 171 + 34§ .73 94+ 24 .90 127 + 17 .86
0il 234 + 24 104 + 14 147 = 12
2 PIT,110 mg/kg 145 =+ 19§ .67 79 +11 .78 117 =11 .98
0il 217 + 28 102 + 10 121 =16
24 PIT, 110 mg/kg 279 + 25 .98 90 +11 .83 118 + 11 1.01
il 285 + 33 109 12 117 = 14

* Values in Table represent metabolism by supernatant fraetion expressed as mean miero-
moles drug metabolized =+ standard deviation per g nitrogen in 1 hr. All groups consisted of 6

animals each.

t Time between administration of agent and time of sacrifice.
1 Aectivity of aryl isothioeyanate-treated animals/activity of oil-treated animals.
§ Aryl isothiocyanate-treated value is significantly different from oil eontrol (P <.05).
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TABLE III. Effect of ANIT and PIT on Hepatie
Microsomal Drug Metabolizing Activity when Ad-
ded in vitro.

Microsomal drug metabolizing
activity*
Hexobarbital Chlorpromazine

Molar con-
Agent centration

ANIT 102 0 34
10+ 0 100
10-° 35 100
PIT 10— 4 77
10— 27 100
10— 57 100

* Values in Table represent metabolism by super-
natant fraetion, in presence of ANIT or PIT, ex-
pressed as percent of metabolism measured in eon-
trol (no treatment) supernatant fraction. Each
value is mean of 3 determinations.

depress hexobarbital metabolizing activity to
50% of control were estimated to be about 8
X 10=¢ M for ANIT and 2 X 10—5 M for
PIT. :

Discussion. The results in Table I show
that acute ANIT administration has a rapid
and relatively long duration of action on cer-
tain drug metabolizing pathways in mouse
livers. The effects observed here on hexobar-
bital metabolism are quite consistent with the
effect of ANIT on barbiturate sleeping time.
Becker and Plaa(3,4) have shown that pen-
tobarbital sleeping time in mice is significant-
ly prolonged 2 hours after ANIT administra-
tion and that this response persists for over
12 days.

Some of the previously reported effects of
ANIT on serum bilirubin and sulfobromo-
phthalein retention(3,4) in the mouse sug-
gested that this substance was affecting he-
patocyte function, but the later development
of cholestasis with the doses of ANIT em-
ployed complicated the interpretation. The
80 mg/kg dose of ANIT employed in the
present study is about an EDyy for produc-
tion of hyperbilirubinemia (4). This dose does
not cause cholestasis in 2 hours; even after
24 hours only 20 to 40% of the mice usually
show complete bile stasis (unpublished data).
The 20 mg/kg dose of ANIT, shown here to
affect both hexobarbital and aniline metabo-
lism, does not cause hyperbilirubinemia or
cholestasis. Therefore, it seems reasonable to
conclude that the depression of these meta-
bolic pathways represents a direct effect on
hepatocyte function. The observation that
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addition of ANIT to liver microsomes in vit-
ro, in a concentration of 10—5 M, also de-
presses hexobarbital metabolism supports this
conclusion.

The effect of oral dosage with PIT and
BNIT on drug metabolizing activity seems
much less than that of ANIT. The degree of
depression of hexobarbital metabolism was
neither as great nor as persistent. BNIT de-
pressed aniline metabolism only at 2 hours;
PIT had no significant effect on this path-
way. The addition of PIT in vitro seems to
show this agent to be less effective than
ANIT. PIT and ANIT have been found to
have differing quantitative effects on pento-
barbital sleeping time(4,10). Sleeping time is
significantly prolonged in only about 50% of
the mice 2 hours after administration of
PIT; by 24 hours, sleeping time prolongation
is seen .in only about 10% of the mice(10).
BNIT has been found to exert little or no
effect on liver function after acute adminis-
tration(10). Differences between these aryl
isothiocyanates have also been seen regarding
lethality (10) and their effect on iodide up-
take by the thyroid(11); in both of these in-
stances, ANIT is more active than either
PIT or BNIT.

One of the more widely studied inhibitors
of hepatic microsomal drug metabolizing en-
zymes is the diethylaminoethanol ester of di-
phenyl propylacetic acid (SKF 525-A)(12).
The duration of the SKF 525-A-induced in-
hibition of hexobarbital metabolism is 12 to
24 hours(13,14,15). In contrast, ANIT pro-
longs pentobarbital sleeping times(3,4) and
inhibits hexobarbital metabolism by hepatic
microsomes for periods up to 9 days. Diethyl-
aminoethanol esters of aryl alkanoic acids ap-
pear to be among the more potent of the
known inhibitors of microsomal drug metabo-
lizing enzymes(12). The concentration of
SKF 525-A required for 50% inhibition of
the in wvitro metabolism of hexobarbital by
mouse liver microsomes is about 5 X 10—% M
(16). The concentration of ANIT required
for 50% inhibition of the metabolism of hexo-
barbital in mice appears to be less than 10—5
M. Therefore, ANIT appears to be one of
the more active inhibitors of microsomal drug
metabolizing enzymes and may inhibit a wide
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variety of microsomal reactions, The long
duration of the inhibitory action of ANIT
requires further study, but it may be due to
binding of the inhibitor to the endoplasmic
reticulum membranes, a non-specific alter-
ation of enzyme structure, or suppression of
enzyme formation.

Although SKF 525-A inhibits a very wide
variety of drug metabolizing reactions(12),
the sulfoxidation of chlorpromazine is one of
the enzymic pathways which seems unaffected
(17). ANIT resembles SKF 525-A in its lack
of inhibitory action on the sulfoxidation of
chlorpromazine.

Summary. When alpha-naphthylisothiocya-
nate was administered orally to mice, the he-
patic microsomal drug metabolizing activity
for hexobarbital and aniline was significantly
depressed 2 hours after treatment; the inhi-
bition persisted for 9 days. Chlorpromazine
metabolism was not affected. Phenylisothio-
cyanate and beta-naphthylisothiocyanate also
inhibited some drug metabolizing pathways
at 2 hours, but were neither as effective, nor
as persistent, as alpha-naphthylisothiocyanate.
Alpha-naphthylisothiocyanate and phenyliso-
thiocyanate added directly to hepatic micro-
somes inhibited hexobarbital metabolism in
concentrations as low as 105 M. Chlor-
promazine metabolism was affected only when
the concentrations were 10~3 M.

PARATHYROID-ACTIVITY IN AGING AND HYPOPHYSECTOMY

1. Eliakim, M., Eisner, M., Ungar, H., Bull. Res.
Council Israel, 1959, v8E, 7.

2. Goldfarb, S., Singer, E. J., Popper, H,, Am. J.
Path., 1962, v40, 685.

3. Becker, B. A, Plaa, G. L., Toxicol. Appl
Pharmacol., 1964, v6, 340.

4. , ibid., 1965, in press.

S. Spycher, M. A,, Riittner, J. R., Path. Microbiol.,
1964, v27, 3817.

6. Cooper, J. R,, Brodie, B. B., J. Pharmacol. Exp.
Therap., 1955, v114, 409.

7. Hart, L. G,, Fouts, J. R, Proc. Soc. Exp. Biol.
and Med., 1963, v114, 388.

8. Salzman, N. P., Brodie, B. B., J. Pharmacol.
Exp. Therap., 1956, v118, 46.

9. Dixon, R. L., Hart, L. G., Rogers, L. A., Fouts,
J. R, ibid.,, 1963, v142, 312,

10. Becker, B. A, Plaa, G. L., Toxicol. Appl.
Pharmacol., 1966, in press.

11. , J. Pharm. Pharmacol., 1964, v16, 700.

12. Netter, K. J., Proc. First Internat. Pharmacol.
Meeting, Metabolic Factors Controlling Duration
of Drug Action, Brodie, B. B., Erdos, E. F.,, Eds.,
MacMillan Co., New York, 1962, v6.

13. Rogers, L. A, Dixon, R. L, Fouts, J. R,
Biochem. Pharmacol.,, 1963, v12, 341.

14. Rogers, L. A, Fouts, J. R, J. Pharmacol.
Exp. Therap., 1964, v146, 286.

15. Serrone, D. M., Fujimoto, J. M., Biochem.
Pharmacol.,, 1962, v11, 609.

16. Dixon, R. L., Fouts, J. R., ibid., 1962, v11, 715.

17. Gillette, J. R, Kamm, J. J., J. Pharmacol.
Exp. Therap., 1960, v130, 262.

Received April 23, 1965. PS.EBM., 1965, v119.

Parathyroid Size and Uptake of Alpha-Aminoisobutyric Acid in
Intact and Hypophysectomized Rats.* (30373)

LAwReNCE G. Rarsz,t James E. O’BrieEN aND WiLLIAM Y. W. AU
(Introduced by Harold C. Hodge)
Departments of Pharmacology and Medicine, University of Rochester School of Medicine and
Dentistry, Rochester, N. Y.

Parathyroid function appears to be regu-
lated largely by changes in serum ionized cal-
cium concentration(1l), but the possibility
that pituitary or other hormones may modu-
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late this regulation requires further study(2).
There are as yet no direct methods for meas-
uring synthesis or secretion of parathyroid
hormone in vivo. Previous studies(3-5) indi-
cated that the parathyroid uptake of a non-
metabolized amino acid, «-aminoisobutyric
acid (AIB) could provide a useful index of
parathyroid function both iz vivo and in vit-



