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Lipid peroxidation generates free radicals. These free radicals are scavenged by
antioxidant defense mechanisms. An imbalance between the free radicals generation and
antioxidant mechanisms can result in tissue damage. Several drugs are known to induce lipid
peroxidation which can be responsible for their toxic potential. Hence the current study was
planned to assessthe effect of ceftriaxone, a third generation cephalosporin, on lipid peroxidation
and levels of antioxidants in albino mice. Ceftriaxone was injected intraperitoneally at two
doses - 100 mg/kg body weight; 200 mg/kg body weight — to albino mice. TBARS (Thiobarbituric
acid reactive substance) levels in plasma, erythrocytes as well as tissue and the antioxidant
enzymes activities were estimated. The data from ceftriaxone groups was analyzed with control
group using ANOVA andDunnett’s test as post hoc. Ceftriaxone (100 mg/kg body weight) did not
alter TBARS levels compared to control. Ceftriaxone - 200 mg/kg body weight, has significantly
increased TBARS levels. The activities of antioxidant enzymes were significantlydecreased by
ceftriaxone at thesedoses. The present study demonstrates that ceftriaxone has the potential
for lipid peroxidation induction and reduction in the antioxidant enzymesacitivities in albino
mice.
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Lipid peroxidation isoxidative damage
of polyunsaturated fatty acids mediated byfree
radicals.! It is a destructive process and involved
in worsening of tissue injuries.” Free radicals are
continuously produced in the body but they are
scavenged by antioxidant defense systems that
also prevent the oxidatively damaged molecules
from getting accumulated.’ The antioxidants such
as vitamin E, C and reduced glutathione(GSH)
(non enzymes) and superoxide dismutase (SOD),
Catalase (CAT), glutathione peroxidase (GPx)
(enzymes) have a major role in the defendingthe

body against this damage.*>* However, when the
defense systems are overwhelmed as happens in
acute oxidative stress, it results in changes in the
structural and functionalcomponents of cells.”
According to some studies,
the pathogenesis of various conditions like
radiation damage, ischemia reperfusion injury,
atherosclerosis, diabetes mellitus, carcinogenesis
and neurodegenerative diseases are by mediation
of free radicals.® Drug induced lipid peroxidation
is the basis of toxicities of several drugs such
as cardiotoxicity of doxorubicin, ? gastric
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mucosal injury by indomethacin, 'renal injury by
cisplatin,'"*nephrotoxicity of gentamicin, '*'*etc.
Hence current study was conducted for assessing
the effect of ceftriaxone on lipid peroxidation and
activities of antioxidant enzymes in mice.

MATERIALS AND METHODS

Chemicals

The ceftriaxone and other biochemical
compounds—-GSH, NADH, 1,1°,3,3 -
tetramethoxy propane were procured from sigma
— Aldrich chemicals Pvt. Ltd., Bangalore, India.
Heparin,thiobarbituric acid (TBA), trichloro acetic
acid, 2, 4 — dinitro phenyl hydrazine, 1 — Choloro
-2, 4 — dinitrobenzene, nitroblue — tetrazolium,
phenazinemethosulphate wereacquired from Hi
— media Laboratories, Mumbai, India. All other
chemicals were of analytical grade.
Animals

Albino mice of either sex, 7 - 8 weeks of
age and32 -40g of weight were included. The mice
were procured from the central animal house of
Sri. Kaliswaricollege, Sivakasi, India. They were
housed in poly propylene cages with 12 hours light
- dark cycle. Mice were allocatedinto control and
experimental groups and housed 4 - 5 per cage.
They were fed standard pellets. All mice were
provided food and water ad libitum.The study was
carried out after clearance from institutional animal
ethics committee.
Experiment

Albino mice were randomly assigned to
three groups:Group 1was control and was injected
with vehicle (distilled water)intraperitoneally.
Group 2 and 3 animals constituted test groups and
were injected intraperitoneally with ceftriaxone
(100mg/kg BW and 200mg/kg BW) respectively.
All mice were given food and water ad libitum.
They were sacrificed next day by cervical
dislocation and plasma, erythrocytes and tissue
hemolysates were utilised for estimation of lipid
peroxidation and various antioxidant activities.
Estimation of Lipid Peroxidation

Lipid peroxidation was assessed by the
generation of TBARS.
Estimation of plasma TBARS

Lipid peroxides in plasma were estimated
by procedure of Yagi. ' Sample was deproteinisedby
addingphosphotungstic acid andcentrifuged at

3000 rpm for 10 minutes.Thiobarbituric acid was
added to precipitate at 90°C for one hour. The
resultant pink colourwas the index of TBARS.
Plasma TBARS was statedasnmol/ml.
Estimation of erythrocyte TBARS

Erythrocyte TBARS was assessed by
the procedure of Donna. ' The erythrocytes were
treated with 10% trichloroacetic acid(TCA). The
mixture was filtered andthiobarbituric acid was
added to a portion of filtratein the ratio of 1.2:1.
The mixture was heated and then cooled. The
chromogenso formed was estimated at 535nm.
TBARS levels were stated as pmoles/mg Hb.
Estimation of tissue TBARS

Tissue TBARS was assayed by procedure
of Ohkawa et al.'78.1% sodium dodecyl sulfate
and 20% acetic acid were added to sample. It was
mixed with TBA. Reaction mixture was heated at
95°C for sixty minutes. After addition of distilled
water and n-butanol pyridine, it was centrifuged
at 4000 rpm for ten minutes. Absorbance was
estimated at 535 nm.Tissue TBARS was stated as
nmol/mg protein.
GSH estimation

It was measured according to procedure of
Beutler and Kelley. '® The plasma was mixed with
TCA and distilled water and centrifuged. 0.3M
disodium hydrogen phosphate and DTNB reagent
were mixed with the supernatant. Chromogenwas
estimated at 412nm.GSH activity wasstated as mg/
dl of plasma.
Estimation of glutathione peroxidase (GPx)

GPx activity was assessed by procedure of
Rotruck et al. ' Hemolysate was permitted to react
with H,O, along withGSH, then the remainder of
GSH was permitted to react with DTNB. Yellow
colouryielded was measured at 412nm.GPx activity
was stated as U/g of erythrocyte lysate.
Estimation of SOD

Activity of superoxide dismutase was
assessed by procedure of Kakkar et al. *° Diluted
solution of hemolysate was mixed with ethanol
and chloroform and centrifuged. SOD activity
was determined as follows.To 0.5ml of enzyme
preparation,sodium pyrophosphate buffer,
phenazinemethosulphate and NBT were added.
NADH was added to start the reaction.Following
incubation at 30°C for ninety seconds, glacial
acetic acid was mixed to stop the reaction. After
addition of n-butanol,centrifugation was done.
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Colour intensity of the choromogen was measured
at 560nm. SOD activity was stated as U/mg of
hemolysate.
Estimation of catalase

Activity of catalase was assessed
colorimetrically as per the procedure of Sinha.
*! Erythrocyte lysate and H,O, were added to
phosphate buffer. After 90 seconds, dichromate-
acetic acid mixture was added. A control with all
the reagents other than hemolysate was prepared.
The sample wasprocessed in boiling water bath
for ten minutes. Colourformed was estimated
at 620nm. The activity was stated as U/mg of
hemolysate.
Statistical analysis

Data wasrepresented as mean + SD. The
levels of TBARS in plasma, erythrocytes and tissue
and antioxidant enzyme activities were assessed
in the control and test groups. The data from
ceftriaxone group was analyzed with control group.
The results were analyzed using ANOVA and
Dunnett’s test as post hoc. p<0.05 was considered
as significant. Data was analyzed by GraphPad
prism version 6.05.

RESULTS

Plasma, erythrocyte and tissue TBARS
levels and activities of antioxidant enzymeswere
estimated in the control and experimental
groups. TBARS formation was the index of lipid
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peroxidation. Plasma TBARS level were expressed
asnmol/ml.ErythrocyteTBARS values were
expressed as pmoles/mg Hb. The tissue TBARS
levels were estimated as nmol/mg protein. The
values of GSH were expressed as mg/dl. The GPx
activity was stated as U/g. The activity of SOD was
expressed as U/ mg. The CAT activity was stated
as U/mg.

The effect of ceftriaxone on plasma,
erythrocyte and tissue TBARS levels in mice are
presented in Table 1. Ceftriaxone was considered
as an inducer of lipid peroxidation if it increased
the levels of plasma, erythrocyte as well as tissue
TBARS significantly in comparison with control.
In current study, ceftriaxone (100 mg/kg body
weight) did not alter TBARS levels in plasma,
erythrocytes and tissuesin comparison with control.
(Table 1, Figure 1)Ceftriaxone (200 mg/kg body
weight) has significantly (p< 0.05) increased
plasma, erythrocyte and tissue TBARS levels in
comparison with control group.(Table 1, Figure 1).

The effect of ceftriaxone on antioxidant
enzymes activities in mice is presented in Table
2. The activities of antioxidant enzymes — GSH,
GPx, CATand SOD were decreased significantly
(p <0.05) in ceftriaxone (100 mg/kg body weight
and 200 mg/kg body weight) treated animals as
compared to control animals.(Table 2, Figure
2) There was a dose dependent decrease in the
antioxidant enzyme activities.

Table 1. Effect of ceftriaxone on plasma, erythrocytes and tissue TBARS levels in mice

Treatment group Plasma TBARS Erythrocyte TBARS Tissue TBARS
(mean+SD) (mean+SD) (mean+SD)
Group 1: Distilled water 48 +4.1 37+£54 38 +8.1
Group 2: Ceftriaxone (100 mg/kg) 37+4.5 34+32 44 +45
Group 3: Ceftriaxone (200 mg/kg) 79 + 5.2%** 71 £ 4.8%** 89 & 3.2%**

Data represented as mean+SD. n = 6; *p < 0.05, **p<0.01, ***p<0.001 (in comparison with control)

Table 2. Effect of ceftriaxone on antioxidant enzyme levels in mice

Treatment group GSH GPX CAT SOD
Group 1: Distilled water 77+£2.6 79+6.24 88+6.6 86+4.2
Group 2: Ceftriaxone (100 mg/kg) 54+6.1%* 41+6.24%** 49+5.8** 59+6.5%*
Group 3: Ceftriaxone (200 mg/kg) 4842 . TH** 37+6.0%%* 47+5.7%* 5144.2%%*

Data represented as mean+SD. n = 6; *p < 0.05, **p<0.01, ***p<0.001 (in comparison with control)
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DISCUSSION

Lipid peroxidation byproducts can result
in marked damage to structure and functional
integrity of cell membranes. ?? Antioxidants (GSH,
SOD, CAT, GPx) scavenge the byproducts of lipid
peroxidation. #* But an imbalance between the
antioxidants and lipid peroxidation byproducts can
lead to cell and tissue damage. ***

Drug induced lipid peroxidation may
be related to the toxic potential of the drugs. The
capability of various antioxidants in reducing this
phenomenon, may be useful inpreventing drug-
induced toxicity. %

In current study, the influence of
ceftriaxone on lipid peroxidation as well as
antioxidants levels in mice was evaluated at

100

Concentration of TBARS

=)
W
,@

DAYANA & MANASA, Biomed. & Pharmacol. J, Vol. 12(1), 245-250 (2019)

100 mg/kg body weight and 200 mg/kg body
weight. TBARS generation was the index of lipid
peroxidation. The level of TBARS was estimated
in plasma, erythrocytes and tissues of mice in the
control and experimental groups. The antioxidant
enzyme activities (GSH, SOD, CAT, GPx) were
also estimated.

In current study, ceftriaxone, 100 mg/kg
body weight did not alter the plasma, erythrocyte
and tissue TBARS levels in comparison with
control.(Table 1, Figure 1) Ceftriaxone, 200 mg/
kg, has significantly (p< 0.05) increased the levels
of TBARS in plasma, erythrocytes and tissues in
comparison with control group.(Table 1, Figure
1) Hence ceftriaxone in higher dose (200 mg/kg
body weight) induces lipid peroxidation in albino
mice. Activities of antioxidant enzymes — GSH,
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Fig. 1. The TBARS Levels in plasma, erythrocytes, tissues in control and ceftriaxone groups
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Fig. 2. The activities of enzymatic antioxidants in control and experimental groups
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GPx, CAT and SOD were decreased significantly
(p <0.05) by ceftriaxone (100 mg/kg body weight
and 200 mg/kg body weight) compared to control.
(Table 2, Figure 2) There was a dose dependent
decrease in the antioxidant enzyme activities.

These results are in conformation with
the study done by Chakaraborty S ef al/, who
reported that ceftriaxone significantly induced
lipid peroxidation in goat liver homogenate and
ascorbic acid could significantly arrest this process.
2"Roy K et al also reported that ceftriaxone induced
lipid peroxidation in goat whole blood and it was
inhibited by glutathione and probucol. %

However, several studies have reported
the contrary. Dwivedi VK et al reported that
ceftriaxone and sulbactam along with VRP1034
potently scavenges free radicals and chelates
metal ions in cadmium toxicity. * In the study by
Amin B et al, ceftriaxone reduced oxidative stress
and apoptosis in rat model of neuropathic pain. *°
According to study of Akina S et al ceftriaxone
and selegilinepossess neuroprotective effect in
scopolamine induced cognitive impairment by
antioxidant mechanisms. *!

CONCLUSION

According to the results of our study,
ceftriaxone has the potential for lipid peroxidation
induction and to reduce the activities of the
enzymatic antioxidants in mice. However, further
studies are necessary to establish whether
ceftriaxone induced lipid peroxidation may be
responsible for its toxic effects. It is prudent
to exercise caution during the clinical use of
ceftriaxone.
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