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Clotrimazole-induced modulation of hepatk cytochrome P450 enzymes in Syrian 
and Chinese hamsters 
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Abstract-Clotrimazole, an imidazole antifungal drug, is known to induce cytochrome P450 isozymes 
of the P45OIIIA and P45OIIB subfamilies in rats. This agent modulated hepatic cytochrome P450 
enzymes differently in golden Syrian and Chinese hamsters and also in hamsters and rats. Clotrimazole 
at a daily intraperitoneal dose of 100 mg/kg for three days increased the amount of cytochrome P450 
in the livers of the two hamster strains. In Syrian hamsters, clotrimazole significantly induced the 
activities of 7-pentoxyresorulin O-dealkylase, coumarin 7-hydroxylase, benzphetamine N-demethylase 
and testosterone l5a- and 16a-hydroxylases, but reduced those of testosterone 15p, 7a-, 6&.2n- and 
2phydroxylases. In Chinese hamsters, clotrimazole markedly stimulated the activities of coumarin 7- 
hydroxylase and testosterone 15a-, 16~- and 2a-hydroxylases as well as the formation of androstenedione. 
Western blot analysis revealed that clotrimazole treatment induced mainly cytochrome P450 isozymes 
immunorelated to the P450IIB and P45OIIA subfamilies in Syrian hamsters and isozymes immunorelated 
to the P450IIA subfamily in Chinese hamsters. In contrast, in both hamster strains. clotrimazole did 
not induce the isozymes corresponding to the P450IIIA subfamily. 

N-Substituted imidazole drugs are clinically useful anti- 
fungal agents for the treatment of topical and systemic 
mycoses. The drugs are known to modulate the activities 
of cytochrome P450 monooxygenases in animals. In rats, 
imidazole drugs such as clotrimazole, miconazole and 
ketoconazole increase hepatic cytochrome P450-related 
activity [l] and clotrimazole has been shown to be one of 
the most potent inducers of the isozymes of the P45OIIIA 
subfamily [2]. This suggests that administration of these 
drugs may alter the pharmacological effects of concurrent 
medication, modify the toxicity of xenobiotics or alter the 
level of important endogenous substances, since cytochrome 
P45Os are capable of oxidizing these substances. 

The mammalian cytochrome P45Os have been classified 
based on their amino acid sequences and it was shown that 
the mode of induction of cytochrome P450 isozymes 
~!nnoino tn the CXIIP whfnmilv ic not similar but &p_n& e---a -- --- _ I__~_ I____ ____ _, _I ____ _________ 
on species and strams [3]. We have previously isolated a 
cytochrome P450 isozyme of the P450IIA subfamily from 
the golden Syrian hamster [4-6], which, unlike the rat 
isozymes of the P450IIA subfamily, is highly inducible by 
3-methylcholanthrene [4,6]. 

In the present study, we compared the effects of 
clotrimazole on hepatic cytochrome P45Os in golden Syrian 
and Chinese hamsters. ihis study was done to establish 
whether clotrimazole could induce the P450IIIA subfamilv 
nrnt&m ifi ha~_g!e~ s in rntf and whether there se 
r------” ___“, ---- 

differences between the induction patterns of cytochrome 
P450 isozymes by clotrimazole in the two strains of 
hamsters. 

Marerials and Methods 

Chemiuak Clotrimazole. 7-pentoxyresorufin, benz- 
phetamine, erythromycin and testosterone were obtained 
from the Sig&a Che&al Co. (St. Louis, MO, U.S.A.). 
NADPH. alucose 6-phosphate and glucose 6-phosphate 
dehydroge&se were obtained from B&hringer-Mannheim 
(Mannheim, Germany). Coumarin and other reagents were 
purchased from Wako Chemicals (Osaka, Japan). The 
antibody to P450IIBl of rat was obtained from OXY gene 
(Dallas, TX, USA). The antibodies to Syrian hamster 
P450IIA8, named P450-APB (51, and to Syrian hamster 
orthologs of the P450IIAl and P450IIIA subfamilies were 
prepared in our laboratory. 

Animal trearment. Male golden Syrian hamsters of body As for testosterone hydroxylation (Table 2), the 
weight ranging from 90 to lOOg, obtained from Nippon treatment of Syrian hamsters with clotrimazole caused a 

SLC (Hamamatsu, Japan) and male Chinese hamsters of 
body weight ranging f;orn-27 to 30 g, inbred in the Animal 
Experimentation Center of the Institute of Public Health 
(TAkyo, Japan), were used. Test animals received a daily 
intraperitoneal injection of clotrimazole in olive oil at a 
dose of 100 mg/kg for 3 days; control animals received an 
equal volume of olive oil. The hamsters were killed by 
decapitation 24 hr after the last administration of 
clotrimazole. Livers were immediately excised and hepatic 
microsomes were prepared as described previously 151. 

Assays. Microsomal protein concentrations were deter- 
mined by the method of Lowry et al. [7]. Cytochrome P450 
contents were determined according to the method 
of Omura and Sato IS]. The N-demethylation of 
benzphetamine and erythromycin, ‘I-pentoxyresorufin O- 
dealkylation and coumarin 7-hydroxylation were also 
measured as described bv Lu er a!; 191. Wriphton et al. 1’ --=----- -- --- 
[lO],Lubeteraf. [ll]andKaipanenetal. [12],respectively. 
The testosterone hydroxylase activities were determined 
as described by Yamazoe et al. (131. The statistical analysis 
was done using Student’s I-test. 

lmmunoblor analysis. Microsomal proteins were electro- 
phoresed on lO%-acrylamide gels in the presence of sodium 
dodecyl sulfate according to the method of Laemmli 
[14] and the resolved proteins were transferred onto 
nitrocellulose membranes which were developed (IS] using 
antibodies to rat P45OIIBi and t0 Svrian hamster isozvmes -a--~ ----,~-~-- 
corresponding to the P450IIAl. P45OIIA8 (P450-APB) and 
P450IIIA subfamilies. 

Results 

The treatment of hamsters with clotrimazole resulted in 
a significant increase in the microsomal cytochrome P450 
content in the liver, particularly in Chinese hamsters (Table 
1). The N-demethylation of erythromycin was not elevated 
in the clotrimazole-treated animals of the two strains. In 
Syrian hamsters, clotrimazole markedly induced the O- 
dealkylation of pentoxyresorufin and to a lesser extent the 
activities of coumarin 7-hydroxylase and benzphetamine 
N-demethylase. In Chinese hamsters, administration of 
clotrimazole caused a significant increase in the activity of 
coumarin 7-hydroxylase and to a lesser extent in the 
activity of benzphetamine N-demethylase, whereas the 7- 
pentoxyresorufin 0-dealkylase activity was not affected. 
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Table 1. Effects of clotrimazole on cytochrome P450 enxyme activities in hamster liver 

Golden Syrian hamster Chinese hamster 

Parameters Control Clotrimaxole Control Clotrimaxole 

I--..., -.&^^I._^-^ Dlcn 1 “UIL cyluclr‘uuls T-J” 
(nmol/mg protein) 0.97 f 0.02 1.46 * 0.01. 0.92 2 0.03 1.97 + 0.18’ 

Erythromycin N-demethylase 
(nmol/min/mg protein) 5.52 * 0.84 5.03 + 0.84 3.% 2 0.66 3.52 & 1.77 

Benxphetamine N-demethylase 
(nmol/min/mg protein) 11.6? 0.7 33.9 2 2.7. 9.1 + 0.4 15.24 & 2.4’ 

;~{{~;z;~z~$iilky,M 23.3 -t 8.2 98.6 f 21.4’ 60.0 & 19.2 646.8 f 62.5. 

( pmol/min/mg protein) 10.2 -t 2.3 83.0 2 10.2’ 11.5 2 1.8 11.8 f 1.5 

Values are expressed as means + SD for four animals. 
Significance of the differences vs controls at l P < 0.01. 

significant increase in testosterone 15a- and 16~ 
hydroxylation and in 17-oxidation of testosterone to 
androstenedione, whereas the activities of testosterone 
15s. 7a, 68, 2~ and Zphydroxylases were reduced. In 
Chinese hamsters, administration of clotrimazole markedly 
stimulated the activities of testosterone 15~, 16n-, 168 
and 2a-hydroxylases and the formation of androstenedione, 
while the activities of the other testosterone hydroxylases 
were not affected. 

Figure 1 presents representative results of western blot 
analysis. Clotrimazole treatment induced two isoxyme 
proteins, an intense and a faint band, immunorelated to 
the P4501IB subfamily in the microsomes from Syrian 
hamsters, whereas a faint band only was observed in the 
microsomes from Chinese hamsters (Fig. la). Clotrimaxole 
treatment obviously decreased the levels of the proteins 
corresponding to P450IIIA in Syrian hamsters but the 
levels were not changed in Chinese hamsters and differences 
were observed in the intensity of the protein bands between 
the two strains (Fig. lb). Clotrimaxole markedly induced 
cytochrome P450 isoxyme(s) reacting with the antibodies 
to the dwian hamrtpr PdTtWAl in hnth rtrainc hrnt in .->---.. -a”...“._. _ .““-.s.* . . . Y”... “..“...U( VU. S&S 
Chinese hamsters, the protein bands were more intense 
and possibly two closely related isoxyme proteins were 
present (Fig. lc). An isoxyme band immunorelated to 
P450IIA8 was observed in both of the hamster strains (Fig. 
Id). 

Discussion 

It is well established that, in rats, clotrimazole, 

miconaxole and other N-l substituted imidazole antifungal 
drugs are potent inducers of cytochrome P450-mono- 
oxygenase. activities, particularly those associated with the 
P45OIIIA and P45OIIB subfamilies, but not the P45OIA 
subfamily [M-18]. In rabbits, imidaxole is an inducer of 
P45oIIE1[19] and oxfendaxole is an inducer of the P45OIA2 
subfamily, but not the P45OIIB and P45OIIIA subfamilies 
[20]. In rat liver and in human hepatocyte culture, P45OIAl 
and IA2 were induced by treatment with albendaxole and 
omepraxole, respectively [21,22]. These results suggest 
that imidaxole antifungal agents may exhibit different 
effects on the induction of cytochrome P450 isoaymes in 
rats and other species including humans. 

The present study has also shown that clotrimazole 
modulated the cytochrome P450 enzymes differently in the 
rat and hamster, and in the two hamster strains. 
Clotrimazole may be unable to induce the P450IIIA 
subfamily proteins in hamsters. In Syrian hamsters, this is 
shown by the reduced levels of proteins corresponding to 
the P450IIIA subfamily (Fig. lb) and by the reduced 
activities of testoserone 6/l-hydroxylation (Table 2) which 
is considered tn he c&tic fnr thr rat PdCnlTTAl 1721 Tn __ _- ____ - ____ __ __ -r---- __- --_ _“. a .““__a. a_ i’_,’ I., 
Chinese hamsters, the activity of testosterone 68 
hydroxylase and the levels of the proteins immunorelated 
to the Syrian hamster P450IIIA subfamily were substantially 
unchanged by clotrimazole. Although the possibility exists 
that the immunoreactivity of the isoxyme proteins of 
Chinese hamsters is not equal to that of Syrian hamsters, 
as shown in the present study (Fig. lb), these results 
support the idea that clotrimaxole is not capable of inducing 
the P45OIIIA subfamily in hamsters. 

Table 2. Effects of clotrimaxole on testosterone hydroxylase activity in hamster liver 

Testosterone 
metabolites 

Golden Syrian hamster 

Control Clotrimaxole 

Chinese hamster 

Control Clotrimaxole 

98 f 38 9221 97 2 6 81 f 26 
1800~200 1000*36t 310 * 73 230*68 

15a 200280 440 * 14t 88* 17 290 + 13t 
7a 2900~1ooo 1600 * 71t 580?36 450+ 140 
68 6400~500 3700 f 120t 25002560 2000+680 

160 20 2 8 44*3* 2823 100*34t 
I68 290223 270 f 20 9424 420 f l3Ot 
t; 2800 6624 f 470 1700 57 * f 2. 66t 280 12* 2 62 1 280&% 56 * 2t 

Androstenedione 850+190 I200 f 76’ 1200 f 360 4400*4!lot 

Values are expressed as the means + SD for four animals; pmol/min/mg protein. 
Significance of differences vs controls at *P < 0.05 and tP < 0.01. 
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Fig. 1. Western blot analysis of the microsomal proteins from untreated and clotrimazole-treated 
hamsters. Hepatic microsomes containing 41(g of proteins were analysed using the antibodies to rat 
P450IIBl (a) and Syrian hamster P450fIIA (b), IIAl (c) and IIAS (d). Lanes 1, 2, 3 and 4 represent 
the hepatic microsomes from untreated Syrian, clotrim~ole-treated Syrian, untreated Chinese and 

clotrimazole-treated Chinese hamsters, respectively. 

Marked strain differences were observed between the 
two hamster strains: clotrimazole induced the isozyme 
proteins immunorelated to the P450IIB subfamily in the 
Syrian but not the Chinese hamsters. The two bands 
detected by anti-P45OIIBl probably correspond to the 
Syrian hamster homologs of P450IIBl and P450IIB2. In 
accordance with this, a significant increase was obtained in 
Syrian hamsters but not in Chinese hamsters in the activitv 
of pentoxyresorulin O-dealkylase, the enzyme reaction 
catalvsed arimarilv bv the rat P450IIBl 1111. However. the 
testosterone 14~h~droxylase activity which is ‘also 
preferentially catalysed by the rat P450IIBl [24] was not 
induced m Syrian hamsters. On the other hand, in Chinese 
hamsters, a marked increase in 16a- and l@-hydroxylation 
of tesosterone as well as androstenedione formation was 
observed. This indicates that the activities of 16~~ and 16/l- 
hydroxylases and the formation of androstenedione may 
not be associated with the cytochrome P450IIB subfamily 

proteins in Chinese hamsters, or that the proteins of the 
cytochrome P450IIB subfamily in Chinese hamsters have 
a low immuno-cross-reactivity with those of rat P450IIBl. 
The results suggest, however, that clotrimazole may induce 
the isozymes corresponding to the P450IIB subfamily in 
Syrian hamsters as in rats [17, 181. 

Differences between the two strains were also observed 
in the induction rate of the enzymes that are associated 
with the P450IIA subfamily of the rat and mouse, namely, 
testosterone 7ix-, or 15a-hydroxylation and coumarin 
7-hydroxylation [25-G%]. Although the induction of 
testosterone 15cu-hydroxylase activity was observed equally 
in both the hamster strains, coumarin 7-hydroxylase activity 
was far more elevated in Chinese than in Syrian hamsters. 
A marked induction in coumarin 7-hydroxylase activity in 
clotrimazole-treated Chinese hamsters might be mediated 
by the isozyme that was observed in large amounts in 
Western blot analysis using Syrian hamster anti-P45OIIAl 
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(Fig. lc). The enhanced activity of testosterone 1% 
hydroxylase in Syrian hamsters might be mediated by 
P45OIIA8 as it has the activity of testosterone 1% 
hydroxylase (unpublished data). The other enzyme 
activities induced in both of the hamster strains might be 
mediated by an isoxyme corresponding to either P45OIIAl 
-- n4mrr.0 __ L_.L _* _L___ . ___A.!__ ..___ or rwuukw, as own 01 wcsc isoetixytiie proteins were 
shown to be induced by clotrimaxole (Fig. lc, d). These 
results indicate that clotrimaxole induces isoxymes of the 
cytochrome P45OIIA subfamily with the activity of coumarin 
7-hydroxylase and testosterone lSa-hydroxylase and not 
those with tesosterone 7a-hydroxylase activity in both of 
the hamster strains. Since the induction of these enzymes 
by clotrimaxole was not reported in rats, species differences 
might be present in this respect between hamsters and rats. 

Acknowledgements-We thank Dr Kaxue Kato, Dr Syoji 
Yamaxaki. MS Waka Omata and Ms Chiseko Sunano for 
their cooperation in this work. This work was supported 
by a grant from the Science and Technology Agency of 
Japan. 

Departments of ERIC ANI-IGNAC 
Pharmaceutical Sciences MORIO FIJKUHARA' 
and tVeterinary Public bfASANOBUbfURAt 
Health fiSA0 USHIOt 

Institute of Public Health 
Tokyo l#, and 

SDepartment of Num.tion 
Tokyo Metropolitan Research 

Loboratory of Public 
Health 

Shinjuku-ku, Tokyo 169 
Japan 

1. Lavrijsen K, Houndt JV, Thijs D, Mehldermans W 
and Heykants J, Induction potential of antifungals 
containing an imidazole or triaxole moiety. B&hem 
Pharmacol35: 1867-1878, 1986. 

2. Hostetler KA, Wrighton SA, Molowa DT, Thomas 
PE. Levin W and Guxelian PS. Coinduction of multinle 
hepatic cytochrome P-450 proteins and their mRNAs 
in rats treated with imidaxole antimycrotic agents. Mel 
Pharmacol 35: UP-285,1989. 

3. Gonzalez FJ, The molecular biology of cytochrome 
P45Os. Pharmacol Rev 40: 243-288, 1989. 

4. Mixokami K, Nohmi T, Fukubara M, Takanaka A and 
Omori Y, Purification and characterization of a form 
of cytochrome P-450 with high specificity for aflatoxin 
Bi from 3-methylcholanthrene-treated hamster liver. 
Biochem Biophys Res Commun 139: 466-472, 1986. 

5. Fukuhara M, Nohmi T, Mizokami M, Sunouchi M, 
Ishidate M and Takanaka A, Characterization of 
three forms of cytochrome P-450 inducible by 3- 
methylcholanthrene in golden hamster livers with 
special reference to atlatoxin B, activation. J Biochem 
106: 253-258,199O. 

6. Fukuhara M, Nagata K, Miikami K, Yamaxoe Y, 
Takanaka A and Kato R, Comolete cDNA Sequence 
of a major 3-methylcholanthrene~inducible cytochrome 
P-450 isome (P-45OAFB) of Svtian eolden hamsters 
with high activity toward a&ox&B,. &ochem Biophys 
Res Commun 162: 26%272, 1989. 

7. Lowry OH, Rosebrough NJ, Farr AL and Randall RJ, 
Protein measurement with the Folin phenol reagent. J 
Biol Chem 193: 265-275, 1951. 

8. Omura T and Sato R, The carbon monoxide-binding 

l Corresponding author: M. Fukuhara, Institute of 
Public Health, 4-6-1, Shirokanedai, Minato-ku, Tokyo 108, 
Japan. Tel. (81) 3 3441-7111; FAX (81) 3 34464314. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

pigment of liver microsomes. I. Evidence for its 
hemoprotein nature. J Biol Chem 23% 2370-2378, 
1964. 
Lu AYH, Kuntxman R, West S, Jacobson M and 
Conney AH, Reconstituted liver microsomal enxyme 
system that hydroxylates drugs, other foreign 
__-___.._-I_ __> __>__-__... _..I___~__. -. _.a. me compounos, ami cnaogcnous suosuii~es. one rote or 
the cytochrome P-450 and P-448 fractions in drug and 
steroid hydroxylations. J Biol Chem 247: 1727-1734, 
1972. 
Wrighton SA, Maurel P, Schuetx EG, Watkins PB, 
Young B and Guxelian PS, Identification of the 
cytochrome P-450 induced by macrolide antibiotics in 
rat liver as the glucocorticoid responsive cytochrome 
P-45Op. Biochembfry 24: 2171-2178, 1985. 
Lubet RA, Mayer RT, Cameron JW, Nims RW, Burke 
MD, Wolff T and Guengetich FP, Dealkylation of 
pentoxyresorutin: a rapid and sensitive assay for 
measurina induction of cvtochrome(s) P-450 bv 
phenobarbital and other xeuobiotics in‘the rat. Arci 
Biochem Bioohvs 238: 43-48. 1985. 
Kaipanen P, Ne-bet-t DW and Lang M, Purification and 
characterization of mouse liver m&osomal cytochrome 
P-450 with high coumarin 7-hvdroxvlase activitv. Eur 
J Biochem 14% 425431, 1984. ’ 
Yamaxoe Y, Shimada M, Murayama N and Kato R, 
Suppression of the levels of phenobarbital-inducible 
rat liver cytochromes P450 by pituitary hormones. J 
Biol Chem 262: 7423-7428, 1987. 
Laemmli UK, Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature 
227: 680+85,1970. 
Guengerich FP, Dannan GA, Wright ST, Martin MV 
and Kaminsky LS, Purification and characterization of 
liver microsomal cytochrome P-450; electrophoretic, 
spectral, catalytic and immunochemical properties and 
inducibility of eight isoxymes isolated from rats treated 
with phenobarbital or cr-naphthoflavone. Biochemishy 
21: 16981706, 1982. 
Ritter JK and Franklin MR. Clotrimazole induction 
of cytochrome P-450: dose-differentiated isozyme 
induction. Mol Pharmacol31: 135-139, 1987. 
Rodrigues AD, Waddell PR, Ah-Sing E. Morris SA, 
Wolf CR and Ioannides C, Induction of the rat hepatic 
microsomal mixed-function oxidases by 3 imidaxole- 
containing antifungal agents; selectivity for the 
cytochrome P45OIIB and P4501IIA families of cvto- 
chrome P450. Toxicology I: 28%301, 1988. _ 
Matsuura Y, Kotani E, Iio T. Fukuda T. Tobinaaa 
S, Yoshida- T and Kuroiwa. Y, Structure-acti& 
relationships in the induction of hepatic microsomal 
cytochrome P450 by clotrimazoie and its structurally 
related compounds in rats. Biochem Pharmacol 41: 
194!+1Y56, 1991. 
Koop DR and Coon MJ, Purification of liver microsomal 
cytochrome P-450 isoxymes 3a and 6 from imidaxole- 
treated rabbits. Mol Pharmacol25: 494-501, 1984. 
Gleixes C, Eeckhoutte C, Pineau T, Alvinerie M and 
Galtier P, Inducing effect of oxfendaxole on cytochrome 
P45OIA2 in rabbit liver. Consequences on cytochrome 
P450 dependent monooxygenases. Biochem Pharmacol 
41: 1813-1820, 1991. 

21. Souhaili-El Amri H, Fargetton X, Benoit E, Totis M 
and Batt AM, Inducing effect of albendazole on rat 
liver drug-metabolizing enzymes and metabolite 
pharmawkinetics. Toxicol Appl Pharmacol 92: 141- 
149, 1988. 

22. Diaz D, Fabre I, Daujat M, St Auber B, Bories 
P, Michel H and Maurel P, Omepraxole is an 
arylhydrocarbon-like inducer of human hepatic cyto- 
chrome P-450. Gartroenterology 99: 737-747, 1990. 

23. Waxman DJ. Dannan GA and Guengerich FP, 
Regulation of rat hepatic cytochrome P-450: age- 



2270 Short communications 

dependent expression, hormonal imprinting and 27. Lindberg RLP. Burkhart B, Ichikawa T and Negishi 
xenobiotic inducibility of sex-specific isozymes. Bio- M, The structure and characterization of type I P- 
chemirfry 24: 4409-4417, 1985. 450,~ gene as major steroid 15a-hydroxylase and its 

24. Sonde&n AJ, Arlotto MP, Dutton DR, McMillen 
SK and Parkinson A, Regulation of testosterone 
hydroxylation by rat liver microsomal cytochrome P- 
.4<n A...& ~:fi..l.~... #Xnnl..rr ‘)CC. ,,A, ,097 -N”. XXII,,, U,“X.,.C,,‘ Y,“p,,ya Wd. &,_I( XI”,. 

25. Gonzalez FJ, Matsunaga T and Nagata K, Structure 
and regulation of P-45Os in the rat P450IIA gene 
subfamily. Drug Merab Rev 20: 827-837, 1989. 

26. Lana MA. Juvonen R. Jarvinen P. Honkakoski P and 

compa&n with @pe II P-4501se gene. j Biol Chem 
264: 6465-6471, 1989. 

28. Lindberg RLP and Negishi M, Mouse testosterone 
7&ydroxyIa$e IPAdvL \. r.=n..mr;no can.4 ,. -d-7*,’ isoIa*ioa , ‘.“+...M”...* c...” 
expression of P450,, cDNA and regulation by sex and 
dexamethasone in mouse Liver. In: Drug Metabolizing 
Enzymes: Genetics, Regulation and Toxicology, Pro- 
ceedings of the VllIth International Symposium on 

Ra&o H; Mouse live; P45OCoh; genetic regulation of Microiom& and Drug Oxidations, Stockho&, Sweden, 
the pyrazole-inducible enzyme and comparison with 25-29 July 1990 (Eds. Ingelman-Sundberg M, Gus- 
other P450 isoenzymes. Arch Biochem Biophys 271: tafsson JA and Orrenius S), p. 135. KaroIinska 
13%148, 1989. Institutet, Stockholm, 1990. 


