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The use of drugs to induce mystical or sp i r i t ua l  experiences 
is of great an t iqu i ty  but in recent years the drugs used for  
mental i l l  health were regarded as sedatives or stimulants of the 
central nervous system. Now a days, barbituate abuse has devel- 
oped extensively.  The barbituates have advantages as hypnotics 
in that tolerance is not marked and they have a generous margin 
of safety. Differences in the in vivo and in v i t r o  drug metab- 
olism are found in various species of animals at d i f fe ren t  ages 
and af ter  treatment of animals with inducers of microsomal drug 
metabolism e.g. phenobarbital or pentobarbital .  Sedative ef fect  
of several drugs or sleep duration induced by certain barbituates 
can be altered by pretreatment of animals with a number of envi- 
ronmental contaminants l ike pesticides (KOLMODIN-HEDMAN et al 
1971, HART and FOUTS 1963), food addit ives (SPRINCE et al 1966) 
and indust r ia l  organic solvents (MUNGIKAR and PAWAR 1975). In 
1963, HART et al.  reported shortening of hexobarbital sleeping 
times in rats housed in quarters which had been sprayed with 
chlordane. This ef fect  was accompanied by an increase in the 
a c t i v i t y  of ~ug  ox id iz ing ~nzyme. In spi te of wide use and 
potential  appl icat ion of several organic solvents, very l i t t l e  
e f for ts  have been made to study the i r  ef fects on in vivo and 
in v i t r o  drug metabolism in laboratory animals. Our prel iminary 
studies (PAWAR and MUNGIKAR 1976) indicatedthe a b i l i t y  of  diox- 
ane to induce mouse l i v e r  microsomal mixed function oxidase sys- 
tem. The present work deals with the ef fect  of dioxane of in- 
vivo and in v i t r o  hepatic microsomal mixed function oxidase 
system. 

MATERIALS and METHODS 

Hindustan Ant ib io t ics  s t ra in ,  adult male and female mice 
(30-50 g) were used in the present studies. They were housed in 
an air-condit ioned room. The animals were provided with water 
and laboratory d ie t  ad l ib i tum. 

One group of male mice was treated dai ly  with p-dioxane by 
oral administrat ion at 0.5 g/kg for  three days. Another group 
of mice received equivalent amounts of d i s t i l l e d  water and served 
as controls.  
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In order to evaluate the e f fec t  o f  dioxane on the rate of 
b iotransformat ion in the i n tac t  organisms, a l te ra t i ons  in drug- 
induced sleeping time studies were carr ied out. The c lass ic  
sedative hypnotic used were phenobarbi ta l ,  pentobarb i ta l ,  t h io -  
pentone and sodium ba rb i t a l .  

Both male and female mice were treated with dioxane (0.5 g/kg 
and 1 g/kg body weight) 30 minutes p r i o r  to the in t raper i tonea l  
i n jec t ions  of  barb i tuates.  Phenobarbital sodium in physio logical  
sa l ine was given i n t r a p e r i t o n e a l l y  at a dose of 50 mg/kg. The 
mice were s i m i l a r l y  in jected with pentobarbi tal  and sodium barbi-  
ta l  at the concentrat ions of 25 mg/kg and 50 mg/kg respect ive ly .  
Thiopentone was in jected at a dose of 50 mg/kg. Control group of 
mice were treated with phenobarbi tal ,  pentobarb i ta l ,  thiopentone 
and sodium ba rb i ta l .  

Twenty four hours a f te r  the l as t  i n j ec t i on ,  the animals 
were sacr i f i ced by cerv ical  d i s l oca t i on ,  l i v e r s  were removed and 
microsomes were prepared as reported e a r l i e r  (MUNGIY~AR and PAWAR 
1975). The microsomal prote in was measured according to the 
b iu re t  method (GORNALL et al 1949) using c r y s t a l l i n e  bovine serum 
albumin as the standard. 

Aminopyrine N-demethylation, l i p i d  peroxidat ion and microso- 
mal e lectron t ransport  components were determined according to 
the procedures reported e a r l i e r  (MUNGIKAR and PAWAR 1975, PATEL 

and PAWAR 1974). 

Microsomes from untreated animals were used to study the 
e f fec t  of dioxane on the in v i t r o  aminopyrine metabolism and the 
dioxane spectrum. 

RESULTS 

The durat ion of  the drug induced sleeping time was s i g n i f i -  
cant ly  decreased in both male and female mice pretreated with 
dioxane (0.5 g/kg and 1 g/kg body wt.)  (Table I ) .  The phenobar- 
b i ta l  sleeping time was 90 minutes for  male and 52 minutes for  
female mice, whereas, the values for the mice receiv ing dioxane 
(0.5 g/kg) 30 minutes e a r l i e r  to phenobarbital were 85 minutes in 
male and 32 minutes in female mice, i nd ica t ing  that  a greater 
magnitude of decrease in sleeping time occured in the case of 
female mice. Dioxane treatment (0.5 g/kg) caused a s i g n i f i c a n t l y  
higher decrease in pentobarbi ta l  sleep time both in male and 
female mice, wi th a decrease of 15% in male and 48% in female 
mice. Contrary to the resu l ts  for  phenobarbital and pentobarb i ta l ,  
dio• admin is t ra t ion caused a higher degree of decrease in th io -  
pentone sleep time in the case of  male mice as compared to female 
mice. The higher dose of dioxane fu r ther  decreased the magnitude 
of drug induced sleep. Sodium barb i ta l  sleeping time was decreased 
by 18% in male and 33% in female mice at the lower dose of  dioxane 
admin is t ra t ion (0.5 g/kg),  and fu r ther  decreased the higher dose 
of dioxane (I g/kg) in both male and female mice. 
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TABLE 1 

Effect of dioxa~e pretreatment on drug-induced sleep in 
male and female mice. 

Group'ind .... 
treatment 

'S!eep'Duration'(Minutes + SE) .... 
Male Female 

PhaIo~rbital 
Dioxane (0.5 g/kg) 
+ phenobarbital 
Dioxane (1 g/kg) 
+ phenobarbital 
Fentobarbital 
Dioxane (0.5 g/kg) 
+ pentobarbital 
Dioxane (I g/kg) 
+ pentobarbital 
Thiopentone 
Dioxane (0.5 g/kg) 
+ thiopentone 
Dioxane (I g/kg) 
+ thiopentone 
Sodium barbital 
Dioxane (0.5 g/kg) 
+ sodium barbital 
Dioxane (1 g/kg) 
+ sodium barbital 

9o_+I 1 52+9 
85_+2 32_+2 

77_+1 42_+2 

72+2 42+6 
6 Z9 2o _5 
56_+6 26+1,0 

8o+~ ~2+5 
54_~14 31_+3 

33+I 30+3 

55-+   5_+5 
 )o+5 

36+2 ~5-+5 

* Values are"'mean + sE'"(6 mice in each group)' 
a - P<o.os,  b : P< .01, c : P(O.O01 

Dioxane administration (0.5 g/kg or l g/kg body wt.) caused 
a significant increase in microsomal protein content (Table 2). 
Increase in microsomal protein content in dioxane treated animals 
was accompanied by the concurrent increase in the aminopyrine- 
N~demethylase activity. The magnitude of increase in aminopyrine 
N-demethylase was significantly high in animals treated with both 
dioxane and barbituates. A measurable increase in the in vitro 
rate of aminopyrine metabolism was observed on the addTtion--n--6~ 
dioxane (5mM) to the incubation medium. Dioxane addition to 
control microsomes exhibited a trough at 397 and peak at 420 mM 
a typical type II spectrum (Fig. l ) .  

Dioxane treatment caused a considerable decrease in NADPH 
linked and ascorbate induced l ipid peroxidation beth in male and 
female mice. (Table 3~. Dioxane administration prior to inducers 
resulted into similar decrease in in vitro NADPH linked and 
ascorbate induced l ipid peroxidation. 

Dioxane administration for 3 days resulted into significantly 
higher levles of cytochrome bs, total heme and cytochrome P-450 
and a marginal increase in cytochrome c reductase (Table 4). 
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Figure i. Spectral 
change induced by 
dioxane. Microsomes 
were suspended in 
50mM Tris-HCl buffer 
pH 7.4 to 2 mg protein 
per ml. The sample 
contained 20 mM dioxane 
Difference spectra were 
recorded with a Hitachi 
model 124 recording 
spectrophotometer. 

Administrat ion of dioxane 30 minutes ea r l i e r  to inducing 
drugs caused the s imi la r  e f fec t  on microsomal mixed funct ion 
oxidase system. 

DISCUSSION 

Increased ac t i v i t y  ( induct ion) of the hepatic microsomal 
oxidat ive enzymes can be'evoked by indus t r ia l  organic solvents 
such as dioxane. To study the e f fec t  of inducing agents, the 
drug induced sleeping time procedure is an accepted method 
(HART and FOUTS, 1963, 1965; HART et al 1963). Several authors 
have shown a para l le l  e f fec t  between the in vivo tested hexo- 
barbi ta l  sleeping time and in v i t ro  tested metabolic reactions of 
drug metabolism using microsomal enzymes (HART and FOUTS, 1963, 
1965; NAIR and CASPER 1969). GHAZAL et al (1964) recorded a 
shortening of hexobarbital sleeping times in rats a f te r  pret reat-  
ment of large single doses of ~,8 or y-benzene hexachloride. In 
the present invest igat ion,  animals receiving dioxane (0.5 g/kg 
body wt. and 1 g/kg body w t . . )  30 minutes before challenge 
with d i f fe ren t  sleep time inducers s lept  for  appreciably short  
periods than contro ls .  At these re la t i ve l y  low doses of dioxane, 
no sedative ef fects were noted in the absence of inducing drugs. 
Since the time between the administrat ion of dioxane and that of 
sedative drugs was qui te short ,  i t  is un l ike ly  that  the ef fects 
seen were mediated via the adrenal, they may therefore ascribed 
to the d i rec t  action of dioxane upon the drug-oxidiz ing enzyme 
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TABLB 2 

Changes in liver mlorosomal protein and aminopyrine N-demethylase due to 
the treatment of drugs and pretreated with dioxane~ 

Group and Sex Microsomal protein Aminopyrine M-dsmethylase 
treatment (mgJg liver) (nmoles HCH0 formed/min/ 

mR protein. 
Control Male 24.18+0.28 8.7~1.25 

Female ~8.~0~0.40 6.25_+1.25 

Dioxane (0.Sg/kg) Male 2 8 , 3 8 §  18.75~Io25~ 
Dioxane (1 g/kg) Male 32.60~0.50 u 22.50_*2,50~ 
Dioxane ~In vitro) Male - 11.~0.75 ~ 

Phenobarbital Male 56.00+4.00 c 26.25~1.25c 
Female 66.80~0.~0 c 17.50Z2.50 ~ 

Dioxane (0.5 g/kg) Male 31.58+0.08 ~ 33.00+0.75~ 
+ phenobarbital Female 80.00~I.00- 22.50~0.50~ 

DiOxane (I gJkg) Male 37.30_+0.30~ 18.13+0.62 b 
+ phenobarbital Female 52.62~0.02 ~ 18.75~I.25 a 

Pentobarbital Male ~2.10+0.50 ~ 16.88+1.87 c 
Female 35.60~0.60 ~ 10.60~0.60 c 

Diexane (0.5 g/kg) Male 26.40+0.~0 c 23.13~0.62[ 
@ pentobarbital Female 50,~5~0.05 c 12.2~0.25 ~ 

Dioxane (I g/kg) Male 33.60• 13,75~2.50~ 
+ pentobarbital Female 63.14~0.04 ~ 16.2~1.25 

Thiopentone Male 45.75~0.75 ~ 13.75.%0.75 c 
Female 38.90~0.20 8.13_+0.62 c 

Dioxane (0.5 g/kg) Male 31.08+0.08~ 18.13+0.62 c 
+ thiopentone Female 73.60~0.60 ~ 11.25~1.25 e 

Dioxane (I g/kg) Male 92.60+0.~0 c 20.00+2.50 c 
+ thiopentone Female 75.76~0.05 c 11.00~1.00 c 

Sodium barbital Male 28.68~0.32 ~ 13.13_+0.62 ~ 
Female 58.80~0.40 ~ 8.75_+1.25 ~ 

Dioxane (0.5 g/kg) Male 35o80+0.80~ 19.38Z0.62 c 
+ sodium barbital Female 75.30~0.3 O- 16.25~1.25 e 

Dioxane (1 g/kg) Male ~2.20+0.20 c I~.38+0.62 a 
+ sodium barbital Female 76.80~0.80 b 8.75~.25 

Values are mean + SE (6 mice in each group) 
a = P<O.05, b = P(~.OX, c = P~0.001 
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TABLE 3 

Hepati~ microsomal lipid peroxldatlon during drug treatment and the 
effect of dioxane pretreatment in male and female mice.* 

Group and 
treatment Sex 

Con t ro l  Male 
Female 

bioxane (0.5g/kg) Male 
Dioxane (I g/kg) ~Im 
Dioxane (In vitro) Male 

Phenobarbital Male 
Female 

Dioxane (0. 5 g/kg) Male 
+ phenobarbital Female 

Dioxane (1 g/kg) Male 
+ phenobarbital Female 

Pentobarbltal Male 
Female 

Dioxane (0.5 g/kg) Male 
+ pentobarbital Female 

Dioxane (I g/kg) Male 
+ pentobarbital Female 

Thiopentone Male 
Female 

Dioxane (0. 5 g/kg) Male 
+ thiopentone Female 

Dioxane (1 g/kg) Male 
+ thiepentone Female 

Sodium barbital Male 
Female 

Dioxane (0.5 g/kg) Male 
+ sodium barbital Female 

Dioxane (1 g/kg) Male 
+ sodium barbital Female 

Values are mean + SE (6 mice in each group) 
a = P<O.05, b = P~.01 ~ c = PQO.O01. 

Lipid p e r o x i d a t i o n  
NADPH linked Aecorbate induced 
(nmolee malonaldehyde formed/min/mg protei~ 

lO. 31_+o. 31 i o. ~o+o. 80 
B.5o_*o.5o 8. io_o.5o 

7.60+i .60Lb.. 2.78+0.06 c 
8.20~0.20_" 3.60~0.40 c 
3.60__.1.20 ~: 3.00_.+0.20 ~ 

7.35+o.46 b 8.69,,o.~i b 
6.80~0.16 ~ 6.35_*0.25 u 

6.20+0.20 b 8.60+0.20 a 
2 . 8 ~ 0 . 0 4  c 7. zo_~o. 20 a 

5.60.'K). i 2 b 3. ~8+0. ZO. 0̀ 
2.88_~0.08 ~ 3.92_~0.08 ~ 

7.o*+o.15~ 6.5o_+o.Io c 
3.1210.16 ~ 3.40+0.12 ~ 

5 �9 60+0.08 b 6.80+0.40 a 
3,32~0.36 3.32~0.20 a 

4.42+o.o6~ ].11+o.15 b 
4.2~_0.08~ 4.76+0.28 

7 �9 18+2.82 ~ 8.20+2.20~ b 
2.83~0.19 ~ 3.28~0.~2 ~ 

5 | 20+0.40 b 7.6o+o. 40 b 
2.88+o.o4 a 3. o8_To. 04 ~ 

3.40+0.20 c 6.24+1.04 b 
3.88_-/0.92 4.44_u c 

6.56+0.31 c 9.00+0.20 a 
2.84~o.o4 ~ 7.10_~o 70 ~ 

a b 
4.40+0.40 a 7.60+1o20. 
2.96~0.24 6.60~0.20 ~ 

3 64+0.~6~ 8.96+o.32~ 
2.86~0.32 4.08_.0.32 ~ 
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TABLE 4 

Effect of dloxane and drug treatments on hepatic microsomal electron transport 
components i S male and female mice*. 

Group and Sex Cytochrome b 5 Cytochrome NADPH Total 
treatment P-450 cytOoC ** heme 

( nmoles/mg protein) reductase(nmoles/mg) 

Control Male 0.15 0.17 14.0 0.38 
Female 0.14 0.16 12.0 0.34 

Dioxane (0. 5 g/kg) Male 0.23 0.335 15.0 0.46 
Dioxane (i g/kg) ~ MaWR 0.27 0.44 14.4 0.62 
Dioxane (In vitroJ Male 0.16 0.~2 12.0 0.92 

P~enobarbital Male 0.27 0.49 16.8 0.61 
Female 0.23 0.68 36.0 0.87 

Dioxane (0. 5 g/kg) Male 0.22 0.36 16.8 0.42 
+ phenobarbital Female7 0.32 0.60 24.0 0.92 

Eioxane (1 g/kg) Male 0.24 0.385 26.4 0.615 
+ phenobarbital Female 0.16 0.55 14.4 0.69 

Pentobarbital Male 0.18 0.24 6.0 0.15 
Female 0.16 0.33 24.0 0.48 

Dioxane (0. 5 g/kg) Male 0.19 0.22 15.6 0.31 
+ pentobarbital Female 0.19 0.38 16.0 0.54 

Dioxane (1 g/kg) Male 0.22 0.33 19.6 0.54 
+ pentobarbital Female 0.19 0.~9 9.6 0.23 

Thiopentone Male 0.16 0.26 10.8 0.38 
Female 0.19 0.30 18.0 0.31 

Dioxane (0.5 g/kg) Male 0.16 0.21 9.6 0.38 
+ thiopentone Female 0.16 0.22 18.0 0.15 

Dioxane (I g/kg) Male 0.08 0.32 19.2 0.15 
+ thiopentone. Female 0.14 0.35 12.0 0.46 

Sodium barbital Male 0.16 0.18 12.0 0.46 
Female 0.22 0.22 12.0 0.46 

Dioxane (0.5 g/kg) Male 0.14 0.18 12.0 0.42 
§ sodium barbital Female 0.11 0.49 24.0 0.61 

Dioxane (I g/kg) Male 0.20 0.165 12.0 0.16 
+ sodium barbital Female 0.10 0.27 14.4 0.54 

~--Valuee are the average of three determinations pf pooled livers 
** nmoles/min/mg protein. 

of 3 mice. 
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system. Present studies indicate the dioxane decreased the drug 
induced sleeping time in both male and female mice possibly due 
to the fact that dioxane shortens sleeping times by antagonizing 
the barbituate in the central nervous system. The shortened 
sleeping times in mice treated with dioxane was probably due to 
the increased metaboli~mof drugs. 
In order to confirm the ef fect  of dioxane on drug induced necro- 
s is ,  experiments were carried out using sodium barbital only, 
since i t  is not s ig in i f i can t l y  metabolized, any change 
in i t s  duration of action in the presence of dioxane would 
re f lec t  an additive effect on central nervous system rather 
than an effect  on drug-metabolism. Enhanced synthesis of cyto- 
chrome P-450 and the higher level of aminopyrine N-demethylase in 
dioxane treated animals could be due to induced effect of 
dioxane. The induction of cytochrome P-450 and benzpyrene 
hydroxylase observed by HOOK et al (1975) in 2,3,7,8- tetra 
chlorodibenzo-p-dioxin (TCDD) treated male and female rats 
support our observations. 

Decreased l i p id  peroxidation in dioxane treated animals 
could be due to the antioxidant property of dioxane metabolites. 
Secondly, dioxane may attack the endoplasmic reticulum by virtue 
of a solvent ef fect  on the l ipoprotein structure of the organelle. 

The results strongly suggest that dioxane acts as an inducing 
agent of mixed function oxidase system. 

ACKNOWLEDGEMENTS 

This work was par t ia l l y  supported by University Grants- 
Commission, New Delhi, India. Valuable help provided by Mr. M. S. 
Kachole is appreciated. 

REFERENCES 

GHAZAL, A,, W. KORANSKY, J. PORTIG, H.W. VOHLAND and I .  KLEMPAU, 
Naunynschmidebergs Arch. Pharmacol. 249, 1 (1964). 
GORNALL, A.G., C. J. BARDAWILL and M. M. DAVID, J. Biol. Chem. 177, 
751 (1949). 
HART, L. G. and J.R. FOUTS, Proc. Soc. Exp. Biol. Med. 114, 388 
(1963). 
HART, L. G. and J.R. FOUTS, Naunynschmiedebergs Arch. Pharmacol. 
Exp. Pathol 249, 486 (1965). 
HART, L. G., R.W. SHULTICE and J.R, FOUTS, Toxicol. Appl. Pharmacol. 
5, 371 (1963). 
HOOK, G.E.R., J.K. HASEMAN and G.W, LUCIER, Chem.-Biol. Interac- 
tions I0, 199 (1975). 
KOLMODIN-HEDMAN, B., Bo ALEXANDERSON and F. SJOQVlST, Toxicol./  
Appl.-Pharmacol. 20, 299 (1971). 
MUNGIKAR, A.M. AND S.S. PAWAR, Ind. J. Exp. Biol.  13, 439 (1975). 
NAIR, V. and R. CASPER, Life Sci. 8, 1291 (1969). 
PATEL, J.M. AND S, S. PAWAR, Biochem. Pharmacol. 23, 1467 (1974). 
PAWAR, S.S. and A.M. MUNGIKAR, Bull .  Environ. Con~m. Toxicol. 15, 
762 (1976). 
SPRINCE, H., J.A. JOSEPHS, and C.R. WILPIZESKI, Life Sci. 5, 2041 
(1966). 804 


