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Abstract Pharmacokinetic experimelns have shown that radiobiologicallx signiticant levels of metro- 
nidazole (Flagyll can be achieved in the serum, brain, liver and kidneys of rats following oral adminis- 
tration of the compound. Drug doses of I gkg  body wt in rats bearing Walker 256 sarcoma resulted 
in tumour levels of" approx 1 rnM (170/tgml) 1 hr post-trcatment, No change occurrcd in the weights 
of liver, kidneys, spleen, hmgs. heart and adrenals or in the erythrocyte count following administration 
of metronidazole (0"2 g,'kg body wtl over a period of 6 weeks compared to thc control group. The 
body weight gain of the metronidazolc-treated animals m the 6-week period showed a small but 
significant decrease: a slight leucocytosis was observed but this was not statistically signilicant. No 
significant change in liver cytochromc P-450, NADPH-cytochrome c reductase, aminopyrene demctbyl- 
ation or glucose-6-phosphatasc lexels were observed in rats given 1 gkg  body wt metronidazole daily 
for 4 days compared to ,aalcr treated control animals. However, a small but significant decrease in 
NADPH-linked lipid pcroxidation and NADPH-neotctrazolium reductasc activity was obser\ed. 
Several enzymatic parameters in serum rcmained unchanged. A 2-fold increase in the weighl of the 
caeca of drug treated animals was associatcd with a change in the bacterial flora of their intestinal 
contents. Whereas the contents of the caeca of the control group rapidly degraded mctronidazolc. 
those of the drug-treated group did not. The significance of these restllts to thc use of metronidazole 
in cancer radiotherapy is discussed 

It is believed that  the faihlrc to cure a primary 
tumour  by radiotherapy is duc ir! some instances to 
the presence of mal ignant  cells that are relatively dis- 
tant  from a capillary vessel at the t ime of t reatment :  
in consequence, oxygen diffusing flom the capillaries 
may be utilized prior to reaching these cells. At the 
t ime of radiat ion t reatment  a propor t ion of these cells 
may be viable but extremely' hypoxic. Unfc~rtunately 
hypoxic cells are much more resistant to radiat ion 
killing than normal  cells find following radiation 
exposure may remain undamaged.  On subsequent 
shrinkage of the turnout  the oxygen supply to the 
previously hypoxic zones may be improved and rapid 
regrowth of the remaining tumour  cells may occur. 

At tempts  to overcome this hypoxic cell problem 
have included the use of hyperbaric  oxygen [1]. Clini- 
cal trials to date. howcver, have yieldcd equi~,ocal 
data [2]. Following the discovery' that several organic 
nitroxyl derivatives selectively sensitized hypoxic cells 
to radiat ion damage, a t tcmpts  have been made to dis- 
cover other drugs with more favourable pharmacolo-  
gical properties [3, 4]. If such drugs are not metabo-  
lized as rapidly as oxygen they may difl\lse further 
within the tumour  mass and consequently lead to a 
generally increased sensitivity of the tunlour  to 
radiotherapeut ic  treatments.  

Recently several organic nitro compounds  used in 
the t reatment  of urinary tract infections, have shown 
considerable promise in radiosensitising applica- 

* Present address: MRC Cyclotron Unit, Hammersmith 
Hospital, Ducanc Road, London W l2. 

tions [..5 17]. In particular, studies with metronidazole 
('Fhigyl', May and Baker Ltd.) showed that radiobio- 
logically significant concentrat ions of the nitroimida- 
zole could be obtained in the serum of mice following 
injection i.p. of one-twentieth of the H)so [10]. The 
radiat ion dose ~hich  cured 5() per cent of a group 
of mouse mammary  tumours  was subsequently 
reduced by a factor of 12 13 when the drug was 
administered orally 30 min before radiaiion treat- 
ment [8, 9]. 

Whilst these results were encouraging, the drug 
doses administered to mice were much higher than 
those normally used clinicanv for anaerobic  infes- 
tat ions (2(DM00mg t.i.d.). For a detectable radio- 
therapeutic  gain, doses of the order of 0"2 g,,'kg (i.e. 
14 g/70 kg) will probably be required. Although recent 
preliminary clinical studies [15 17] suggest that  such 
high levels of metronidazole may be tolerated three 
times per week for two weeks, it was considered that  
further pharmacological  and toxicological studies in 
animals would bc advisable before any long-term 
clinical usage of such high doses. 

In this paper experiments with rats are described: 
addit ional  information on the pharmokinet ics  of the 
drug administered in high doses and its effect on 
various liver parameters  have been obtained. 

METIIODS 

Except m the case of tumour-bear ing animals 
where male rats were used. studies were undertaken 
using female albino Wistars fed diet 41B modified 
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t t ) xu id  Ltd.. l xmdon.  S.t{.I.) and ;~,atcr a l  l i h .  Tl'~c 
dose d metronktctxdc \\us in thc l - { t l lgC O f  0"2  [O 
1. 4 kg bed\  \ \ t  l ind \\ais u';uall\ administcrecl oi~tll\ 
'<1~ it ',U,,l~C'l>i<m. 

Io  cxmnine the chronic el'loci e l  n~etronJdazole. 
0 2 g  kg I+od\ \~l \ \us  .4i\cn thrcc  tii+ncs +i \reck I'ur 
six \~cek>, inc lud ing  the  lhml dtt 3 of  the  exper iment .  
] h c  gt+o \ \ lh  rates, ctrg;.in ~\cights ~.tlld thcir histologicul 
~tppcal-ai+ce \\ere compared \ \ i th a coteti+t+l gl+otip oF 
rats \ \hich l~ad boon given ~lll equal vo lume of \\atcr. 
Bcl\+rc saci+iticu'. ~t b lood Smnl->lc was I-Ct+llo\ed ['rotll 
the  tail \ t i n  for a H o o d  cell c o u n t  which  \\~ls pet- 
['orilled using a (c+tlltcl + ( 'Otlntcr ( ( ou l t c r  klcctronics 
I.tcl.. t larpci~dclL Herisl. Protein \\as predp i ta icd  
lrOll~ a scrunl sml~plc I(i._ ~ lrll) b \  the addi t ion of 4 ml 
of othmml. Follo\\il~.4 CClltriftlgation. the n/ctronidt i -  
zdc  \\as es i imaed spcc t rophotomc i r i ca l l ) [151  ~il 
31(~nill t~iking ~ : 9 3 1 0 M  i Cill i For  histologicul 
cxa imnal i tm,  ti'~alc ,~amplcs \~eic l ixcd in for lnal 
sl i l i ix' cuxl sections cul and stained \~ith h:.icmatox\lh~ 
:lnd cosin. 

[ o  cxamirie the short term cftucis of  me t ron ida lo l c  
on inducl ion of  cndt)l~l~ismic rcticulcim, thc microso- 
inal fruit\ion \\~ts prcp:.ued by dil} 'crontiaI centrifug:,i- 
\ ion in (t-25 M sucrose fron~ the livers of i~its \q~ich 
ha t  l-ccei\ed 1 g kg  bed \  wt o f  mc t ron ida /o lc  dai ly  
lo t  the 4 d~i)s b c b t c  sacrilicc. The microsomal  pellet 
\\',is r c suspended  in ()'15 M K( ' l  Io g i \ c  the  cqui i \alcnl 
of l , ,  x\ct \ \ t  l i \ e r  e l .  P ro te in  co t : ccn t ra t ion  \\tlS 
determined b\ the methc+d of  L o \ \ r \  ¢'t <el. [ IN ]  rising 
ho \ ine  SCl+l.ln-i a lbt l l l lh/  ;_is st~.lnd~.il-d. The methods of  
cteler lninaiol~ of  NADPH-c \ . t och romc  ~ oxidorcduc-  
last. N A D P I  { -neotet razol ium oxidoleductclsc acti\ ' i- 
tics ~itxl m~linopxrcnc demcth} la t ion  have hcen do- 
scr ibed pre\iousl_x [19, 20]. Glucose-(~-pimsph:. t tnsc 
was ~lssa,<cd h\'  the  m e t h o d  descr ibed  I-,~ D c k t n c \  and  
S l a t e r l 2 1 J  and  N A l ) P H - d c p c n d e n t  lipid p c r o x i d >  
\ ion b \  the  s \ ' s tem given h\  Jose  et ~,/. [22].  Blood 
s amp le s  \,,ere r emoved  I'rom these  ra ts  trader pcn to -  
barbiUtl m~aesthcskl ~tllcl the scrurn Ic\cls o1 lactate 
dch)di-o.4utlasu. ,,orbitol dell}dro.4ct~asc and ~ltLt~i- 

t ~ i t c  p\ru\~ l tc  tr~it>ttll~il~ist_' \',ere determined h \  ihe 

l l lethods o1 tile laJt+elii-ingcr (o r l x ) ta t i cm (Lo ix ton)  
Ltd. 

Vqaikcr 256 S~ll+CO111~ts [( 'hester t tcath ( t i n t e r  
Research lnst i tulc. London)  \~,crc iriduced in mak' 
VVislars b\. subcutmicous inguinal  iixjcction e l 2  , I(l" 
coils. Al'tcr <X d:i+s mctronida;,ole \\ilS '<ldmii+istet+cd 
IX '#  . O h  ill ;.i l ' t l l lge ftOlll 0"25 t 0  I g kg I>ch  \~t., Blood 
smnplcs \~,crc taken under ether anaesthesia. Tul-llours 
and bi~.tiris were excised :.llld homogcni, 'cd in ice-odd 
bora te  Dull'or ',lnd thc  t issuc drlj.~ COllCclllral.iOl/ csli- 
nlatod rising a pol~lt+t+gi+aph (Shmgcm Sul.ithcrri In- 
struments), c:.ilibl+atod h \  adding kr iowl l  aliclUOls d 
ine l ron idazole It+ tissue suspci>ioi l  under identic~ll 
condit ions. The M c l  o1 mctro i l ida/ t ) lc  in the lix<_'i and 
k idnc\  in non- lu i lmt iF hearing t:it'~ ~\ :is also estimated 
b\  this proccdurc. 

In the it~vcstigution of  the metahc+lism tel motroni -  
d> 'ok '  hx anucrohic Ixictcri',l. ~i suspcnsiol~ of  the c~tc 
cal coiltent,~ fi+onl both ilt)rll-ia] ~iiltt mctrtmida/~+lc 
treated ra ts ( I  g k g  bed\. \\t l o r 4 d a } s )  \\:.is prclxircd. 
t o l l o \ \  ing ccrviccil dislocaticm, thc cac.'ctltll a'<is 
i+elllO\cd [1o111 the al l in lal  inside ~t g lu\c ht~\ their l e d  
hecn Ilushcd \ \ i th oxbgcn-Ircc nitrc~gcn and the c_~tcc:il 
contents suspelxled in nutr ient bl-<~t]~ contah~ii~ 7 
l ( ) ( )mM succimitc. The suspct>iol~ \\~ts l i i lcrcd 
throud~e ~atllC ~ind an aliCltlOt It-ansierred lti 
~.t i~itrogcl>llu@.ed glass cell inctabol ism \c,,>cl 
Mct ro l~ ida io le  \\:ls :lddcd. alXl the StlSpCllsion ,,,,:ix 
h~.cuhaled :it 37 \vhilc bein 7 continu~l lh buhblcd ~kith 
n iti-ogci~, i \ t  l imed inter\als (i.5 ml o1 ,m,,pcnsiot~ \\ a, 
drtt \ t l l  d'F into 15 m] o1" c th \ l  acculte lille[ ().~ ml 
lO0 m M  KOI-t :tddcd. ,.\[lcr ccnl r i [ueal io ix  the 
metrot~idazolc \\cis c_'xtl+:icled It-Oln l)-5 ml o1 the 
oi -~t ln ic  l a \ c i  + Is\  thc  a l c t i t i o n  + • . t l _ 1111 O1 I O l i l n M  l t ( I .  

1"5 m[ of the ~lqticous [a\cr  \\its rcnm\cd.  2 ml of  I \ I  
K O H  added and thc ~ibsoi-t~mlCC rc:',id ~lt 320 n11/ tltk- 
hlg ~ %10  ~vl loll1 I 

R I.]N I l. lS 

Thcrc \',as i> clmngu in thu v, dghts d liu_'~. 

kidnc\s spleen, h.mgs, hc'ari und :idrun&., <+t- in th,.: 

F:tl-,Ic 1. "lh,-' cll~',..'t c,f metronidaeole or organ \',,ciglats. blood cd] count ~tll~.i gl~V.,kth 
r41e il1 l'elqqaic I'itlF, 

Mctronid',ieulc ( 'entre1 
(gl Ig) 

I+ikcr <)'3f~ : (t.30 c ) ' 5 f l  - II.24 
Kictneks I + ( )  7 :0 ' ( )3  1-77 ~ (I.04 
Spleen 0.45 + (i.(12 ()'5(~ k • 

lung,, 1.23 t (I.(i4 1.3) ;: (i.(il 
l lcal t  (/.<S] + l)-1)2 (I-N,\ ; ().(13 
.\drctlals ()'11 b ( e l  (1.12 ~ (i.(ll 
()riginal hod\ k~l 157 f ~ 154 4 ~ 
( M n  in bed3 ~t 

m e t  6 ',kooks 74 - 4* S7 3 
RCcl bluoct cell colin1. 

million per mm ~ 7.S1 + (I. 13 7"9,<+4 ~ fl-14 
\g"hite blood cell count 

per mm ~ 12.7(IO + 1104 11.201) t </27 

• P ~-0"02. 
\lclronid~l×ole \~ts given I).2,,.z* kg body \q 3 lime>. 4 week f o r  6 ,,kooks, l l l , r  ,>x. 

lhc uonlrol gI 'OI Ip kk~lS ghen till equal ~.c+lumc of \k41Ol'. 
Rc.'sti l ts t i re  expressed tls I1]Cdl]t~ ' ~ .~ . .~ l .  Of the 12 l 'Ji>, i]1 Cau'tl 71"Otlp, 



Metronidazole ( F l a g y l )  

Table 2. The effect of metronidazole on caecal weight 
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Dose Caecal Weight 
lg'kg body wtl Route Duration metronidazole control 

0.2 l12b p.o. 18 doses in 5.7 _+ 0-3* 4.1 ,+ 0.2 
6 weeks 

1"0 181 i.p. 4 doses in 7.9 ,+ 0"3* 3'6 ,+ 0.1 
4 days 

1"0 (12~ p.o. 6 doses in 9'9 + 0-3* 4"2 ,+ 0"2 
5 days 

* p :> 0 ,001 .  
The results are expressed as means _+ S.E.M. with the number of animals shown in parentheses. 

The control group received an equal volume of water. 

erythrocyte count  following the administrat ion of 
metronidazole (0'2 g:kg body wt) over a period of 6 
weeks when compared with the control group (Table 
I I. There was a slight leucocytosis but this was not  
statistically signiiicant. The body weight gained in the 
6-week period showed a small but significant decrease 
in the metronidazole-treated groups (Table 11. The 
most striking effect of metronidazole adminis t ra t ion 
was on caecal weight together with an alteration in 
the appearance from grey to orange brown. The cae- 
cal weight increased with increasing doses of metroni-  
dazole (Table 2). 

There was little change in cytochrome P=~s.- 
NADPH-cy toch rome  c reductase, aminopyrene de- 
methylat ion or glucosc-6-phosphatase levels in the 
liver microsomes prepared from rats given l g/kg 
body wt for 4 days {Table 3). However, a small but 
signiticant decrease in NAPDH-l inked  lipid peroxida- 
tion and N A D P H  neotetrazol ium reductase activity 
was observed. The serum sorbitol dehydrogenase, glu- 
tamate  pyruvate t ransaminase  and lactate dehydro- 
genase activities remained unchanged (Table 3). 

The level of metronidazole  in serum, liver and kid- 
ney following oral adminis t ra t ion of 1 g/kg body wt 

is shown in Figure 1. A serum concentrat ion of over 
l m M  was attained by 60 min with only a further 
small rise in the next hour. While the level of the 
drug in the liver closely followed that  of serum, the 
values obtained for the kidney were somewhat higher 
(Fig. 1). 

In tumour-bear ing rats the serum levels were fol- 
lowed after a dose of 1 g/kg. Here a rapid increase 
in serum concentrat ion was observed followed by a 
partial decrease and a late rise reaching a maximum 
by 60 min (Fig. 2). The level of metronidazole  in brain 
and the Walker  256 sarcomas also gradually in- 
creased to a maximum after 1 hr but was at a lower 
concentrat ion than serum (Fig. 2). 

Studies with lower doses of metronidazole showed 
that  the serum or tissue level after 60 min varied ap- 
proximately linearly with dose over the range 
0"2 I-0g/kg {Fig. 3). 

In view of the changes in the appearance and 
weight of the caeca from metronidazole treated rats 
and previous reports that ni trofuran deriwltives [24], 
metronidazole [25] and chloramphenicol  [26] are 
degraded by bacterial suspensions, the activity of the 
caecal contents  was investigated. It was found that 

Table 3. The effect of metronidazole on enzyme activilies in the liver and serum of female rats 

Enzyme Metronidazole Control 

NADPH-cytochromc c oxidoreductase (4) 119 -+ 3 108 + 8 
{per min 25 ) 

NADPH-neotetrazolium oxidoreductase (4) 53.4 + 55* 70.0 + 4.3 
Iper 10 into 37') 

Aminopyrene dcmelhylation (4) 37.5 _+ 1.6" 42.8 _+ 1.3 
(HCHO per 10 rain 37 ) 

N AD PH-linked lipid pcroxidution (41 1.44 + 0" 12t 2-25 ,+ 0" 12 
Ipcr 15 mm 37 ) 

('ytochrome P4>o (51 0"35 ,+ 0-01 0"4l ~ 0"01 
Glucose-6-phosphatase 14) 17.2 + 1"7 20.7 t 2"0 

I/tg Pi per 10 rain 37 ) 
Sorbilol dchydrogcnase (6) 2"0 -+ 0"4 l'8 + (1.2 

(ln[; ml) 
Glutamate pyruvate transaminase (6) 8 + I 8 ,+ 1 

(mU mll 
Lactate dehydrogenase (6) I17 ,+ 28 107 ,+ 21 

(rnU ml) 

* P -- > 0.05 
+ p > 0.001 
Mctronidazole was administered as a single daily dose at 1 g/kg body wt i.p. for 4 days. The livcr enzyme activities 

arc shown as nmoles product per mg protein. The results are expressed as means _+ S.E.M. with thc number of animals 
given in parentheses. 
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Fig. I. The concen t ra t ion  of me t ron idazo lc  in serum 
lat  A). liver (© Oi and  k idney  (@ O) following oral  
admin i s t r a t i on  of I g,,kg body wt. The results  are the 

InedllS of 3 anillqals in each group.  

an anaerobic caecal suspension from untreated rats 
rapidly metabolized metrmfidazole which ~as added 
to give an initial concentration of 1 raM. The fall in 
drug concentration was exponential with a half-life 
of 85 rain. In contrast a caecal suspension from rats 
given metronidazole for the 4 previous day's (1 g,.q<g 
body wt) failed to metabolize metronidazole {Fig. 41. 

DISCt SSION 

There arc several criteria to be attained if a chemi- 
cal is to be an ellective radiosensitiser of hypoxic cells 
when used in conjunction with radiotherapy. Of these 
a maintenance of a high serum concentration for a 
reasonable period of time coupled with the ability' 
to diffuse into all parts of the tumour in a sullicient 
concentration are of paramount importance. Up to 
recent times mctronidazole has been given mainly to 
combat parasitic protozoal infections especially Tri- 
chc, momt.'; t,,:(qi;qalis, the therapeutic dose (20(~4(X)mg 
t.i.d.) giving a serum level o1"4 8/ ,g 'ml  [27]. It has 
been estimated that the serum concentration of 
metronidazole required during the application of each 

20[- 
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Fig. 2. The concentration of mctromdazolc m serum 
(at at), tumour (O O) and brain (O O) following oral 
a d m i n i s t r a t i o n  of l g /kg  body wt to rats  with a Wa lke r  
25(5 sa rcoma implan tcd  8 days  before dosing.  The results 

arc the mcans  of 3 an ima l s  in each group.  

2.0 - 

~:E 1 6 -  J 

g 
0 . 8  

N 

0 . 4  

I I I I I 
0 2  0 4  0.6 08  1.0 

Dose g /kg  

Fig. 3. The level of me t ron idazo lc  in serum {at at) 
tunaour (O e l  and  brain (O e l  60 rain after oral 
admin i s t r a t i on  of mc t ron idazo lc  rang ing  from 0-2 to I g kg 
body  a t .  The results shown arc the mcans of 3 cnailnals 

m each group.  

dose of radiation in a functional coursc of radio- 
therapy is in the region of 170/ig ml (I mM)[10].  

The highest human ~ r u m  level measured tip to 
1973 was 701tg/ml after a 4g  oral dosc[28]. Since 
the commencement of this study preliminary clinical 
trials have been undertaken at two centres[15 17]: 
the results have shown that serum level increases 
linearly with the oral dose of metronidazole adminis- 
tered and produce a maximum concentration in the 
range of 20ff 300/zg'ml following a dose of 0-2 g kg  
body wt [ 17]. 

The results reported here have shown that serum 
concentration of thc order of 20t)l~gml ma\ bc 
achieved and maintained for at least an hour in rat> 
provided a considerably higher oral dose is gixcn 
11 g 'kg body wt). In the present studies although the 
measurements observed have been equated with in- 
tact metronidazole, this may not entirely be accurate 
since the analytical method, i.e. spectrophotomctry or 
polarography, detects the unchanged nitro group 
[29]. However. since the radiosensitising efliect of the 

m 
g 
J 

E 

o 

~, 

OI 

5 I0 15 20 25 30 

min 

Fig. 4. The rcmowd of mctronidazolc b> all anacrohic cac 
cal suspension prepared  from 4 con l lo l  l a l s  (O O) Hlld 
from 4 rats  which had received 1 g kg bod~ wt of mctroni-  
dazole  ora l ly  for 4 days, the linal dose being given 24 hi 
before sacrifice (@ O}. For detai ls  of the caeca} prep 

a ra t ion  scc the text. 
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f:ig. 5. The ratios of mclronidazolc m liver (O O) and 
kidney ( l l  l l )  to serum in female rats and in Walker 256 
sarcoma ( i  i )  and brain IzE AI to serum in male rats 

Iollowing oral administration of 1 g.'kg body wt. 

drug is due tO the presence of the nitro group the 
Ic\.cls quoted here are directly relevant to the sensitis- 
ing actix itv. 

It can be seen that there is some difference in the 
pharmokinetic properties of the drug in the two 
groups studied. Although the groups differ in sex and 
by' the fact that one group was tumour-bearing, it 
is believed that the differences observed reflect vari- 
ations in gastric emptying and intestinal motility. 
These differences in tile pharmokinetics of metronida- 
zole have been observed previously both in rats {R. 
M. ,1. Ings. private communicat ionl and ill hunmns 
[30]. 

Since the concentration of metronidazole in tissues 
~ill be directly related to the serum level, it is useful 
to exalTline the tissue to serunl ratio as a function 
of time. This is shown in Fig. 5. Metronidazole can 
be seen to penetrate the liver to give an equal concen- 
tration whilst reaching an elevated level in the kidney. 
The laltcr resuh may be accounted for by' the report 
thai the m~tior route of excretion for metronidazole 
is in the urine and lit least 15 per cent of the dose 
is excreted unchanged[3l] .  Although a lower ratio 
of mclronidazolc was observed between the Walker 
256 sarcoma mid serunl, a concentration of 1 mM was 
altained within the lumour. Similar restilts were 
obtained for brain. The ability to cross the blood- 
brain barrier [32] and to produce a high concen- 
l rat ion in tumour tissue which in general is poorly 
Vilsculllrizcd reflects tile physico-chemical nature of 
mctronidazolc. "rhc drug is it relatively small molecule 
with a l ipid,'~ater part i t ion coellicient of 1:I and is 
nol bound to prolein [10]. 

A lurther criterion to be considered is whether the 
drLig is toxic at the conccntration that will be required 
for radiotherapy.. The observed absence of a rise in 
the serum enzymes on GPT, SDH and LDH is an 
indication of lit) significant re:tier organ iytiury follow- 
ing I g, kg for 4 days. Furthermore. nletronidazole did 
1301 inhibit the drug metabolizing cnzynles N A D P H -  
cytochrolne c reductase and cylochrome P4>o or the 
rate of aminopyrene demethylation. This is in con- 
trasl to the 1-alkylimidazoles many of which are 
powerfnl inhibitors of the liver nlicrosomal drug oxi- 
dations [33]. The lower rate of NADPH-I inkod lipid 
pcroxidation illtt)reflect a competition by metronida- 

zole for electron flow along the cytochrome P-450 
c13ain. 

Although mctronidazole has been reported to cause 
marked degeneration of the Purkinje cells in dogs 
such alterations were not observed in other species 
inchiding rat [34]. In tile present studies the chronic 
close of metrolyidazole caused l'e~ alterations in the 
parameters measured. The drug has been reported to 
produce a leucopaenia when administered over a long 
period [35]; however, in the present studies no signifi- 
cant difference in the mean white cell count was 
found. 

The observed change in the caecal weights and col- 
ouring in rats may be due to a disturbance in the 
balance of the bacterial flora present. Metronidazole 
is well known for its selective action against anaerobic 
rather than aerobic bacteria. Since over 9t) per cent 
of the I]ora of tile small intestine of rats and man 
belong to the group of strict anaerobes, e.g. 13actcr- 
oi&'.s [36], the renaoval of these species would permit 
other organisms to flourish. 

It has been proposed [37] that the toxic action of 
metronidazole is due to a reduced product of the drug 
which interacts with some essential cellular constitu- 
ent. This implies that thc degradation of the drug 
may well occur at the same time as it exerts its toxic 
action. A wide variety of other electrophilic com- 
pounds including azodves are metabolized by' intes- 
tinal microflora [38, 39]. Tile actual mechanism of 
degradation remains uncertain, however results of 
studies with a ferrous cysteine system [40] suggcsts 
interaction with iron sulphur compounds may. be in- 
volved. This is supported by previous observations 
of the nipid degnidation of trinitrotohiene [41 ], nitro- 
furan derivatives [42], and niridazole[43], by xan- 
thine oxidase, an enzyme containing an iron sulpimr 
moiety and of metronidazole lind chloromphenicol by 
ferredoxin [25,44 46]. The lack of toxicity of 
melronidazole towards well oxygenated tissues mav 
similarly be acconnted for by the failure to transl\mn 
the drug to its active principle by' a reduciive 
mechanism. 

Finally there arc reports of possiblc carcinogenic 
and mutagenic actions of metronidazolc whicln 
requirc commcnt. The increase of lumonrs in mice 
was IBund to be increased if tile animals were fed 
on a diet containing 0 - 1 5  per cent metronidazolc [ 4 7 ] .  
However, there was a high incidence of spontaneous 
tumours in the control group and other studies in 
rats no carcinogenic activity was observcd [48]. In 
both studies on mutagenicity, bacteria were incubated 
with the drug under conditions in which there was 
a high probability that they were seriously deprived 
of oxygen. As described above the cytocidal action 
of metronidazole is probably due to its conversion 
by reduction to a toxic interlnediale which can bc 
rendered harmless in tile presence of oxygen by reoxi- 
dalton. Thus any mutagenic action of metronidazole 
is l110rc likely to manil'cst itself under :.nlaerobic con- 
ditions and is tinlikely in normally aerated cells i,1 
rico. lndecd this selective cytocidal action of metroni- 
dazolc on anaerobes rather than aerobes nlily also 
have an analogous conterpart in nlammalian cellular 
systems. Recent results with cells in spheroid cul- 
ture [49] and also with ascitcs cells ill citro [50] sug- 
gest that meironidazole max also sclectixeh kill 
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IDpox ic  n m m l n a l i a n  cells leaving n o r m a l  wcl l -oxy-  
gcna ted  cells u n a f f e c t e d [ S 1 ] .  T h u s  m e t r o n i d a z o l e  
m a y  p r o v i d e  a t w o - p r o n g e d  a t t ack  o n  the  h y p o x i c  
cell  p r o b l e m  in r a d i o t h e r a p y :  a s e n s i t i s i n g  effect tit 
the  t ime and  a c h e m o t h e r a p e u t i c  effect before,  d u r i n g  
and  after,  r a d i a t i o n  t r e a t m e n t .  
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l )cpar lmcnt  for assislance with the polarographic  measure- 
menls. We are indebted to Dr. J. A. McFadzean,  Dr. R. 
.h hags, Mr. J. L Foster  und D r . . h  T. Nodes for helpful 
discussions. 

REFERENCES 

1 T ( 'hurchi lI -Davidson.  ('. Sanger and R. H. Thomlin-  
~on Lum'et I, 1091 (1955). 

2. W. Duncan,  Br. recd. Bull. 29, 33 (1973k 
3. P. T. Emmcrson  and P, Howard-Fhmders .  Nutitr(, 2114, 

1005 11964i. 
4. P. T. [:dilmerson and P. Howard-Flanders .  Radi , t .  ReLy. 

26, 54 (1965). 
5..1. D. (qlapinan.  A. P. Reuvers, ,I. Borsa, A. Pelkau 

and D. R. Mc('alla. Cum'el" Res. 32. 2616 (1972). 
6. J. L Foster  and R. L. Willson, Br. J. Radiol. 46, 234 

(1973l. 
7. J. D. Chapman,  A. P. Reuvers and J. Borsa, Br . . I .  

Radiol. 46. 623 {1973). 
S. H. 13. Stone and H. R. Withers, Radiolo~/v 113, 441 

( 19741. 
9. A. C Begg. P. W. Sheldon and ,h L. Foslcr. Br. J. 

Radiol. 47, 399 (1974). 
I0. J. C. Asquith, ,I. L. Foster, R. L. Willson, R. lngs and 

J. A. MacFadzean Br. J. Radiol. 47. 474 (1974i. 
I1. J. Dcnekamp,  B, D. Michael and S. R. Harris. Radiar. 

Rcs. 60, 119 (1974). 
12. ,I. Ii. T h o m p s o n  and A. M. Rauth. Rudiat. Res, 611, 

4S9 (1974). 
13, R. M. Sutherh.md, ('a~lcev Res. 34. 3501 (1974~. 
14. A. M. Rauth and K. Kau[man,  Br. . t .  Radiol. 48, 209 

(1975). 
15. R. ('. l l r tasun,  ,I. Slurmwind.  H. Rabm, P. R. Band 

and J. D. Chapman,  Br. J. Radiol. 47. 297 {1974i. 
1(~. R. ('. l rtasun. J. D. Chapman.  P. Band, H. Rabm. 

( .  Fryer and .I. Sturmwind,  Radiolo~ly 117, 129 119751. 
17. (i. l)cutsch. ,1. I~. Foster. ,1. A. MacFadzean  and M. 

Parnell, Br. J. Com'cv 31, 75 (1975). 
IS. O. H. Lowry.  N, J. Rosebrough,  A. L. Farr  and R. 

J. Randall, J, biol. Chem. 193, 265(19511. 
19. T. F, Sluter and B. C. Sawyer. Biochvm. J. I l l .  317 

I I  969k 

20. T. F. Nlater and B. C. Sa,s,,ver, Biochem. d. 123, SIS 
119711. 

21. V. B. Delanev and T. F. Slater. Biochcm. ,1, 116, 2~)0 
(1970). 

22. 13. .I. Jose. T. F. Slater and B. ('. S{I'~,~CI ". 7";'a;;s. /,;<;- 
chvm. Soc. 1. 939 (1973). 

23. V. M. Rosenovcr,  B. C, V. Mitchle), F. ,h ('. Roe and 
]'. A. ( 'onnors ,  ('am'or Rye. 26. 937(196¢3). 

24. D. L. ( ' ramer ,  J. Bacltq'iol. 54, 119 (1947). 
25. R. W. O'Brien and J. G. Morris.  Irch.~; ,~dicvobtol. 84, 

225 (19721. 
26. G. N. Smith and ('. S. Worrel, -Irchs I~iochem. 13ieq,hl's 

28, 232 (1950). 
27. P. O. Katie, J. A. McFadzean .  N. Squires, , \  ,I. King 

tilld ('. S. Nicol. Hr. J. ceJ~. Dis. 37, 273 {1961L 
2S. A. tt. l)avics, t:b'. J. veJ1. Dis. 43, 197 [1967). 
._9. R. L. Willson. W. A, ( ' r a m p  and R. M. J. lngs,, hi/'. 

J. rmhut. Biol. 26, 557 (1974). 
30. E. I). Ralph, ,I. T. ( ' larke. R. D. Liebkc, R. P. Luth} 

zlnd W. M. M. Kirby, d,ltlmicroh..1~1. ('hemoth(,r, 6, 
691 ( 19741. 

31. R. M. ,I. Ings, ,I. A. McPad/ean und W 1 () lnlcrod. 
.\'cmd~iotica 5, 223 11975). 

92. (i. F. Placidi. D. Nlantloka, A. AiC{IFtl/,  .I.A.W. l ' a )h w  
and R. [{arle, .trch,v i ,l .  PharmacodyH "lh,;r, 188, 16S 
(1970). 

33. E. D. Palmer and M. A. ('~_lwthol-ne. , \c,o/~imic,l 4. 
209 11974). 

34. K. Scharcr, l{,rh. Dl.sch. Ges. Path. 56. 4()7 (1972). 
35. J. A. T. Taylor  J - tMA 194, 163 (19651. 
36. S. Tabaqcllali, in l~!/{,ctioJl with mm-sporiu~l o,at 'rohx. 

huctcrm (Eds. 1. Phillips and M. Sussman), p. 60. ( 'hut '- 
chill kivingsionc, London,  1974. 

37. R. M. ,I. Ings, J. A, McFadzcan and W. E. ( ) rmcrod.  
Biochem. Pharmac. 23, 1421 (1974). 

38. R. R. Scheline, J. Phar,lac. Sci. 57, 2021 1196S). 
39. R. Walker, Fd. ( 1+ J is ~ ~ ~ ( , f . To\tool. 8, 659 (197(11. 
40. R. L. Willson and A. J. F. Searle, .k;aturc 255, 49S 

(1975i. 
41. F. [luedhlg and N..Iol l i f fe, J. Pharmac. c',;p. /'hel'. 81,1, 

300 (1946k 
42. ,I. D. Taylor. H. E. Paul and M. t:. Paul..1. tliol. ( ' hvm 

191. 223 (1951). 
43. M. Morita, D. R. Feller und J. R. Gillette, Bi<;chcm 

Phurlnac. 211, 217 ( 1971 ). 
44. D. I. Edwards and (i. E. Mathison.  d. !t~'Jl. 311cr,/,iol 

63. 297 (1970). 
45, I). 1, Ed~ards.  M. l)\,c and H. Came,  ,1. 0c~l..'~ll~ v<,- 

biol. 76, 135 (1979). 
46. R. W. O'Bricn and J. O. Morris, ,I. <lc~I. Ali<r<d, iol 

67. 265 (1971k 
47. M. Rustia and P..I. Shubik, ,I. mttJl. (am'or  lll~lilltt~ 

48. 72l 11972). 
4S, S. M. ( 'ohcn,  F. Erlurk, A. M. Von lisch, A. J. ( ' to \c l t i  

alad ( i  T. Bryan .I. #mtu. ('a~tc<'r l/>titla<' 51, 41)~ 
(19731. 

49. R. M. Sutlacrland, Cancer Rcs. 34, 3501 (19741. 
50. ,l. k. Foster. P. J. ( 'onroy.  A. J. F. Scatle ;lnd R. l+ 

Willson (in prcssl. 
51. J. L. Foster alld R. L. Willson. Pro> IA Ira. ('olI:II 'C~ 

Of (']I('ItlOI/t('I'UI)y. golldoll 1975 (in prcssl. 


