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ABSTRACT Study was done to evaluate the biochemical, qualitative and quantitative histopathological changes after 5 Gy 
whole body irradiation and its modulation by supplementation of Sesame oil on male Swiss albino mice brain 

up to 30 days. For this, healthy mice from an inbred colony were divided into four groups: (i) Control-vehicle treated (ii) Ses-
ame oil treated-mice in this group were orally supplemented with Sesame oil (150 µl/mice/day) once daily for 15 consecutive 
days; (iii) Irradiated mice (iv) SO + irradiated-mice in this group were orally supplemented with SO for 15 days (once a day) 
prior to irradiation. Marked radiation induced changes in the amount of whole brain lipid peroxidation (LPO), Glutathione 
(GSH), protein, nucleic acids and histopathological changes could be significantly (p < 0.001) ameliorated specially at later 
intervals by supplementation of SO prior to irradiation. The results of present study showed that prior supplementation of 
SO has radioprotective potential as well as neuroprotective properties against the radiation.

INTRODUCTION
Humans have always been exposed to natural background 
radiation. During oxidative stress and exposure to radiation, 
excessive free radicals are produced 1,2. The free radicals dis-
turb cellular homeostasis by enhancing the peroxidation of 
membrane lipids, oxidation of proteins, base damage and 
adduct formation in DNA which ultimately leads to cell death 
if the damage is beyond repair. The inherent antioxidant de-
fense systems of the cell competitively counteract the oxida-
tive stress3. However, free radical insult surpassing the inher-
ent cellular defense mechanism warrants external antioxidant 
supplementation. Naturally occurring antioxidants may also 
provide an extended window of protection against low dose- 
rate irradiation, and may have therapeutic potential when ad-
ministered after irradiation. Several plant constituents have 
been proven to possess considerable free radical scavenging 
or antioxidant activity 4-14. 

For the present investigation, sesame oil (til oil), a very ancient 
ingredient, has been selected. The Assyrians, more than 600 
years BC, used it as a vegetable oil. Still used as a medicine 
in India, oil pressed from the raw seed is used as massage oil 
in ayurvedic medicine. Sesame and its lignans boost antioxi-
dant levels, reduce inflammation, normalize blood pressure, 
improve lipid levels, and promote fat burning. They act syn-
ergistically with other nutrients such as gamma tocopherol, 
fish oil, and conjugated linoleic acid, thereby enhancing the 
bioavailability and effectiveness of those nutrients. Through 
its many biochemical actions, sesame may help in manag-
ing some of today’s most pressing health concerns, including 
heart disease, high blood pressure, obesity, and inflamma-
tory disorders 15, 16. Several pharmaceutical uses have been 
identified from sesame. The high antioxidative properties of 
sesame appear to be related to lignans, such as sesamol 17, 
sesamolinol, pinoresinol, p118, 19 and  sesaminol20, 21. These 
compounds also have inhibitory effect on membrane lipid 
peroxidation, the microsome peroxidation induced by ADP-
Fe3+/NADPH 21 and the oxidation of LDL induced by copper 
ions 22 and show synergistic effects in elevating the levels of 
vitamin E in rat liver and plasma 23, 24. 

It was found that dietary sesame oils inhibits iron-induced 
oxidative stress in rats25. The nicotine-induced oxidative 
and genotoxic damages on the tissues can be effectively 
attenuated by sesame lignans supplemented diet26. Protec-
tive effect of sesamol was found by Kumar27 against 3-Ni-

tropropionic Acid-induced cognitive dysfunction and altered 
glutathione redox balance in rats. In another study it has been 
observed that sesame lignans ameliorates lipid profile and 
lipid peroxidation in induced diabetic rats28. It was recently 
found that sesaminol acts as an antioxidant by scavenging 
peroxyl radicals20. Myristic acid has cancer preventive capa-
bility and is found in sesame seed29. Shimizu et al.30 suggest 
that sesamolin may contribute to the antioxidative proper-
ties of sesame seeds and oil and support the hypothesis that 
sesame lignans reduce susceptibility to oxidative stress. 

In order to provide a novel insight into radioprotection, we 
tried to evaluate the effect of oral administration of sesame 
oil before irradiation, on brain dysfunction with reference 
to biochemical estimations in whole brain, qualitative and 
quantitative histopathological changes in the cerebellum and 
cerebrum. 

Materials and methods 
Animals
The Departmental Animal Ethical Committee (DAEC) ap-
proved the study. Animal care and handling was done ac-
cording the guidelines of INSA (Indian National Science 
Academy, New Delhi, India). Swiss albino mice (Mus muscu-
lus) (6-8 weeks old, weighing 25±2 gms) from an inbred colo-
ny were used for the present study. These animals were main-
tained under controlled conditions of temperature (25±2 oC) 
and light (light: dark, 14 : 10 hrs). Four animals were housed 
in a poly propylene cage containing sterile paddy husk (pro-
cured locally) as bedding through the experiment. They were 
provided standard mice feed (procured from Hindustan Lever 
Ltd. Mumbai) and water ad libitum. 

Chemicals
Thiobarbituric acid was purchased from Sigma, USA and Ses-
ame oil was procured from standard general store. All other 
chemicals used were of analytical grade.

Source of Irradiation 
The cobalt teletherapy unit (ATC-C9) at the Cancer Treatment 
Center, Radiotherapy Department, SMS Medical College 
and Hospital, Jaipur, Rajsthan, India, was used for irradiation. 
Unanesethesized animals were restrained in well-ventilated 
Perspex box and whole body exposed to gamma radiation.

Dose Selection of Sesame Oil



2  X INDIAN JOURNAL OF APPLIED RESEARCH

Volume : 4 | Issue : 5  | May 2014 | ISSN - 2249-555XResearch Paper

Dose selection was performed on the basis of a drug toler-
ance study. Various doses of sesame oil 100µl, 150µl, 200µl, 
250µl/mice /day) were tested against 10 Gy of gamma radia-
tion. Percentage survivability at 150µl / mice /day for sesame 
oil was higher than the other, hence 150 µl/ mice /day was 
obtained as optimum dose based on survivability of mice. 
This dose was used for further experiments (Fig. 1).

Experimental Design
For studying modification of radiation induced oxidative 
stress by sesame oil animals were divided into four groups 
having twelve animals in each group:

Group I. Control (vehicle treated)): Mice of this group did not 
receive any treatment. 

Group II. SO treated-mice: In this group mice were orally 
supplemented with sesame oil (150 µl/mice/day) once daily 
for 15 consecutive days.

Group III. Irradiated mice (IR): The animals were exposed 
whole body to gamma radiation (5Gy) at a distance (SSD) of 
77.5 cm. from the source to deliver the dose rate 1.07 Gy/
min.  

Group IV. SO + irradiation: Mice were orally administered SO 
(150 µl/mice/day) for fifteen consecutive days then exposed 
to a single dose of whole body to gamma radiation (5Gy with 
the same dose rate) one hour after last treatment with SO.

Removal of Brain Tissue
Animals of each group were humanly sacrificed by cervical 
dislocation and autopsied at various post irradiation intervals 
viz,1-30. To remove brain an incision was given at the sides of 
the jaws to separate the upper and the lower palates. The up-
per palate was cut in the middle and after having cleared the 
surrounding tissues; brain was excised and separated from 
the spinal cord at the decussation of pyramids. Whole brain 
was used to estimate various changes in biochemical param-
eters and cerebellum was fixed in bouins for paraffin section-
ing and stained with hematoxyin, eosin for histopathological 
studies. 

Biochemical assay
Lipid peroxidation (LPO) assay.  LPO was measured by the 
method of Buege and Aust 31. Briefly, 1.2 ml solution of TCA-
TBA-HCl prepared in 1:1:1 was added to tissue homogenate 
(0.8 ml). This final mixture was heated on a water bath for 30 
min at 80°C and cooled. After centrifugation the absorbance 
was recorded at 532 nm using a UV (ultraviolet)-Visible dou-
ble beam spectrophotometer. The LPO has been expressed 
as malondialdehyde (MDA) in n mole/gm tissue.

Reduced glutathione (GSH) assay. The reduced glutathione 
(GSH) content of tissue samples was determined by the 
method of Moron et al. 32. Tissue sample was homogenised 
in the sodium phosphate-EDTA (ethylenediaminetetraacetic 
acid) buffer then 0.6 M DTNB [5, 5_dithiobis-(2-nitrobenzoic 
acid)] was added. The optical density of the yellow coloured 
complex developed by the reaction of GSH and DTNB was 
measured at 412 nm using a ultraviolet (UV)-vis spectropho-
tometer. The results were expressed as nano mol/100 mg of 
tissue.

Protein assay. Estimation of protein was based on the 
method proposed by Bradford 33 and 10% homogenate was 
prepared (1 gm of tissue in 9 ml of NaCl) and 0.1 ml of the 
sample was taken for the Bradford assay. Three repeats of 
the assay from each animal were carried out. The absorbance 
was read at 595 nm.

Deoxyribonucleic acid (DNA) estimation assay. DNA was 
measured by the method of Ceriotti34. The brain was dis-
sected out and homogenate was prepared in glacial distilled 
water (10 mg/ml). 2 ml homogenate was taken in a centrifuge 

tube and 1 ml indole reagent was added, followed by 1 ml 
concentrated HCl. The tubes were kept in a water bath for 
10 min for boiling and then cooled under running tap wa-
ter; 4 ml of this solution was taken out and extracted three 
times with 4 ml of chloroform. The water layer from the or-
ganic layer was separated out by centrifugation. The intensity 
of the yellow colour lift in H2O phore at green filter against 
blank was measured out. The volume of DNA from graph was 
calculated and then the quantity of DNA/gm of tissue was 
calculated. Blank: 2 ml H2O + 1 ml indole +1 ml concentrated 
HCl + 4 ml chloroform.

Ribonucleic acid (RNA) estimation assay. RNA was meas-
ured by the method of Ceriotti35. The brain was dissected 
out and homogenate was prepared in glacial distilled water 
(10 mg/ml). 5 ml homogenate was taken in a centrifuge tube 
and mixed with 5 ml orcinol reagent. The tubes were kept in 
a water bath for 40 min for boiling and then cooled under 
running tap water; 5 ml Isoamyl alcohol was added to each 
tube and centrifuged for 5 min. The upper coloured layer was 
separated with the help of a vaccumiser and the intensity was 
measured against red filter. The concentration of RNA from 
standard graph was calculated and then the amount of RNA/
gm of tissue was calculated. Blank: 5 ml H2O + 5 ml orcinol + 
5 ml Isoamyl alcohol.

Histopathological study. Blind examination of the stained 
sections of cerebrum (diencephalon region) and cerebellum, 
were done using a light microscope, at a magnification of 
40x. Counts of Purkinje cells were made for a total length of 
2500 mm in the lobule simplex VI B36 in ansiform lobule using 
an occularmeter in the eyepiece, in mice cerebellum.

Volumes of Purkinje cells were measured using the formula 
4/3pr3 where ‘r’ is the radius of the cell. In order to determine 
the radii of the Purkinje cells, measurement at their major and 
minor axes was taken and the average obtained by dividing 
them by ‘2’. 

Thickness of molecular and granular layers were also observed 
at a magnification of 40x and expressed in terms of µm.

Statistical analysis
The results obtained in the present study were expressed 
as mean ± Standard error of mean. Statistical difference be-
tween various groups were analyzed by student t-test and 
the significance was observed at P<0.001, P<0.005 levels.

Results
Irradiation raised the LPO levels at all the autopsy intervals. 
Initially sharp increase was noted (approximately 57%) in 
comparison to later autopsy intervals. Oral supplementation 
of sesame oil prior to irradiation succeeded to bring the LPO 
level near normalcy (100.95 %) (Table-1). Oral supplementa-
tion of only sesame oil (Group-II) was also able to reduce the 
base line values approximately by 20 % (79.42%).

Glutathione (GSH) content decreased sharply after radiation 
exposure (Group-III) till 7th day, thereafter slight recovery was 
noted. In Group-IV GSH estimated was raised at all the corre-
sponding intervals compared to Group-III. Magnitude of such 
a recovery from oxidative damage was significantly higher (p< 
0.001, p<0.005) in SO+IR group as compared to irradiated 
mice. Only SO treated mice also showed significant increase 
(p< 0.001) in GSH content as compared to control (Table-1).

Protein estimated also showed statistically significant in-
crease (p< 0.001) in SO+IR treated mice brain in compari-
son to irradiated group at all the autopsy intervals. Only SO 
treated (Group-II) also showed significant increase (p<0.001) 
in protein content as compared to the control (Table-2).

DNA content declined continuously up to 15th day af-
ter irradiation (Group-III), but on day 30, a slight recovery 
was noticed as evident by increased DNA content. In the 
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SO+IR group values of DNA content increased significantly 
(p<0.001), continuously after day 3 and attained the normal 
level of DNA by 30th days post-irradiation (Table-2). 

Radiation induced continuous deficit (p<0.001) in whole 
brain RNA was noted in comparison to Group I (Control). In 
SO pre-treated irradiated group (Group-IV) at all the corre-
sponding intervals, RNA levels were noted at higher concen-
tration compared to only irradiated (Group-III) but the values 
were still lower by approximately 3.38% from the control at 
the end of the experiment. Non- significant differences ex-
isted between group I and II (Table-2). 

Quantitative and histopathological observations 
Quantitative histopathological observations in cerebellar fo-
lia in both irradiated and experimental groups in terms of 
alteration of volume and number of purkinje cells indicates a 
statistically significant (p<0.001) deficit, which showed slight 
recovery after 15 days in Group-III and after 7 days in Group-
IV, indicating early recovery. In mice pre-treated with sesame 
oil, however, the deficit was less than irradiated group mice 
(Group-III), indicating protection offered by sesame against 
irradiation induced oxidative stress which resulted in cyto-
architectural damage.

Alterations in the thickness of molecular and granular layer 
in mice cerebellum, control and SO treated mice depicted 
similar pattern of changes, though molecular layer showed 
more damage till 7th day but on 15 and 30th day granular 
layer showed more damage. Maximum reduction (68.41% 
and 63.96%) in the thickness of molecular layer and granular 
layer respectively occurred at day 15th from the control. The 
thickness of molecular and granular layer was more at all the 
post irradiation intervals in SO+ IR group compared to irradi-
ated group (Table-3).

Histopathological observations in the irradiated mice indi-
cated an extensive damage in the cerebellar folia. The dam-
age included necrosis, pyknosis of Purkinje cells and granular 
cells together with cytoarchitectural disturbances. Migration 
of Purkinje cells into granular layer leading to the formation 
of empty baskets and dissolution of connective tissue could 
be seen. Reduction in number of Purkinje cells was also noted 
(Plate 1 and 2). Similar pattern of damage was noticed in SO 
pretreated irradiated group, though it was of relatively lesser 
degree. The results indicate protective efficacy of sesame oil 
against radiation damage (Plate 1 and 2).

 

Plate:1 and 2
A.	 Photomicrograph of cerebellar folia of Swiss albino mice 
at 3rd day, after irradiation to 5 Gy of gamma radiation 
(Group-3) (20X). 

B.	 Photomicrograph of cerebellar folia of sesame oil pre-
treated mice (SO+IR) at 3rd day post irradiation (Group-4) 
(20X).

Abbreviations: G= granular layer, M=molecular layer, P= 
Purkinje cell, NPC=necrotic Purkinje cells

The histological observations of cerebral cortex of irradiated 
mice showed necrotic and pyknotic neuroglial (astrocytes) 
cells and pyramidal cells. Axons of pyramidal cells were dam-
aged. Large numbers of necrotic neuroglial cells were seen 
throughout the cortex with sharp reduction in their number. 
Mild degree of spongy degeneration of connective tissue 
was evident. Increased number of glial cells has been no-
ticed with cytoarchitectural disturbance. Relatively lesser de-
gree of damage was noticed in SO pretreated mice. A better 
cytoarchitecture was seen as compared to irradiated group. 
Number of cells (cellular density) and number of undamaged 
cells was relatively higher in sesame oil treated group in com-
parison to irradiated group, showing a better protection by 
sesame oil (Plate 3 and 4).
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Plate: 3 and 4
A.	 Photomicrograph of cerebral cortex from the diencepha-
lon region of Swiss albino mice at 3rd day, after irradiation to 
5 Gy of gamma radiation (Group-3) (20X). 

B.	  Photomicrograph of cerebral cortex from the diencepha-
lon region of sesame oil pretreated mice (SO+IR) at 3rd day 
post irradiation (20X).

Abbreviations: NNC= necrotic neuroglial cells, 
ct=connective tissue, NC= neuroglial cells 

Discussion
Results obtained from this study indicate that SO may act as 
a prophylactic agent and render protection against radiation 
induced oxidative stress. Oxidative stress leads to lipid per-
oxidation, protein and carbohydrate oxidation and metabolic 
disorders 37, 38. The product of LPO such as MDA (malondial-
dehyde) and 4-hydroxynonenal are toxic to cells 39. LPO with-
in the membrane has a devastating effect on the functional 
state of the membrane because it alters membrane fluidity, 
typically decreasing it and thereby allowing ions such as Ca+2 
to leak into the cell. The peroxyl radical formed through li-
pid peroxidation attacks the protein membrane and enzymes 
and reinitiates lipid peroxidation. The preservation of cellular 
integrity of the cellular membrane depends on protection or 
repair mechanisms capable of neutralizing oxidative reac-
tions. 

Inhibition of LPO in cell membrane can be caused by antioxi-
dants40. Shimoi et al.41 concluded that plant flavonoids, which 
show antioxidants activity in vitro also, function as antioxi-
dants in vivo, and their radioprotective effect may be attrib-
uted to their radical scavenging activity. Several reports have 
suggested that tocopherol and sesame lignans act synergisti-
cally as antioxidants 23, 24. Our results are in accordance with 
Yamashita et al.42, who observed that sesame seed and its 
lignan induced higher gamma tocopherol and lowers TBARS 
concentration.

In the present study the reduction in the amount of TBARS 
or MDA equivalents and elevation in the GSH level in the 
SO treated animals suggests that SO may scavenge the free 
radicals generated during oxidative stress. GSH, with its sulf-
hydryl group, functions in the maintenance of the sulfhydryl 
group of the other molecule (especially protein), acts as a cat-
alyst for disulfide exchange reactions and in the detoxifica-

tion of foreign compounds like hydrogen peroxide and free 
radicals. The lesser depletion of brain GSH content in the SO 
+IR treated group compared to the irradiated group may be 
an indication of higher availability of GSH, which increases 
the ability to cope with the free radicals produced by radia-
tion. Decreased brain GSH levels have been reported in neu-
rodegenerative diseases such as Parkinson’s disease and Alz-
heimer’s disease, in which oxidative processes contribute to 
the pathology 43, 44. In the present study, supplementation of 
only SO has also resulted in statistically significant (p<0.001) 
increase in protein content in comparison to control mice. 
Decrease in the protein content after exposure to irradiation 
might be due to either decline in the rate of protein synthesis 
or increase in the consumption of protein. It may also be the 
result of the depression of enzyme involved in the activation 
of amino acid and transferring to t-RNA or by the inhibition 
of release of synthesised polypeptides from polysomes 45. 
Some studies have indicated that oxidative stress diminishes 
and the levels of some proteins vary during the progression 
of Alzheimer’s disease (AD) 46, 47. Increased protein concentra-
tion in the present study may be due to improved ribosomal 
activities, which enhance protein synthesis. 

DNA damage induced by ROS is involved in mutagenesis 
and generation of mutation related diseases, including can-
cer. In the present investigation nucleic acids (DNA+ RNA) 
concentration showed depletion after radiation exposure 
which could be elevated by SO supplementation at all in-
tervals indicating a significant protection. Reduced DNA no-
ticed post-irradiation may be due to acute cell death leading 
to loss of DNA in excess than is normally eliminated from the 
tissue. The prolonged interphase or delayed onset of DNA 
synthesis after irradiation also could lead to decreased con-
tent of DNA. Egana et al. 48 corroborated present finding that 
60Co gamma irradiation had more effect in DNA, RNA and 
protein function (in developing CNS). A correlation seems to 
exist between DNA degradation and cell pyknosis. The RNA 
in the transcription of genetic information (mRNA) as compo-
nents of ribosomes and as an intermediate in the activation 
of amino acids (acy1 t-RNA) is responsible for active synthe-
sis of new proteins. Although new protein synthesis ceases 
at maturation, RNA synthesis continues at a diminished rate 
and a rapid turnover persists throughout the life span of the 
organisms. The maximum activity of RNA polymerase at birth 
decreased upto the age of 30 days and remained at the mini-
mal level in adult brain. This is the enzyme responsible for 
protein synthesis.

Results indicated continuous decline in the number and vol-
ume of Purkinje cells up to 15 days post irradiation, then re-
covery starts in both SO +IR and irradiated group. The reduc-
tion in volume and number of Purkinje cells may be due to 
the radiosensitive nature of the cells. The potent antioxida-
tive action of SO may make it a significant factor on reducing 
damage to the brain from oxidative stress. Gueneau et al.49 
also reported that granular cells were the most radiosensi-
tive. Sharma50 also reported that granular layer was more ra-
diosensitive compared to molecular layer. Similar results have 
been obtained in our study at later intervals.

Mostly neural proliferation ends soon after birth, in some re-
gions of the brain the cell proliferation continues, leaving the 
brain radiosensitive. The most common histological changes 
induced by X-rays were dilation of vascular endothelial cells, 
perivasculitis and edema. The permeability of blood bar-
rier significantly increased within few hours after exposure51. 

Qualitative analysis in our study revealed damage present in 
the neuroglial cells of cerebral cortex and granular cells and 
Purkinje cells of brain cerebellum, which could be modulated 
by sesame oil.

If SO is to produce an antioxidative effect, its antioxidant 
constituents must be absorbed by the body and available 
to the tissue exposed to oxidative stress. It was reported in 
a study that sesame is a rich source of mammalian lignan 
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precursors. The lignans present in sesame are converted to 
mammalian lignans enterolactone and enterodiol, which are 
produced by the microflora in the colon52. When sesame oil 
is administered for a period of 15 days of time just before 
irradiation it confronts the oxidative load generated by irra-
diation. The damage is prevented by the pre-existing load of 
antioxidants. The antioxidative load combats and balances 
by lignan sesamin and sesamolin. Sesamolin and its metabo-
lites enterolactone (EL) and enterodiol (ED) have a number of 
antioxidant activities, including inhibition of lipid peroxida-
tion and scavenging of hydroxyl radicals. The free radicals 
are not only quenched and scavenged by lignans but also 
it suppresses the oxidant load.  In this manner the ultimate 
mode of action becomes prophylactic.

The results of the present investigation demonstrate that 
SO treatment protects the mice whole brain and cerebel-
lum against radiation-induced damage by inhibiting the 
glutathione, protein depletion and nucleic acids and amelio-
rating lipid peroxidation levels and it also reduced radiation 
induced histopathological damage in terms of quality and 
quantity. The metabolites of sesamolin may contribute to the 
antioxidative properties of sesame lignans and reduce sus-
ceptibility to some forms of oxidative stress.

Conclusion
The radioprotective activity of SO may be mediated 
through several mechanisms. The presence of lignans 
and synergistic effect with gamma tocopherol elevates 
the cellular antioxidants and enables it to scavenge free 
radicals in the irradiated system, which could be a lead-
ing mechanism for radioprotection. Reduction in lipid 
peroxidation and elevation in non-protein sulphydryl 
groups may also contribute to some extent to their ra-
dioprotective activity. Supplementation with sesame may 
be a useful adjuvant treatment mitigating adverse effects 
of radiation.
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I. Variations in lipid peroxidation (LPO) and glutathione level (GSH) in whole brain at various post-treatment days, in the 
presence or absence of Sesame Oil (+SEM). 

 Param-
eter Group

Days post treatment Control 
No 
treatment 

SO treated 
(150 µl / mice 
/day)

1 3 7 15 30

LPO
(nmol/gm) Irradiated

222.50±2.06
(157.07 %)
b # #

184.50±1.64
(130.25 %) 
b # #

170.68±1.90
(120.49 %)
 b # #

167.20±1.21
(118.03 %)
b # #

160.34±1.13
(113.19 %)
b # #

141.65 ± 
2.118 (100 %)

112.50 ±2.76
(79.42%)
a# #

SO+IR
143.75 ±1.25 
(100.95 %)
c# #    d# #

138.75 ±1.23 
(97.95 %)
c# #    d#

124.89 ±0.93 
(88.16 %)
c# #    d# #

116.25±1.11 
(82.06 %)
c# #    d# #

130.36 ±1.13 
(92.02 %)
c# #    d# #

GSH
(nmol/
100mg)

Irradiated
8.25 ±0.509
(45.05%)
b # #

7.382±0.994
(40.31%)
b # #

7.49 ±0.658
(40.90%)
b # #

12.08 ±0.721
(65.97%)
b # #

13.246±0.745
(72.34%)
b # # 18.31 ±0.987 

(100%)

19.76±0.934
(107.91%)
a # #

SO+IR
12.553±0.282
(68.54%)
c# #    d # #

12.09±0.681
(66.02%)
c# #    d # #

12.982±0.669
(70.90%)
c# #    d # #

14.524±0.675
(79.32%)
c# #    d # #

17.254±0.882
(94.23%)
c# #    d # #

Normal vs. Drug alone = a, Normal vs. Control = b, Normal vs. Exp. = c, Control vs. Exp. = d.
Significance levels: # # p<0.001, # p<0.005

Table 2. Variations in Protein, DNA and RNA in whole brain at various post-treatment days, in the presence or absence of 
Sesame Oil (+SEM). 

 Param-
eter Group

Days post treatment Control 
No 
treatment 

SO treated 
(150 µl / 
mice /day)1 3 7 15 30

Protein
(mg/gm)

Irradiated
76.19±2.919
(72.38%)
b # #

85.00 ±3.44
(80.75%)
b # #

73.33 ±3.059
(67.66%)
b # #

58.00 ± 2.497
(55.10%)
b # #

48.90 ± 3.27
(46.45%)
b # # 105.263 

±1.8439 
(100%)

108.00± 3.00
(102.60%)
a # #

SO+IR
83.33 ± 2.39
(79.16%)
c# #    d# #

102.69±2.24
(97.55 %)
c# #    d# #

106.66 ±1.33
(101.32 %)
c# #    d# #

96.00 ±1.78
(91.20 %)
c# #    d# #

105.00 ±2.76
(100.70 %)
c# #    d# #

DNA
(mg/gm)

Irradiated
1.325 ±0.465
(73.36%)
b # #

1.292 ±0.078
(71.53%)
b # #

1.107±0.065
(61.29%)
b # #

0.994 ±0.032
(55.03%)
b # #

1.128±0.125
(62.45%)
b # #

1.806 ± 
0.031 
(100%)

1.816±0.754
(100.59%)
aNS

SO+IR
1.4533±0.034
(80.47%)
c# #    d # #

1.4350±0.035
(79.45%)
c# #    d # #

1.572±0.165
(87.04%)
c# #    d # #

1.802±0.097
(99.77%)
c# #    d # #

1.811±0.022
(100.27%)
cNS d # #
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RNA
(µg/mg)

Irradiated
1.59 ±0.171
(89.32%)
b # #

1.42 ±0.078
(79.77%)
b # #

1.36±0.165
(76.40%)
b # #

1.28 ±0.028
(71.91%)
b # #

1.19±0.125
(66.85%)
b # # 1.78 ± 

0.18 
(100%)

1.74±0.382
(97.75%)
aNS

SO+IR
1.64±0.22
(92.13%)
c# #    d # #

1.55±0.035
(87.07%)
c# #    d # #

1.58±0.186
(88.76%)
c# #    d # #

1.65±0.099
(92.69%)
c# #    d # #

1.72±0.12
(96.62%)
c# #  d # #

Normal vs. Drug alone = a, Normal vs. Control = b, Normal vs. Exp. = c, Control vs. Exp. = d.
Significance levels: # # p<0.001, # p<0.005

Table-3 Variations in thickness of granular and molecular layer and counts and volume of Purkinje Cells in cerebellum at 
various post-treatment days, in the presence or absence of Sesame Oil (±SEM). 

 Param-
eter Group Days post treatment

Control 
No 
treatment 

SO treated 
(150 µl / mice 
/day)

1 3 7 15 30

Thickness 
of granu-
lar layer 
(mm)

Irradiated
88.45±1.77
(93.43%)
b # #

80.12±1.48
(84.63%)
b # #

75.28±1.98
(79.52%)
b # #

60.55±0.924
(63.96%)
b # #

62.92±0.865
(66.46%)
b # #

94.66± 
0.787 
(100%)

91.45±2.39
(96.60%)
a# #

SO+IR
88.76±2.26
(93.76%)
c# #    d# #

86.34±1.93
(91.21%)
c# #    d# #

83.08±2.59
(87.76%)
c# #    d# #

89.59±2.86
(94.64%)
c# #    d# #

92.02±1.71
(97.21%)
c# #    d# #

Thick-
ness of 
molecular 
layer (mm)

Irradiated
88.54±0.739
(81.79%)
b # #

85.09±1.56
(78.60%)
b # #

82.75±0.875
(76.44%)
b # #

74.06 ±0.370
(68.41%)
b # #

77.82 ±0.647
(71.88%)
b # #

108.25± 
1.76 
(100%)

106.97±1.494
(98.81%)
a# #

SO+IR
100.89±0.59
(93.20%)
c# #    d# #

103.37±1.109
(95.39%)
c# #    d# #

100.29±1.17
(92.64%)
c# #    d# #

104.77±1.42
(96.78%)
c# #    d# #

106.24±2.66
(98.14%)
c# #    d# #

Count of 
Purkinje 
cells/2500 
mm 
lobule

Irradiated
84.09 ±2.556
(85.80%)
b # #

77.24 ±4.20
(78.81%)
b # #

70.00 ±4.20
(71.42%)
b # #

66.08 ±3.57
(67.42%)
b # #

69.11 ±4.01
(70.52%)
b # # 98.00 ± 

1.109 
(100%)

112.00±4.222
(114.28%)
a# #

SO+IR
92.44 ±2.333
(94.32%)
c# #    d# #

89.59 ±3.40
(91.417%)
c# #    d# #

87.88 ±4.39
(89.67%)
c# #    d# #

90.04 ±2.358
(91.87%)
c# #    d# #

91.89 ±3.66
(93.76%)
cNS d# #

Volume of 
Purkinje 
Cells 
(mm3)

Irradiated
408.23 ± 1.337
(87.08%)
b # #

399.01 ± 2.324
(85.11%)
b # #

382.89±2.449
(81.67%)
b # #

392.91±2.741
(83.81%)
b # #

409.80±2.333
(87.41%)
b # #

468.79 
± 3.224 
(100%)

472.58 ± 2.483
(100.80%)
aNS

SO+IR
413.99 ± 3.224
(88.31%)
c# #    d# #

411.50 ± 2.256
(78.77%)
c# #    d# #

419.20±2.222
(89.42%)
c# #    d# #

433.55±4.022
(92.48%)
c# #    d# #

457.84±3.991
(97.66%)
c# #    d# #

Normal vs. Drug alone = a, Normal vs. Control = b, Normal vs. Exp. = c, Control vs. Exp. = d.
Significance levels: # # p<0.001, # p<0.005
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