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ABSTRACT

The current research investigates the main physiological and potent antioxidant roles of
melatonin hormone in induced aging rats by D-galactose administration. This research includes 4
groups of male rat, Group 1:considered as a control group administered distilled water, Group 2: D-
galactose induced aging by administration of (300mg/kg B.Wt .S.C.) for 15 weeks, Group 3:
administered melatonin hormone (10 mg/kg B.wt. orally) for 15 weeks, Group 4: induced aging by
D-galactose (300mg/kg B.wt .S.C.)+melatonin hormone (10 mg/kg B.wt. orally) for 15 weeks.
Results Body and brain weight is decreased in the induced aging rats. Advanced glycation end
products (AGEs), Advanced oxidation protein products (AOPP) and thiobarbituric acid reactive
substances (TBARYS) is increased significantly in the D- galactose aged rats compared with control
group accompanied with significant decrease in Superoxide dismutase (SOD) and Glutathione
(GSH) level induced aging rats compared with control rat group. Melatonin hormone could
effectively attenuates these alterations. conclusion: melatonin hormone administration counteracted
the accelerated induced aging process by D-galactose in rats which may be due to its effects on
antioxidant enhancing activity and protect the cell from lipid and protein oxidation.
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INTRODUCTION

Senecences (Aging) is a biological process which was accompanied by oxidative stress in the
cell and the tissue in addition, aging enhanced body vulnerability to cognitive dysfunction and
impairment in physical, mental and social activities (He et al., 2013; Kumar et al., 2011). The
imbalance between the free radicals and antioxidant called oxidative stress, lead to produce
impairment of various bio molecular processes and can lead to the accumulation of the damage over
time (Stier et al., 2012). Aging process is subjected to quantitative modification by many factors
such as genetic and environmental factors (Culter and Mattson, 2006). One model to understand the
mechanism of aging is the use of chronic administration of D-galactose (D-gal) (Zhang et al., 2007
ab), as D-galactose accelerates aging in rodents (Cui et al., 2006).

D-galactose is a reducing monosaccharide present in very small quantities in the body
(Cardoso et al., 2015). D-gal can be changed into glucose when present in normal concentration
(Lei et al., 2008). An oversupply of D-gal can lead to conversion to D-galacto-hexodialdose and
hydrogen peroxide and to the galactitol by the action of aldose reductase (Ho et al., 2003), the
accumulation of these products in the cell caused osmotic and oxidative stress that can account for
aging process acceleration (Kumar et al., 2011).

Melatonin (N-acetyl-5-methoxy tryptamine) a hormone secreted from pineal gland with
multiple functions (Shen et al., 2002). Melatonin is a free radical scavenger and is the primary
antioxidant defender against reactive hydroxyl radicals (Barlow-Walden et al.,1995; Tan Dx et al.,
1993). Melatonin exerts multiple beneficial effects on age-related physiological functions,which
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include metabolic sensing, modulation and proliferation of mitochondria, anti-oxidative protection
of biomolecules and anti-inflammatory actions (Hardeland, 2013).

The aim of present study is to investigate the anti-aging effects of melatonin on some
biochemical and oxidative stress parameters in the D-galactose induced aged rats and to explore the
associated mechanism.

MATERIAL AND METHODS

All the steps of the experiment were performed in the animal house of the college of
veterinary medicine/ University of Mosul. In this study, 24 male rats (4 months old) weight 200-
250 g obtained from University of Baghdad were included, the rats maintained in cages with free
access to water and food and with a 12/12 hour light —dark cycle and controlled temperature. The
rats were divided randomly into four groups (6 animals per each) and treated as follows:

1- control group

Rats were given distilled water by intubation and subcutaneous injection daily .

2- induced aging group Rats injected with D-galactose 300 mg/kg body weight subcutaneously
daily for 15 weeks.

3- melatonin group Rats daily drenched with melatonin orally 10 mg/kg body weight by gavage
needle for 15 weeks.

4- D-galactose +melatonin group

Rats of this group daily injected by D-galactose subcutaneously 300mg/kg body weight and
melatonin orally drenched 10 mg/kg body weight for 15 weeks.

Collection of Blood samples :

At the end of the experiment, rats were weighted and anaesthetized by ether, blood were
obtained from retro-orbital plexus from eye orbital sinus by using heparinized capillary tube.
Serum samples were obtained by centrifuging whole blood at 3000 rpm for 15 minutes and the
supernatants were transferred into epindrof tubes and kept at -20°C for biochemical tests analysis.
Rats were dissected and fresh brain, heart, liver tissue were extracted to record organs weight.

Estimation of serum advanced glycation end products (AGEs) and super oxide
dismutase(SOD) concentration

Serum level of the AGEs and SOD activity were assessed by using enzyme- linked
immunosorbent assay(ELISA), two kits used (Al-Shkairate establishment for medical supply,
Jordon, Catalogue No (AGEs): RDEER0268, (SOD): RDEER0332).

Estimation of serum advanced oxidative protein products (AOPP)
Spectrophotometric determination of AOPP was performed by using the modified methods of
Witko-Sarsat's (Witko-Sarsat et al., 1996).

Estimation of serum glutathione (GSH).
Serum glutathione (GSH) was estimated according to the modified method described by
(Sedlak and Linsay, 1968).

Estimation of serum thiobarbituric acid reactive substance (TBARS).
Lipid peroxidation end products in cells and tissue determined by thiobarbituric acid —reactive
substance(TBARS) in serum were estimated according to (Brown and Kelly, 1996).

Statistically analysis

The data analyzed by using one —way analysis of variance, then were followed by using
Duncan's multiple range test(SPSS version 24,USA) to evaluate differences between groups means.
The results of experiment were expressed as mean * standard error. Values are considered
significantly different at (P<0.05).
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RESULTS AND DISCUSSION
1- Body weight and relative organ weight

At the end of treatment period, significant weight loss (P<0.05) was observed in induced
aging group compared to control with no significant difference in other treatments (Table 1).
Melatonin improved aged treated body weight compared with aged group (P<0.05).

The brain relative weight decreased significantly (P<0.05) in aged rats and melatonin treated
groups compared with control group (Table 1). No significant difference in liver and heart relative
weight all the experiment groups (Table 1). The free radical theory is one of the most popular aging
theories, by accumulated free radicals such as reactive oxygen species causing lipid, DNA, protein
and tissue damage in organisms (Harman, 2003). The decrease in body weight and brain could be
attributed to aging and loss of muscle mass (Stefanova et al., 2014; Baeta-corral et al., 2018). This
agreed with Liu et al. (2018) that D-gal (200 mg/kg B. WT. S.C.) causes decrease in body weight
and brain and D-gal injection causes atrophy of brain tissue, the decrease in body weight of
melatonin treated rats group may be due to its ability to reduce appetite, food intake. and inhibit fat
accumulation in fat tissue of obese animals (Piccinetti et al., 2010; Cardinali et al., 2011) Perhaps
the reason may be that these organs are very sensitive and are considered to be one of the most
indications of an increase in the level of chemicals in the body, such as drug poisoning, which

causes the appearance changes (Piao et al., 2013). Therefore, many internal organs in the body
show weight loss and atrophy (Tandon and Vohra, 2006).

Table 1 : Effects of melatonin hormone treatment on the body weight and organ relative

weight
Organ relative weight (mg/100 gm B.WT.)

Groups Body weight(g) Heart liver Brain
Control 320.97+£15.43 a 350.05+14.05 a 3576.1+127.34 a | 702.17+32.28 a
Induced aging (D-gal) 248.67+18.84 b 383.50424.25 a | 2971.47+247.42 a 593.73+20.46 b

Mel 28417475 ab 395.90 £19.67 a 3450.80+186.53 a 614.80+18.35 b
D-gal +Mel 277.17412.50 ab 369.12+30.39 a 3462.33+203.73 a 588.07+10.60 b

2- Effect of melatonin hormone treatment on advanced glycation end products(AGEs)
concentration.

AGEs concentration increased significantly (P<0.05) in the induced aging group (D-gal)
compared to control group, melatonin and Melatonin +D galactose groups Fig. (1). Melatonin and
melatonin+ d-galactose group not differ from control group. Thus treated melatonin hormone
restored AGEs concentration to control value Fig. (1). Advanced glycation end products (AGES)
conc. increased in the induced aged rat (D-gal). AGEs increased during aging and have been
regarded as one of the senescence's markers (Frimat et al., 2017). The glycation process is initiated
by a chemical reaction between reactive carbonyl group of sugar or an aldehyde with a free amino
group of a protein by forming inter-mediate products leading to the formation of AGEs
(Kim et al., 2017). AGEs are highly accumulated in tissues and organs in numerous age-related
pathological mannar such as diabetes, renal failure, inflammation (Ott et al., 2014). These toxic
(glycotoxins) implicated in cell dysfunction espically in diabetic and older organisms
(Kim et al., 2017).
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Fig. 1: Effect of melatonin hormone treatment on (AGES) concentration.

3- Effect of melatonin hormone treatment on super oxide dismutase (SOD) concentration .

SOD concentration significantly decrease ( P<0.05) in the aging group (D-gal) and melatonin
group compared with control group Fig. (2), in addition, melatonin failed to return SOD
concentration at D-gal +melatonin group to control value but defer than control Fig. (2). Enzymatic
antioxidants such as SOD and non-enzymatic GSH can neutralize the reactive oxygen species
(ROS) and prevent further injury to the cell. In the present research melatonin enhanced serum
antioxidant activity of D-galactose — induced aging rats. In which SOD conc. decrease significantly
which is in consistent with one proposed mechanism of D-galactose senescence induction by
increased production of oxidants with changes in the antioxidant enzymes activity and accumulation
of oxidative damage (Wei et al., 2005; He et al., 2009). These results were agreed with the previous
studies which confirmed the decrease in liver and kidney SOD activity in the mature rats treated
with D-galactose (Hadzi —Petrusher et al., 2015), also it agreed with Ahangarpour et al. (2016) who
noticed that D-galactose treatment causes a decrease in SOD concentration in the female rat
administered (500 mg/kg B.Wt. S.C. for 45 day).
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Fig. 2: Effect of melatonin hormone treatment on SOD concentration
4- Effect of melatonin hormone on advanced oxidation protein product (AOPP) concentration
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AOPP concentration in the induced aging rat was increased significantly (P<0.05) in
compared to control group Fig. (3), no significant differences in its concentration between
melatonin treated group and control group Fig. (3). Aged rats treated with melatonin showed a
significant (P<0.05) decrease in AOPP concentration compared with aging group Fig. (3). So
melatonin decrease significantly (P<0.05) AOPP conc. as compared to aging group in both
melatonin and D-gal +melatonin group but not returned to control value. AOPP is a marker of lipid
peroxidation increased significantly in the aging- induced rats (D-gal group). AOPP is a marker of
oxidative stress associated with age (Zhang et al., 2011).
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Fig. 3: Effect of melatonin hormone treatment on AOPP concentration

5- Effect of melatonin hormone treatment on Glutathione (GSH) concentration.

GSH level decreased significantly (P<0.05) in the induced aging group compared to control
Fig. (4) and significantly increased (P<0.05) in melatonin treated and melatonin +D —galactose
groups reach to its concentration in control group Fig. (4). So melatonin treated restored GSH
concentration to control value, the GSH contribute substantially to intracellular antioxidant defense
mechanism, decrease in anti-oxidant activity which result in a reduced protection against oxidative
stress produced by ROS generation, D-galactose hastening effect on cell senescence and oxidative
stress might be responsible for its apparent aging effect (Shen et al., 2002) and similar to those seen
by Yanar et al., (2011) who noticed that D-galactose rat injection daily at a dose (60mg/kg b.W.T.
for 6 week) reduced in glutathione concentration, and Uzun et al.,, (2013) found that GSH
concentration decreased significantly in 24 month old male and female rats than that of 6 months
age. In the present research, we found that melatonin (10 mg/kg) significantly ameliorated the SOD
and GSH concentration, because melatonin plays an indirect roles in preventing free radicals by
means of its ability to stimulate several important antioxidant enzymes, in addition to both
pharmacological and physiological roles of melatonin to stimulates both the mRNA level and the
activities of anti-oxidative agent (Pablos et al., 1997; Kotler et al.,1998). This agreed with
Shen et al.,(2002) who found that antioxidant activity of melatonin (0.1, 1 and 10 mg/kg) for 3
month to mice treated with D-galactose increase concentration of SOD,GSH and reduce the
concentration of TBARS. AOPP is a protein oxidation biomarker, and structural basis of the cells
is protein forms which likely to be oxidized due to imbalance induced via D-galactose
administration. This is in agreement with Aydin et al., (2018) who confirmed that D-gal
administration to rat (60 mg/kg B.Wt i.p. for 6 weeks)causes increase in AOPP concentration, also
in agreement with Yanar et al., (2011) who noticed that D-galactose administration causes rat
aging induction by significant increase in AOPP concentration.
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Fig .4: Effect of melatonin hormone treatment on GSH concentration

6- Effect of melatonin hormone treatment on TBARS concentration

TBARS concentration is increased significantly (P<0.05) induced aging group compared
with control group while Melatonin hormone alone treated decrease significantly TBARS conc. Fig
(5). as compared with induced aging group Fig. (5). with no significant changes in its
concentration compared to control group Fig. (5). TBARS a lipid oxidation biomarkers is increased
significantly in the treatment by D-galactose induced aging group in this research. D-galactose
causes increase malondialdehyde (MAD) level, the MDA level is a major marker of the lipid
peroxidation in aging tissue, MDA destroys the unsaturated fatty acids in cell membranes so
structure and function of cell are changed in lipid peroxidation of the mitochondrial, lysosomal and
plasma membrane (Celik et al., 2004). These results are in agreement with Sun et al.,(2013) who
confirmed that the D-galactose treatment induce aging because by increase MDA content with
decrease in the activity of SOD and GSH concentration. Also in agreement with Shen et al.,(2002)
who noticed that D-galactose (25mg/kg B.WT.S.C.) for 3 month increase level of TBARS in 6
month old BALB/C mice, and the study of Zhong et al., (2016) who noticed that D-galactose
(100mg/ kg B.WT. orally for 8 weeks) causes increase in MDA concentration in 3 month mice old.
The melatonin hormone can reduce MDA in aged induced rats, this indicated that melatonin may
protect the cells from the oxidative damage induced by D-galactose as a free radical scavenger and
antioxidant (Reiter, 1997). and is protective brain against oxidative deterioration (Reiter,1998).
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Fig. 5: Effect of melatonin hormone treatment on TBARS concentration
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CONCLUSION
we concluded that melatonin treatment (10 mg/kg) significantly reduce oxidative stress
induction by D-galactose ameliorated antioxidant activities in male rat treated with D-galactose,
such as GSH, SOD and the AGEs, AOPP and TBARS, due to its potent free radical scavengers
effect and potent antioxidant effect.
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