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Abstract-Agents that initially prolong the duration of hexobarbital action (phase A) 
by decreasing its rate of biotransformation seem to have a subsequent shortening effect 
(phase B) on hexobarbital action. By inferences based on studies using ethionine and 
methionine, the phase B effects of SKF 525-A, EPB, nikethamide, and iproniazid 
appea to involve adaptive increases in activity of the enzyme system of the liver that 
metabolizes hexobarbital. 

PIH was one agent tested that did not produce the diphasic effect. It produced the 
phase A effect, but under the present conditions the phase B effect was not present. 
The phase B effect of PIH may be masked by a central component; however, no direct 
time relationship between the central anticonvulsant activity and effect on hexobarbital 
action was found. 

IN A previous paper Serrone and Fujimoto’ have reported on the diphasic effect which 
N-methyl-3-piperidyl-N’,N’-diphenyl carbamate hydrochloride (MPDC) has in 

mice on the duration of action of hexobarbital. If the interval between administration 
of the compound and the hexobarbital were short (less than 12 hr), prolongation of 
narcosis occurred, owing to inhibition of metabolism. If the interval were long 
(24-72 hr), shortening of narcosis and stimulation of metabolism of hexobarbital 
occurred. The question arises as to whether this diphasic effect is a phenomenon of 
more general occurrence. That is, would any compound that inhibits hexobarbital 
metabolism also show a subsequent phase of stimulation of hexobarbital metabolism? 
The purpose of this study was to investigate this question. 

METHODS 

The drugs taken for study were N-ethyl-3-piperidylbenzilate hydrochloride (EPB, 
JB 318); /3-diethylaminoethyl diphenylpropylacetate hydrochloride (SKF 525-A); 
iproniazid phosphate; and /3-phenylisopropyl hydrazine hydrochloride (PIH, JB 516). 
These drugs are known to inhibit hexobarbital metabolism.2 An additional drug, 
N,N-diethylnicotinamide (nikethamide) was included. 

The possible effects of these agents in altering the duration of action of hexo- 

barbital were studied in male Swiss albino mice (19 to 50 g). The mice were maintained 
ad libitum on Purina laboratory chow pellets and water throughout the experiments. 
Drugs were made up in distilled water in concentrations such that a volume of O-1 

* The paper forms part of a dissertation presented to the Graduate School of Tulane University by 
David M. Serrone, in partial fulfilment of the requirements for the degree of Doctor of Philosophy. 
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ml of solution was given per 10 g body weight. Groups of mice were pretreated at 
various times with a single dose of the drug, after which hexobarbital sleeping times 
were determined on them. For each drug the pretreatment time, dose, route, and 
number of mice per group are indicated in Results. The sleeping time to hexobarbital 

Na, 150 mg/kg, i.p., was measured as previously described.3 Significance of the differ- 
ence between the mean sleeping times of the experimental group(s) versus the control 
group was assessed by the t-test, and P = O-05 or less was taken as the level of sig- 

nificance. The control group received no pretreatment, since significant differences in 
sleeping time do not occur between such a control group and groups pretreated with 
distilled water at various times1 Since all sleeping times for a given experiment were 
performed simultaneously, the single untreated control group was used rather than 
the water-pretreated groups. Running parallel groups of the latter along with drug- 

pretreated groups would have been difficult technically owing to the large numbers of 
mice involved. In later experiments DL-ethionine (200 mg/kg) was administered orally 
in combination with the drugs. Also, a combination of ethionine, the drug, and DL- 

methionine (200 mg/kg) was used. The effects of these combinations on hexobarbital 
sleeping time were measured. 

RESULTS 

Fig. 1 (nikethamide) shows a typical curve of the diphasic effects produced by these 
agents on hexobarbital sleeping time in mice. The results for SKF 525-A, EPB, and 
iproniazid are given in Table 1. If the pretreatment interval between the administra- 
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FIG. 1. Relationship between hexobarbital sleeping time in mice and the period of pretreatment with 
nikethamide. The abscissa gives the interval in hours between the administration of the agent and the 
hexobarbital sodium, 150 mg/kg, i.p. The ordinate gives the change in mean hexobarbital sleeping 
time compared with the control. Each value represents 8-12 mice, and the vertical line represents the 
standard error. The control sleeping time is indicated by the horizontal line at zero; the actual 
control sleeping time was 63.8 min. The dotted area is the standard error for each control group. 
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tion of the agents and the hexobarbital was short, prolongation of sleeping time oc- 
curred; this phase hereafter will be referred to as phase A. If the interval was long, a 
shortening of sleeping time was found; this will be designated as phase B. 

The phase A effects may be attributed to inhibition of hexobarbital metabolism. 
Fouts and Brodie4$ 5 have shown that SKF 525-A and iproniazid inhibit hexobarbital 
metabolism. Fujimoto et aL3 and Serrone and Fujimotoa found that EPB also in- 
hibits hexobarbital metabolism. 

The finding of prolongation of sleeping time by nikethamide was surprising, since 
nikethamide is generally believed to be an analeptic agent. Because of the strong phase 

TABLE 1. THE EFFECT OF SKF 525-A, EPB AND IPRONIAZID ON HEXOBARBITAL SLEEPING 

TIME (ST.) IN MICE 

No. of 
mice 

Group 
(Dose, m/W 

Pretreatment S.T. s.e. 
time (hr) (min) P* 

t: Control 
10 

: 
:, 

190.7 78.1 10.5 4.1 OGOI 
175.2 8.3 0Go1 

;: SKF 525-A (20, p.o.) 16 58.2 55.5 3.9 

10 :: 51.8 z:‘: 

0.01 0.01 

owl 
10 72 68.2 4.9 0.1 

10 Control 

1: 
r 

:, 
10 EPB (20, p.o.) 16 

; :% 
IO [ 72 

10 Control 
5 
6 6 

1: EPB (50, p.o.) :: 
6 72 

53.6 . 
157.0 I:.: 0Go1 
121.5 7.1 0~001 
56.8 7.3 0.7 

48.4 3.7 46.3 62 8:; 

:: Control 96 42.8 36.3 4.7 3.3 0.2 

f: EPB (50, p.o.) 120 144 29.3 33.6 x:; 0.05 0.1 

10 1: 

:“o 
IO 

Control 

Iproniazid (200, s.c.) 

62.4 6 

:x 

129.0 63.5 ;:g 0~001 

50.2 ;:: 8:Z5 
48 48.2 3.2 0.01 
72 49.0 3.5 0.02 

Hexobarbital, Na= 150 mg/kg, i.p* 
* Experimental group vs. control group. 

A effect that was obtained, we anticipated that nikethamide was inhibiting hexo- 
barbital metabolism. In vitro-experiments on rat liver homogenates were performed; 
50 per cent inhibition of hexobarbital metabolism was obtained at concentrations of 
9.8 x 1O-4 nikethamide. This concentration is about 20 times greater than that for 
SKF 525-A added in vitro.2 A similar order of magnitude was found in vivo between 
doses of these two agents in producing phase A effects. Therefore a major factor in- 
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volved in prolongation of hexobarbital action by nikethamide appears to be inhibition 
of hexobarbital metabolism. 

With regard to phase B effects, one way in which hexobarbital sleeping time may be 
shortened is by increasing the rate of metabolism of hexobarbital through adaptive 
increases in microsomal enzyme activity.‘j DL-Ethionine blocks this adaptive process 
and DL-methionine reverses the action of ethionine. Results indicating the probable 
nature of the phase B effects of SKF 525-A, EPB, nikethamide, and iproniazid are 
given in Table 2. The shortening of sleeping time produced by the 24-hr pretreatment 

TABLE 2. EFFECT OF ETHIONINE AND METHIONINE ON THE SHORTENING OF HEXOBARBITAL 

SLEEPING TIME IN MICE PRODUCED BY SKF 525-A, EPB, NIKETHAMIDE AND IPRONIAZID* 

No. of 
mice 

Group 
(dose, mg/kg) 

Pretreatment 
time (hr) 

S.T. s.e. 
(min) P 

9 
:8 

10 

:8 

Control 
SKF 525-A (20, p.o.) 
SKF 525-A 
Ethionine (200, p.o.) 
SKF 525-A 
Ethionine 
Methionine (200, p.o.) 
SKF SKF 525-A 525-A 

Ethionine 

95.1 4.0 
24 52.8 3.8 0~001 

24 87.1 4.9 0.2 

74.0 2.6 o+H31 
:: 48 45.1 3.2 O+)Ol 

24 60.2 2.8 0.001 

:: 
11 
9 

10 
9 

Control EPB (20, p.o.) 
EPB 
Etpine (200 ,p.o.) 

Ethionine 
Methionine (200, p.o.) 
EPB 
EPB 
Ethionine 

24 96.7 76.9 2:; 0.02 

24 96.7 5.9 0.9 

63.9 4.4 0.01 
:: 76.3 6.1 0.05 
48 
24 75.3 5.0 0.02 

Control 
Nikethamide (200, p.o.) 
Nikethamide 
Ethionine (200, p.o.) 
Nikethamide 
Ethionine 
Methionine (200, p.o.) 
Nikethamide Nikethamide 

Ethionine 

67.5 8.9 
24 45.3 2.4 0.001 

24 63.1 3.6 0.3 

46.4 2.6 0.001 
48 :: 47.1 2.9 0.001 

24 54.1 2.9 0.01 

9 
:8 

Control 
Iproniazid (200, s.c.) 
Iproniazid 
Ethionine (200, p.o.) 

69.7 6.2 
24 40.6 3.0 0~001 

24 73.3 3.8 0.7 

11 Control 82.7 8.3 
9 Iproniazid (200, s.c.) 

Ethionine (200, p.o.) 
Methionine (200, p.o.) 24 47.1 2.3 0.01 

10 
:: 

Control Iproniazid (200, s.c.) 
Iproniazid 
Ethionine (200, p.o.) 

56.3 
:: 

36.2 ::; 0.01 

24 40.6 3.3 0.05 

* See notes to Table 1. 
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with the agents (the phase B effect expected) was blocked by giving ethionine simul- 
taneously with the agents. Ethionine itself at the dose level of 200 mg/kg had no effect 
on control hexobarbital sleeping time. 6 On the other hand, if the agents were given 
48 hr instead of 24 hr before administration of the hexobarbital, and the time of 
ethionine administration remained the same (24 hr), the ethionine was no longer 
effective, presumably because the adaptive process had already taken place. That is, 
agent (at 48 hr) plus ethionine (24 hr) produced a shortening of hexobarbital sleeping 
time. Also, if methionine, ethionine, and the agent were given together at 24 hr, the 
blocking effect of ethionine was antagonized by the methionine, and the shortening 
of sleeping time resulted. Thus, these data as a whole were interpreted as indirectly 
indicating that the phase B effects of these agents were due to adaptive increases in 
activity of the enzyme system that ‘metabolizes hexobarbital. 

The results with PIH deserve special mention (Fig. 2, Table 3). As expected from 
earlier work,%, 3, 7 PIH gave what corresponded to the phase A effects; that is, pro- 
longation of sleeping time owing to inhibition of metabolism. Effects corresponding to 

100 

B 90 
2 
s 80 

. . 
I 6 16 24 48 72 
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FIG. 2. Relationship between hexobarbital sleeping time in mice and period of pretreatmert with 
PJH administered orally. Each value represents 9-12 mice. Legend as in Fig. 1. Control sleeping time 

was 61.3 min. 

phase B were not obtained. Instead of shortening the sleeping time, another phase of 
prolongation was observed. Since Horitae had shown that the magnitude of the in- 
hibitory effect of PIH on liver monoamine oxidase was dependent on the routes of 
administration, both the oral and subcutaneous routes were tried. The magnitude of 
the phase A effects was greater with the subcutaneous route of administration, but 
the second phase of prolongation was still present. The data in Table 4 on the anti- 
convulsant action of PIH indicated that there was little correspondence in time be- 
tween the central anticonvulsant action of PIH and the prolongation of hexobarbitall 
sleeping times. The presence of the second phase of prolongation precluded demonstra- 
tion of shortening of sleeping time (corresponding to phase B). 
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DISCUSSION 

It has been shown in the present study that SKF 525-A, EPB, nikethamide, and 
iproniazid, compounds that inhibit the metabolism of hexobarbital and thereby pro- 
long hexobarbital action, cause a subsequent shortening of hexobarbital action. 
While this study was in progress93 lo others have reported similar findings. Riimke 
and Bout’l reported the shortening of hexobarbital sleeping time in mice by SKF 

TABLE 3. EFFECT OF SUBCUTANEOUSLY ADMINISTERED PIH 0~ HEXOBARBITAL SLEEPING 

TIME IN MICE* 

No. of 
mice 

Group 
(dose, mg/kg) 

Pretreatment 
time (hr) 

S.-l-. s.e. 
(min) P 

9 Control 50.5 3.1 

:: 
10 PIH (50, s.c.) 

I 

1 
1: 

160.5 123.9 18.i: . OGOI OGOl 
112.5 9.5 0.001 

11 96.0 7.8 0.00 I 

; [ 

:i 

72 53.7 58.0 6.1 3.1 0.1 0.6 

9 Control 50.3 
:: c 1 92.8 61.7 ::y 0.02 O+Ml 

; PIH (20, s.c.) i 1: 65.0 67.2 4.5 ;:z 0.01 0.01 

; [ z 72 66.3 53.9 $2 0.01 0.50 

* See note to Table 1. 

TABLE 4. RELATIONSHIP BETWEEN THE ANTICONVULSANT ACTIVITY IN MICE AND PERIOD 

OF PRETREATMENT WITH PIH 

No. of 
mice 

Group 
(dose, mgk) 

Pretreatment Extensor phase 
time (hr) (set) s.e. P 

12 Control 
12 
11 L 

:A 
PIH (50, p.o.) 

:: 
9 i_ 48 

13.2 0.8 
13.3 0.8 0.9 
4.7 I.5 OGOI 
8.3 1.6 0.05 

11.7 1.5 0.3 
13.0 0.2 0.8 

* See note to Table 1. 

525-A and iproniazid, but no explanation was given for the observed effects. Holtz 
et aZ.12 reported the shortening effect of iproniazid. Their explanation was that 
iproniazid produced changes in the amine levels in brain, and this change was re- 
sponsible for the shortening of hexobarbital action. Our results with ethionine and 
methionine indicate that the effect of iproniazid during phase B was on the liver. 
Unfortunately, neither Holtz’s nor our experiments were mutually exclusive, so that 
both occurrences are possible. 

Because Brazda and Baucum13 reported that nikethamide stimulates pentobarbital 
metabolism in rats, our findings regarding the phase B effect of nikethamide on hexo- 
barbital action were as expected. That is, nikethamide produced an adaptive increase 
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in hexobarbital metabolism. However, our discovery that nikethamide inhibits hexo- 
barbital metabolism adds to the general proposition of this paper. Incidentally, 
Brazda and Baucum found prolongation of pentobarbital sleeping time in rats given 
nikethamide which corresponds to our phase A effect, but they did not postulate a 
mechanism for this particular effect. 

Although the compounds we have discussed fit the general proposition, the fact 
that PIH under the present conditions did not have a phase B effect leads to the 
following conclusion. A high probability exists that inhibitors of hexobarbital metabo- 
lism will produce a subsequent increase in hexobarbital metabolism, but there are 
exceptions. Of course, the converse statement is not true, that compounds producing 
adaptive increases in hexobarbital metabolism are initially inhibitors. Conney et 
a1.,14 Kato 15, I6 and Riimke et aZ.ll have reported on many agents that evidently are 
not inhibiiors of hexobarbital metabolism but that do produce increases in hexo- 
barbital metabolism. 

Acknowledgement-The authors wish to thank the following firms for the drugs provided in this 
study. SKF 525-A, Smith Kline and French Laboratories; Nikethamide, CIBA; PIH and EPB, 
Lakeside. The technical assistance of Mr. Louis Estingoy was appreciated. This work was supported 
by Grant RG-5514, Division of General Medical Sciences, U.S. Public Health Service. 

REFERENCES 

1. D. M. SERRONE and J. M. FUJIMOTO, J. Pharmacol. exp. Ther. 133, 12 (1961). 
2. D. M. SERRONE and J. M. FUIIMOTO, Biochem. Pharmacol. 5, 263 (1960). 
3. J. M. FUJIMOTO, K. B. PEARCE and G. L. PLAA, J. Pharmacol. exp. Ther. 129, 139 (1960). 
4. J. R. FOUTS and B. B. BRODIE, J. Pharmacol. exp. Ther. 115, 682 (1955). 
5. J. R. FOUTS and B. B. BRODIE, J. Pharmacol. exp. Ther. 116,480 (1956). 
6. J. M. FUJIMOTO and G. L. PLAA, J. Pharmacol. exp. Ther. 131, 282 (1961). 
7. M.-J. LAROCHE and B. B. BRODIE, J. Pharmacol. exp. Ther. 130, 134 (1960). 
8. A. HORITA, Toxicol. appl. Pharmacol. 3, 474 (1961). 
9. J. M. FUJIMOTO and D. M. SERRONE, Fed. Proc. 20, 171 (1961). 

10. D. M. SERRONE and J. M. FUJIMOTO, Fed. Proc. 20, 171 (1961). 
11. C. L. ROMKE and J. BOUT, Naunyn-Schmiedeberg’s Arch. exp. Path. Pharmak. 240, 218 (1960). 
12. P. HOLTZ, E. WESTERMANN and E. WEZLER, Naunyn-Schmiedeberg’s Arch. exp. Path. Pharmak. 

231, 333 (1957). 
13. F. G. BRAZDA and R. BAUCUM, J. Pharmacol. exp. Ther. 132, 295 (1961). 
14. A. H. CONNEY, C. DAVISON, R. GASTEL and J. J. BURNS, J. Pharmacol. exp. Ther. 130, 1 (1960). 

15. R. KATO, Atti. Sot. lombarda Sci. med. biol. 14, 783 (1959). 
16. R. KATO, Atti. Sot. Iombarda Sci. med. biol. 14, 777 (1959). 


