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ABSTRACT

Oxidative stress reflects an imbalance betweersylseemic manifestation of reactive oxygen specidstze ability
of a biological system to readily detoxify the ri@ae intermediates or to repair the resulting dareagntioxidants
remove free radical reactive intermediates and teate the oxidation chain reactions. Melatonin israall indole
amine, secreted rhythmically with increased synshdaring the dark phase of the lighting cycle. dMehin is an
antioxidant and can detoxify highly reactive oxygadicals. Minocycline is a broad spectrum, secgederation
tetracycline antibiotic, reported to possess aritiart properties with radical scavenging potencard&juat is a
widely used herbicide, which catalyzes the fornmatid reactive oxygen species (ROS), more spedyfithe
superoxide free radical. Drosophila melanogastea iwidely used model organism. It is sexually dphar with a
high fecundity and short generation time. The wilde flies (p generation) were separated into 4ug and
cultured under the stated conditions. The F1 adofteach group were subjected to treatment withhtéicide,
Paraquat and the survival rate was determined. el in isolation was shown to be more effectiveeducing
the effects of Paraguat-induced oxidative strebe fEmale flies of each group were also reportechtoe resilient
to stress and also scored higher in the locomoszags.

Key words: oxidative stress, melatonin, minocycline, paraquesgctive oxygen species.

INTRODUCTION

Oxygen is potentially a toxic substance, and itslmgaerobes, although necessary for their immediatvival, may
also be hazardous to their long-term existence. pifenomenon of oxygen toxicity, sometimes refetreds the
“oxygen paradox” is inherent in the atomic struetf oxygen. Molecular oxygen is a biradical thpbm single
electron additions sequentially generates the glrtieduced molecules QO H,O, , and OH ,which by further
reactions can generate an assay of additionaliveamtygen metabolites (ROM) or reactive oxygencigee (ROS)
and cause extensive oxidative damage to biologiearomolecules([1], [2].

1.1. Céellular Defense against ROS

Cells have a variety of defense mechanisms to anaéli the harmful effects of ROS. Superoxide disiseif{SOD)
catalyzes the conversion of two superoxide anios a molecule of hydrogen peroxide and oxygenthia
peroxisomes located next to the mitochondria ofaeyidtic cells, the enzyme catalase conved®,Hto water and
oxygen and thus completes the detoxification itetidby SOD.
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1.2. Oxidative Stressand Antioxidants.

Oxidative stress reflects an imbalance betweensywemic manifestation of reactive oxygen specied a

biological system’s ability to readily detoxify threactive intermediates or to repair the resultiaghage. In the
other words, oxidative stress is an imbalance ofgidants and antioxidants, which can be quatifiehumans as
the redox state of plasma GSH/GSSG [3]. Oxidattwess is suspected to be involved in neurogenerdiseases,
cardiovascular disease, age-related diseases. loweactive oxygen species can be beneficiah@sdre used by
the immune system to attack and kill pathogensHdither, short term oxidative stress may alsanfggortant in the
prevention of aging by induction of a process namé&dhormesis [5].

An antioxidant is a molecule that inhibits the @tidn of other molecules. Oxidation is a chemieaation that
transfers electrons or hydrogen form a substan@ntoxidizing agent, resulting in production ofdreadicals. In
turn , these radicals can start chain reactionsiofidants terminate these chain reactions by rengpfree radical
intermediates, and inhibit other oxidation readig@]. Plants and animals maintain complex systefnmultiple
types of antioxidants such as glutathione, melatoritamin C, vitamin A and vitamin E as well azgmes such as
catalase, superoxide dismutase and various pesoxide

1.3. MELATONIN

Melatonin, a hormone secreted by the pineal glasdan antioxidant which protects cytosolic and eacl
macromolecules from free radical cytotoxicity. Melsin (MEL) (N-acetyl-5-methoxytryptamine) is a dina
indoleamine with chemical formula;§£,6N,O, (molecular weight 278g/mol), secreted rhythmicalish increased
synthesis during the dark phase of the lightindecji].

Melatonin can detoxify highly reactive oxygen rad#; without undergoing redox cycling. Redox ayglimay
allow other antioxidants(such as vitamin C) to ast pro-oxidants, counter intuitively promoting efreadical
formation. Melatonin is referred to as a terminakoicidal antioxidant because once oxidized itncarbe reduced
to its former state as it forms several stable grodiucts on reacting with free radicals [8]. Mefatoas a natural
antioxidant , can serve as a suitable indicatdahefdark period [9]. The production of melatoniegcrbases with age
[10] and it is suggested that maintaining melatatia high level could slow age related alteratidnsaddition to
scavenging reactive oxygen species, melatonin siesithe activity of antioxidant enzymes supatexdismutase,
glutathione, peroxidase and catalase.

1.4. MINOCYCLINE

Minocycline, a broad spectrum tetracycline antiiiots reported to possess antioxidant propertigh wadical
scavenging potency. It is a bacteriostatic antibjaiassified as a long-acting type. It is the tripsd-soluble of the
tetracycline class antibiotics. Minocycline is nat naturally occurring antibiotic, but was synthesdizsemi-
synthetically from natural tetracycline antibiotibg Lederle laboratories in 1972 and marketed uride brand
Minocin. [11].

Minocycline is reported to possess antioxidant prbes with radical scavenging potency similar itamin E [12].
Minocycline along with other known antioxidants kuas tocopherol showed direct radical scavenginiyig

proposed to be due to the presence of phenoliccapgble of reacting with free radicals, leadingheformation of
relatively stable and unreactive phenol derived fiadicals [13]. Studies by [14] strongly supposirailar ability of
minocycline in whole organism studies under varatpxidative stress paradigms.

1.5. PARAQUAT

Paraquat is the trade name for N,N’-dimethyl-4 iwhidinium dichloride,one of the most widely used herbicides
in the world. Paraquat catalyzes the formationeafctive oxygen species (ROS), more specificallystiyger oxide
free radical. It undergoes redox cycliimgvivo being reduced by an electron donor such as NADF&fgre being
oxidized by an electron receptor such as dioxygeprbduce super oxide, a major reactive oxygeniepedhe
super oxide anion can lead to the synthesis of rtmde reactive oxygen species such as hydroxyicedsl and
hydrogen peroxide. On the other hand, the oxidatibreduced nicotinamide adenine dinucleotide phatp
(NADPH) as a consequence of paraquat administraiienlts in the disruption of biochemical procesguiring
NADPH [14].
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1.6. Drosophila melanogaster

Drosophila melanogaster commonly referred to as the fruit fly is used las model organism. It referred to as the
fruit fly is a small insect usually found near y®iand rotted fruit. The wild type of fruit flieseayellow-brown in
color with transverse black rings across the abdwoarel brick red eyes. The fruit flies exhibit sexdianorphism.
The females are 2.5mm in length, while the malesslightly smaller and distinguished by the presewfca distinct
black patch at the tip of a rounded, large abdorser,combs and a cluster of spiky hairs(claspenspsnding the
reproducing parts used to attach to the femalenduriating.

The genome of D.melanogaster contains 4 pairs mincbsomes, an X/Y pair and 3 autosomes labell&iahd 4.
The genome of D.melanogaster was sequenced in 20D@s 165 million base pairs have been annotabdut
75% of known human disease genes have a recogairatch in the genome of fruit flies and 50% ofghptein
sequences have mammalian homologs. Drosophilaiig) hesed as genetic model for several human disease
including the neurogenerative disorders Parkinsddimtington’s, Spinocerebellar ataxia and Alzhaimédisease.
Drosophila is also being used to study mechanisntenlying aging and oxidative stress, immunity, beies,
cancer and drug abuse

2. SCOPE OF THE STUDY
The objective of the present study was to deterntive effect of two antioxidants (namely Melatoninda
Minocycline) administered in isolation or in comation in the diet of Parental (P) and First fi{glL) of generation
on Drosophila melanogaster.

The effects analyzed were the role of the two aidemnts in-

1. Increasing the survival rate of F1 generation addibsophila melanogastdiies subjected to oxidative stress
induced by Paraquat.

2. Ameliorating the impact of oxidative stress indutcsdParaquat on F2 generation adult flies as asddssfour
physiological characteristics involved Drosophila melanogastesurvival and fithness. The characteristics assessed
included time in motion, negative geotaxis, staoratesistance and desiccation resistance.

MATERIALSAND METHODS

The Drosophila melanogastdties were cultured by employing the standard tépie. Melatonin was dissolved in
water at a concentration of 100ug/ml. The melatovéis added to the standard food media at the ctatiem of
1ml/vial/day, when required. Minocycline (500mg)sshlved in 500ml was added to the food media at a
concentration of 100ug/ml. The dissolved minocyehlvas added to the food media at the rate of lahiday.

The wild type flies were grouped into the followidggroups. Each group included a set of 5 paifiexf (5 male
and 5 female) and were treated as the parentagi®ration. The 5 pairs of flies were allowed tderia the vial.
The F1 progeny larvae were subjected to diffener@tinents based on the groups.

Group I- F1 larvae were fed with Standard Food M€dpe banana smash).

Group II- F1 larvae were fed with Standard Food Mexhd Melatonin (100 g/ml/vial/day).

Group llI- F1 larvae were fed with Standard FooddMeand Minocycline (100ug/ml/vial/day).

Group IV- F1 larvae were fed with Standard Food MedVelatonin (50ug/mi/vial/day) and Minocycline
(50pg/mi/vial/day).

The F1 generation adults of each group were divideal 2 subgroups and subjected to the dosages@gBat
herbicide exposure (20mM and 40mM).

The survival rate was determined after 12hrs, 2486hrs, 48hrs, 60hrs and 72hrs.

The F1 male and female flies of each group werewaltl to mate and the F2 larvae and adults werdettea
according to the group protocol.
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Testing of physiological characteristicsinvoled in the Survival and Fitness of Drosophila melanogaster
The physiological characteristics involvedDmosophila melanogastesurvival and fitness were tested on 20 day
old flies. The F2 adults of each group were tefted physiological parameters namely,

1.Time in Motion
2.Negative Geotaxis
3.Starvation Resistance
4.Desiccation Resistance

1.Timein motion
The time in motion assay determines the amouritra & fly spent in spontaneous motion.

A set of 10 male and 10 female flies from each gragre removed from the vial after anaesthetizimgcooling.

The flies were replaced individually in 8 dram glagals and forced to the bottom 1cm of the viEihg a sponge.
Each flies in each group, time in motion was meaduwice by two different experimenters and recdrdehe

average of the two trials was used in data analy$ie fraction of a two minute time interval in et the fly was

moving was recorded with a stop watch.

2.Negative geotaxis
Thefruit flies naturally tend to fly upward againstagity, a trait known as negative geotaxis. The tiegaeotaxis
assay tests for the escape response of the fly.

A set of 10 male and 10 female flies from eachugraere removed from the vial after anaesthetizinygcooling.

The flies were replaced individually in 8 dram glagals and forced to the bottom 1cm of the viEihg a sponge.
The sponge keeping them at the bottom 1cm of thewas moved up the vial to allow 8cm of verticphse. This
vial were tapped on to the bench top to makelibs fall to the bottom of the vials. The flies wagiven 1 minute
to move up to the 8cm mark. The number of flies thade it to the top of vial was recorded and aredy

3.Starvation resistance
Thestarvation resistance assay determines the amétinteothe fly can survive in the absence of food.

A set of 10 male and 10 female flies from each graere removed from the vial after anaesthetizingcooling.
The flies were transferred to experimental viald arcotton ball moistened with 5ml of distilled ematvas placed
above the sponge that enclosed the flies insidle @at The vials were then sealed with two layefrparafilm to
keep the moisture inside the vial in order to pnt¢vdeath from desiccation. The number of dead flies recorded
every hour until all the flies were dead.

4.Desiccation resistance
Desiccatiorresistance was measured by the amount of timesuflyives in the absence of food and water.

A set of 10 male and 10 female flies from each gragre removed from the vial after anaesthetizimgcooling.
The flies were placed in 8 dram vials, with 4 flefghe same sex in each vial. A sponge was userktie a barrier
between the flies and 3.0g of desiccant Gathe vials were then sealed with two layers ofapgidm to prevent
outside moisture from entering the vial. The numtfedlead flies in each vial was recorded every houil all flies
were dead.

RESULTSAND DISCUSSION

The viability studies showed that supplementatidtin Wielatonin increased the quantity, but did natd any role
in the survival rate of Drosophila pupae. Suppletation with Minocycline reduced the quantity anavéval rate
of pupae. The combined supplementation of the twbosidants did substantially increase the quantfy
pupae(TABLE 4.1.).
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TABLE 4.1. Study on theviability of thefirst filial (F1) generation of Drosophila melanogaster exposed to antioxidants

PARAMETERS GROUP (Std. GROUP I (Std. Food GROUPIII (Std. Food GROUP IV(Std. Food Media +
Food M edia) M edia + M elatonin) M edia + Minocycline) M elatonin + Minocycline)
No. of pupae/lO pairs of 87 162 78 187
parental flies
No. of adglts/ 10 pairs 0 74 139 58 161
parental flies
g/‘;;""’a' rate of pupae i 85.05 85.8 74.35 86.09

Minocycline was administered at a dose of - 100|l{gial/ day in group .
Melatonin was administered at a dose of - 1@6\gial/ day in group II.
Minocycline was administered at a dose of - 50p/giedl day in group IV.
Melatonin was administered at a dose of - 5@lgial/ day in group IV.

TABLE 4.2a. Effect of melatonin and minocycline supplementation on the survival rate of Drosophila melanogaster of the F1 generation
exposed to 20mM paraquat

GROUP| GROUPIII GROUP 111 GROUP IV

% survival after the (Std. Food (Std. Food Media + (Std. Food M edia + (Std. Food Media + Melatonin

specified period of exposure Media) M elatonin) Minocycline) + Minocycline)
Male | Female Male Female Male Female Male Female

% Survival after 24 hrs. 80 100 100 100 100 100 100 100
% Survival after 36 hrs. 70 100 90 90 100 100 100 100
% Survival after 48 hrs. 50 80 80 90 90 100 100 100
% Survival after 60 hrs. 50 70 80 80 80 90 100 90
% Survival after 72 hrs. 40 70 70 80 80 80 90 90
% Survival after 84 hrs. 30 60 70 80 70 80 80 90

Minocycline was administered at a dose of - 100|/gialf day in group 1.
Melatonin was administered at a dose of - 108ygial/ day in group II.
Minocycline was administered at a dose of - 50p/giedl day in group IV.
Melatonin was administered at a dose of - S@\gilal/ day in group IV.

The study on the % survival after exposure to 20arid 40mM, paraquat-induced oxidative stress shdhetothe
supplemented groups performed better than the aagtoup. The female % survival rate was highenttiee male
% survival rate (TABLE 4.2a&b.)

TABLE 4.2b. Effect of melatonin and minocycline supplementation on the survival rate of Drosophila melanogaster of the F1 generation
exposed to 40mM paraquat

GROUPI GROUPI GROUP 111 GROUP IV
% survival after the specified (Std. Food (Std. Food M edia + (Std. Food M edia + (Std. Food Media + Melatonin
period of exposure Media) M elatonin) Minocycline) + Minocycline)
Male | Female Male Female Male Female Male Female

% Survival after 24 hrs. 80 100 100 100 100 100 100 100

% Survival after 36 hrs. 60 80 100 100 100 100 100 010
% Survival after 48 hrs. 50 80 80 100 90 100 100 100
% Survival after 60 hr 50 70 8C 90 90 90 80 9C

% Survival after 72 hr 40 70 60 90 80 80 80 9C

% Survival after 84 hrs. 40 60 60 80 80 80 70 90

Minocycline was administered at a dose of - 100|/gialf day in group 1.
Melatonin was administered at a dose of - 100ugiall day in group II.
Minocycline was administered at a dose of - 50p/iedl day in group IV.
Melatonin was administered at a dose of - 50ugiail/day in group IV.

An analysis of the physiological characteristic eintime spent in motion during a time interval 2fminutes,
showed that the male flies spent a lesser time atiom than the female flies of their respective up®.
Supplementation with combined antioxidants mardyriatreased the time in motion in male flies (TABY.3.).
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TABLE 4.3. Study on the time spent in motion and negative geotactic ability by the F2 generation adults of Drosophila melanogaster
exposed to antioxidantsfor previous generations

GROUPI (Std. | GROUP I (Std. Food GROUP |11 (Std. Food GMReOdiL;Tl:/I/((elitt%n'i:r?cj-d
PARAMETERS Food Media) Media + Melatonin) Media + Minocycline) Minocydline)
Male Female Male Female Male Female Male Female

gL’:‘iﬁg ngr’::e " tel\lflv(;tllogf 56.6 + 57+ 56.9 + 58.4 + 52.4+ 574+ | 57+ 58+
2 minutes (In seconds) 1.46 0.84 2.40 ns 1.79 2.14ns 1.73ns | 1.75ns 1.832
Percentage of flies thgt
climbed up to the 8cm 66.6 70 66.6 76.6 56.6 60 66.6 56.6
mark(%)

Minocycline was administered at a dose of - 100|l{gial/ day in group .
Melatonin was administered at a dose of - 100|lfgial day in group II.
Minocycline was administered at a dose of - 50p/giedl day in group IV.
Melatonin was administered at a dose of

- 50\Wgial day in group IV.

TABLE 4.4. Study on theresistanceto starvation stressin the F2 generation adults of Drosophila melanogaster exposed to antioxidants

for previous generations

GROUP| GROUPII GROUP 111 GROUP IV

% Survival after the specified (Std. Food (Std. Food Media + (Std. Food M edia + (Std. Food M edia +

period of starvation stress Media) M elatonin) Minocycline) M elatonin + Minocycline)
Male | Female Male Female Male Female Male Female

% Survival after 12 hrs. 90 90 100 100 100 100 100 100
% Survival after 24 hrs. 70 80 80 90 90 80 90 100
% Survival after 36 hrs. 50 50 70 70 70 60 70 80
% Survival after 48 hrs. 40 30 40 50 40 50 40 60
% Survival after 60 hrs. 20 10 10 20 20 10 10 40

% Survival after 72 hrs. 10

Minocycline was administered at a dose of - 100|/gialf day in group 1.
Melatonin was administered at a dose of - 100W/giail day in group Il.
Minocycline was administered at a dose of - 50p/giedl day in group IV.
Melatonin was administered at a dose of

- 50)/gial day in group IV.

The female flies in all the supplemented groupepkéor the control group showed greater resistémstarvation

stress (TABLE 4.4.).

TABLE 4.5. Study on theresistanceto desiccation stressin the F2 generation adults of Drosophila melanogaster exposed to antioxidants
for previous generations

GROUPI GROUPII GROUPIII GROUP IV
% Survival after the specified (Std. Food (Std. Food M edia + (Std. Food M edia + (Std. Food M edia +
period of starvation stress M edia) M elatonin) Minocycline) M elatonin + Minocycline)
Male | Female Male Female Male Female Male Female
% Survival after 2hrs. 80 90 100 100 100 100 100 0 10
% Survival after 4 hrs. 60 70 80 90 100 100 80 100
% Survival after 6 hrs. 60 70 70 80 100 90 80 90
% Survival after 8 hrs. 40 50 60 60 80 70 60 80
% Survival after 10 hrs. 20 10 40 50 50 40 40 30

Minocycline was administered at a dose of - 100|fgial/ day in group 1.
Melatonin was administered at a dose of - 108ygial/ day in group II.
Minocycline was administered at a dose of - 50p/iedl day in group IV.
Melatonin was administered at a dose of - S@gilal/ day in group IV.

The study showed that the higher resistance t@cksdn stress was observed in the female flieplsapented with
Melatonin and the male flies supplemented with Miyadine. The supplemented groups showed a higheeptage
of survival among both male and female flies asgamd to the control group (TABLE 4.5.).

The study demonstrated thatrd3ophila melanogasteron supplementation with two classic antioxidants
administrated in isolation or in combination, reeglainteresting results in the testing for certphmysiological
characteristics involved in survival and fitness.
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An interesting result was the increased resist@xbébited by the female flies as compared to théerfiees. It is
generally reported that female flies are more taststo stress, than male flies, most likely beeafesnales are
bigger and can withstand the stress to which theegposed for a longer duration before dying.

The big difference in size probably explains theaslied survival difference between sexes on siarvatsistance
as compared with the other tested stresses. Starvasistance relies entirely on the availableilyagdserves of the
organism, which in females are larger than in male.

44THE ROLE OF MINOCYCLINE SUPPLEMENTATION

The supplementation with minocycline reduced thantjity and percentage of surviving pupae of thgéreration.
This result was also reported by Oxenburg et ab12) [15] and it was suggested that minocyclinpregses
fecundity. It is known that fecundity suppressiam cesult in lifespan extension [16].

The other possible action mechanisms of minocgcéiffects might include inhibition of nitrite oxiggoduction,
modulation of microglial activation, and inhibitioof release of inflammatory cytokines [17]. Minotige is
reported to inhibit the production of KYN (Kynurew) from Tryptophan (TRP). Tryptophan is an esséatinino
acid participating in the biosynthesis of protesmsl methoxyindoles (Serotonin and melatonin).

KYN is a common substrate for the biosynthesisefroprotective KYNA and neuro toxic 3-HK. The immaéent
of TRP conversion into KYN was associated with itheease of KYNA and decrease of 3-HK contenadiult
head tissues [18]. Therefore, the deficiency of Kkilght limit formation of 3-HK to a greater extethtan the
production of KYNA. Minocycline induced down regtibn of KYN production might lead to a shift of gio-
KYNA metabolism from formation of neurotoxic 3-Hkwards production of neuro protective KYNA. In atitzh
inhibition of TRY-KYN metabolism could “save” sonteyptophan from degradation and make it availaloe f
biosynthesis of serotonin and consequently, N-éaetgtonin , BDNF Trk B receptor agonist [15]. Tétemulating
effects of Minocycline on vertical climbing is imé with the observation that KYN decreases locamattivity in

a rat model [19].

45 THE ROLE OF MELATONIN SUPPLEMENTATION
It was observed that in most of the survival atike§s characteristics assessed equimolar congentodtmelatonin
was more effective than minocycline and the antiart combination.

Dietary paraquat is an established free radicabgear. According to the free radical theory ofragifree radicals,
or more specifically oxygen radicals give rise e tbiological damage that causes the physiologiealine
characteristic of older organisms.

Further, the levels of defence may be as imporianthe rate of free radical\production in governing rate of
damage. The efficacy of melatonin in counteracthgtoxicity of Paraquat iDrosophila melanogastenas been
established.

The increased resistance @frosophila melanogasteied with melatonin to paraquat was a demonsmatiothe
antioxidative protection provided by the hormohé][

It has recently been suggested that the first noétatof melatonin in the melatonin antioxidanttpaay may be N-
acetyl-N-formyl-5-methoxykynuramine(AFMK) rathera the common, excreted 6-hydroxy melatonin sukhat
AFMK alone is detectable in unicellular organismsl anetazoans. A single AFMK molecule can neutraligto 10
ROS/RNS since many of the products of the reaatioderivatives are themselves antioxidants. Thigschy to
absorb free radicals extends at least to the quatemetabolites of melatonin, a process refercedst “the free
radical scavenging cascade”. This characteristimigrue of other conventional antioxidants [20].

CONCLUSION
1. The present study attempted to look beyond the tygtesurrounds ANTIOXIDANTS. Antioxidant supplentgn

represent a $500 milllion dollar industry that d¢onées to grow. Antioxidants are still added to lfeat cereals,
sport bars, energy drinks and other processed faodsthey are promoted as additives that can pteveart
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disease, cancer, cataracts, memory loss and abhother conditions. However, a number of recentligs have
provided little support to antioxidants as provilef substantial protection against diseases.

2. The present study revealed that of the two Antiamtd studied, namely melatonin and minocycline,a\elin

was singularly effective in reducing the effectogfdative stress. Another, interesting aspect ¢thate to light was
that female flies were more resistant to stress.

3. The F1 adults of each group were subjected tonrewait with the herbicide, paraquat and the survistsd was
determined.

4. The F2 adults of each group were tested for thewiing physiological characteristics involved imetsurvival

and fitness namely,

Time in motion

Negative geotaxis

Starvation resistance

Desiccation resistance.

Melatonin in isolation was shown to be more effextiin reducing the effects of Paraquat-inducediatie

stress.

6. The female flies of each group were also reporteanore resilient to stress and also scored highehe

locomotor assays.

oooTo
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