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AGE (Salvia officinalis L) is an aromatic and medicinal

plant of Mediterranean origin with antioxidant properties.
This study was dedicated to determine the modulatory
protective effect of sage water extract against oxidative stress
due to radiation exposure injury in male albino rats.

Irradiation was performed as fractionated dose of 6 Grays
(Gy) v-irradiation delivered as 1.5 Gy two times a week for 2
weeks. Sage leaves water extract was given orally to rats at a
dose level of 1mg/ kg body wt for 14 successive days during
and in between exposure to y-rays and continued for 7
successive days post irradiation of the rats.

Rats were sacrificed at 7 and 10 days after the last dose of
radiation. In irradiated rats group, the results revealed a
significant increase of thiobarbituric acid reactive substances
(TBARS) while, there was a significant decrease in the activity
of reduced glutathione (GSH), superoxide dismutase (SOD),
catalase (CAT) activities. In treated-irradiated rats group, water
extractable sage leaves application induced a significant
improvement in all these tested parameters

It was concluded that the traditional use of sage as an
antioxidant is safe and may provide some beneficial effects;
and could exhibit modulatory effects on y-rays-induced
oxidative damage in rats.

Key words: y-rays, Salvia officinalis L, antioxidant, rats.

The involvement of free radicals reactions in the pathogenesis of liver injury
has been investigated for many years. Reactive free radicals can exert cellular
damage through a variety of mechanisms, e.g. lipid peroxidation, depletion of
glutathione and protein thiols, derangement of intracellular free calcium
homeostasis and DNA fragmentation, with different relevance in the various
conditions (Oboh and Henle, 2009).
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lonizing radiation particles interact with biological systems to induce
excessive reactive oxygen species (ROS), which attack various cellular
components including DNA, proteins and membrane lipids, thereby leading to
significant cellular damage (Kohen and Nyska, 2002). ROS initiates the chain
reactions that peroxidize polyunsaturated fatty acids in membrane
phospholipids (Friedman, 2000). Oxidative stress might represent a direct or
indirect relevant pro-fibrogenic stimulus for hepatic cells (Huang et al., 2005).

Detoxification of superoxide anion (O’,) and hydrogen peroxide (H,0,),
catalyzed by intracellular superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GSH-Px) enzyme activities represents a major line of
defence (Gutteridge, 1995). However, the continuously increased ROS
productions has been negatively impact the internal antioxidant defence
mechanisms (Song et al., 2006). Thus, scavenging free radicals and inhibiting
lipid peroxidation are likely key target activities for developing successful
radio-protection strategies.

Experimental evidence suggests that most herbs and spices, especially
those of the Lamiaceae family, possess a wide range of biological and
pharmacological activities that may protect tissues against O,-induced damage
and therefore lower the risk of human chronic diseases (Bozin et al, 2006).

Salvia, the largest genus of the Lamiaceae family, includes about 900
species, spread throughout the world, some of which are economically
important since they have use as spices and flavouring agents in perfumery and
cosmetics.

Many species of Salvia, including sage, have been used as traditional
herbal medicine against a variety of diseases. The plant is reported to have a
wide range of biological activities, such as anti-oxidative properties (Hohmann
et al., 1999), anti-bacterial (Bozin, et al., 2007), hypoglycemic (Alarcon-
Aguilar et al., 2002), anti-inflammatory (Baricevic et al., 2001), fungistatic,
virustatic, astringent, eupeptic and anti-hydrotic effects (Farag et al., 1986).
Sage acts as antidiabetic agent in the study performed by (Eidi et al., 2005).
Also Sookto et al., (2013) showed that the oil extract of sage exhibited good
antifungal activity.
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The aim of the present study was to establish the putative protective and
restorative role of sage against radiation-induced oxidative-stress in hepatic
tissues and blood system.

Materials and Methods
Experimental animals

Sprague Dawley male albino rats (120+ 10 g) were obtained from The
Holding Company for Biological Products and Vaccines (VACSERA), Cairo,
Egypt. The Animals were kept in isolated cages, under standard laboratory
conditions including all hygienic measures with constant illumination and
ventilation, temperature and humidity. Animals were maintained on a starter
poultry pellets and water ad libitum. All animals were housed within a certified
animal care facility. Animal husbandry and experimentation were compatible
with the Public Health Guide for the care and Use of Laboratory animals
(National Research Council, 1996) and in accordance with protocols approved
by the local experimental animal ethics committee.

Preparation of plant extract

Plants were purchased from local market. Considering that sage is
traditionally used as a tea, an infusion of sage was routinely prepared by
pouring 150 ml of boiling water onto 2g of the dried plant material and allowing
to steep for 5 min. This produced an infusion of 3.5+ 0.1mg of extract dry
weight per ml of infusion (0.35% w/v) and a yield of 26.3% (w/v) in terms of
initial crude plant material dry wt (Lima et al., 2005).

Radiation process

Irradiation processing was performed using a Canadian Gamma Cell-40,
(**'Cs) at NCRRT, Cairo, Egypt. Animals were submitted to fractionated whole
body y-radiation; 2 Gy instalments every week at a dose rate of 0.5 Gy/ min up
to 6 Gy (total dose).

Experimental design

Animals were divided into 4 groups (each of 6 rats): control group, sage
treated group (1 ml/ Kg body wt) for 35 days, irradiated group was exposed to
fractionated dose of y-irradiation (6 Gy) delivered as 1.5 Gy 2 times per week
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for 2 weeks and sage treated+ y-irradiated animals; this group received sage for
14 successive days before exposure to fractionated dose of y-irradiation and
daily within the period of irradiation, and then received sage for seven days post
radiation exposure.

Samples collection

Animals were fasted overnight prior to sacrificing. Sex animals from each
group were randomly sacrificed by cervical dislocation 7 and 10 days post
irradiation. Blood samples were obtained by heart puncture from the
anaesthetized rats.

Plasma samples were prepared by centrifugation at 3000 r.p.m. and liver
samples were collected and prepared following normal laboratory procedures,
for the measurement of the biochemical parameters.

Biochemical procedures

Lipid peroxide content was determined by quantifying the TBARS content
in blood and tissue homogenates according to the method described by
Yoshioka et al. (1979). SOD activity was determined according to the method
of Minami and Yoshikawa (1979). CAT activity was determined according to
the method described by Johansson and Hakan Borg (1988). Determination of
GSH content was performed according to the procedure of Beutler et al. (1963).

Statistical analysis

Data were reported as means + S.E. The results were submitted to one-way
ANOVA, and means were compared between groups by Duncan’s multiple
range tests and least-significant difference (LSD) test. Results were considered
statistically significant when P-value< 0.05 (SAS "Statistical Analysis System",
2008).

Results

The antioxidants status SOD and CAT activities and GSH, TBARS
concentrations in liver and blood are presented in Tables (1, 2, 3 & 4). The
experimental results pointed to a significant increased changes in the activity of
SOD and CAT in liver and mildly decreased activity in the blood in rats
subjected to y-radiation (P< 0.05) (Table 1 & 2).
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TABLE 1. Effect of treatment of irradiated rats with sage on SOD activity.
Tissues & Animal groups
Times of investigations Control Sage IRR Sage+ IRR
Liver (mlU/ mg protein)
7 days 36.57+ 1.42 | 38.20+1.12 |50.00+ 1.63: 40.30+ 1.72*#
10 days | 37.80+1.40 | 37.47+1.20 |43.44+1.20 | 30.85+ 155
Blood (U/g Hb) X X
7days |437.80+25.00415.00+23.70| 308+14.0 | 360+ 18.00 #
10 days |450.00+ 26.70 |440.00+ 25.00 | 299+ 12.8" | 351+ 20.0"

Each value represents the mean of 6 records+ S.E. IRR= irradiated group.
* Significantly different from control group at p< 0.05.
# Significantly different from a corresponding irradiated group at p< 0.05.
However, there was a marked significant reduction in blood and liver GSH

level (Table 3) in the y-irradiated group (6 Gy) as compared to that of control

groups.
TABLE 2. Effect of treatment of irradiated rats with sage on CAT activity.
Tissues & Animal groups
Times of investigations | Control Sage IRR Sage + IRR
Liver (U/ g protein)
7 days 2.99+0.18 | 2.85+0.14 | 4.00£0.24" | 3.23+0.12"
10days | 3.05£0.16 | 2.95+0.15 |2.00+0.13" | 2.46+0.14™
Blood (U/g Hb)
7days 12.10+0.56 | 11.90+0.75 | 7.47+0.22" | 9.80+0.45"
10days | 12.83+0.60 | 12.22+0.67 | 6.53+0.27" | 8.61+0.44"

Legends as in Table 1.

The results obtained showed remarkable improvement in SOD, CAT and
GSH levels in rat’s administered prolonged sage before and during irradiation
exposure as compared with a corresponding data of those irradiated only.

TABLE 3. Effect of treatment of irradiated rats with sage on GSH activity.

Tissues & Animal groups
Times of investigations Control Sage IRR Sage + IRR
Liver (mg/g fresh tissue)
7 days 30.33+ 2.14 | 32.33+ 1.67 |22.90+ 1.23" | 23.68+ 0.96*
10 days 31.33+2.33| 34.00+ 1.63 | 17.83+ 1.05 | 23.27+ 1.13™
Blood (mg/ 100 ml RBCs)
7days 53.13+1.82 | 54.17+ 1.33 | 37.92+ 0.69" | 44.33+2.16™
10days | 49.80+ 1.44 | 51.50+ 1.93 |3 4.42+1.44" | 40.67+ 2.51°*

Legends as in Table 1.
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Furthermore, the concentration of TBARS showed a significant increase
due to vy- irradiation as compared to that of control rats. This observation was
found in examined liver tissues in addition to blood; P< 0.05, Table 4. at the "th
and 10th days of experimental intervals.

TBARS concentration in liver and plasma were significantly decreased
post sage treatment as compared to y-irradiated rats (Table 4).

TABLE 4. Effect of treatment of irradiated rats with sage on TBARS content.

Tissues & Animal groups
Times of investigations Control Sage IRR Sage + IRR

Liver (n mol/g fresh tissue)
7 days
10 days

Plasma (n mol/ ml)
7days | 11.20+0.80 |10.90+0.72 | 21.0+1.7 |14.10+1.10"
10days | 10.97£0.77 |10.78£0.70 | 22.7+2.0" | 15.0+1.47™"

Legends as in Table 1.

238+ 11.00 | 237+ 13.00 | 388+ 18.00" | 300+ 17.00™
245+ 10.00 | 240+ 14.00 | 400+ 15.00" | 310+ 15.00"

Discussion

Several evidences had indicated that accumulation of ROS led to the
alteration in a wide range of gene expression, such as antioxidant-enzymes,
stress response genes and cytokines (Zhang et al., 2002). During oxidative-
stress, the endogenous antioxidant defences are likely to be weakened because
of overproduction of oxygen radicals, consumption of antioxidants and failure
to adequately replenish these antioxidant enzymes in tissues (Droge, 2002).

The increased oxidative stress induced by radiation exposure was
associated with a significant alteration in antioxidant status pronounced by the
significant difference in SOD and CAT activity in the liver and blood and a
marked depletion in GSH concentration as compared to values of control. SOD
is a key antioxidant enzyme in the metabolism of oxygen free radicals. They
catalyze the dismutation of superoxide anion radical, a common product of
molecular oxygen reduction, to oxygen and hydrogen peroxide (Balin and
Allain, 1986). Since SOD is present in all aerobic organisms and most (if not
all) subcellular compartments that generate activated oxygen, it has been
assumed that SOD has a central role in the defence against oxidative stress
(Bowler et al., 1992). Bowler et al. (1992) have suggested that unique lipid
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peroxidation products could diffuse from the site of oxidative damage to the
nucleolus where they would enhance transcription of specific SOD genes.
Numerous studies have shown the importance of SOD in protecting cells
against oxidative stress (Huang, 1997). Thus, the decreased activity of SOD
observed in the present study could be due to a feedback inhibition or oxidative
inactivation of enzyme protein due to excess ROS generation.

CAT directly neutralizes the H,O, produced from the superoxide
dismutation reaction into water and molecular oxygen. Stress conditions which
reduce the rate of protein turnover, such as salinity, heat shock or cold, radiation
exposures cause the depletion of CAT activity (Hertwig et al., 1992). Depletion
of the activity of blood and liver tissues of irradiated rats SOD, CAT may be
due to the increased utilization of these antioxidants to counter lipid
peroxidation (Kalpana and Menon, 2004).

GSH is the most abundant non-protein sulfhydryl-containing compound
and constitutes the largest component of the endogenous thiol buffer (Holmgren
et al., 2005). Assessment of GSH in biological samples is essential for
evaluation of the redox homeostasis and detoxification status of cells in relation
to its protective role against oxidative and free radical-mediated cell injury
(Rossi et al., 2005). The present study, recorded a significant depletion of blood
and liver tissues GSH concentration in animals exposed to y-radiation,
compared to that of control groups.

GSH has diverse cellular functions in addition to its antioxidant properties
including enzymatic conjugation through the glutathione S-transferase family of
proteins and non-enzymatic conjugation to cytotoxic compounds (Davis et al.,
2001). Depletion in GSH level after radiation exposure might be resulted from
diffusion through impaired cellular membranes and/ or inhibition of GSH
synthetase and glutathione reductase enzymes (Kooij et al., 1994). In the
present study, the depression of this enzyme activity reflects perturbations in
normal oxidative mechanisms during irradiation exposure.

Fractionated dose of y-irradiation in the present study induced a significant
increase in the activity of serum lipid peroxidation associated with decrease in
antioxidant enzymes. Lipid peroxidation was found to be a feature of many
types of cell injury, in which free radical intermediates were produced in excess
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to endogenous enzymatic and non-enzymatic defence mechanisms (Slater,
1984). Lipid peroxidation can lead to changes in cell membrane fluidity and
permeability; consequently, cellular functions depending on membrane integrity
were prone to oxidative alterations and cytotoxicity (Esterbauer et al., 1991 and
Geetha et al., 2004).

The recorded increment in TBARS contents could be explained on the
basis that, ionizing radiation induced lipid peroxidation through the generation
of ROS which attack the polyunsaturated fatty acids constituents of the cell
membrane and other cell biomolecules, initiates a self-perpetuating chain
reaction that yields a wide range of cytotoxic breakdown by-products such as
TBARS (Gutteridge, 1995). Thus TBARS can serves as a reliable marker of
oxidative stress-mediated lipid peroxidation (Oktem et al., 2004).

Lipid peroxidation plays a role in the cytotoxic effects of oxidant-based
chemotherapeutic and phototherapeutic drugs (Girotti and Kriska, 2004). Thus,
scavenging free radicals and inhibiting lipid peroxidation are likely key target
activities of developing successful radioprotection strategies (Fridovich, 1986).

The study of Lima et al. (2007) clearly showed the antioxidant effects at
cellular level of sage, namely preventing cell death, lipid peroxidation and GSH
depletion in human hepatoma cell line (HepG2). The protection of cell viability
conferred by sage extracts seemed to be due mainly to their ability to prevent
GSH depletion (by about 60%). This study also showed a good correlation of
the above cellular effects of sage with the effects of their main phenolic
compounds, rosmarinic acid and luteolin-7-glucoside. Nevertheless, unknown
compounds other than phenolics also seem to contribute to the antioxidant
effects of sage on basal GSH levels. The same study showed for the first time
the ability of sage (mainly the methanolic extract) to increase basal GSH levels,
probably by the induction of glutathione synthesis.

Lu and Foo (2000) observed that sage extracts contain flavonoids and
other phenolics which may contribute to the total antioxidant activity.

Main activities of rosmarinic acid include antioxidant, anti-
inflammatory, anti-mutagenic, antibacterial, and antiviral properties (Armatu et
al., 2010 and Petersen and Simmonds, 2003).
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Sa et al. (2009) concluded that a four week treatment with sage tea was
effective in the improvement of lipid profile, antioxidant defences and
lymphocyte Hsp70 protein expression of human volunteers, which in the long
term may be responsible for the general health improving properties attributed
to sage.

Walch et al. (2011) suggested that on average between 3 and 6 cups of
sage tea could be daily consumed without reaching toxicological thresholds. It
could be postulated that the hepatoprotective effect of sage may be, at least in
part, due to their inhibitory ability on membrane lipid peroxidation and free
radical formation or due to their free radical scavenging ability. Ultimately, the
results suggest that sage could be used as a potent exogenous cytoprotective
agent against cell oxidative damage. Meantime, it could be used as a template
for designing novel drugs to combat diseases induced by oxidative stress
components.

It could be postulated that the hepatoprotective effect of sage may be, at
least in part, due to their inhibitory ability on membrane lipid peroxidation and
free radical formation or due to their free radical scavenging ability. Ultimately,
the results suggest that sage could be used as a potent exogenous cytoprotective
agent against cell oxidative damage. Meantime, it could be used as a template
for designing novel drugs to combat diseases induced by oxidative stress
components.
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