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ABSTRACT 

Ampicillin and Tetracycline are very often used in infections, out of which Tetracycline’s are very much known to 
produce Nephrotoxic effects in human beings and experimental animals but nephrotoxicity caused by Ampicillin has 
recently been discovered.  It has been reported that the toxic effect of widely used drugs are the result of oxidative 
reaction that takes place during metabolism, which produces oxidative stress to the organism. Notable among the 
ameliorating agents are antioxidants, which include different classes of compounds that include beta-blockers, 
superoxide dismutase mimetic agents, hormones, iron chelators, vitamins and medicinal plants. Ampicillin toxicity 
has never been studied in a seasonally breeding tropical rodent Funambulus pennanti.  
 

In the present study, the effect of Melatonin on the oxidative stress induced by Ampicillin was investigated in tropical 
rodent Funambulus pennanti. 
 

Keywords: Nephrotoxic effects, metabolism, organism, and seasonally breeding tropical rodent 
 

INTRODUCTION 
Ampicillin is very often used by clinicians in 

treating infections, out of which Tetracycline's are 
well known for producing Nephrotoxic effects (side 
effects). Nephrotoxicity caused by Ampicillin has 
recently been noted (Bagchi et.al. 1986).  

In fact the toxic effects of widely used antibiotic 
drugs are due to the result of oxidative reaction that 
takes place during its metabolism. Notable among the 
ameliorating agents for above are antioxidants, which 
include different classes of compounds that include 
beta blockers, superoxide dismutase mimetic agents, 
hormones, iron chelators, vitamins and medicinal 
plants. 

In addition to its other well known physiological 
functions, melatonin is a potent free radical scavenger 
and a broad spectrum antioxidant (38, 39) It has been 
speculated that primary function of melatonin may 
include protecting organisms from intrinsically or 
environmentally induced oxidative stress. A large 
number of publications have shown that melatonin 
detoxifies a variety of oxidants including OH,O2, O2, 
NO, ONOO, HOCl, the hemoglobin oxo-ferrryl 
radical and possibly  (40-43) there by , reducing 
oxidative damage both under in vitro and in vivo 
conditions (44-47).   

Oxidative stress and antioxidant defense One of 
the factors that plays a major role in many 

pathological situations including cancer, 
ischemia/reperfusion injury, neurodegenerative 
disorders and even aging, is the excessive generation 
of free radicals [1–3]. Free radicals are molecules 
which contain an unpaired number of electrons in 
their valence orbital; this makes them highly unstable 
and thus extraordinarily reactive.  

Among these agents are reactive oxygen species 
(ROS) which react and damage essential molecules 
within the cells including lipids, proteins and DNA [4, 
5]. In conditions where there is excessive ROS, the 
resulting molecular destruction is identified as 
oxidative damage [6]. Reactive oxygen species are 
formed naturally during many metabolic processes 
and, thus, cells have developed diverse mechanisms to 
reduce the deleterious consequences of ROS. To 
protect themselves against ROS, cells have developed 
an antioxidant defense which includes enzymatic and 
non enzymatic mechanisms. ROS and the antioxidant 
defense must be in perfect equilibrium to avoid that 
the relation between ROS formation and depuration 
being unbalanced. Enzymes involved in the 
elimination of ROS include superoxide dismutases 
(SOD), catalase (CAT) and glutathione peroxidase 
(GPx). Besides the enzymatic antioxidant system, 
there are non enzymatic antioxidants, or free radical 
scavengers, which remove ROS directly because of 
their electron donoring ability thereby neutralizing 
potential ROS toxicity. The best known nonenzymatic 
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 antioxidants are vitamin E (a-tocopherol), vitamin C 
(ascorbate), glutathione (GSH), b-carotene, and more 
recently, melatonin. Melatonin: role on oxidative 
stress regulation the main pineal product, melatonin 
(N-acetyl-5-methoxytryptamine), functions as _time-
giver_ (Zeitgeber) in the regulation of circadian 
rhythms [7] and in synchronizing the reproductive 
cycle with the appropriate season of the year in 
photoperiodic species [8]. In non photoperiodic 
species such as humans, the melatonin’s actions are 
restricted to other functions of the circadian clock, i.e. 
consolidation of sleep and regulation of the circadian 
rhythm of core body temperature [9]. Melatonin’s 
actions, however, are not restricted to its role in the 
neuroendocrine physiology. Since 1993, melatonin 
has been known as a radical scavenger with the ability 
to remove ROS including singlet oxygen (1O2), 
superoxide anion radical (O__ 2 ), hydroperoxide 
(H2O2), hydroxyl radical (•OH) and the lipid 
peroxide radical (LOO•) [10–13]. In some cases, 
melatonin’s efficacy exceeds that of GSH and vitamin 
E, which are well known antioxidants [10, 11]. 
Melatonin’s ability to counteract ROS has special 
relevance as it crosses all morphophysiological 
barriers and it is widely distributed in tissues, cells 
and sub cellular compartments, because of its distinct 
physical and chemical properties [14–17]. These 
allow its localization in cellular organelles and in the 
cytosol, cellular membranes and nucleus [16, 18–20]. 
Its widespread sub cellular distribution guarantees its 
ability to interact with toxic molecules throughout the 
cell, thereby reducing oxidative damage to molecules 
in both the lipid and aqueous environments of the 
cells [21–22].  

Melatonin also acts as an indirect antioxidant 
through the activation of the major antioxidant 
enzymes including SOD, CAT, and GPx [23–27]. This 
activation is a consequence of antioxidant enzyme 
mRNA synthesis and eventually enzyme stimulation. 
These processes probably involve melatonin receptors 
[24, 28–30], although this remains unknown. Several 
species melatonin receptors have been described in a 
large variety of mammalian and non mammalian cell 
types. These include two members of the group of the 
membrane G-protein-coupled receptors, designated as 
mt1 and MT2 [31, 32]. Furthermore, the  effects of 
melatonin on transcriptional regulation clearly depend 
on the expression of RZR/ROR receptors which are 

located in the nucleus and support the concept that 
these receptors are mediators of nuclear melatonin 
signaling [33]. Likewise, the coexistence of mt1 and 
RORa1 receptor has been reported in immune system 
cells and several other organs [30, 34, 35] and in 
several cell lines [36, 37]. 

MATERIALS AND METHODS 
Only young adult male squirrels were taken for 

the experiment, they were acclimatized for 15 days to 
laboratory conditions. Animals were provided with 
full access with water and food (soaked gram seeds 
and mixed grains) given twice. 

Animal care and mentainance 

Seventy young adult male squirrels (Funambulus 
pennanti) , weighing 110-130 g were 
obtainedlocally(Varanasi ; at. 25 18 N; Long. 88 % 
O/E, as they are easilyavailablein this vicinity. All the 
squirrels were keplt in a ventilated animalroom with 
roomwere kept in a ventilated animal roomwithj room 
temperature maintained at 25 + 2 C and photoperiod 
of 12-h linght and 12-h dark cycle with lights on 
from06:00 – 1800 ho. T^he squirrels were fed 
soakedgramseed  (Cicer urietimum ) and seasonal 
nuts and grains along with water ad libitum. 

This experiment was planned as follows: 

Three groups were prepared: 

1) Five male squirrels were kept in one cage without 
any treatment given to them. 

2) Five male squirrels were kept in another cage 
with daily injection of 30mg/kg body weight of 
ampicillin in normal saline intramuscularly on the 
thigh muscles for seven days between 4.30 to 
5:00 pm in the evening. 

3) Five male squirrels were kept in another cage 
with daily injection of melatonin 25µg/squirrel 
subcutaneously for seven consecutive days at 
3:15 – 4:00 pm in the evening. 

4) The last group of five squirrels received daily 
injection of melatonin (25µg/squirrel) 
subcutaneously for seven consecutive days at 
3:15 – 4:00 pm in the evening followed by 
ampicillin treatment (30mg/kg body weight) in 
normal saline intramuscularly on the thigh 
muscles at 3:15 – 4:00 pm in the evening. 

The last treatments was given on the seventh day 
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 and then in the next evening animals were sacrificed between 6-8 pm. Samples of plasma, tissues (kidney 
and adrenal) and urine were collected and stored 

in          – 20oC to analyze day after. 

Measurement of Total antioxidant activity (TAA) 

Total antioxidative status in kidney cortical tissue 
homogenate was evaluated by ABTS assay following 
Rice-Evans et al (1997) with slight modifications. 
ABTS was dissolve in triple distilled water so as to 
procure 7 mM concentration. ABTS cation radical 
(ABTS•+) was produced by adding the ABTS solution 
(2.7 ml) 24 mM potassium persulphate (0.3 ml)and 
the mixture was kept in dark at room temperature 
(27+ 3o C ) at 734 nm . The homogenate was added to 
the ABTS solution was vortexed for 10 seconds and 
was incubated for six minutes at room temperature. 
The absorbance was recorded and the activity was 
compared to with original (ABTS•+) solution using 
ascorbic acid as standard. Appropriate solvent blanks 
were run in each assay. Each experiment was carried 
out in triplicate. The total antioxidant activity (TAA) 
was expressed as percent inhibition of the the 
bleaching in relation to aqueous control was 
calculated by equation: 

Inhibition of A734 (%) = (1-Af/Ao) ×100 

Ao= absorbance of uninhibited radical cation. 

Af= absorbance measured 6 minute after addition of 
the test sample. 

Measurement of non-protein nitrogenous 
compounds in blood 

Acid phosphatase, Alkaline phosphatase,(1,2) 
Blood & Urine Urea and Creatinin (…..) were 
measured by using commercial kits from Span 
Diagnostics. 

Protien ertimation. 

Protein estimation were done following the 
method of Lowry et al.(1951) 

Lipid peroxidation. 

The amount of malondialdehyde in kidney 

homogenate was measured by the thiobarbituric acid 
assay which is based on malondialdehyde reacts with 
thiobarbituric acid to give a red species absorbing at 
535 nm. MDA levels were measured in tissue 
homogenates as thiobarbituric acid reactivity 
(TBARS). The product of the reaction between 
malondialdehyde and thiobarbituric acid was 
measured as described by Ohkawa et al, [20]. 

Superoxide dismutase assay (SOD) 

10% homogenates of all kidney cortical tissues 
were prepared in 150 mM phosphate buffered saline 
(PBS, pH 7.4) and centrifuged at 12000 g for 30 min 
at 4ºC. The supernatant was again centrifuged at 
12000 g for 60 min at 4ºC and then processed for 
enzymatic activity based on the modified 
spectrophotometric method using nitrite formation by 
superoxide radicals (Das et al. 2000). 0.5 ml of 
homogenate was added to 1.4 ml of reaction mixture 
comprising of 50 mM phosphate buffer (pH 7.4), 20 
mM L-Methionine, 1% (v/v) Triton X-100, 10 mM 
Hydroxylamine hydrochloride, 50 mM ethylene 
diamine tetraacetic acid (EDTA) followed by a brief 
pre-incubation at 37ºC for 5 min. Next, 0.8 ml of 
riboflavin was added to all samples along with control 
containing buffer instead of sample and then exposed 
to two 20 W fluorescent lamps fitted parallel to each 
other in an aluminium foil coated wooden box. After 
10 min of exposure, 1 ml of freshly prepared Greiss 
reagent (1% sulphanilamide, 5% orthophosphoric acid, 
0.1% N-1-napthylethylenediamine dihydrochloride) 
was added and absorbance of the color formed was 
measured at 543 nm. One unit of enzyme activity is 
defined as the amount of SOD inhibiting 50% of 
nitrite formation under assay condition. 

Statistical analysis 

All the results are expressed mean ± SEM. 
Comparisons between groups were made using one-
way ANOVA plus Students –t test. The differences 
were considered significant for p<0.05.  

RESULTS 
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 RESULTS AND DISCUSSION 

Increase in alkaline phosphatase, acid 
phosphatase, creatinin and urea in urine as well as in 
blood following Ampicillin treatment indicates the 
direct toxic effects of Ampicillin on the above 
parameters when compared to controls and combined 
treated (ampicillin+melatonin) groups.  

 Lipid per oxidation level was found significantly 
high in Ampicillin treated groups, when compared 
with controls and combined treated groups. The 
reason of such effects could be due to the oxidative 
stress i. e. free radical load induced by Ampicillin 
metabolism which was minimized by combined 
treatment with melatonin where melatonin might be 
acting (directly or indirectly) to reduce the free radical 
load significantly but not to the control levels. 

Cytosolic  protein levels of kidney cortical region 
were significantly high in Ampicillin treated groups 
when compared with the controls and combined 
treated ones. The new proteins would have been 
synthesized to adapt the degradation caused by 
Ampicillin and the proteins from membrane might 
have mobilized in the cytosol due to lipid 
peroxidation. Combined treatment with melatonin 
completely stopped the above effects 

The total antioxidative status increased following 
the Ampicillin treatment may be due to high free 
radical generation by Ampicillin toxicity 
(metabolism). To combat this free radical load, 
antioxidative enzymes would have increased their 
activity more or some extra antioxidative enzyme 
might have been produced following melatonin 
treatment.  

Combined treatment reduced the antioxidative 
status but not to the control levels. This implies that 
melatonin treatment (dose & duration) provided by us 
was not sufficient enough to reduce the free radical 
load (directly/indirectly) due to which the total 
antioxidative status could not reach to the level of 
controls. 

Ampicillin treatment reduced the SOD activity 
below the control levels indicating 
presence/involvement of less super oxide radicals, 
which also indicates that the Ampicillin toxicity is not 
mediated/caused by SOD radicals. But why combined 
treatment increased SOD activity is not clear. It could 

be that Hydroxyl radicals (OH) are being affected by 
Ampicillin and it will be the next target of the study. 
Result clearly indicates that Ampicillin is causing 
nephrotoxicity by inducing free radical load probably 
other than superoxide (SOD) radicals.Melatonin can 
ameliorate the nephrotoxicity induced by  

Ampicillin to some extent but not completely. 
Since the results are of high clinical value further dose 
dependent studies are in progress. There are some 
experimental data suggesting that nephrotoxic drugs 
may also change levels of MDA, GSH, BUN, and Cr 
[48, 50], which are commonly used to monitor the 
development and extent of renal tubular damage due 
to oxidative stress. It has also been reported that the 
light and electron microscopic assessments were more 
sensitive than the other methods in determining  
toxicity [51]. Aminogylcosides are not metabolized in 
the body, and most of the injected dose is excreted 
through urine, whereas a fraction accumulates in the 
renal proximal tubule cells, where the concentration 
of aminoglycosides is several times higher than in the 
plasma. The concentrated accumulation of 
aminoglycosides in the proximal tubule cells is 
associated with nephrotoxicity [52]. In addition to 
scavenging free radicals such as the hydroxyl radical, 
singlet oxygen, peroxyl radical, and the peroxynitrite 
anion, melatonin also reduces their generation 52-54]. 
Additionally, the antioxidant actions of melatonin 
probably derive from its stimulatory effect on 
superoxide dismutase (SOD), glutathione peroxidase 
(GSH-Px), glutathione reductase (GSH-Rd), and 
glucose-6-phosphate dehydrogenase, and its 
inhibitory action on nitric oxide synthase 55].  

Melatonin is lipophilic and passes easily through 
biological membranes [56,57], providing an 
advantage over other antioxidants which penetrate 
cells more slowly. Probably the property of melatonin 
to rapidly enter cells would be an important feature in 
reducing ampicillin-induced toxicity. Although the 
retina has a high capacity for synthesizing melatonin, 
it does not seem to contribute significantly to the 
plasma melatonin concentrations probably because of 
rapid catabolism in the retina. Recent studies have 
shown that melatonin prevents the nephrotoxicity 
caused by several drugs. For example, melatonin 
reduced lipid peroxidation, serum BUN and Cr, and 
elevated GSH levels induced by renal 
ischemiareperfusion [25]and nephrotoxic agents 
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 including cisplatin 7, 26], doxorubicin and 
daunorubicin [27]. Agapito et al.28]reported that pre- 
and post-treatment with a low pharmacologic dose of 
melatonin attenuated lipid peroxidation levels caused 
by adriamycin. In another study, melatonin was found 
to have a similar bene.cial e.ect on MDA, GSH, BUN, 
Cr and histologic damage in combination with 

aminoglycoside antibiotics including gentamicin [5, 
6]. Taking in to consideration the reduced oxidative 
damage caused by melatonin treatment, all 
investigators attributed the protective actions of 
melatonin to its direct and indirect antioxidative 
activity. These data 
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