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Abstract-Misonidazole [I-(2-nitroimidazol-I-yl)-3-methoxypropan-2-01; Ro 07-OSSZ] selectively sen- 
sitizes hypoxic cells to radiation and is undergoing clinical trial in the radiation treatment of solid 
tumours. It has been suggested that the glucocorticoid hormone dexamethasone may reduce the 
incidence of neurotoxicity, the dose-limiting side effect of misonidazole in man. Here it is shown that 
the absorption and elimination of misonidazole (1 g/kg i.p.) in C3H mice arc unaffected by pretreatment 
(i.p. for 5 days) with dexamethasone (lomglkgiday), dexamethasone acetate (IOmg/kg/day) and 
dexamethasone phosphate (0.5, 10, 25 and 100 mg/kg/day). The apparent half-life of misonidazole in 
blood and area under the curve (AUC) of misonidazole concentration x time were unaltered. Likewise 
0-demethylation was unaffected. In contrast, phenobarbitone pretreatment (80 mgikgiday) increased 
misonidazole clearance through induction of demethylation. Dexamethasone phosphate pretreatment 
increased pentobarbitone sleeping-time and slightly decreased liver weight, whereas phenobarbitone 
did the opposite. Dexamethasone phosphate (25 mgikg) given as an iv. bolus injection immediately 
before misonidazole also had no effect on the systemic pharmacokinetics of misonidazole. Broadly, 
pretreatment with dexamethasone derivatives had little effect on brain misonidazole and desmethyl- 
misonidazole. But after 100 mg~kg/day dexamethasone phosphate the 6 hr misonidazole concentration 
was reduced 36 per cent. Simultaneous dexamethasone phosphate (25 mg/kg) reduced the concentration 
at 1 hr by 15 per cent and the brain AUC (M,,~) by 14 per cent. Dexamethasone phosphate pretreatment 
reduced the acute LD50 for misonidazole by up to 19 per cent whereas phenobarbitone increased it by 
16 per cent. Simultaneous dexamethasone phosphate had no effect. The drug had little effect on 
misonidazole-induced hypothermia. The significance of these findings for the putative role of dexa- 
methasone in the protection of misonidazole neurotoxicity is discussed. 

It is considered that a major factor contributing to 
failure of local control by conventional radiotherapy 
is the presence in human solid tumours of radiores- 
istant hypoxic cells [ 11. Such cells may also be resist- 
ant to chemotherapy [Z]. Misonidazole [l-(Znitro- 
imidazol-l-yl)-3-methoxypropan-2-01; Ro 07-05821 
selectively sensitizes hypoxic cells to conventional 
radiation treatment [l] and is preferentially cytotoxic 
toward them [3]. It also selectively sensitizes hypoxic 
cells to hyperthermia and some cytotoxic drugs [4,5]. 

Misonidazole is undergoing extensive clinical trial 
as a radiosensitizer. The dose-limiting side effect is 
neurotoxicity, including peripheral neuropathy and 
in some cases ototoxicity and encephalopathy [6-91. 
The incidence of neurotoxicity is reduced by restrict- 
ing the total dose to 12 g/m2 [6-lo]. Unfortunately 
this means that in conventional multifraction radio- 
therapy the amount given with each radiation dose 
results in tumour concentrations suboptimal for 
radiosensitization. 

Considerable effort has been directed towards 
development of improved radiosensitizers (e.g. see 
Ref. 11). One recent approach involves analogues 
excluded from nervous tissues by their reduced 
lipid/water partition coefficients 1121. An alternative, 
possible interim, strategy is to prevent or repair the 
toxic lesion(s) with other drugs. 

It is not known whether the neurotoxicity is due 
to misonidazole itself or a metabolite, such as a 
nitroreduction product 11131, but there is a correlation 
with prolonged drug exposure, i.e. a large area under 
the curve (AUC) of plasma misonidazole concen- 
tration x time [9]. In mice and dogs the drug’s half- 
life (t*) and AUC were reduced after pretreatment 
with phenobarbitone or phenytoin [13,14]. The 
mechanism involves increased metabolism to des- 
methylmisonidazole [1-(2-nitroimidazol-l-yl)-2,3- 
propandiol; Ro 05-99631 following induction of 
hepatic microsomal mixed function oxidases. Pre- 
treatment with these agents also increased the acute 
LD5s for misonidazole in mice [13]. 

In a recent controlled clinical study we observed 
similar induction of misonidazole metabolism by 
phenytoin [KS], and several groups have noted 
unusually short half-lives in patients on phenytoin 
or phenobarbitone [lo, 161. Patients with brain 
tumours frequently receive these drugs for sedative 
and anti-convulsant therapy, and it is of interest that 
they have a low incidence of neurotoxicity [lo, 161. 
Hepatic enzyme induction may be involved, but a 
causal relationship should not be assumed. One com- 
plicating factor is that brain tumour patients are 
frequently maintained on the glucocorticoid dexa- 
methasone to control cerebral oedema [17,18], and 
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a recent small study suggested that dexamethaaonc 
itself may be protective [16]. More data al-e required 
and preliminary clinical trials with dcxamcthasone, 
phenobarbit~~ne and phcnytoin a\ protectors arc 
under way. 

Dexamethasonc and other plucctcorticoids affect 
membrane permeability [ 17. 19. N] mnd the activities 
of many enzymes including those involved in drug 
metabolism [21. 221. This paper concerns the effects 
of dexamethasonc on the metabolism. brain pen- 

etration and acute toxicity of nlis(~ilid~lzolc in mice. 

hlA’I’ERIAI,S AND hlWHOl)S 

Animals. Adult male Chili mice were obtained 
from Olac (Southern) Ltd. or from our own breeding 
colony. Except for urine collection mice were housed 
in plastic cages on sawdust bedding from soft white 
woods (Usher Ltd.). They were fed PRD nuts (Lab- 
sure) and allowed water rrrl lib. Care was taken to 
avoid contact with known microsomal enzyme 
inducers. Mice were used at 25-X g body wt. 

Drqs. Misonidazole and drsmethylmisonidazole 
were gifts from Roche Laboratories. Phenytoin (5.5 
diphenyihydantoin. sodium salt), dexamerhasonc 
(Ya-Ruoro-l&methylprednisolone) ;111d dexa- 
methasone acetate (Y0i-Ruoro-16~-mcthylpredniso- 
lone-21-acetate) were obtained from Sigma Chem. 
Co. Dexamethasone phosphate (I)&-fluoro-16c\- 
methylprednisolone-2l-ph~~sph~~t~. disodium salt) 
was a gift from Merck. Sharp & Dohme Research 
Laboratories. Phen(~barb~t~~ne (sodium ialt) was 
obtained from BDlI Laboratories and sodium pen- 

tobarbitone from May 6i Baker as a 60 mp/ml sol- 

ution for injection (Sagatal). 
Dq pre/twfmctzt regimes. Prctreatnicnt regimes 

were similar to those described previously [ 131. 
Drugs were usually prepared in saline (ti.85’i w/v) 
and injected i.p. in a volume of IO ml/kg. once daily 
for five days (Days 1-Z). In experiments to compare 
dexamethasone, dexamethasonr acetate and dexa- 
methasone phosphate the drugs were injected in 
10% v/v ethanol in saline (10 ml/kg). Controls 
received vehicle alone. 

Body weights were rnol~it~~red ciaily to the end of 

the experiment (Day 7). In some espcrimcnts livet 
weights and pentobarbitone sleeping times were 
determined on Day 7. Sodium prntobarhitone was 
diluted to 6 mgiml in saline and injected in IO ml/kg 
i.p. to give a dose of 60 mgikg. Sleeping time was 
the time to regain the rightin! reflex (l-i]. 

Phar~??ufokinetic.~ of ~7~~.~0~1ffl~i~(~l~. ~~isorlidazole 
was prepared as a 2.5 mgiml solution in Hank’s hal- 
anced salt solution (HBSS). It was injected i.p. at 
a dose of lgikg (5 mmoleslkg) in 40 ml/kg. In pre- 
treatment experiments misonidazole was given on 
Day 7, 48 hr after the last injection. In others the 
misonidazole was given inlrnedi~~t~~~ after i.v. bolus 
dexamethasoi~e ph~~spbate (25 tng!kg in 10 ml 
saline/kg via the tail vein). Blood samplex were 
obtained from the tail or by cardiac puncture 1131. 
Whole brain was removed and immediately frozen. 
In urinary excretion studies. S-h mice were contained 
in a Urimax metabolism cage and urine collected for 
24 hr. All samples were stored at -3)“. 

~StiF7lUth Oj’ FF2i.SOFlid~l:O~P id ttl~.\F,l~~t/l\~/,~llSOFl- 

idazole. Concentrations of misonidarole and tic+ 
methylmisonid;lzolc in blood. urine and tissue hc,m- 
ogcnates were deteriiiincd by reversed-phase high- 
performance liquid chr(~n~at~)gr~~pti~ (h.p.1.c.) {-?3/ 
with the following minor I~,odilic;tt~on\. The octa- 
decylsilane h.p.1.c. columns used ( IO p113 particle 
size) were obtained from Hichrom (25 cm i( 4.U I~IIII 

I.D. packed with Sphcrisorb SIO ODSI and from 

Waters Associates (25 y 3.Y mm I.D. p;tckcd with 
~B~)ndapack C‘,,). The mobile pha\c\ ~'oI- tllcsc CXII- 

umns were 35 and 3 per cent methanol \v;~tcr, 
respectively. The internal stan&rrd \r,;ts cithcr I-(‘- 
nitroimidazal- I -yl)-3-chloroprop~~~l-~-~)l (Ko 07- 
026Y. Rocbc) or 1-(2-nitroit~ricl~~~~~l-l-!l)-i-tlrlo~(~- 
propan-2-ol (Ro 07-074 I, Koctlc). 

Concentrations of misonidazrilc and dc\mcth~l- 
~nisonid~~z~~le glucur~~nid~s in urine were detcriilill~~i 
after hydrolvsis with l~-gtucur~~ni~i~lsc. Sampics wc’rt’ 
diluted x IO in water and incubated in the dark ;tt 
37” for 24 hr with an equal volume of Gtucura\c 
(bovine liver (-l-glucuronidase solution. pf 1.5: Signla). 

Z~etevminfUicm o,/ mi,wrzich.wlc uwte 1 I)<:,,. Thi\ 
was carried out as before [ 131 cxccpt that the do\tls 
ranged from 1.1 to 2.3 g:::‘ks injected i.p. in SO ml 
HBSS!kg. Mice were observed for 7 day\ but dt‘;tths 
occurred within 3-4 day\ of trcatmcnt. 

Meusuremet~f qf’ hr& tcrywrcrtrrrc. Kcctal tcm- 
peraturcs were measured with ;I thcrmi\tor probe 
connected to an externally calibrated electric tht‘r- 
mometer (Light Laborator& Ltd) [ 131. 

~.~fi~t~liti~~Ft of‘ iJiltirit2tic,okitr(‘li(. l~~i~(~~?~~‘r~‘~s tmtl 
.~tuti.~tj(~~~~ fi/?[~l~.~~,s. AUC \-alucs wcrc cstim:tted hs 
Simpson’s Rule. The apparent halt-iifc (ft.) for drui 
elimination was calculated from the equation I, --- 

ln2/K,,. where K,, is the apparent elimination r;itc 
constant given by tk ~l~q'c' ot Ill 

concentration X time. Lines ot hc5t iil. \>ith \tanclard 
errors. were calculated kv /cast squares rcgrcxsion 
analysis. The 1.1)~~~ values and confidence hmits were 
caiculated by probit analysis using II computer instal- 
lation and programme at the Department of Rad~ol- 
ogy. Stanford IJniversity School of ?rledicinc. (.‘A. 
U.S.A. Confidence limits and significance lcvcls 
were calculated using Student’s t distribution. 

RESIILI‘S 

Eff’ECt Oj dc~.~anletllU.SoFtc }‘hO.S~hit~’ ,,II’~‘t,Y’Li/I?I?FIt 

on pmtobarbitone .slecpitzg tirur mttl lilw rtrrrl h)~!\~ 

weight. At doses of 0.5, 25 and 100 mpjkg;day desa- 
methasone phosphate for 5 days SOI~X slight weight 
loss was observed, but this did not csrced 7-5 per 
cent. Occasional deaths wcrc seen at 100 mg:kg/day 
and this was treated as the mauimum tolerated. The 
acute LDi,, for a siF2glr i.p. dose was hctwcen .ilOO and 
1000 mgikg. 

The effects of dexamethasonc phosphate OII pen- 

tobarbitone sleeping time and tivcr weight arc shown 
in Table 1. with phenyt(~in (40 rn~k~~d~ly) and phcn- 
obarbitone (X0 mgikgiday) data tar comparison. 
Phenobarbitone and phenytoin reduced the pcnto- 
barbitone sleeping time and increased ll\,er weight. 
In contrast, with all three dohcs of dexamethasone 
phosphate the median pentobarhitone slcepinp time 
was almost doubled. and the range increased with 
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Table 1. Effects of dexamethasone phosphate, phenobarbitone and phenytoin pretreatment on pentobarbitonc sleeping 
time and liver weight in C3H male mice 

Sleeping time Liver weight 

Control 
Phenobarbitone 80 mgikgiday 
Phenytoin 40 mglkgiday 
De~amethasone 0.5 mgikgiday 
Dexamethasone 2.5 mg/kg/day 
Dexamethasone 100 mgikgiday 

N per Median (si range)$ 

group (min) 

8 48 (5) 
8 16 (1) 
8 31 (5) 
7 92 (20) 
6 88 (44) 

13 86 (> 150) 

% Control 

100 
33 
65 

192 
1x3 
179 

“; Control 

100 

117 
11-l 
86 
93 
97 

* 0.01 > P > 0.001. significantly different from control. 
t P < 0.001, significantly different from control. 
i: Semi-interquartile range. 

2 4 6 

Time (h) 

Fig. 1. Effect of dexamethasone phosphate pretreatment 
(i.p.) on the concentrations of misonidazole (upper solid 
line) and desmethylmisonidazole (lower broken line) in 
blood. Mice were pretreated with saline (0) or dexametha- 
sone phosphate at 25 mglkgiday (A) or 100 mgikgiday 
(0) for 5 days. Misonidazole (lgikg, i.p.) was given on 
Day 7. Error bars at 3 and 6 hr indicate one standard error 

(N = 8). 

dose. Mean liver weight was reduced at 0.5 and 25 
but not 100 mgikgiday. 

Effect of dexamethasone phosphate pretreatment 
on misonidazole phannacokirretics. Pretreatment 

with 25 and 100 mglkgiday dexameth~~sone phos- 
phate had no effect either on the absorption of 
misonidazole or the subsequent concentrations of 
misonidazole and its metabolite desmethyltnisoni- 
dazole in blood (Fig. 1). The apparent tA values for 
misonidazole (with 95 per cent confidence limits) 
were 1.76 (1.59-1.97) hr for the controls. 1.79 (1.58- 
2.06) hr after 25 m~~kg/day and 1.62 (1.441.85) hr 
after 100 mgikgiday (P > 0.1). Values for the 
AUCcM,,, represented 109 and 102 per cent of the 
control for 25 and 100 mgikglday respectively. There 
was a similar lack of effect after 0.5 mgikglday (not 
shown). In contrast, phenobarbitone pretreatment 
(80 mglkgiday) shortened the misonidazole t$ to 0.81 
(0.7~.91) hr (P < O.OOl), and reduced the AUC 
by 44 per cent. The peak desmethyimisonidazo~~ 
concentration was doubled after phenobarbitone. 

Effects of dexamethasone phosphate pretreatmew 
on brain concentrations. Table 2 summarizes the 
results of experiments to assess the effects of 25 and 
100 mgikgiday dexamethasone phosphate pretreat- 
ment on the concentrations of mis~~nidazole and 

Table 2. Effects of pretreatment with dexamethasonc phosphate (i.p. for 5 days) on misonidazolc 
and desmethylmisonidazole concentrations in whole mouse brain. Misonidazolc (I g/kg i.p,) waas 

given on Day 7 

Croup 

Control 
Dexamethasone phosphate 
(25 mgikglday) 
Dexamethasone phosphate 
(100 mgikglday) 
Control 
Dexamethasone phosphate 
(25 mgikgiday) 
Dexamethasone phosphate 
(100 mglkgiday) 

N per 

group 

15 

1.5 

16 
15 

1.5 

14 

Time 

1 hr 

6 hr 

Misonidazole Desmethylmi~~~~~id~~zolc 
&g/g i S.E.) ({@g t S.E.I 

661 + 27 9.9 2 0.45 

728 + 23 11.3 + O.SY 

696 f 26 12.2 2 O.hY 
98.5 t 7.7 12.1 t 0.36 

93.4 t 8.8 12.0 + 0.68 

63.4 f 7.6? 11.6 -+ 1.06 

* P = 0.01, significantly different from control. 
t 0.01 > P > 0.001, significantly different from control. 
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desmethylmisonidazole in whole brain, 1 and 6 hr 
after misonidazole (1 g/kg i.p.). Concentrations at 
1 hr were slightly higher than the controls, but apart 
from the desmethyim~sonidazol~ after lo0 mgikglday 
(P = 0.01) this was not significant (P > 0.05). In gen- 
eral, the concentrations at 6 hr were unaltered 
(P > 0.1) but the misonidazole was reduced by 36 
per cent after 100 mgikglday (0.01 > P > 0.001). 
There was no effect after 0.5 mgikgiday (not shown). 

Cumpurison of de~~ulnethusoize. dexxumethasorre 
acetate utzd dexunzet~zus~~e ~ho.sphate pretreat~~elzt. 
These experiments were done to compare directly 
the effects of pretreatment with dexamethasone, 
dexamethasone acetate and dexamethasone phos- 
phate on the pharmacokinetics of misonidazole. The 
dexamethasone derivatives were injected i.p. at a 
dose of 10 mg/kg!day for 5 days in 10% ethanol/saline 
as vehicle. None of the dexameth~ls~)ne derivatives 
had any significant effect on misonidazole or des- 
methylmisonidazole in blood and brain (P :> 0.1); 
the one exception was the brain desmethylmisoni- 
dazole concentration which was slightly lower in the 
dexamethasone acetate group (0.05 > P > 0.07) 
(Table 3). 

Effect of d~~~~~~net~~~s~~~e phos~izut~, ~refreut~rze~~t 
on m~soniduzo~~~ winury excretion. Table 4 shows 
the effect of pretreatment with dexamethasone phos- 
phate (0.5 mgikgiday i.p. for 5 days) on the 23 hr 
urinary excretion profile of misonidazole and Its 
metabolites, with phenobarbitone (80 mgikgiday i.p. 
for 5 days) data for comparison. Neither agent sig- 
n~ficantIy altered the ratio of Inis~nidazo~e glucu- 
ronideimisonidazole or desmethyllnisonidazole glu- 
curonideimisonidazole (P > 0.1). though there was 
a tendency for the latter to be increased after phen- 
obarbitone. However, phenobarbitone doubled the 
desmethylmisonidazoleimisonidazole ratio (0.02 1 
P > 0.01) whereas dexamethasone phosphate had no 
effect (P > 0.1). 

Effect of simultaneous dexumethusotw phosphute 
on rnisonidnzole pharmacokinedcs. Given as a single 
bolus i.v. injection immediately before misonida- 
zole, dexamethasone phosphate (25 mgikg) altered 
neither the absorption of misonidazole nor the sub- 
sequent concentrations of misonidazole and des- 
methylmisonidazole in blood. The apparent t4 values 
(with 95 per cent confidence limits) were I. 19 (I .OX- 
1.32) hr for the controls and 1.16 (1.02-1.33) hr with 
dexamethasone phosphate (P =s 0.1). The corre- 
sponding AUC,,,,,,,, values for misonidazole were 
2361 ~g.hr.ml~’ for controls and 2367 ;Ilg.hr.ml ’ 
with dexamethasone phosphate. 

Effect of ~~i~?lult~ne~l~ dex~i~l~~thu~~~ne ~~?~~s~~~~te 
on brain concentrations. Table 5 summarizes the 
results of experiments to assess the effects of 25 mgikg 
dexamethasone phosphate i.v. given immediately 
before misonidazole on the concentrations of mison- 
idazole and desmethylmisonidazole in blood and 
whole brain. As above, there was no effect on the 
blood concentrations (P > 0.05). Though there were 
no differences at 3 and 6 hr, the brain misonidazoie 
concentration at I hr was reduced by 15 per cent and 
the AUC,,M,,r, by 14 per cent. Also the concentration 
of desmethylmisonidazole in the brain was signifi- 
cantlylowerthan thecontrolat3 hr (0.02 ) P A 0.01) 
but not at other times (P > (1.1). 
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Table 4. Effect of pretreatment with dexamethasone phosphate (0.5 mgikgiday for 5 days) and 
phenobarbitone (X0 mgikgiday for 5 days) on the 24 hr urinary excretion of misonidazole and its 

metabolites. Misonidazole (lgikg i.p.) was given on Day 7* 

Desmethylmisonidazole 

Misonidazole 

Misonidazole-glue 

Misonidazole 

Desmethylmisonidazole-glut 

Misonidazole 

Control 
Dexamethasone 
phosphate 
Phenobarbitone 

0.71 -+ 0.099 0.39 ? 0.026 0.032 ? 0.024 

0.69 t 0.070 0.43 * 0.0067 0.014 ? 0.0099 
1.42 I 0.12t 0.53 2 0. I6 0. I I2 !I 0.047 

* Results are expressed as metaboliteimisonidazole ratios (means t S.E. of three independent 
determinations). 

t Significantly different from control, 0.02 > P > 0.01. 

Table 5. Effect of a single i.v. bolus dose of 25 mgikg dexamethasone phosphate on the concentrations 
of misonidazole in blood and whole brain. Misonidazole (Igikg i.p.) was given immediately after dexa- 

methasone or saline* 

Group 

Misonidazole Ro OS-9963 

Time (hr) Blood @g/ml) Brain (pgig) Blood (ugiml) Brain (&g) 

Control 
Dexamethasone 
Phosphate 
Control 
Dexamethasone 
phosphate 
Control 
Dexamethasone 
phosphate 

I 869 t 21 606 + 30 51.2 -c 3.6 11.1 * 0.62 

I 806 t 23 S16? 21$ 45.3 + I.6 IO.6 + 0.41 
3 413 t 43 235 + 28 49.6 + 3.3 17.3 t I.4 

3 400 +- 27 I95 2 I5 45.0 t 1.9 13.8 2 0.76i 
6 52.4 + 6.5 45.0 + 4.x l-l.7 * I.6 13.0 f 0.74 

6 65.0 ? 12.7 52.0 -’ 9.6 12.7 + 1.2 11.6 2 0.62 

*N=l5forlhrand6hrandlOfor3hrgroups. 
t 0.05 > P > 0.02, significantly different from control. 
$ 0.02 > P > 0.01, significantly different from control. 

Table 6. Effects of dexamethasone phosphate on the acute LQ,) for misonidazole’ 

Misonidazole LD?,, (95 per cent confidence limits) 

(g’kg) 

(A) Pretreatment (5 days) 
Saline I.84 (1.7&l.Y3) 
Phenobarbitone 
(80 mgikgiday) 2.14 (2.02-2.27)$ 
Dexamethasone phosphate 
(0.5 mgikgiday) 1.70 (1.6g1.79): 
Dexamethasone phosphate 
(25 mgikgiday) 1.49 (1.36-l.62)$ 
Dexamethasone phosphate 
(100 mgikgiday) 1.51 (1.41-l.hl)$ 

(B) Simultaneous treatment 
Simultaneous saline 1.61 (1.44-1.80) 
Simultaneous dexamethasone 
phosphate (25 mgikg) 1.72 (1.62-I.%)$ 

* In panel A, 69 dose levels of misonidazole were used for each pretreatment, and 2-9 
mice per dose level of misonidazole. In panel B, 5 dose levels of misonidazole were used for 
each treatment, and 6-16 mice per dose level of misonidazole. 

t P = 0.02. 
$ P < 0.01. 
fr P>O.l. 
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Effect of dexumethasone phosphate on the acute 
m5,) for rnisonidazole. The results of experiments to 
assess the effects of dexamethasone phosphate pre- 
treatment (0.5, 25 and 100 mgikgiday i.p. for 5 days) 
or a 25 mg/kg single i.v. bolus injection immediately 
before misonidazole are summarized in Table 6, with 
phenobarbitone pretreatment data (80 mgikgiday 
i.p. for 5 days) for comparison. 

In the pretreatment experiments (Table 6A) phen- 
obarbitone increased the acute LD5,, dose by 16 per 
cent (P < O.OOl). However, dexamethasone phos- 
phate decreased the L.D~,, by 8 per cent after 
0.5 mgikgiday (P = 0.02). 19 per cent after 
25 m&/kg/day (P < 0.001) and 18 per cent after 
100 mgikgiday (P < 0.001). On the other hand. sim- 
ultaneous dexamethasone phosphate (25 mgikg i.v.) 
increased the I-D<,, by 7 per cent but this was not 
significant (P > 0.1) (Table 6B). 

Effect of dexarnethusone phosphate on misonida- 
zole-induced hypothermia. Misonidazole (lgikg) 
causes a drop in mouse body temperature [13,24]. 
Mice injected i.p. with HBSS (misonidazole vehicle) 
showed little variation in rectal temperature (Fig. 

2). Those pretreated with saline, 0.5 and 
25 mgikgiday dexamethasone phosphate exhibited 
similar temperature reductions after misonidazole, 
but with 100 mgikgiday dexamethasone phosphate 
the temperature loss was less marked (Fig. 2A). 
Simultaneous dexamethasone phosphate (25 mgikg) 
had no effect (Fig. 2B). 

Fig. 2. Effects of dexamethasone phosphate on misoni- 
dazole-induced decrease in rectal temperature. Panel A: 
Effect of pretreatment. Mice were pretreated (1.~. for 5 
days) with saline (circles). 0.5 mgikgiday dexamethasone 
phosphate (squares) or 100 mgikglday (triangles). ‘They 
then received i.p. misonidazole (lgikg) (closed symbols) 
or HBSS (open symbols). Data for 25 mgikglday (not 
shown) were very similar to those for 0.5 m&/kg/day. 
Ambient temperature was 23.1 * 0.9 (S.D.)“. Panel B: 
Effect of simultaneous treatment. Mice were injected i.v. 
with saline (circles) or 25 mgikg dexamethasone phosphate 
(triangles) immediately before i.p. misonidazole (lgikg) 
(closed symbols) or HBSS (open symbols). Ambient tem- 
perature was 23.5 2 0.5 (S.D.)“. Data shown arc median 
values for 10 mice per group in Panel A and 5 mice per 

group in Panel B. 

DISCC’SSION 

Various dexamethasone derivatives are available 
for clinical use. For cerebral oedema oral dexa- 
methasone is widely used, and the more water 
soluble dexamethasone sodium phosphate is given 
by injection [17, 181. Here. most experiments were 
done with dexamethasone phosphate because of its 
water solubility. In addition. dexamethasone. dexa- 
methasone phosphate and dexamethasone acetate 
were directly compared. In man, intramuscular dexa- 
methasone phosphate is hydrolysed rapidly to dex:l- 
methasone, whereas hydrolysis of the acetate is 
slower 1251, 

None of the dexamethasone derivatives had anv 
effect on the absorption of misonidazole from th; 
peritoneal cavity into the blood. or the subsequent 
blood concentrations of misonidazole in C3H mice. 
The tt and AUC were unaltered. In addition. the O- 
demethylation of misonidazole was unchanged. as 

measured by desmethylmisonidazole in the blood. 
In contrast, phenobarbitone (80 mgikgiday) reduced 
the th and AUC considerably by inducing demethyl- 
ation. Similar results were observed with phenobar- 
bitone and phenytoin using BALBic and BlO mice 
[13]. In that study it was reported that these agents 
had no effect on urinary excretion of misonidazole 
and its metabolites. However, when the data are 
expressed as the ratio of desmethvl-misonitla- 
zoleimisonidazole in the 23 hr urine we find that 
nhenobarbitone increased this ratio from 0.81 to 1.5 I 
in BALBic mice. Here phenobarbitone gave a similar 

increase from 0.71 to 1.47 in C3H mice but desa- 
methasone phosphate pretreatment (0.5 mglkgiday) 
had no effect. Gangji et al. 1261 independenti> 
observed no effect on misonidazole urinary excretion 
in rats pretreated with 0.23 mgikgiday dexametha- 
sone i.p. for 7-10 days. The apparent lack of induc- 
tion of hepatic mixed-function oxidases by dex-a- 
methasone phosphate pretreatment is consistent Lvith 
its effects on liver weight and pentobarbitone sleep- 
ing time. Whereas. in agreement with previous 
results [13], phenobarbitone. and phenytoin signifi- 
cantly increased the liver weight and reduced the 
sleeping time, dexamethasone phosphate dicl not. 

Dexamethasone is metabolized to more polar 
unconjugated forms and glucuronide conjugates 
[27], and substrate competition between steroid5 and 

drugs such as cyclophosphamide has been reported 
[28]. However, concomitant dexamethasone phos- 
phate had no effect on misonidazole demethylation. 
The dexamethasone dose (25 mgikg) was considcr- 

ably lower than that of misonidazole (Igikg) but this 

ratio (I : 40) is likely to be even lower in clinical 
practice. 

Pretreatment with dexamethasone derivatives had 
little effect on brain concentrations of misonidazole 
and desmethylmisonidazole. A reduction in brain 
misonidazole was seen only at the maximum toler- 
ated dose of dexamethasone phosphate and at 6 hr 
but not 1 hr. However, i.v. injection of 21 single dose 

of 25 mgikg immediately before misonidazole 
reduced brain misonidazole concentrations at 1 hr 
by 15 per cent and the AUC by I4 per cent. 

Dexamethasone inhibits the rate of amino acid 
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transport in rat hepatoma cells in vitro [29] and 
causes capillary vasoconstriction and reduced cap- 
illary permeability [20]. Increased cerebra-vascular 
permeability in experimental vasogenic oedema can 
be normalized by steroids [17], and is probably 
important for their use in brain tumour patients. It 
may be that the observed reduction in brain mison- 
idazole concentrations by dexamethasone phosphate 
is due to reduced cerebrovascular permeability 
and/or blood flow. 

In contrast to phenobarbitone and phenytoin pre- 
treatments which increase the LD50 of misonidazole, 
dexamethasone phosphate pretreatment reduces the 
LD%. But simultaneous i.v. dexamethasone phos- 
phate has no effect. The acute L.D~,, of misonidazole 
is considerably lower when mice are maintained at 
normal body temperature 1241. But the dexametha- 
sone phosphate had little or no effect on misoni- 
dazole-induced hypothermia. The mechanism of the 
increased toxicity of misonidazole after dexametha- 
sane phosphate pretreatment is therefore unclear. 
However, there may be no correlation between neu- 
rotoxicity and toxicity measured by acute lethality 
assay. Small animal models are being developed for 
the assay of neurotoxicity [30.31] and may be suit- 
able for protection studies with dexamethasone. 
phenobarbitone and phenytoin. 

Regardless of whether misohidazole neurotoxicity 
involves the parent compound or a metabolite such 
as a nitroreduction product, a diminution of the 
AUC for misonidazole in critical neural structures 
is likely to reduce neurotoxicity. A decrease in brain 
AUC through liver microsomal enzyme ind;ction 
occurs with phenobarbitone and phenytoin but is not 
seen with dexamethasone. However, there is a small 
but significant reduction by a different mechanism. 

Because of the wide-ranging and complex bio- 
chemical and physiological effects of dexametha- 
sone, other mechanisms for the possible protection 
or repair of misonidazoie neurotoxiCity may be 
envisaged. For example. misonidazole causes 
increased lysosomal enzyme activity in mouse brain 
and peripheral nerve [31], and dexamethasone is 
known to stabilize lysosomal membranes [ 191. Alter- 
natively, the mechanism may involve reduction of 
oedema, which has been reported in rat peripheral 
nerve after misonidazole 1321, 

Clinical trials will evaluate the possible protective 
role of dexamethasone, phenobarbitone and pheny- 
toin in the control of misonidazole neurotoxicity. 
The present studies may facilitate interpretation of 
the cIinical data. 
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