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A b s t r a c t - - T h e  t.'),poxic cell radiosensitising drug misonidazole, [ l-(2-nitroimidazol- 
l-yl)-3-methoxypropan-2-ol, Ro 07-0582] waJ admini.~tered to dogs at dose levels #f 
50-200 mg/kg on four consecutive weekly occasions by oral and intravenous routes. 

High-perJbrmance liquid chromatograph.), was used to monitor the subsequent plasma 
concentrations of misonidazole and its O-demethylated metabolite [1-(2-nitroimidazol-1- 
yl)-2,3-propandiol, Ro 05-9963]. Both misonidazole and Ro 05-9963 were also 
detected in the urine in the free and glucuronide-conjugated forms. 

The detailed phTrmacokinetics of misonidazole in the dog are presented and some 
observations are made on the toxieit~ qf the drug in this species. 

~ conclude in the light of these pharmacokinetic data that the dog may prove to be a 
better model .fi~r tht study of misonidazole than tho~e presently used in the laboratory, 
particularly the ro&nt species. 

I N T R O D U C T I O N  

MIso.~ mhzoI.v, [ 1 - (2-nitroi midazol-  1 -yl )-3- 
methoxypropan-2-ol; Ro 07-0582] is one of 
the most effective hypoxic cell radiosensitising 
drugs yet discovered and has now entered 
experimental clinical practice. Most lab- 
oratory studies have been carried out in the 
mouse and rat bm there are problems as- 
sociated with the relatively short biological 
half-life of the drug in these species as com- 
pared with that in man[l] .  We have exa- 
mined the pharmacokinetics of misonidazole in 
the dog to asse,;s the suitability of this species 
for further radiosensitising studies and as an 
overall bridging model between rodents and 
man. The dog also has a high incidence of 
spontaneous tumours and a subsequent clini- 
cal trial of misonidazole perhaps may be 
planned. 

Present veterinary radiotherapy protocols 
are dictated b'y" the need for drug-induced 
restraint (often general anaesthesia) of the 
patient during radiotherapy. This has led to 
use of weekly fractions rather than smaller 
daily fractions; we have therdbre studied mis- 
onidazole given in four consecutive weekly 
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doses of up to 200mg/kg. Both oral and 
intravenous routes of administration were stu- 
died since the latter is more suited to vet- 
erinary work and carl provide more valuable 
pharmacokinetic data, whilst the former route 
is that currently used in human trials. 

MATERIALS A N D  M E T H O D S  

Animals 

The eight male dogs used in this study were 
either Labrador or Collie cross-bred and va- 
ried in size between 8 and 28kg. All were 
adult (i.e., > 12 months), and paired as far as 
possible as regards breed type and size. The 
condition of the animals, as judged by clinical 
examination and routine haematological and 
biochemical parameters, was monitored before 
and during the administration of the drug. 

Misonidazole was provided by Roche 
Products Ltd., (Welwyn Garden City). It was 
prepared as a 5'Ii~ solution tbr intravenous 
injection by gentle warming in 0.9°' o sodium 
chloride solution. For oral administration it 
was packed into gelatin capsules size No. 0, 
each capsule containing approximately 0.4g 
of misonidazole. 

Dose levels of 50, 100, 150 and 200mg/kg 
were selected for the study, one dog in each 
matched pair receiving the drug orally and 
the other intravenously. The same dose level 
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and route of administration was used for each 
dog because we wished to study the pharmaco- 
kinetic and toxic effects of tour consecutive 
weekly doses. The two dogs receiving mis- 
onidazole at 50mg/kg were also used in a 
further study 2 weeks later using dose levels of 
200mg/kg for two consecutive weeks. The 
dogs were deprived of food overnight and the 
misonidazole administered in the early morn- 
ing. They were then restrained in large meta- 
bolism cages tbr the course of the study. The 
right cephalic vein was used for intravenous 
administration and this site was avoided tbr 
subsequent blood sampling. 

Heparinised blood samples were collected 
at 1, 2, 3, 4, 5, 6, 9, 12, 18, 24, 30 and 36hr 
from dogs given the drug orally whilst those 
dogs receiving the drug intravenously were 
sampled at 5min., 30 min., 1, 1½, 2, 2½ and 
3hr and then as fbr the oral regime. Urine 
was collected over the periods 0-24hr,  24- 
48hr and 48-72hr.  Both plasma and urine 
were stored at - 2 0 ° C  until assayed. 

Plasma and urine concentrations of mis- 
(midazole and its O-demethvlatcd m('tabolite 
[ 1 - (2-nit roimidazol- 1 -.vl )-2,3-propandiol. Ro 
05-9963] were measured by reversed-phase 
high-performance liquid chromatography 
(HPLC) using the method described by 
Workman et al. [2]. Urinary concentrations of 
the O-glucuroni(h, derivatives ()f mi~(,lfi(laz()le 
and Ro 05-9963 were determined as tbllows. 
For comph:te hydrolysis of the O-glucurol{ide 
forms urine samples were incubated in the 
dark at 37°C tbr 24hr with an equal volume 
of Glucurase {Sigma Chemical Co. ) 
(Glucurase is a solution of bovine liver fl- 
glucuronidase buffered at pH 5; activity 
=5000 Sigma U n i t s / m l . ) T h e  samples were 
then analysed by HPLC and the concen- 
trations of the O-glucuronide d(,rivatives ob- 
tained from the difference in concentration 
between digested and undigested urine. 

The statistical assessment of trends in phar- 
macokinetic parameters with consecutive doses 
was based on a two-way analysis of variance 
assuming no interaction terms. From such an 
analysis a t-statistic with 9 d.t: was calculated 
and compared with standard tables of the t- 
distribution. The resultant probability levels 
are reported in the text. "Fhe other statistical 
methods used are reported in the results 
section. 

R E S U L T S  

MLwnidazole  pharmacokinetic parameters 

Figure 1 shows a typical plasma t i m e -  
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Fig. 1. Comparison q]" plasma misonidazole and Ro 05-9963 
concentrations after intravenous oral administration qf mis- 
onidazole at 150 mg/kg in two dogs. 

@ mi.wnidazole (i.v. route); • misonidazole (oral mute); 
/X Ro 05-9963 (i.v. misonidazole): • Ro 05-9963 (oral 

misonidazole ). 

course, plotted Oil linear co-ordinates, for oral 
and intravenous misonidazole at the 
150mg/kg dose level. Similar patterns were 
seen at other doses. Figure 2 shows the plasma 
misonidazole concentration plotted on a logar- 
ithmic scale against time on a linear scale; 
data are shown for the various intravenous 
dose levels and are for the first occasion on 
which the drug was given. Similar patterns 
were observed with subsequent doses. 
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Fig. 2. Plasma misonidazole "concentratiom in dogs q/'ter 
intravenous administration at various dose levels. Miwnidazole 
concentration it plotted on a logarithmic scale and time on a 
linear scale. • 200mg/kg; • 150mg/kg; • 100mg/kg; 

• 50 mg/kg. 
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In the case af intravenous administration 
there may be an initial distribution phase 
which may last between 1.5 and 3 hr (Fig. 2). 
However, this was not always apparent, parti- 
cularly at the lower doses (50 and 100mg/kg) 
despite the t~act that several plasma samples 
were taken at tile earlier time points (Fig. 2). 
The distribution phase, if present, is followed 
bv an eliminatxm phase which can be de- 
scribed by a single exponential function in- 
dicating apparent first order kinetics. When 
the drug was given orally there was an initial 
absorption phase, the duration of which va- 
ried considerably ti'om 1 to 6 hr (e.g., Fig. 1 ). 

We have determined a number of pharmaco- 
kinetic parameters tbr intravenous and oral 
misonidazole at the different dose levels and 
these are summarised in Table 1. 
Misonidazole peak time is expressed as the 
median of the four estimates tbr each dose 
level. The median value was used in order to 
avoid undue weighting caused by extreme 
values. Other pharmacokinetic parameters are 
expressed as the mean 4- one standard error 
tor tile four estimates at each dose level. It 
should be noted, however, that some trends 
were seen over the four doses in the same dog 
and these are discussed in the appropriate 
section. Standard errors given in Table 1 may 
therefore incluc2e a component of variation 
due to such trends as well as normal experi- 
mental variatiot:. 

Peak misonidazole concentrations 
Figure 3 illu:~trates the linear relationship 
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Fig. 3. Relatiornhip between peak plasma misonidazole con- 
centration and misonidazole dose level. Each point repre.~ents the 
mean and standard erlor./br the.four comecutive e~timations. The 
correlation coe[[Tcient was calculated from the four points of each 
plot. 

Oral, r = 0 . 9 7 ;  P < 0 . 0 5 .  
i.v., r=0 .999 ;  P<0 .001 .  
• orah 0 i.v. +_S.E.M. 

between the  peak plasma misonidazole con- 
centrations and the administered dose. The 
correlation was good for both the oral route 
( r -0 .97 ,  P < 0 . 0 5 )  and the intravenous route 
(r-=0.999, P <0.001 ). However, the peak con- 
centrations after oral dosage were generally, 
lower than those tbr intravenous dosage. 

Tile coefficients of variation for peak mis- 
onidazole concentrations showed no tendency 
to vary with the dose. However, the co- 
eflficients of variation of the oral data were 
generally larger than those tbr the intravenous 
data. 

The time of peak plasma concentration is 
dependant upon the route of drug adminis- 
tration. Rapid peaks are achieved when the 
drug is given intravenously with median peak 
time values ranging from 0.29 to 0.75hr 
(Table I A). Peak plasma concentrations occur 
later after oral administration and median 
values range between 1.5 and 3hr  (Table 
1A). For both routes of administration there is 
a suggestion that peak times may occur later 
at higher doses. There was also a suggestion of 
a trend towards an increase in peak mis- 
onidazole concentrations with consecutive in- 
tra+enous doses (0.05 < P < 0.1 ). 

The longest peak time (6hr) was recorded 
tbr the dog receiving 100 mg/kg orally and on 
this occasion the dog was fed inadvertantly 
betore dosage. 

Area under the curve 
The total area under the curve (AUC) of 

the plasma misonidazole concentration against 
time plot was calculated using Simpson's Rule 
[3]. AUC values were similar for tile oral and 
intravenous routes (Table 1A). The percen- 
tage systemic oral bioavailability of the drug 
was calculated from the ratio of the AUC tor 
oral administration to that tor intravenous ad- 
ministration at tile same dose level [4]. Table 
2 shows the percentage oral bioavailability" va- 
lues for the, tbur dose levels and the overall 
mean value of 92 4-5°,(S.E.).  This indicates 
that there is good oral absorption of mis- 
onidazole with no significant pre-absorption 
metabolism by the gut flora or extensive first- 
pass metabolism by the liver and intestinal 
mucosa. 

The (lose dependence 0f AUC is demon- 
stratcd in Fig. 4. A close linear correlation 
was observed between dose and AUV for both 
oral administration (r---0.97, P < 0 . 0 5 )  and 
the intravenous route. (r=0.999; P<0.001 ). 

The data also indicated that there may' be 
a trend towards increasing AUC values with 
consecutive doses, particularly for the oral 
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Table 2. Oral bioavailability for various dose level,s of 
m isonidazole 

Dose Percentage 
mg/kg bioavailability 

5O 89 
+4 

lO0 91 
+3  

150 82 
_+12 

2(X) 105 
4-3 

Mean 92 
_+5 

\,'alues are means of 4 determinations _+ S.E. 
()ral M(,availability = lO0 x Oral ..'~V(:/'lntravcrnous 
AV(:. 
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b'zie. 4. Relationship between area under the curce (Al:C) jbr 
pla.mm mi~onidazole and misonidazole dose lecel. Each point 
repre.~ents the mean and standard error.fo~ the./bur consecutive 
e~limations. The corlelation coe[ficient was calculated from the 

.four points of each plot 
Oral, ,=0 .97:  P<O.03. 
i.e., r=0.99:  P<0.001.  

• oral: 0 i.e.; 4- S.E.M. 

route of administration (P<0.01 tbr oral route: 
0 .05<P<0 .1  tbr i.v. route). 

Elimination rate constant and ha(f-life 
The rate constant tor the elimination phase 

(Ke) is given by' the slope o1" the elimination 
phase of the log plasma concentration against 
time plot (see Fig. 2). The line of best fit was 
obtained by the method of least squares linear 
regression analysis. The halflitb, tbr the elim- 
ination phase (t½) was calculated ti'om the 
equati(m t½= (lrL 2)/Ke. 

It may be seen (Table IA) that the x'ahws 
tbr Ke and t½ are similar for the oral and 
intravenous routes. ()w:rall mean values for 

Ke were 0.151_+0.028hr - l  (S.E.) and 0.148 
4-0.026hr -1 (S.E.) for oral and intravenous 
routes respectively. Mean values for t½ were 
4.64-0.86hr (S.E.) tor the oral route and 4.7 
4-0.72hr (S.E.) for the intravenous route. 

It was found that Ke and t½ were inde- 
pendent of dose level tbr both routes of ad- 
ministration and there was no evidence of a 
trend with consecutive intravenous doses. 
There was, however, some suggestion of a 
decrease in the elimination constant and an 
increase in the half-life tot consecutive oral 
doses (0.01 <P<0 .02) .  

Plasma clearance 

The plasma ch'aranc(" value (Pcl) is some- 
times preti'rred to the half-life as an in- 
dication of the rate of elimination of a drug 
from the whole body. It was derived using the 
[i)rmula Pcl= I-)/AUC o_ :,. Values showed little 
variation between 0.09 and 0.131/kg/hr with 
an overall mean value of 0.1 l/kg/hr4-0.01. 
Values for the oral and intravenous routes 
were found to be similar and were inde- 
pendent of dose. 

Altered dose levels 

In a further stud)' tile two dogs given 
misonidazole at 50mg/kg were used to ascer- 
tain the efli:cts of altered dose levels upon the 
pharmacokinetics in the same dog. A dose 
level of 200mg/kg was used and the drug 
administered tor a thrther 2 weeks. 

For both orally and intravenously dosed 
dogs the values of the misonidazole elim- 
ination rate constant, half-life, volume of dis- 
tribution and plasma clearance were similar 
to those obtained at the 50 mg/kg dose level in 
the same dogs and presented in Table IA. For 
example, the half-life for oral misonidazole 
was 4 .95+0.36hr  (S.E.) at 50mg/kg and 5.79 
-Fl .44hr (S.E.) at 200mg/kg. The corres- 
ponding values for the intravenous route were 
5 .13+0.36hr  (S.E.) tbr the lower dose and 
6.3-t-0.42 hr (S.E.) for the higher dose level. 

As would be expected, the values of the 
misonidazole peak concentration and AUC 
were different from those seen at the lower 
dose, but were similar to those obtained in the 
dogs receiving the oral and intravenous 
200mg/kg doses. The kinetic parameters for 
the O-demethylated metabolite were also si- 
milar to those obtained in the other dogs 
receMng 200 mg/kg (see next section). 

O-Demeth),lated metab.lilc R, 03-9963 
The O-demethylated m('tabolite of misonid- 
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azole, Ro 05-9963, was detected in the plasma 
of all dogs administered misonidazole, both 
orally and intravenously (see Fig. 1). Plasma 
metabolite concentration and AUC values 
were considerabl} lower than the correspond- 
ing values for misonidazoh;. Peak metabolite 
concentrations occurred later than the mis- 
onidazole peaks having median time ranges of 
3.5-6hr  and 4~Shr fbr the intravenous and 
oral routes respectively (see Table 1B). Values 
tor the peak metabolite concefftration time of 
peak concentration and AUC were similar for 
oral and intravenous routes at all dose hwc'ls. 
Figure 5 illustrates the relationship between 
peak metabolite concentration and misoni- 
dazole dose level. It call he seen that the peak 
for the 50mg/kg dose is lower than those at 
the higher doses. It was also found that the 
peak occurred earlier and was associated with 
a reduced AUC at this dose level ('['able 1B). 

L'rinar), excretion 

'Fhe data for the urinary excretion fbr the 
50 and 200mg/kg doses are summarised in 
Table 3. Misonidazole and Ro 05-9963 were 
detected in the free and glucuronide con- 
jugated forms. In one dog, however, no Ro 
05-9963 glucuronide was detected. Urinary 
excretion was monitored for 72 hr and during 
that period 15-20" 0 of the original dose of 
nlisonidazole was excreted. Of  this, the ma- 
jority (93-100°.,,) was excreted during the tirst 
48hr. The amount excreted as unmetabolised 
misonidazole was about 5-7',o; this figure was 
independent of dose and route of 
administration. 

Toxicity 

Retching and vomiting were occasionally 
seen 1 2 hr after the administration of mis- 
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onidazole at all dose levels, hut on]y in those 
dogs receiving the drug intravenously. No 
neurological symptoms were noted in any of 
the dogs during the study and in the sub- 
sequent 4 weeks. 

Haematological parameters, blood urea and 
glucose, and serum alanine transaminase le- 
vels remained within normal limits for all 
dogs, with the exception of the dog given 
200mg/kg misonidazole orally, in which the 
serum alanine transaminase levels were raised 
tbllowing the third and fourth dose but sub- 
sequently returned to normal. 

D I S C U S S I O N  

We have used HPLC analysis to study the 
pharmacokinetics of" misonidazole when ad- 
ministered both orally and intravenously to 

Table 3. I :rinan, excretion oJ theJ?ee and o-glucuronideJorms of mi~onidazole attd Ro 05-9963 

Percentage of dose excreted in 72 hr 

Misonidazole 

Free Conjugated Free 

Ro 05-9963 

Conjugated Total 

50 mg/kg 5.1 (1.6 13.8 0.8 20.0 
i.v. -t-2.5 -t-0.3 +3.6 _+ 1.2 +4.6 

51) mg/kg 4.5 1.3 13.0 1.7 18.9 
Oral + 1.2 + 1 -t-5.2 +2.8 -t-6.3 

21)0 mg/kg 7.4 3.5 6.2 4.4 18.5 
i.v. _+5.9 +2.7 +2.9 _+3.2 +7.7 

200 mg/kg 6.2 0.6 8.3 0 15.1 
Oral + 1.28 + I).75 _+ 1.66 _ 2.65 

Figures quoted as mean of 4 deternfinalions-t-S.E. 
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the dog at various doses. The eflizcts of re- 
peated dosage and some toxicological obser- 
vations are also recorded. 

Searches of the literature have failed to 
reveal previously published detailed pharmaco- 
kinetic data of misonidazole in the dog. We 
can, however, compare our results with the 
unpublished data of Hockhart  [5] and those 
given in a prel:.minary report by Lu et al. [6]. 

After intravenous administration of mis- 
onidazole there may be an initial distribution 
phase, more marked at higher dose levels, 
followed by a terminal or fl-phase. Similar 
disposition kinetics were observed by Lu et al. 
[6]. 

Following oral administration a tMrly rapid 
absorption phase is seen with peak misonid- 
azole concentrations occurring at 1.5-3 hr, this 
is similar to the range of values seen in man 
[7-10]. The absorption phase is followed by a 
terminal elimination phase similar to that for 
the oral route. 

The peak misonidazole conccntration was 
directly proportional to dose over the range 
50-200mg/kg; this relationship was also seen 
when the dose was expressed in terms of 
surface area (g/m2). Whilst this was true for 
both the oral and intravenous routes of ad- 
ministration, peak levels were rather lower for 
the oral route. In man a similar relationship 
between peak plasma concentration and dose 
has been observed tbr oral doses up to 
100mg/kg; however, the correlation becomes 
less clear at doses approaching 200mg/kg 
[11]. It is also interesting to note that the 
peak misonidazole levels in dog and man are 
quite similar tbr a particular dose given on 
weight basis [8--10]. 

We have established that the half-life of the 
plasma misonidazole terminal elimination 
phase is independent of dose over the range 
studied. In addition the plasma half-life is 
similar for oral and intravenous routes, the 
overall mean value being 4.7hr (individual 
value range 3.2~5.9hr). For doses up to 
150mg/kg Flockhart [5] observed a value of 
6.79__1.71hr (S.E.). However, tile polarog- 
raphic assay used in that study measured total 
nitroimidazole concentration, including the 
metabolite Ro 05-9963 which we have shown 
to be present m significant levels in the plas- 
ma of dogs given 50 200 mg/kg m[sonidazole. 
The polarographic analysis, therefore, tends to 
overestimate tl-e misonidaz()le half-lif~', l.u el al. 
[6] observed a terminal half-liti." of 5.5 hr after 
the intravenous administration of carbon- 
labelled misonidazole (1 O0 mg/kg or 2 g/m 2 ). 

Half-life values tbr oral misonidazole in 
man, determined by HPLC analysis, vary 
from 4 to 18hr with a mean of approximately 
12 hr [9, 10]. There is some overlap, therefore, 
between the upper values for the dog and the 
lower values fi)r man. Notably, the plasma 
half-life in the dog is similar to the half-life 
value of 4.5--5.5 hr determined in the baboon 
by a carbon-labelled study [11], but is con- 
siderably longer than the values recorded for 
the mouse and rat by various techniques ]11, 
12]. 

A thrther indication of the rate of drug 
elimination from the whole body is given by 
the plasma clearance value. Values tbr the 
plasma clearance were remarkably constant, 
being independent of dose and route of 
administration. 

The apparent volume of distribution (Vd) 
gives an estimate of tissue penetration. We 
have shown that Vd is independent of dose 
and route of administration. "l'he overall mean 
value was 0.61/kg. Significantly this is similar 
to the total body water volume (intracellular 
and extracellular tluid); this suggests that 
misonidazole is distributed uniformly in the 
body water with good tissue penetration. 

The area under the curve (AUC) appears 
to be a particularly important pharmaco- 
kinetic parameter in relation to the neuro- 
toxicity of the drug in man. Dische et al. [1] 
have suggested that the tissue exposure, and 
hence the probability of toxicity, can be esti- 
mated from the AUC. We have shown that 
the AUC in dogs is directly proportional to 
dose expressed both on a weight and a surface 
area basis for both oral and intravenous routes 
of administration. 

Apart from tile preliminary report by l,u et 
al. [6] no data have been published on the 
oral bioavailability of misonidazole in any 
species. In man only oral preparations have 
been used. We have shown the oral 
bioavailability is independent of dose, the 
mean value being 92,.-5°0 (S.E.). Thus the 
bioavailability of misonidazole is essentially 
complete with no suggestion of extensive first- 
pass metabolism by the liver and intestinal 
mucosa. This also rules out any significant 
pre-absorption metabolism by the gut flora. 
[,u et al. [6] reported a much lower value of 
25",. lot the oral bioavailability after a 
do~;e ot"2 g/m 2. 

In the present study tbod was withheld 
from the dogs lbr at least 12 hr belbre dosage. 
The intluence of the presence of gastric con- 
tent was suggested by the data obtained on 
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one occasion when the dog was inadvertantly 
fed 1 hr before oral dosage. This resulted in a 
considerable delay in the misonidazole peak 
time (6hr) associated with a lower AUC 
value than would be expected (oral 
bioavailability = 74'!.,,). Hence the time of the 
last feed may be an important factor in oral 
bioavailability studies with misonidazole and 
may account for variations between individual 
laboratories. This has obvious relevance to 
clinical studies in man in which oral route is 
used. 

The pharmacokinetic data for the O- 
demethylated metabolite Ro 05-9963 showed 
that the peak plasma concentration and the 
time at which it was attained were inde- 
pendent of both the route of administration 
and of dose, for misonidazole doses of more 
than 50mg/kg. This was also true fbr the 
metabolite AUC values. At dose levels of 100, 
150 and 200mg/kg misonidazole the plasma 
concentrations of" Ro 05-9963 were main- 
tained at a fairly constant level of approxi- 
mately 10t2g/ml i~)r several hours before 
declining slowly. However, at the 50mg/kg 
dose level the plasma metabolite concen- 
tration level was rather lower. We concluded 
that this effect was not due to variation 
between dogs since it was seen ff)r both the 
orally and intravenously dosed dogs at 
50mg/kg. Moreover, when these dogs sub- 
sequently received doses of 200mg/kg higher 
metabolite concentrations were observed 
which were similar to those seen in the other 
dogs receiving doses greater than 50mg/kg. 
The most likely explanation of these data is 
that at doses of greater than 50mg/kg the 
enzyme systems catalysing the O-demethylation 
of misonidazole become saturated and the 
rates of Ro 05-9963 production and eli- 
mination remain roughly similar; this would 
result in a steady state concentration of the 
metabolite. An ahernative possibility is that 
the plasma clearance of the metabolite in- 
creases proportionally with increased meta- 
bolite production. As a result of either of these 
ett~cts Ro 05-9963, itself" an active radiosensi- 
tiser, represents a higher proportion of the 
total nitroimidazole present in the plasma at 
100 mg/kg dose level than at 200 mg/kg. For 
all dose levels the relative proportion of Ro 
05-9963 was greater at the later time points. 

Similar levels of Ro 05-9963 have been 
obserw'd in human plasma following oral mis- 
onidazole administration [9]. 

:\fret 72hr. 15 20",, of the total tnisoni- 
dazolc dose was excreted hi tile urine as the 

fi'ee and glucuronide conjugated forms of mis- 
onidazole and Ro 05-9963, The majority of 
this was excreted in the first 48hr. In a 
human volunteer 48'11, of a dose of 30mg/kg 
misonidazole was recovered ti'om the urine in 
similar proportions to those in our study and 
a further 2900 of the carbon-labelled material 
was recovered ii'om the urine in an un- 
identified form [11]. However, in human pa- 
tients the total recovery" was much lower [13]. 
The urinary free and conjugated forms of 
misonidazole and Ro 05-9963 accounted tbr 
45" o of the dose of 100mg/kg given intra- 
peritoneally in mice and 34°o of an oral dose 
of 200 mg/kg in a baboon [ 11 ]. 

Ings et al. [14] showed that fbllowing do- 
sage with metronidazole one of the major 
urinary metabolites in dogs was the carboxylic 
acid derivative. Assandri el al. [15] also re- 
covered the carboxylic acid and hydroxyl 
derivatives of 5-isopropyl-1 methyl-2 nitro-1 
H-imidazole from the urine of dogs. Thus it is 
possible that some of the misonidazole un- 
accounted tLw in this study may be excreted as 
a carboxylic acid derivative. In addition, 
some may be excreted as the amine produced 
by nitroreduction and detected as a minor 
metabolite in human urine [11]. 

The dog is reported to be particularly 
susceptible to the neurotoxic effects of the 
nitroimidazole series [16]. However, using the 
present treatment regimes we have not en- 
countered any neurological symptoms other 
than the emetic effect seen after intravenous 
dosage. Nevertheless, we have recorded'symp- 
toms of ataxia and nystagmus in a "giant" 
dog following three weekly intravenous doses 
of misonidazole at 150mg/kg (6g/m2). It 
should be noted, therefore, that we have 
included only healthy male dogs of medium 
weight range with little breed dilt~rence in 
this study. Variations in the toxic side-effects 
and indeed in the pharmacokinetics of mis- 
onidazole may be encountered as a resuh of 
dift?rences in such factors as sex, breed, 
weight and general condition. 

In view of the detailed pharmacokinetic 
findings presented here we believe that the 
dog may be a uset'ul species tbr the stud}' of 
misonidazole as a radiosensitising agent. 
Several aspects of the pharmacokinetics arc 
similar to those in man and the reproduci- 
bility of the kinetic data, both within and 
between individual dogs, was very encourag- 
ing. However, the main advantage over the 
rodent species commonly used for experimen- 
tal studies is the longer plasma half-lilb in the 
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Fig. 6. Comparison of pla.~ma misonida,~ole concentration~ in 
mouse (100 mg/'kg i.l,.), dog ( 100 mg/kg oral and i.v. } and 

men (60 mUkg orally}. 

dog which is closer to the values observed in 
man.  T h e  differences in the plasma clearance 
of misonidazole in the dog, mouse and man 
are well illustrated in Fig. 6. T h e  relatively 
short half-lift: of  misonidazole in mice is 
thought  to be the reason for the ra ther  poor 
penetra t ion into mouse tumours by the drug  
[1]. Th e  longer plasma half-life in the dog 
should allow bet ter  tumour  penetra t ion and 
we are current ly  investigating this possibility. 
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