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S u m m a r y 
W e s tud ied the e f f e c t s of d e x a m e t h a s o n e . ascorb ic acid, 
a n d m e t r o n i d a z o l e on the irradiated spinal cord of Wistar 
rats. Th i r t y adul t Wis ta r rats w e r e r a n d o m l y ass igned into 
3 g r o u p s . F i v e ra ts se rved as the control group. Another 
g r o u p o f 5 rats w e r e irradiated in the neural axis with 2.5 Gy 
of g a m m a rays . T h e last g r o u p of 20 rats were irradiated 
a n d then d i v i d e d into four s u b g r o u p s of 5 rats each : o n e 
s u b g r o u p w a s admin i s t e r ed d e x a m e t h a s o n e a lone , a sec-
ond s u b g r o u p h a d me t ron idazo l e a lone , a third subgroup 
w a s t reated with d e x a m e t h a s o n e and me t ron idazo le c o m -
b ined , and a fou r th s u b g r o u p had a sco rb ic acid a lone , 
g i v e n in t r ape r i t onea l^ ' fo r 7 days be fo re exposu re to ra-
d ia t ion . a n d a l so for 5 d a y s af ter - i r radia t ion . All irradiated 
a n i m a l s d e m o n s t r a t e d s imi lar vascular c h a n g e s in form of 
spl i t t ing o f the s m o o t h musc l e layers o f the ar ter ioles of 
the an te r ior spinal arteries. Similarly, all the irradiated spi-
nal c o r d d e m o n s t r a t e d sh r inkages as noted in the d iminu-
t ion of the neurona l s izes measured by a mic roscope with 
a m i c r o m e t e r e m b e d d e d in the eye -p iece ob jec t ive . T h e 
d r u g s d id not individual ly protect neurons f r o m d a m a g e at 
the level of our invest igat ion. H o w e v e r , the combina t ion 
of d e x a m e t h a s o n e and met ron idazo le p roduced a reduc-
t ion of the degenera t ive e f fec t of radiat ion on the neurons 
w h e n the post - i r radia t ion d iamete rs of the neurons were 
c o m p a r e d with the control and those of the o ther experi-
menta l groups . We conclude that g a m m a ray induced dam-
age in the spinal cord may be amel iora ted by combin ing 
d e x a m e t h a s o n e with metronidazole but not by individual 
t r ea tment wi th any of the three drugs. 

K e y w o r d s : Dexamethasone, metronidazole, ascorbic 
acid, radiation, gamma rays, spinal cord, Wistar rcit. 

R e s u m e 
N o u s avons dtudie les e f fec t s du dexamethasone , 1'acide 
ascorb ique et matronidazole sur les irradiations de la mobile 
e p i n i e r e d e s rats. Tren te rats adul te etaient groupds au 
hazard d a n s 3 g roupes et une groupc de cont ro le de 5 rats 
chacnn . Un autre groupe de 5 rats dtaient irradids dans 
I ' axe neura le ave r 2.5Gy des rayons G a m m a . Le dernier 
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groupc dc 20 rats dtaient divisds en 4 groupes de 4 rats 
chacun. exposes aux radiations et traites au dexamethasone, 
metronidazole, une combination de metha et metronidazole 
et I* acide ascorbique donne intrapdritoneallement pen-
dant 7 jours et 5 jours apres I ' irradiation. Les change-
ments vasculaire et la d immunit ion en diamdtre neuronale 
des muscles strids et arterioles des arteres antericures de 
la moel le epinidre dtaient observds . Les mddicaments 
individual ne protegaient pas la destruction des neurones 
dans cette dtude. Cependant , la combinat ion du dexa et 
du metro producait une reduction de I 'effect degenerat ive 
de radiation sur les neurones en comparant les diamdtres 
des neurones pre et post- irradiation aux different groupes 
et au controle. Nous avons conclu que la destruction de la 
moelle epiniere induite par les rayons G a m m a peut etre 
ameliorde par la combinat ion du metro plus dexa, et non 
par monotherapie . 

I n t roduc t i on 
Although the spinal cord const i tutes only 2% of the entire 
central nervous system [1], its funct ions are vital and in-
dispensable. These include mediat ion of voluntary motor 
function, modif icat ion of muscle tone, conduct ion of af-
ferent impulses f rom most parts of the body, mediat ion of 
segmental reflexes, and providing autonomic innervation 
f r o m its thoracolumbar and sacral regions. Severe spinal 
cord injury below the cervical enlargement results in para-
plegia, whereas injury above the cervical enlargement may 
produce quadriplegia, imposing a great burden on the in-
dividual aff l icted as well as family, fr iends, and society at 
large as noted by Kamenc ic (2]. 

Since the important discovery by Wilhelm Conrad 
Roentgen of the ' X ' rays in 1895 [3,4] , the field of radiation 
technology has had wide appl icat ions including medical 
diagnosis and therapeutics . However , the exposure of bio-
logical material to radiat ion may impair the health of the 
t i s sue o r c a u s e ce l l d e a t h [4J. A s par t of t r e a t m e n t 
modali t ies , radiotherapy of tumours close to or within the 
normal central nervous sys tem is limited by the tolerance 
level of the normal tissue [5]. Despite this however, irradia-
tion of neural t issue o f t en accompan ie s radiotherapy to 
other tissues (6). For example , irradiation of some neoplastic 
lesions of the nasopharynx , hypopharynx , and cervical 
lymph nodes, could have adverse e f f ec t s on nearby nor-
mal t issues, o n e of which is the occur rence of radiat ion 
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myelopathy (6], when the tolerance dose which is 40 Gy in 
man is exceeded. Similar lesions to those seen in man have 
been demonstrated in laboratory animals irradiated experi-
mentally (7,8.9,10,1 I J. 

Free radicals are formed when weak chemical 
bonds split leaving a molecule with an odd, unpaired elec-
tron. Free radicals are very unstable and react quickly 
with other compounds, trying to capture the needed elec-
tron to gain stability. They have been implicated in the 
pa thogenes i s of rad ia t ion m y e l o p a t h y accord ing to 
Meschan 131, and Ilhan (12). Lysosomes are the most sen-
sitive organelles to radiation (13), and being stores of vari-
ous lytic enzymes, damage to the single membrane of 
lysosomes has serious consequences on other cellular 
components (of the spinal cord tissues). 

Dexamethasone (9a- f luoro-16a- inc thy l -p red-
nisolone), is a synthetic glucocorticoid with potent anti-
inflammatory activity and the ability to stabilize lysosomal 
membranes [14]. Ascorbic acid (2, 3-enediol-L-gulonic 
acid), is a reducing agent with strong redox potentials and 
an antioxidant with the ability to scavenge water soluble 
free radicals [12]. Metronidazole (1 -p-hydroxyethyl-2-me-
thyl-5-nitroimidazole), is an effect ive anti-parasitic and 
antimicrobial drug, which also has the ability to sensitize 
hypoxic cells to radiation (15]. Since any, or all of these 
three drugs, may be indicated in patients simultaneously 
requiring, or undergoing irradiation, the effect of the inter-
action between these two parameters on irradiated tissue 
is worth being investigated. 

Acute injury to the spinal cord usually initiates a 
sequence of biochemical, cellular, inflammatory, and vas-
cular changes that result in the development of secondary 
tissue damage as noted by Olby (16]. The objective of this 
study is to assess the usefulness of these drugs in pro-
tecting the cells and vasculature of the spinal cord in irra-
diated Wistar rats. 

Mate r ia l s a n d m e t h o d s 
Thirty adult Wistar rats of both sexes , weigh ing be-
tween 160g to 200g were ob ta ined f rom the breeding 
colony of the animal house of the Phys io logy depart-
ment. University of Ibadan. Af t e r accl imat izat ion, they 
were assigned by s imple r andom sampl ing into the ex-
perimental and control g roups . G r o u p A rats (N = 5) 
served as control . G r o u p B rats (N = 5) were irradiated 
in the neural axis with 2.5 Gy of gamma rays only. Group 
C rats (N = 20) were subd iv ided into four subgroups 
and treated with i r radia t ion , in addi t ion to these drugs : 
dexamethasone at 1 mg /kg /day (N = 5), me t ron idazo le 
at 50 mg/kg/day (N = 5), d e x a m e t h a s o n e (1 mg/kg/day) 
and metronidazole (50mg/kg/day) combined (N = 5), and 
ascorbic acid at 8.6 mg/kg/day (N = 5). The drugs were 
given i n t r ape r i t onea l^ for seven days be fo re expos ing 
the animals to g a m m a rad ia t ion , and for f ive days post 
irradiation. 

Each of the a n i m a l s in both the control and 

exper imenta l g roups were weighed b e f o r e and a f t e r ir-
radiation. recorded as day 1. and thereafter on the 5" ' , 10"'. 
and 14"' day after irradiation 

Each experimental rat was injected with 0 . 6 m l / 
lOOg of urcthane. an anaesthetic agent, i n t r a p e r i t o n e a l ^ , 
prior to i r radiat ion. Each rat was then s t r a p p e d in a 
prone posit ion on a special ly prepared p l ank . A d o s e of 
2.5 Gy of gamma rays obtained from a C o b a l t - 6 0 sou rce , 
was then de l ivered to the neural a x i s by a n A E C L 
'Thera t ron 7 8 0 - C ' machine , at a dep th of 5 c m . a n d a 
field size of 10cm by 10 cm. O b s e r v a t i o n s a n d w e i g h t 
measurements were taken until the 14"' d a y pos t i r ra-
diat ion. when the animals were killed and the e x t r a c t e d 
spinal cord fixed in 10% formaldehyde. A Swis s M i c r o w a 
balance type 7 7 2 0 was used in weight m e a s u r e m e n t s . 
The cervical s e g m e n t s of the spinal co rd , at t he a r e a of 
maximum enla rgement were then p r o c e s s e d r o u t i n e l y 
for histological assessment . 

We measured the widest d i a m e t e r o f the an t e -
rior horn neurons of the spinal cord us ing a m i c r o s c o p e 
with a micrometer embedded in the eye p i e c e o b j e c t i v e 
at X 400 magnif ica t ion. The mic romete r w a s ca l ib ra t ed 
using a s l ide with a cus tomised 2 m m ru le r e n g r a v e d on 
a cover slip (Zeiss). Measu remen t s w e r e m a d e on each 
section f rom all the exper imenta l and c o n t r o l g r o u p s . 
For each sect ion, twenty obse rva t ions w e r e m a d e f r o m 
twenty adjacent d i f ferent high power f ie lds . T h e m e a n 
diameter in micromet res and s tandard d e v i a t i o n s w e r e 
then calculated. The weight of each of the 5 a n i m a l s in 
each of the groups were measured on the d a y of irra-
diation adminis t ra t ion , a lso on 5 , h , and 14"' d a y pos t -
irradiation. The mean of i'r.e 5 d e t e r m i n a t i o n s w a s then 
calculated, and the values for the 5"' d a y e v a l u a t e d , 
being the period of onset of recovery f r o m the e f f e c t of 
cop ious diarrhoea fo l lowing the e x p o s u r e to the irra-
diation. 

The data was analysed us ing the s t u d e n t ' s *t* 
lest, and c o n f i d e n c e interval w a s ca l cu l a t ed at 95C£ 
level. The level of s ign i f i cance was f ixed at less than 
5Vc probabi l i ty for the null hypothes i s be ing t rue by 
chance . 

Results 
All animals that received gamma rays developed cop ious 
diarrhoea, diminished neuromuscular activity as evidenced 
by lethargy and inability to move away f rom touch or nox-
ious stimuli, skin epilation and alopecia. One of the irradi-
ated animals in the dexamethasone group, developed cor-
neal opacity and thickening. 

On day 5 post - i r radia t ion, the average body 
weight for the control group (1 S4.4 ± 7 .27g) was greater 
than for the group treated with irradiat ion only (170 4 ± 
6.45g), and this was statistically s ignif icant (p = 0 .041) . 
1 he weight also decreased in the r emain ing g r o u p s but 
was not statist ically s ignif icant (please see Tab le 1). 
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Table 1: Weight o f an ima l s : cont ro ls , i rradiat ion only. 
i iradiation + d r u g t r ea tmen t , on day 5. post- i r radiat ion in 
grams 

Group of an imals M e a n S .D p-value 

Control 184.4 7 .27 0.041 
Irradiation Only 170.4 6 .54 
Irradiation Only 170.4 6 .54 0.061 
Irrad. + D e x a m e t h a s o n e 181.2 10.71 
Irradiation Only 170.4 6.54 0 .405 
Irrad. + Met ron idazo le 167.2 5 .76 
Irradiation Only 170.4 6.54 0 .823 
Irrad. 4- Dcxam + Met ro 168.4 13.97 
Irradiation Only 170.4 6 .54 0 .048 
Irrad. + Ascorbic Acid 163.60 5 .18 

Irrad = Irradiation 
Metro = Metronidazole 

Microscop ic examina t ion showed vascular and 
parenchymal c h a n g e s in the cervical segments of the spi-
nal cord of all i r radiated an imal s i r respect ive of drug(s) 
given. T h e s e c h a n g c s included the split t ing of the smooth 
muscles of the tunica media of ar terioles of the anterior 
spinal artery (Figs, l a and lb) , and neuronal shr inkages in 
the anter ior grey mat ter of the spinal cord (Figs. 2a and 
2b). 

Photomu utiiuiphs </J spinal cords Jrom a control animal (up-
per) showing normal arteriole (arrow) and an irradiated (lower 
showing splitting of the tunica media (TM) indicated by an arrow 
(Haematoxylin and eos in, X 250) 

Photomicrograph oj the anterior horn oj a conn o! animal (upper) 
showing normal cell bodies (N) indicated by arrows. The section at 
the bottom shows neuronal shrinkage (N) in the anterior horn of an 
irradiated animal (Haematoxylin and eosin, X 160) 

Histomorphometry showed that the average di-
ameter of the neurons of the anterior horn of the spinal 
cord in the control group (27.2 ± 4.23/im) was significantly 
greater (p=0.000), than that of the neurons of the anterior 
horn of the spinal cord of the rats that received irradiation 
only (12.9 ± 2.20/xm). This was also the case in each of the 
drug - treated groups (Table 2). The group treated with a 
combination of dexamethasone and metronidazole (15.2 ± 
2.83/im) showed a greater mean value of the widest diam-
eter of neurons when compared with the group that had 
irradiation only (12.9 ± 2.20/nrt), as shown in Table 2. 

Table 2: Maximal diameter in micromctrcs of anterior hom 
neurons of animals on day 14 post-irradiation and in control 
cases. 

Group of animals Mean S.D. p-valuc 

Control 27.2 4.23 0.000 
Irradiation Only 12.9 2.20 
Irradiation Only 12.9 2.20 0.000 
Irrad + Dexamethasone 9.5 1.76 
Irradiation Only 12.9 2.20 0.000 
Irrad + Metronidazole 9.6 2.50 
Irradiation Only 12.9 2.20 0.007 
Irrad + Dexamcth + Metro 15.2 2.83 
Irradiation Only 12.9 2.20 0.000 
Irrad + Ascorbic Acid 9.5 1.76 

Irrad = Irradiation 
Metro = Metronidazole 
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Discussion 
The principal injurious effect of radiation at the lowest 
exposure level is damage to the cell nucleus particularly 
the chromosomes. According to Henry [3]. slight damage 
or breaks in the membrane might lead to disturbances in 
such factors as cellular water balance, permeability to vari-
ous chemicals, and enzyme formation and action. At the 
organelle level, lysosomes are the most sensit ive to radia-
tion. hence the consequences of damage to its single mem-
brane on other cellular components 1131. 

The clinical signs observed in this study were co-
pious diarrhoea, diminished neuromuscular agility, skin epi-
lation, and alopecia, all of which conf i rmed previous ob-
servations of Henry [3], and Meschan [4]. The copious 
diarrhoea exhibited by all the irradiated animals was due to 
acute radiation injury, inf lammatory responses, decreased 
absorption of water and nutrients by the rapidly dividing 
cells of the intestinal epithelium. The fluid imbalance due 
to loss of body water must have contributed greatly to the 
weight loss observed in all the irradiated animals. 

Ear l ie r workers have demons t r a t ed that skin 
ep i l a t ion and a lopec ia fo l l owing radia t ion in jury oc-
cur red d u e to the d a m a g e d o n e to the mi to t ica l ly act ive 
ce l l s of the basal layer of the ep ide rmis , as well as to 
the ha i r fo l l ic les [ 16. 17]. Hai rs , s ebaceous g land , and 
sk in a p p e n d a g e s in m a m m a l s are rad iosens i t ive be ing 
sub j ec t to revers ib le and i r revers ib le d a m a g e s due to 
s u p p r e s s i o n of deoxyr ibonuc le i c acid [ D N A ] synthe-
sis 113]. Dimin ished neuromuscula r activity could have 
been prec ip i ta ted by the acu te radia t ion in jury to both 
the neu rons , and the myel in of the neur i tes thus caus-
ing a reduc t ion in the c o n d u c t a n c e of ne rve impulses , 
i n f l a m m a t i o n in the spinal cord as well as wa te r and 
e lec t ro ly te imbalance . 

The splitting of the smooth muscles of the tunica 
media of the arteriolar branches of the anterior spinal ar-
tery conf i rms the previous observat ions of Bowen and 
Hopewel l [6,9]. who reported the loss of smooth muscle 
cells of arterioles as a response of brain tissue to'irradia-
tion. This we also noted in the spinal cord tissues. Also, 
s ince radiation damages the endothelial cell barrier of cap-
illaries and arterioles [7], dysfunct ion of the endothel ium 
lining the arterioles would lead to oedema of the arteriolar 
muscle wall causing the separation of the smooth muscles 
of the tunica media of the arterioles. However , oedema of 
the cord itself was not noticed as would have been ex-
pected if capillaries were damaged. The splitting observed 
here may be due to the loss of smooth muscle cells as 
explained earlier. 

Genera l ly , the neu rons of the an te r io r horn of 
the spinal cord have large, round or ovo id nuclei wi thin 
their pe r ika rya [17.18] . A c u t e i r radia t ion in jury to the 
n e u r o n a l D N A as well as to the m e m b r a n e s of the 
l y s o s o m e s and o the r o r g a n e l l e s c o u l d h a v e c a u s e d 
cy to so l i c f luid loss hence the sh r ink ing of the an te r ior 
horn ce l l s obse rved in all the i r radia ted spinal co rd tis-

sue which is cons i s t en t with the f indings of other work-
ers 17]. as reflected in Table 2. and Figs. 2a and 2b 

Ind iv idua l d r u g t r e a t m e n t , appea r not to be 
neuroprotect ive for the spinal cord by the technique and 
at the levels of our investigations in this study. Verma [ 19] 
had noted the role of s teroids in t raumatic spinal cord in-
jury. especially the ability to inhibit f ree radical-induced 
lipid peroxidation, but remarked that protective effects have 
not b e e n c o n s i s t e n t l y d e m o n s t r a t e d wi th o t h e r 
corticosteroids, such as dexamethasone . Tada etal. [20] in 
their exper iment concluded that dexamethasone treatment 
may have an an t i -oedema ef fec t and also modify subse-
quent development of vascular and inflammatory changes, 
but may have no effect on prevent ing radiation-induced 
necrosis. We had anticipated that the anti- inflammatory 
effect of dexamethasone , which is quantif ied by Ganong 
[21], and Haynes [22]. to be 25 to 30 t imes more potent 
than with hydrocor t i sone may mitigate cellular damages. 
We however, did not obse rve this anticipated cellular sta-
bility with this level of irradiation-induced trauma, or dose 
of the drug. The g roup that had a combinat ion therapy 
with dexamethasone and met ronidazole was observed to 
show less neuronal degenera t ion , by the observation of a 
greater mean value of the widest d iameter of the neurons 
of the anterior horn of the spinal cord , when compared 
with other experimental groups (Table 2.) The explanation 
for this observat ion is not obv ious and may need further 
work to proffer the answer . 

T h e effect of the ant i -oxidant , and water soluble, 
f ree radical scavenging ability of ascorbic acid was also 
not enough to prevent vascular and neuronal damages in 
the setting of our exper iment . Endogenous ascorbate in 
brain injury was reported by Tyurin et at. [23] to rapidly 
reduce nitroxide radical adducts to hydroxylamines, but in 
the course of the s a m e react ion, ascorbate undergoes one-
electron oxidat ion to form ascorbate radical. This would 
reduce the quanti ty of the ant ioxidant reserves in the cen-
tral nervous system, thereby deplet ing the available physi-
ological doses we gave . It is, however , possible that the 
damaging effect of direct radiation might have overwhelmed 
the protect ive potent ia ls of these drugs which we gave at 
physiological doses , thereby masking any ameliorative 
potential at this level and sett ing of our investigation. 

In conclusion, dexamethasone, ascorbic acid, and 
metronidazole , adminis te red individually did not seem to 
protect the spinal cord f rom radiation injury at this level of 
our investigation. A combined use of dexamethasone and 
metronidazole , however , reduced the extent of neuronal 
damage as assessed by the widest diameter of the neu-
rons of the anterior horn of the cord, thus indicating a 
need for further invest igat ion. 
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