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Abstract

Decrease in the ozone layer leads to increase in the amount of dangerous ultraviolet radiation that reaches the
earth’s surface. Exposure to ultraviolet radiation leads to tissue damage.

This study aimed to investigate the possible protective effects of curcumin on testicular damage induced by
Ultraviolet Irradiation (UVR) histologically, histochemically and morphometrically. 60 albino rats were divide into 5
groups (twelve rats each) the first group served as control. The second group was exposed to ultraviolet C rays for %2
an hour (900 joule) for three consecutive days. The third group was treated with curcumin at a dose level of 5 mg/kg
body weight. The fourth group was treated with curcumin at a dose level of 25 mg/kg body weight at. The fifth group
was treated with curcumin at a dose level of 50 mg/kg body weight. Rats in the last three groups were treated with
curcumin for 4 weeks prior to exposure to ultraviolet rays. Sections were used for histopathological study on image
analysis and morphometric measurments. Histochemical stain were used to demonstrate the DNA and glycogen
content.

Results of this study revealed that exposure to ultraviolet rays led to changes blood vessels and disturbance
of spermatogenic layers, while using curcumin prior to exposure to ultraviolet rays in a small dose (5 mg/kg) led
to restoration of the normal structure in most of the seminiferous tubules. A dose of 25 mg/kg of curcumin as a
protecting agent led to depletion of spermatogenic cells above the level of spermatocytes in many of the tubules,
while a dose of 50 mg/kg of curcumin led to exfoliation of spermatogenic cells in some tubules and depletion of long
spermatids.

In conclusion, the present work reported that the treatment of rats with curcumin in a dose of 5mg/kg body weight
prior to exposure to ultraviolet rays led to a good protection against the harmful effects of ultraviolet C irradiation,
while higher doses of curcumin (25 and 50 mg/kg body weight ) had much less protecting effects.

band because of its efficiency in causing sunburning of human skin.
UVA has been referred to as black light region because of its use to
collect of fluorescent minerals, numerous laboratory applications, and
sterilization in variety of medical treatment [7,8].
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Introduction

Ultraviolet (UV) light is electromagnetic radiation with wave
length shorter than that of the visible light but longer than X-rays
[1]. The sun emits ultraviolet light in the UVA, UVB and UVC bands
[2]. The Earth’s ozone layer blocks 97-99% of this UV radiation from
penetrating through the atmosphere. 98.7% of the UV radiation
that reaches the earth’s surface is UVA, some of the UVB and UVC
radiation is responsible for the generation of the ozone layer.

The Ultraviolet Rays (UVR) can cause damage to corneal
epithelium and underlying stroma [9], and can cause cataract and
other eye damage [10]. Over exposure of people to UVR can lead to
skin cancer. The wrinkles, matling, excrescences and flaccidity of
aged skin were accepted as inevitable and natural features of ageing.
However, it is now thoroughly appreciated that the mere passage of
time is insufficient to produce these changes. The ravages associated

The ozone layer shields the earth from the sun’s harmful UV rays. ~ With ageing are mainly a result of excessive sun exposure [11].

Although ozone changes from day to day and place to place, world
scientists have measured long term decrease in ozone over the last
years. Decrease in ozone layers leads to increase in the amount of
dangerous UV radiation that reaches the earth’s surface [3]. It caused
by release of Chloroflurocarbon (CFCs) and other Ozone Depleting
Substances (ODS), which were used widely as refrigerant, including
foam and solvent [4].

The Ultraviolet Rays (UVR) can be used in the treatment of
psoriasis, vitiligo [12,13] and other common skin diseases [14].
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subdivided into several regions based on a combination of physical
properties and biological effects. The long wave length range from 320-
400 nm/energy 3.10-3.94 ev is called UVA [5]. The band from 280-320
nm/energy 3.94-4.43 ev is called UVB [1], the short wave length range
from 180-280 nm/energy 4.43-12.4 ev is called UVC [6].

UVC is called a germicidal radiation due to its uses in killing
microorganisms. UVB is called the sun burn spectrum of the erythermal
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Curcumin (diferuloyl methane) that is an important constituent of
rhizomes of the plant Curcuma longa is used as a spice to give specific
flavour and yellow color to Curry [15]. Curcumin is the principal
curcuminoid of the popular Indian spice turmeric, which is a member
of the ginger family (Zingiberaceae). The curcuminoids are natural
phenols that are responsible for the yellow color of turmeric [16].
Curcumin exhibits an inhibitory effect on the production of lung injury
and pulmonary fibrosis associated with bleomycin instillation in mice
[17]. Curcumin inhibited the production of inflammation and acute
lung injury in aminal models induced by cyclophosphamide [18], and
shown to exhibit a variety of biological activities. In both in vitro and in
vivo animal studies,, curcumin has shown antitumor [19], antioxidant,
antiarthritic, antiamyloid, anti-ischemic [20], anti-inflammatory
properties, which may be due to inhibition of eicosanoid biosynthesis
[21] and antiviral activities [22]. Also, it has been shown to inhibit the
production of various chemokines and cytokines including Tumour
Necrosis Factor a (TNF-a) by monocytes and alveolar macrophages
[23,24].

Material and Methods
Ultraviolet radiation-C source

Philips ultraviolet lamp (90 cm), 30 walt and its wavelength (265-
275 nm). The lamp was hanged in a cover wooden box [40 x 105 x 90
cm]. the inner of the box was painted black and divided into 6 equal
partitions. The amount of ultraviolet radiation-C received by rats was
determined according to the equation of Sybil and Parker [25].

Animals

A total of 60 male albino rats of Sprague-Dawley rats, weighing
about 150 g, were obtained from (National Research Centre, Egypt).
The experimental animals were housed in an air conditioned room
with 12h / 12h light - dark illumination cycles and given distilled water
to drink and fed a standard diet ad libitum. They were divided into 5
groups of 12 animals each as follows:

(Group 1) was kept as control group.

(Group 2) were irradiated with UV rays for % an hour for 3
successive days that is equivelant to a dose of 900 joules/second.

(Group 3) received curcumin orally in a dose of 5 mg/kg b.w./day
for 4 weeks and then radiated with UV radiation in the same dose of
group 2.

(Group 4) received curcumin orally in a dose of 25 mg/kg b.w./day
for 4 weeks and then radiated with UV radiation in the same dose of
group 2.

(Group 5) received curcumin orally in a dose of 50 mg/kg b.w./day
for 4 weeks and then radiated with UV radiation in the same dose of
group 2.

0-5 mg/kg bw of curcumin is the acceptance daily intake (ADI),
the other doses were chosen according to [26].

Preparation of histological sections

Testes of dissected animals were removed and fixed in 10% formol
saline, sections of 5-7 um thickness were stained with haematoxylin
and eosin [27] and used for the histopathological and morphometrical
studies. For the histochemical investigations, sections were stained
with Feulgen technique for DNA [28]. For demonstration of
mucopolysaccharides sections were stained with PAS technique [29].

Stained sections were subjected to quantitative analysis using
a computerized image analyser. Estimation of the optical density
relative to DNA content and nuclear volume were performed using
Feulgen stained sections. The diameter of the seminiferous tubules was
measured in sections stained with haematoxylin and eosin.

Curcumin was obtained from El hawag factor for raw oils Bader
city -Cairo-Egypt, while all chemicals used in staining were obtained
from National Research Center, Cairo, Egypt.

Statistical analysis

The data of histochemical results were subjected to statistical
analysis using the student (t) test (P< 0.05) were accepted as significant
[30].

This test was used as all groups were compared to control.
Results
Histological results

Histological examination of testicular section of control rats
showed the normal structure of this tissue (Figure 1a,1b). Exposure of
animals to ultraviolet C rays for % an hour for 3 successive days that is
equivelant to a dose of 900 joules/second caused marked tissue damage
in the rat testis in the form of marked dilatation and congestion of
blood vessels in interstitial tissue, that appeared wider, lightly stained
and contained more vacuolated areas as compared to control (Figure
1c). The arrangement of germ cell rows of spermatogenic cells showed
disturbance of spermatogenic layers which appears as areas lacking
spermatogenic activity with exfoliation of cells in many of the tubules.
Apoptosis of some spermatogenic cells, wide gaps in between them
and atrophy of Leydig cells in the interstitial tissue were also occurred
(Figure Ic, 1d).
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Figure 1: (a) is a photomicrograph of a section of testis from a control
rat showing the normal structure of seminiferous tubules. (b) is a
higher magpnification of the same section showing the different layers of
spermatogenic cells with srtoli cells (arrow) and the old (elongated) spermatids
(arrow head) attached to it. In the interstitial tissue a number of Leidig cells
(green arrow) are observed. (C) is a photomicrograph of a section of testis
from a control radiated rat showing marked dilatation and congestion of blood
vessels in interstitial tissue (arrow) with disturbance of spermatogenic layers
in many of the tubules and exfoliation of cells in others (arrow head). (d) is a
photomicrograph of another section of the same group showing wide gaps in
between the spermatogenic cells (arrow head). Atrophy of Leidig cells (arrow)
in the interstitial tissue is also observed. (Hx. & E. X 100 & 200).
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Using curcumin prior to exposure to ultraviolet rays led to
improvement in the histological structure of testicular tissue. Using
curcumin a dose of 5 mg/kg b.w./day for 4 weeks prior to irradiation
led to restoration of the normal structure in most of the seminiferous
tubules except for slight vacuolation in the interstitial tissue and
small gaps between the sertoli cells. Spermatocytes showed normal
appearance of dividing cells. Sertoli cells, density of spermatids
and spermatozoa were more prominent than that of radiated rats
(Figure 2a, 2b). Rats received curcumin in a dose of 25 mg/kg b.w./
day for 4 weeks before irradiation showed multiple gaps in between
the spermatogenic cells, depletion of spermatogenic cells above the
level of spermatocytes in many of the tubules with no signs of division
in these cells, the spermatids are atrophied and the sertoli cells have
abnormal-shaped nuclei (Figure 2c, 2d). Using curcumin in a dose of

¥ Y :\f“' g "“&?_
(AR

received curcumin orally in a dose of 5mg/kg b.w./day for 4 weeks and then
radiated with UV radiation in the same dose of previous group showing
restoration of the normal structure in most of the seminiferous tubules except
for slight vacuolation in the interstitial tissue . (b) is a higher magnification
of the same section showing some small vacuoles are still present in the
interstitial tissue (arrow head) as well as some small gaps inbetween the
spermatogenic cells (green arrow). Sertoli cell with old spermatids attached
to it is also observed (arrow). (C) is a photomicrograph of a section of
testis from a rat that received curcumin orally in a dose of 25mg/kg b.w./
day for 4 weeks and then radiated with UV radiation in the same dose of
previous group showing multiple gaps in between the spermatogenic cells
(arrow heads) and depletion of spermatogenic cells above the level of
spermatocytes in many of the tubules. (d) is a higher magnification of the
same section showing no signs of division in spermatocytes, the spermatids
are atrophied (arrow head) and the sertoli cells have abnormal-shaped nuclei
(arrow). Slight congestion of blood vessels is observed in interstitial tissue
(green arrow). (e) is a photomicrograph of a section of testis from a rat that
received curcumin orally in a dose of 50 mg/kg b.w./day for 4 weeks and
then radiated with UV radiation in the same dose of previous group showing
thickening of the basement membrane of seminiferous tubules (arrow heads),
exfoliation of spermatogenic cells (arrow) in some tubules and disturbance
of spermatobegic layers in others. (f) is a higher magnification of the same
section showing depletion of long spermatids and the presence of gaps
between the spermatogenic cells (arrow). (Hx. & E. X 100 & 200).
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Histogram 1: The diameter of seminiferous tubules in all groups.

group Cont. Cont.R 5mgcur 25mgcur 50 mg cur

Mean

h 1264,545 1154,649 1423,835 1307,319 1235,02
diameter

Table 1: The mean diameter of seminiferous tubules of all groups.

50 mg/kg b.w./day for 4 weeks prior to iradiation led to thickening
of the basement membrane of seminiferous tubules , exfoliation of
spermatogenic cells in some tubules and disturbance of spermatogenic
layers in others, depletion of long spermatids and the presence of gaps
between the spermatogenic cells (Figure 2e, 2f).

Morphometrical results

Examination of the mean diameter of seminiferous tubules revealed
that ultraviolet C irradiation caused a noticeable decrease in diameter
of seminiferous tubules if compared to control rats. Treating animals
with curcumin as a protecting agent against the harmful effects of
ultraviolet C radiation showed an increase in diameter of seminiferous
tubules more than control and radiated animals with doses of 5, 25 and
50 mg/kg respectively (Histogram 1 and Table 1).

Examination of sections of control rats to identify the percentage
of different stages of seminiferous tubules in the rat tesiticular tissue
revealed that 14 stages were found in the seminiferous tubules of the
rat as follows: stage 1: 6.2%, stage 2: 9.9%, stage 3: 7.7%, stage 4: 9.6%,
stage 5: 7.2%, stage 6: 8.9%, stage 7: 6.8%, stage 8: 9.1%, stage 9: 6.1%,
stage 10: 4.6%, stage 11: 3.9%, stage 12: 6.8%, stage 13: 7. 5% and stage
14: 4% and 1.7% showed exfoliated cells 9 (Figure 2,3).

Examination of sections of radiated rats revealed that: stage 1:
3.3%, stage 2: 4.2%, stage 3: 1.6%, stage 4: 2.7%, stage 5: 1.3%, stage 6:
13.6%, stage 7: 6.6%, stage 8: 6.2%, stage 9: 6 %, stage 10: 3.1%, stage 11:
3%, stage 12: 6.4%, stage 13: 7% and stage 14: 3.1% and 31.9% showed
exfoliated cells.

Examination of sections of rats received 5mg/kg curcumin prior
to radiation revealed values close to those of control rats. Animals
received curcumin in a dose of 25 mg/kg body weight before radiation
showed arrest of spermatogenesis in most of the tubules above the level
of the spermatocytes, while animals received curcumin in a dose of 50
mg/kg body weight before radiation showed nearly close to those of
radiated group.

Histochemical results

DNA was histochemically demonstrated using Feulgen reaction
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technique. The mean value per nucleus was measured by image
analyzer and the results was expressed as optical density values. The
mean value for nuclear DNA content of spermatogonia (Sg) nuclei
was non-significantly lower in radiated group (156,660) than control
(165,506). The mean value for nuclear DNA content of spermatocytes
(Sc) nuclei was significantly lower in irradiated group (165,506) than
control (237,241).

The mean DNA content of spermatogonia in curcumin treated
groups were non-significantly lower than that of control group, on
the other hand, the mean DNA content of spermatocytes in curcumin
treated groups with were significantly lower than that of control
animals, (Histogram 2).

By measuring the optical density of mucopolysaccharide content
in testicular tissue of sections stained with PAS (Histogram 3 and
Table 2) revealed that UVC irradiation caused marked diminution
of mucopolysaccharides content in testicular tissue of rat (72,432 +
37,532) if compared to that of control rats (111,671 + 21,797) (Figure
4a,4b). Using curcumin as a protective agent against the damaging
effect of UV irradiation in a dose of 5 mg/kg body weight showed
diminution of the mucopolysaccharide content in testicular tissue
(46,748 * 8,624) if compared with normal control group (Figure 4C).
Curcumin in higher doses (25 mg/kg body weight) had slight protective
effect against the damaging effect of UV irradiation (69,409 + 25,28009)
as mucopolysaccharide content was still less than that of control group
(Figure 4d). The highest dose of curcumin had a similar effect to that
of the lowest dose (5 mg/kg ) body weight (47,314 + 27,46729 ) (Figure
4e).

Discussion

Allliving organisms on Earth are being perpetually exposed to some
amount of radiation originating from a variety of sources. Ionizing
radiation are serving on mankind many fold than any other scientific
invention in the form of medical, industrial, agricultural applications
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Figure 3: (A) A section of a seminiferous tubule showing stage 4 showing
old (elongated) spermatids (os) near the lumen of the tubule, 2 generations
of spermatocytes (sp), dark nucleus of spermatogonia (sg) and triangular
nucleus of sertoli cell (S). (B) stage 6 of seminiferous tubule showing old
spermatids (0s) inserted in sertoli cell cytoplasm and many rows of rond
spermatids (rs). (C) stage 7 of seminiferous tubules showing multiple rows
of round spermatids (rs) and a single row of spermatocytes (sp). (D) stage 8
showing round spermatids (rs) and spermatocytes (sp). (Hx. & E. X 500,

1000).
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Histogram 2: The DNA content of spermatogonia (Sg) and spermatocytes
(Sc) of all groups.
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Histogram 3: The mucopolysaccharide content in testicular tissue of all
groups.

Control Cont. radiated 5mg cur + rad 25mg cur + | 50mg cur +
rad rad
111,67147 | 72,43230088 @ 46,74865868 @ 69,40910673 | 47,3145994
21,79721 37,53281 8,624313 25,28009 27,46729

Table 2: The mucopolysaccharide content in testicular tissue of all groups.

and scientific solutions. Whole body exposure to irradiation causes
damage initiating plethora of cellular and biochemical reactions inside
living cells. Various tissue and organ systems of an individual differ
in their response to radiation and as a rule, systems with proliferating
cells are the most sensitive. Testis is one of the radiosensitive organs
due to rapidly dividing cell renewal system. Radiation was found to
produce marked effects on testis in term of lethality and impaired
spermatogenesis [31].

In the present work identical apoptosis was detected in the group
of animals exposed to ultraviolet C rays only. These results were in
agreement with [32,33] they noticed that total body irradiation induces
an increase of identical apoptosis and testicular damage, they are also
coinciding with Veselska and Janisch [34], who demonstrated that short
reparation periods from 30 minutes to 3 hours (ultraviolet rays) caused
an increase in number of apoptotic cells with typical features (plasma
membrane blebbing and DNA fragmentation). The surviving cells were
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characterized by other changes in morphology i.e. shrinking of normal
cells and a gear wheel shape of giant multinuclear cells. Production and
accumulation of apoptotic cells is one of characteristic features of tissue
damage by oxidative stress [35]. Increase apoptotic cells induced by
ultraviolet rays has been explained by Veselska and Janisch and Su Liu
et al. [34,36] they postulated that exposure of organisms to ultraviolet
rays induced effects on cell structure and function. Ultraviolet rays
cause damage to cell structure by oxidative stress. At molecular level,
chromophores without DNA absorb photon; this absorption results
in production of reactive oxygen species and energy transfer to target
molecules, i.e. DNA, protein and lipids. The reaction of oxygen species
plays an important role in causing DNA lesions as well as changes in
metabolism related to cell damage and induction of apoptosis.

In the present study devoid of germ cells in some tubules, decrease
in density of sperms and gaps in spermatogenic layers in others were
observed after exposure to ultraviolet rays. These results were in
agreement with [37] they observed that after irradiation most of the
tubules of testis appeared devoid of germ cells and contained only a
single row of cells attached to tubular basal lamina, others showed
decrease in sperm density and viability. Also, Kim and Lee [38] stated
that radiation induced extant of changes in mouse testis structure and

Figure 4: (a) is a photomicrograph of a section of testis from a control rat
showing the normal content of mucopolysaccharides in testicular tissue.
(b) is a photomicrograph of a section of testis from a control radiated rat
showing amarked decrease in mucopolysaccharide content compared
with previous group. (C) is a photomicrograph of a section of testis from
a rat that received curcumin orally in a dose of 5mg/kg b.w./day and then
radiated with UV radiation in the same dose of previous group showing
diminution of the mucopolysaccharide content of testicular tissue. (d) ) is a
photomicrograph of a section of testis from a rat that received curcumin orally
in a dose of 25mg/kg b.w./day and then radiated with UV radiation showing
that mucopolysaccharide content of tissue is much less than that of control
group. (e) is a photomicrograph of a section of testis from a rat that received
curcumin orally in a dose of 50 mg/kg b.w./day and then radiated with UV
radiation showing a remarkable diminution of mucopolysaccharide content if
compared with the control group. (PAS X 200).

epididymal sperm parameters following radiation. The histological
examination of seminiferous tubules showed reversible spermatogenic
cell loss. According to Gehlot et al. [39] ionizing radiation was found
to produce marked effects on testis in term of lethality and impairment
spermatogenesis. In previous reports it was documented that the
ultraviolet light induced tubular disorganization and degenerative
effect of spermatogenesis in bovine, mouse and rats [40]. These results
are explained by Lanning et al. [41] who stated that such findings can
be due to disturbance of Sertoli cell function leading to vacuolation of
organelles or vacuolation disturbance of fluid balance.

Exfoliation of germ cells was observed in the results of this study
and can be explained according to Lanning et al. [41] who postulated
that it may be due to disruption of Sertoli/germ cell junctions leading to
loss of adhesion or it may be due to disruption of Sertoli cell cytoskeletal
fibers leading to sloughing of apical Sertoli cell cytoplasm and attached
germ cells.

In the present study the decrease in diameter of seminiferous
tubules and shrinkage of some seminiferous tubules were detected
in the group of rats exposed to ultraviolet rays only. Results of this
work were in agreement with Goyal and Gehlot [39] they noticed that
decrease in diameter and lumen of seminiferous tubules were propably
resulted from spermatogenic cell loss after radiation exposure. Also
Kim and Lee [38] reported that spermatogenic cell lines were separated
from one another and their cytoplasm was filled with diffuse vacuoles
with wrinkling in the basement membrane of the seminiferous tubules.

In cells the interaction between a number of environmental and
occupational genotoxic substances such as X-rays, ultraviolet rays
and a variety of chemicals including ozone results in an enhanced
generation of free radicals and modified prooxidant states. The
ultraviolet light exposed cells can induce the production of reactive
oxygen species which can damage the cellular elements [42]. Oxidative
stress plays a causative role in the development of degeneration effect
of radiation on seminiferous tubules consistent with results observed in
the present work. This is coinciding with Heemen et al. [43], who found
that exposure of rats to ultraviolet A (320-400nm) induced histological
damage in tissues.

The pathological changes observed in the present work in the testis
of rats due to ultraviolet C rays may be atributed to lipid peroxidation
and free radicals in damaged cells. Our results are in agreement with
Santra and Manna [44] as they found lipid accumulation in mammals
within testicular tissues, especially in the sertoli cells due to local
irradiation or after high dose of ionization radiation.

The role of reactive oxygen species in radiation injury and the
potential of antioxidants to reduce these deleterious effects have been
studied in animal models for more than 50 years. Sharma et al. [45]
reported that many natural antioxidants have antimutagenic properties
and proved to be effective radioprotectors. Modulation of endogenous
antioxidants such as superoxide dismutase may be useful in specific
radiotherapy protocols.

Curcumin have been shown to scavange the free radicals and
thereby acts as good antioxidant. Its role as an antioxidant may be due
to in part its ability to down regulate nitric oxide formation, which is
a key element in inflammation and may contribute to carcinogenesis
[46].

The antioxidant activity of the curcuminoids (the active part
in curcumin) comes by virtue of their chemical structure. The
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curcuminoids consist of two methoxylated phenols connected by two
a, B unsaturated carbonyl groups that exist in a stable phenol form [47].

In the present work the oral administration of curcumin prior
to irradiation with ultraviolet C rays showed some improvement in
pathological changes in the form of absence of apoptotic cells and
normalization of spermatogenic layer. These results were in agreement
with [48] who noticed that Curcuma longe has antioxidant properties
and can prevent UV-induced apoptotic changes and abolish oxidative
stress. These results can be explained by Asuda et al. [47] who stated that
Curcumin has been shown to inhibit lipid peroxidation using linoleate,
a polyunsaturated fatty acid that is able to be oxidized and form a fatty
acid radical. It has been demonstrated that curcumin acts as a chain-
breaking antioxidant at the 3’ position, resulting in an intramolecular
Diels-Alder reaction and neutralization of the lipid radicals.

In addition to inhibiting lipid peroxidation, curcumin
demonstrates free radical-scavenging activity. It has been shown to
scavenge various reactive oxygen species produced by macrophages
(including superoxide anions, hydrogen peroxide and nitrite radicals)
both in vitro as well as in vivo [49].

Moreover, curcumin a polyphenolic antioxidant has the ability of
supression of expression of the isoenzyme cyclooxegenosis. Its efficacy
appears to be related to induction of glutathione s-transferase enzyme,
which is responsible of inhibition of injuries induced in tissue. It also
inhibits the prostaglandin E(PGE2) production [45].

Curcumin has been shown to suppress the activation of NF-«B, an
inducible transcription factor that regulates the expression of a host of
genes involved in inflammation, cellular proliferation and cell survival
[50].

Concerning the histochemical results in the present work, rats
exposed to ultraviolet rays showed a significant decrease in DNA
especially in spermatocytes. Results of this work were in agreement
with Fourtanier and Berrebi [51] who noticed that UVA and UVC
radiation induced DNA damage and this damage is not a result of lipid
peroxidation. UVC radiation is known to induce a transient cellular
replicative arrest or apoptosis.

According to Taggart [52] ultraviolet radiation mostly damage
DNA by producing thymin dimers, which are cross-links between
adjacent pyrimidine bases in DNA strand. Short wave length UV light
has enough energy to damage chemical bonds between DNA molecules,
which are very stable under most conditions. Also, Onigbinde et al.
[53] reported that ultraviolet photons harm the DNA molecules
of the living organisms in different ways. In one common damage
event, adjacent thymine bases bond to each other instead of across the
“ladder”. This make a bluge and the distorted DNA molecules do not
function properly. Damaged DNA was found to be elevated upon a
single ultraviolet exposure and return to background level after 3-4
days.

In the present work, the treatment of rats with curcumin prior
to ultraviolet radiation showed a non-significant decrease in DNA
in spermatogonia cells, while spermatocytes-actively dividing cells-
showed a significant decrease in DNA in comparison to control
especially with the small dose of curcumin. Results of the present work
were agreed to Notarbartolo et al. [54] who stated that Curcumin was
shown to inhibit cell growth and had apoptotic effects that is somewhat
related to free radical generation and is dependent on caspase 9 and
3 activation. While Chan and Yu [48] stated that curcumin exerted a

good ability to scavange oxygen free radicals and could protect DNA
from UV-induced damage. Also, Sharma et al. [45] reported that
curcumin can play a significant role in suppression of oxidative DNA
adduct formation.

Curcumin induces apoptotic cell death by DNA-damage and
preventing cancerous cell growth [55].

The rats exposed to ultraviolet rays showed diminution in PAS
+ve materials in testis. These results go in agreement with Morsy et al.
[56] who found that the liver of rats exposed to ultraviolet C rays (180
- 280 nm) for 30 successive days showed marked diminution in PAS
+ve materials in the cytoplasm of hepatocytes. They are also coinciding
with Farrag [57], who found that the rats exposed to ultraviolet light
(5 joules) daily for 10 days showed decrease in PAS reaction in brush
borders of renal tubules. Treating rats with curcumin in a dose of 5
mg/kg prior to irradiation led to diminution of PAS +ve materials in
testicular tissue, which can be explained by occurence of regeneration
in the form of increased number of spermatocytes and round
spermatids, while the number of elongated spermatids (containing
acrosomes) is still low. Curcumin in a dose of 25 mg/kg gave a higher
+ve result that can be explained by thickening of basement membrane
of seminiferous tubules. Using curcumin in a dose of 50mg gave similar
result to that of dose 5 mg/kg. El-Bamhawy et al. [58] reported that in
general, the reduction of glycogen content could be due to the release
of hydrolytic enzymes from ruptured lysosomes under the toxic effects
of toxic agents. Also, El-Asar et al. [59] reported that irradiation caused
distention and fragmentation of elements of endoplasmic reticulum
with absence of ribosomes and glycogen particles.

The decrease in PAS +ve material observed in this study was
interpreted due to the most probably consequent to the degenerative
changes [60].

Contrary to the antioxidant nature of curcuminoids, much
evidence for cytotoxic properties of curcumin was reported, and its
cytotoxicity is suggested to be due to production of reactive oxygen
species and causes oxidative DNA damage [61].

Curcumin, like ascorbic acid, can become a pro-oxidant agent
depending on the redox state of the biological environment [62].
Therefore, the mutagenic effects of curcumin could be explained by
the fact that curcumin would act as a pro-oxidant agent at the highest
concentrations [62].

In conclusion, the present work reported that the treatment of rats
with curcumin in a dose of 5 mg/kg body weight prior to exposure to
ultraviolet rays led to a good protection against the harmful effects of
ultraviolet C irradiation, while higher doses of curcumin (25 and 50
mg/kg body weight ) had much less protecting effects.
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