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Abstract

The methanolic extract of Vernonia amygdalina (M) or “bitter leaf” is known for its antioxidant activity, and antioxidants are noted to
mitigate radiation damage in tissues. The aim of the present study was to observe the radioprotective effect of M on the cerebellum of
gamma irradiated rats using alpha-tocopherol (TOCO) as a reference antioxidant. Forty-two male Wistar rats (n=42) weighing 200-240 g
were taken for the study. The study comprised of seven groups, with each group comprising of six (n=6) rats i.e. control, M at 250, and
500 mg/kg/day, radiation only, radiation plus M at 250, and 500 mg/kg/day, and TOCO. After 14 days of treatment administered via oral
gavage, rats were irradiated with a single dose of 2.0 Gy of gamma rays on the 15-th day and euthanized the next day. Rats cerebella
were removed, fixed in 10% formalin saline, weighed and vernier caliper used to obtain cerebellar dimensions as follows: (i) maximum
width, (i) rostrocaudal dimension, and (jii) dorsoventral extent. Data were analyzed using ANOVA with post-test. Gamma radiation caused
a statistically significant reduction of the relative weight of the rats’ whole brain, relative weight of the cerebellum, the maximum width,
rostrocaudal dimension, and dorsoventral extent of the cerebellum. However, pretreatment with M and TOCO significantly mitigated these
effects. This study demonstrated that administration of M and TOCO before 2.0 Gy gamma irradiation reduced significantly the radiation
induced gross morphometry changes in rats’ cerebellum, suggesting that M may qualify for consideration as a medicinal radioprotector.
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=& Introduction

Despite great advancements in medicine, cancer still
causes great morbidity and mortality [1]. The treatment
regime for cancer includes radiotherapy, which uses
high-energy rays to damage cancer cells, thereby
stopping them from further growth and cell division.
Despite precautions by radiation oncologists, radiation
side effects may still occur after radiation therapy and
this is due largely to radiation’s non-discrimination
between cancer and normal tissue adjacent to the cancer
tissue destined for elimination [2]. Normal host tissue
may be protected from the toxic actions of radiation by
radio-protectors, which may be beneficial during radio-
therapeutic procedures [3, 4].

Radiation toxicity was reported to be mediated by
the mechanism of free radical injury of tissues thereby
causing oxidative damage [5—7]. Antioxidants reduce
the toxicity associated with radiation damage by
mopping up the free radicals. Antioxidant activities
reported in some plants have been studied for their radio
protective properties as part of prevention strategies.
Some plants reported to have demonstrated radio-
protection include Terminalia chebula, Phyllanthus
emblica, and Terminalia bellerica commonly called

“Triphala” [8], Amaranthus paniculatus leaf extract [9],
Panax ginseng [6], Hibiscus sabdariffa [4]. It is recog-
nized that normal tissue protection in radiotherapy is as
important as the destruction of the cancer cells. Since
herbal drugs being either non-toxic or less toxic have
been found to offer an alternative to synthetic com-
pounds known to have cytotoxic effects, research has
intensified on protection modalities [10]. The antioxi-
dant activity of the leaf extract of Vernonia amygdalina
(“bitter leaf”) is based on the presence of flavonoids
such as luteolin, luteolin-7-O-B-glucuronide and f-
glucoside as described by Igile GO et al. [11] and
flavonoids are known to possess antioxidant activity
[12, 13]. Although the antioxidant activity of the leaf
extract of V. amygdalina was reported to offer radio-
protection in gastrointestinal and liver tissues [4, 14,
15], there is paucity of literature concerning its effect on
neural tissue. The cerebellum was chosen as a model of
nervous tissue for this study because of its importance.
The cerebellum, a fist-sized, transversely fissured mass
of central nervous system (CNS) tissue, is attached to
the dorsum of the brain stem by three peduncles namely,
brachium conjuctivum, brachium pontis, and the corpus
restiformis/juxta-restiform [16]. The major functions of
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the cerebellum include its influence on muscle tone,
coordination of motor function, and maintenance of
equilibrium, in addition to its regulation of both accu-
rate saccadic and smooth eye movements [17-19].

The present study was therefore designed, to eva-
luate the effect of the leaf extract of V. amygdalina, on
the interaction of gamma radiation and rats’ cerebellum,
using a-tocopherol (vitamin E) as a reference antioxidant
compound and therefore address the question “can the
leaf extract of V. amygdalina mitigate the effect of
radiation injury on the gross morphometry of rat’s
cerebellum?”.

& Materials and Methods
Animals

Adult male Wistar rats, aged 12-16 weeks, whose
initial body weight was 200-240 g, fed on standard
commercial mouse cubes and water ad libitum were
used for this study. They were housed in transparent
plastic cages with wood shavings as bedding, at a fly-
proof, freely ventilated and naturally illuminated animal
room of the Department of Anatomy, University of
Ibadan, Nigeria. The University of Ibadan Ethical
Committee’s approval was obtained and all procedures
on animal handling conformed to the acceptable
guidelines on the ethical use of animals in research [20].

Experimental design

The forty-two rats were randomly assigned into one
of seven treatment groups of six animals per group and
then allowed five days to acclimatize to animal room
conditions before administration of intervention para-
meters. Animals received distilled water alone (Control),
M at 250 or 500 mg/kg/day doses, radiation (R),
radiation plus M, or radiation plus a-tocopherol (R +
TOCO), as detailed in Table 1. All animals in both
control and experimental groups were sacrificed on the
16™ day of the experiments.

Table 1 — Grouping and treatment of experimental

animals
Group Treatment
Control Un-irradiated control.
M 250 Un-irradiated rats treated with M 250 mg/kg
x 14 days.
Un-irradiated rats treated with M 500 mg/kg
M500 .44 gays.
R Rats treated with 2.0 Gy gamma rays on day 15.
R+ M 250 Irradiated rats pretreated with M 250 mg/kg
x 14 days.
R + M 500 Irradiated rats pretreated with M 500 mg/kg
x 14 days.
R+ TOCO Irradiated rats pretreated with a-tocopherol

500 mg/kg x 14 days.

M — methanolic extract of V. amygdalina; Gy — Gray unit (1 Gy =
100 rads); R — radiation; TOCO — a-tocopherol.

Plant material

Vernonia amygdalina Del., “bitter leaf”, belongs to
the Asteraceae family. The leaves were harvested at a
farm in Ibadan, South-West Nigeria, in May 2006.
Botanical identification and authentication was done at
the Forest Research Institute of Nigeria, Ibadan, Nigeria,

where the voucher sample number FHI 107408, was
deposited for reference. The leaves were rendered pest-
free, after treatment at the Plant Quarantine Service of
the Federal Department of Agriculture, Ibadan, Nigeria.
Thereafter, 4.55 kg of the air-dried and pulverized leaves
were packed into white polythene bags with the opened
end sealed.

Chemicals

Chemicals and reagents were purchased from Sigma
Chemical Co., USA. Methanol (MeOH) and other
materials were of the highest analytical grade.

Extraction procedures, preparation and admi-
nistration of methanolic extract of V. amygdalina

The leaves (4.55 kg) were extracted with 100%
MeOH (3x17 L) at room temperature over a period of
three weeks. The cumulated solvent was evaporated
with a Rotary Vacuum Evaporator (Eyela N.21, Tokyo)
to afford a methanolic extract of V. amygdalina (M)
weighing 700 g, a yield of 15.4%. From M, a stock
solution of two different concentrations was prepared
for this experiment, namely the 250 mg/kg and
500 mg/kg concentrations. 1 mL of the prepared stock
solution containing 250 mg/kg/day or 500 mg/kg/day
depending on the treatment group of the rat, was
withdrawn with 2 mL hypothermic syringes (Becton
Dickinson S.A., Spain), after stirring with a clean glass
rod. M was administered orally to experimental animals
using gavage daily for 14 days. The rats were weighed
at the start of the experiment, on day of irradiation and
on the day of sacrifice.

Preparation and administration of a-toco-
pherol (vitamin E)

Each soft gelatin capsule containing 100 mg of DL-
a-tocopheryl acetate as 100 mg vitamin E acetate (G. A.
Pharmaceuticals, Athens, Greece) was punctured with a
new size 21G needle (Hypojet, Spain) attached to a new
1 mL hypothermic syringe (Becton Dickinson, La Port-
de-Clair, France). The oily formulation of vitamin E
was then neatly and completely aspirated out with the
syringe. Each aspirate measured approximately 0.2 mL
containing 100 mg of DL-a-tocopherol. The insulin
syringe was thereafter attached to a clean intra-gastric
gavage through which each rat was administered orally
the measured dose of 500 mg/kg/daily for 14 days.

Irradiation procedures

Twenty-four hours after completing the adminis-
tration of M and a-tocopherol, rats were given Ketamine
hydrochloride injection (Rotex Medica, Trittau,
Germany, batch 40092) at 10 mg/kg body weight and
Diazepam injection (Roche, Switzerland) at 3 mg/kg
body weight, both intraperitoneally. Rats were restrained
by strapping in a prone position within the well-venti-
lated cardboard boxes using cotton strapping. A batch of
four animals was whole body irradiated at a time with a
single fraction of 2.0 Gy of gamma rays at a dose rate of
106.965 cGy/min., for 2.19 minutes, obtained from
a Cobalt-60 source. The radiation was delivered by
an AECL Theratron 780-C Teletherapy machine with
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energy of 1.25 MeV, at source to surface distance of
72 cm, at a depth of 4 cm, and a field size of 18 cm by
18 cm, with an equivalent square area of 18 cm?; the
percentage depth dose was 85.32%. There was no
shielding of any part of the rat’s body. Post irradiation
the rats were placed in their cages and transferred to
the animal room for recovery from anesthesia. The
dosimetry and irradiation procedures were carried out at
the Radiotherapy Department of the University College
Hospital, Ibadan, Nigeria.

Sample collection

On the 16™ day, all animals were weighed and there-
after, Ketamine anesthesia administered at 10 mg/kg to
each rat intraperitoneally. Rats were positioned on the
dissection table and the heads severed at the cervico-
medullary junction for uniformity and then fixed in
labeled bottles containing 10% formalin saline. The brain
remained in situ for seven days before its removal from
the skull, by careful dissection applying the method of
Rowett HGQ [21]. The whole brain and cerebellum
were weighed and then immersed in bottles containing
fresh 10% formalin saline.

Gross morphometric studies

The gross body weight of rats was measured with a
Swiss Microwa Balance 7740, at the beginning and at
the end of the experiments, while whole brain and
cerebellar weights were obtained on a Mettler analytic
balance (Ohaus, Switzerland). From these data, the
Organosomatic Index or relative weight for the whole
brain and cerebellum was calculated by applying the
method of Shoyinka SVO et al. [22].

Morphometry of gross cerebellar parameters

A pair of vernier calipers was used by two separate
observers to obtain the following cerebellar dimensions:
(i) maximum width, defined as the distance between the
left and right paraflocculus in millimeters, (ii) rostro-
caudal dimension or vermal length, defined as the
distance between the apices of cerebellar lobules IIT and
IX at the midline in millimeter, and (iii) dorsoventral
extent defined as the extent between lobules I and IV at
the midline in millimeter [17, 23-25]. These parameters
are shown in Figures 1-4.

Figure 1 — Picture (A) shows a fully extracted whole
brain of a representative rat used in the experiment,
with the cerebellum dissected out of the same brain

(B).

Figure 2 — Picture showing the dimension A-B, the
maximum width of cerebellum (MWC), defined as
the distance between the left and right paraflocculus
in millimeters.
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Figure 3 — Showing the dorsal aspect of the cerebel-
lum and the dimension A-B, the rostrocaudal length
of cerebellum (RCLC), defined as the distance
between the apices of cerebella lobules I1I and IX at
the midline in millimeter (the cerebella lobule III is
not shown as it is in the anterior aspect).
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Figure 4 — Showing the anterior aspect of the deta-
ched cerebellum, and the dimension A-B, the dorso-
ventral extent of cerebellum (DVEC), defined as the
extent between cerebella lobules I and 1V at the mid-
line in millimeter.

Three measurements for each parameter were taken
by each observer using the same vernier calipers, and
the average of the values taken.

Statistical analysis

The data were analyzed with One-way ANOVA, and
Tukey’s post-test was performed for multiple compa-
risons using GraphPad Prism version 4.0 (2003) for
Windows GraphPad Software, San Diego, California,
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USA (www.graphpad.com). Statistical significance was
set at p<0.05, for the null hypothesis being true by
chance.

= Results

This study evaluated the effect of gamma radiation
on the nervous tissue in a mammalian model. The
possible ameliorative effect of the antioxidant property
of the leaf extract of V. amygdalina (M) on rat’s brain
was studied using a-tocopherol (TOCO), an established
antioxidant known for its potency in fatty tissue as a
reference compound.

General
Animals in the control, M 250, M 500, and R +

TOCO treatments groups did not record any mortality
during the whole observation period. However, one
each of the R and R + M 250 treatment groups died,
either during irradiation procedure or did not recover
from anesthesia.

Gross morphometry

Effects of treatments on rats’ body weight

Table 2 shows the data obtained when the effects
of treatments on rats body weight were studied. The
minimal alterations in the means of the body weights of
rats caused by radiation treatment, M 250, M 500, R +
M 250, R + M 500, and TOCO were not significant
(p>0.05) when compared with the control animals.

Table 2 — Effects of methanolic extract of V. amygdalina (M), y-radiation and a-tocopherol on the weight, relative
weights of the brain and cerebellum, maximum width of cerebellum (MWC), rostrocaudal dimension of cerebellum
(RCDC), dorsoventral extent of cerebellum (DVEC) of rats on day 16 of the experiment

Group Treatment V‘:‘;'tgh[tgi’f Re'ag‘r’;r‘:’;ﬁht of Rigﬂ‘t’)zlm:‘g[':z]"f MWC [mm] RCDC [mm] DVEC [mm]
/ Control 228 + 11.66 0.863 £ 0.01 0119£000 1188037 646+024 532022
i M 250 220+ 10.95 088703 0122£000 1198038 646023 538%037
M M 500 227£6.0 0.872 £ 0.02 0119£000 1198013 65%018 546%0.36
v R 218 £ 14.70 0.850 £ 0.04 0.101£000  9.74%026™ 526+ 023™ 436+ 033"
vV R+M250 220548 0.894 + 0.02* 0.116 £ 0.00* 9805  538%024 466033
VI R+M500  219%359 0.888 * 0.04" 0118 £0.01*  10.98+064 562%016" 4.98013"
VIl R+TOCO  234%4.90 0.908 £ 0.02 0.112 £ 0.00 121£035 6.9+006" 664014

Values are mean + SD of five animals per treatment; *Significantly different from R (p<0.05); ®***Significantly different from control
(p<0.01); **Significantly different from R (p<0.01); ***Significantly different from R (p<0.001); R — 2.0 Gy gamma radiation treatment
as a single dose on day 15 of experiment; Control — 1 mL distilled water (d.w)/oral daily for 14 days; M — 250 mg/kg/day/oral of M
in 1 mL d.w daily for 14 days; M 500 — 500 mg/kg/day/oral of M in 1 ml d.w daily for 14 days; TOCO — 500 mg/kg/day/oral of

a-tocopherol for 14 days.

Effects of treatments on the relative weight of
rats’ brain

In Table 2, the results of the effects of treatments on
the relative weight of rats’ brain are presented. It is
noted that there were slight alterations in the means of
the relative weight of whole brain of rats treated with
both M 250 and M 500 only which were not significant
(»>0.05) when compared with the control animals.
Gamma radiation (R) caused a non-significant 1.6%
reduction as compared with the control. However,
pretreatment with M 250 caused a significant (p<0.05)
increase from 0.85 + 0.05% in the R group to 0.894 +
0.02% in the R + M 250 group. Similarly, pretreatment
with M 500 caused a significant (p<0.05) increase by
increasing the R-value to 0.888 = 0.4% in the R + M
500 group. In the R + TOCO group, pretreatment caused
a non-significant increase (p>0.05) when compared with
the radiation treatment as shown in Table 2.

Effects of treatments on the relative weight of
rats’ cerebellum

The data obtained when the effects of treatments on
the relative weight of rats cerebellum was studied are
presented in Table 2. It shows that minimal non-signi-
ficant (p>0.05) alterations were observed in the means
of the relative weight of the cerebellum of rats treated
with both doses of M 250 and M 500. A non-significant
reduction (p>0.05) of the cerebellum size was induced
by gamma radiation. However, pre-treatment with both

doses of M caused a significant (p<0.05) increase from
0.101 £ 0.00% in the R only group to 0.116 + 0.00% in
the R + M 250 group, and 0.118 = 0.01% in the R + M
500 group. The increase caused by pretreatment with
TOCO (R + TOCO) was not significant (p>0.05) when
compared with the R group.

Effects of treatments on the maximum width of
rats’ cerebellum

The results of the effects of treatments on the
maximum width of rats’ cerebellum are presented in
Table 2 and Figure 5. They show that gamma radiation
caused an 18% reduction in the means of the maximum
width of the cerebellum from 11.88 + 0.37 mm in the
control, to 9.74 = 0.26 mm in the R group which was
statistically significant (p<0.01). The increases caused
by pretreatment with M and TOCO were, however, not
significant (p>0.05).

Effects of treatments on the rostrocaudal dimen-
sion (vermal length) of rats’ cerebellum

In Table 2 and Figure 6, the data obtained when the
effects of treatments on the rostrocaudal dimension
(vermal length) of rats’ cerebellum was studied are
presented. They both show that gamma radiation caused
an 18.6% reduction in the means of the rostrocaudal
dimension (vermal length) of the cerebellum from 6.46
+ 0.24 mm in the control to 5.26 £ 0.23 mm in the
R group which was statistically significant (p<0.01).
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The table and figure also show that pretreatment with M
caused an improvement in this parameter when compa-
red with radiation only treatment. While the R + M 250
treatment caused an increase of 2.3% which was not
significant (p>0.05), the R + M 500 caused a 6.8%
increase which was significant (p<0.01). However,
treatment with R + TOCO significantly (»<0.01) increa-
sed this parameter by about 18% compared in the cere-

bellum of rats in the radiation group.
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Figure 5 — Effect of M, a-tocopherol and y-radiation
on maximum width of cerebellum of the brain of
Wistar rats. Values are mean + SD of five animals
per treatment. **Significantly different from control
group (p<0.01). Control — 1 mL distilled water (d.w)/
oral daily for 14 days. M — methanolic extract of
V. amygdalina. R — 2.0 Gy gamma radiation treatment
as a single dose on day 15 of experiment. M 250,
M 500 — 250, 500 mg/kg/day/oral of M in 1 mL d.w
daily for 14 days. TOCO — 1 mL d.w+ 500 mg/kg/day/
oral of a-tocopherol for 14 days.

x
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Figure 6 — Effect of M, a-tocopherol and y-radiation
on the rostrocaudal length of cerebellum of the brain
of Wistar rats. Values are mean + SD of five animals
per treatment. “**Significantly different from control
group (p<0.01). b **Significantly different from the
radiation only group (p<0.01). Control— 1 mL distilled
water (d.w)/oral daily for 14 days. M — methanolic
extract of V. amygdalina. R — 2.0 Gy gamma radiation
treatment as a single dose on day 15 of experiment.
M 250, M 500 — 250, 500 mg/kg/day/oral of M in
I mL dw daily for 14 days. TOCO — 1 mL dw +
500 mg/kg/day/oral of a-tocopherol for 14 days.

Effects of treatments on the dorsoventral extent
of rats’ cerebellum

The results of the effects of treatments on the dorso-
ventral extent of rats’ cerebellum are presented in Table 2
and Figure 7.

7=

Lk

Dorsoventral extent of cerebellum (mm)

R+ M250 R + M500 R + TOCO

M250 M 500 R

Control

Figure 7 — Effect of M, a-tocopherol and y-radiation
on the dorsoventral extent of the cerebellum of brain
of Wistar rats. Values are mean + SD of five animals
per treatment. “**Significantly different from control
group (p<0.01). b **Significantly different from
the radiation only group (p<0.01). ***Significantly
different from the radiation only group (p<0.001).
Control — 1 mL distilled water (d.w)/oral daily for
14 days. M — methanolic extract of V. amygdalina.
R —2.0 Gy gamma radiation treatment as a single
dose on day 15 of experiment. M 250, M 500 — 250,
500 mg/kg/day/oral of M in 1 mL d.w daily for
14 days. TOCO — 1 mL d.w + 500 mg/kg/day/oral
of a-tocopherol for 14 days.

Both show that there were slight alterations in the
means of the dorsoventral extent of the cerebellum of
the rats. Gamma radiation treatment caused a 17.7%
decrease in this parameter from 5.3 £ 0.22 mm in the
control to 4.36 + 0.33 mm in the R only group which
was significant (p<0.01). However, pretreatment with
both doses of M and TOCO caused an increase in the
parameter when compared with R. While the R + M 250
treatment caused a non-significant (p<0.05) increase
when compared with the radiation only group, the R +
M 500 treatment elicited a significant (p<0.01) increase
from 4.36 = 0.33 mm in the radiation only group to 4.98
+ 0.13 mm (an increase of 14.2%). Similarly, there was
a significant elevation of the means in the R + TOCO
treatment (p<0.001) as shown in the table and figure.

& Discussion

In this work, we were interested in addressing the
question of whether the leaf extract of V. amygdalina
can mitigate the gross morphometric changes induced
by gamma irradiation in the cerebellum of male Wistar
rats or not. Our observations showed that while the rats
in the control, M 250, M 500, and R + TOCO treatment
groups were not adversely affected by the interventions
used during the experiments, one rat each in the R, R +
M 250 treatment groups died either during the irradiation
procedure or did not recover from anesthesia.
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In conventional radiotherapy of head and neck
cancer, treatment is given daily over three to seven
weeks. Depending on the center, up to 50 Gy to 70 Gy
may be given over six and one-half to seven weeks per
adult patient [26]. The dose is, however, usually fractio-
nated and given either twice or thrice daily or weekly
in fractionated doses, which may range from 1.6 Gy to
2 Gy [27-29]. In this study, we chose 2 Gy as a single
dose to mimic the higher fraction dose in human medical
practice, though in an experimental setting.

The results of this study showed that the various
treatments did not have any significant effect on the
body weight of rats when compared with the control.
However, gamma radiation given as a single dose was
observed to have significantly caused a reduction in the
relative weight of the cerebellum, maximum width,
rostrocaudal dimension or vermal length, and the dorso-
ventral extent of the cerebella of the experimental rats.
Also, pretreatment with the varying doses of M and
a-tocopherol (TOCO) for 14 days before exposing the
rats to radiation was observed to have protected the
brain, especially the cerebellum from radiation injury by
reducing the effect of gross morphological damage as
measured by the amount of alterations in the parameters
measured.

The non-significant reduction of the means of the
body weights of the rats in the radiation group as
compared with both the control and the rats pretreated
with the two varying doses of M and TOCO groups may
have been due to fact that the rats used in this study
were euthanized within twenty-four hours post irradia-
tion. It was reported that the onset of diarrhea tended to
set in after twenty-four hours after whole body irradia-
tion [30], but this was not recorded in this study.
Significant weight reduction would then have been
ascribed to body fluid loss due to diarrhea. This
observation agrees with the report of Sugihara I ef al.
[24] and Amano T et al. [31] who both reported no
significant weight changes in the irradiated animals,
although these authors used different radiation doses
ranging from 1 to 5 Gy. However, both authors irradia-
ted their rats with X-rays in contrast to the gamma rays
utilized in this present study, though both rays are
ionizing radiations having short wavelengths and high
frequencies.

The minimal but significant decreases in the mean
of the relative weight of the cerebellum, the maximum
width, the rostrocaudal dimension (vermal length) and
the dorsoventral extent of rats cerebellum, caused by
gamma radiation might have been due to the damage
induced by the gamma rays at such a close source to
surface distance without shielding, which could possibly
have damaged some cerebella cells. It was reported that
reducing the distance from the radiation beam increases
the risk of exposure and that lead shields and shielding
will significantly reduce the risk of exposure [32]. In this
experiment, the source to surface there was as short as
72 c¢cm and there was no shielding. Though low levels of
radiation may kill or damage insignificant numbers of
cells in the body, which will be replaced through normal
growth cycles, higher radiation dosages kill large
portions of cells in the body, in either a localized or

generalized pattern. If enough body cells are damaged
by an acute radiation dose, immediate organ and tissue
damage can occur [33]. Radiation has been reported to
induce cell death and reduce the size of the brain if
given in excess of acute radiation dose, which is about
10 rads (0.1 Gy), in this study, the rats were irradiated
with 2.0 Gy gamma radiations [34—-36]. Also, since DNA
is damaged by radiation injury, the biological effect
of the irradiation depends on two distinct factors: the
greater efficacy of the DNA repair at low dose rates,
and the probability of damaged cells to be eliminated by
death. In this study, the rats were sacrificed within
twenty-four hours after the radiation damage, thus not
allowing much time for repairs. The alterations obser-
ved might therefore, be a cumulative effect of these cell
deaths.

The observation in this study of a significant reduct-
ion by gamma radiation of the maximum width of the
cerebellum by about 18%, the rostrocaudal dimension
(vermal length) by 18%, and the dorsoventral extent of
rats cerebellum by 17.7% is much less than the values
recorded by Sugihara I et al. [24], whose team observed
decreases in the width of the rats’ cerebella by as much
as 26.5 to 29% in the irradiated rats. However, Sugihara
and his colleagues had irradiated the rats with 5 Gy in
comparison to the 2 Gy used by the authors in this study.

The effect of M and a-tocopherol pretreatment before
irradiation were observable in the statistically signifi-
cant increases of the rostrocaudal dimension (vermal
length) and dorsoventral extent of the cerebellum when
compared with irradiated rats. While the M doses
increased the rostrocaudal dimension (vermal length)
by 2.3-6.8%, it increased the dorsoventral extent of
the cerebellum by 6.9-14.2%. The better effectiveness
of a-tocopherol pretreatment could be observed as it
increased the rostrocaudal dimension (vermal length) by
19% while the dorsoventral extent of the cerebellum
was increased by 52%.

These results point to the capacity of M and
a-tocopherol to mitigate the effect of gamma radiation
damage in the irradiated cerebellum of Wistar rat. This
capacity might be due to the antioxidant activity already
demonstrated in the M [4, 11, 14, 15], and the well-
known activity of a-tocopherol as a major lipid soluble
antioxidant and radical scavenger in biological systems
[37-39]. Since the mode of radiation pathology has
been reported to be via free radical damage, both M and
a-tocopherol might have mitigated the effect by neutral-
izing the released free radicals via their antioxidant
activity. Obviously, the antioxidant compounds in M,
namely flavonoids like luteolin, luteolin-7-O-B-glucu-
ronoside and 7-O-B-glucoside [11] would likely be the
active compounds in this case. Flavonoids are known
antioxidants [13, 40, 41] and the activity of flavonoids
in the brain, especially the fact that flavonoids are able
to traverse the blood-brain barrier, had been previously
demonstrated [12, 42].

The impact of radiotherapy on the human cranial
topography includes its effect on the lymph nodes, the
skin of the head and neck damage to eye, since relati-
vely high doses of radiation can damage the conjunctiva,
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iris, sclera, blood vessels of the retina and the lens.
The lens is a particularly critical site since it may sustain
irreversible damage from a relatively low dose of radia-
tion and subsequently formation of cataract [32]. Cranial
radiotherapy could also affect brain tissue as previously
observed by Schmitz C et al. [43] who reported neuronal
loss in rat cerebellum, Malomo AO et al [30] who
reported neuronal shrinkages, and Belka C et al. [44]
who reported demyelination, and degenerative glial
reactions. As observed in this study, radiation also
caused morphological alterations in the parameters
measured.

The medical implication of the radiation effects
observed in the cerebellar structures in this study is its
potential to affect the functional integrity of the organ,
leading to abnormalities like loss of muscular coordina-
tion, cerebellar ataxia, asthenia, hypotonia, dysmetria,
inability to perform rapid alternating movements (adia-
dochokinesia), dysarthria, intention tremors, nystagmus
and decomposition of movements, amongst others [18,
19]. This list of possible clinical effects resulting from
cerebellar injury irrespective of the etiology justifies the
need for a continuous search for preventive measures.
As has been demonstrated in this study, this radiation
damage may be ameliorated by preventing or minimi-
zing the associated side effects of irradiation therapy,
with M and o-tocopherol.

Taken together, the results from this study have
shown that 2.0 Gy of gamma radiation from Cobalt-60
caused damage to the gross structure of the cerebellum
of Wistar rats. Pretreatment with 250 mg/kg and
500 mg/kg body weight of M and also with 500 mg/kg
body weight of TOCO for fourteen days before gamma
irradiation mitigated this damage. This mitigation was
probably mediated by the antioxidant capacity of the
extract in neutralizing the oxidative damage of radiation
injury. Overall, the leaf extract of V. amygdalina may
qualify as a medicinal radioprotector and needs be
considered for further scientific evaluation in other parts
of the nervous system.

& Conclusions

2.0 Gy gamma radiation caused a significant altera-
tion in the gross parameters of rats’ cerebellum, namely,
the relative weight of the rats’ whole brain, relative
weight of the cerebellum, the maximum width, rostro-
caudal dimension, and the dorsoventral extent. Pretreat-
ment with M and TOCO significantly mitigated these
alterations. This study demonstrated the potential of M
as a medicinal radioprotector.
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