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Cenftriaxone-induced Lipid Peroxidation and Its Inhibition with Various Antioxidants
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Comparative studies on possible in vitro suppressive actions of three antioxidants, ascorbic acid (AA),
cysteine hydrochloride (CH) and hydroquinone (HQ) on ceftriaxone sodium (CTS)-induced lipid
peroxidation were performed using goat whole blood as the lipid source to explore passible potential of
the antioxidants to reduce the drug-induced toxicities. AA was found to significantly suppress CTS-
induced lipid peroxidation while CH and HQ failed to do so. Lipid peroxidation being a toxicity mediating
process, AA might have potential to reduce the toxic effects of CTS on co-administration in vivo.

Lipid peroxidation is a molecular mechanism of cell
injury bringing about several changes in structures and
functions of biological membranes with potential injuri-
ous cansequences’. It is a free radical chain reaction
promoting generation of peroxyl radicals and lipid
hydroperoxides (LH). LH can decompose to yield a wide
variety of cytotoxic products? inlcuding malondialdehyde
{MDA) which interacts with DNA and other cell materials
leading to mutagenesis and carcinogenesis®.

Lipid peroxidation involves highly reactive oxygen
species formed constantly in the human body and are
removed by enzymatic (e.g. superoxide dismutase, cata-
lase, glutathione peroxidase etc. which are mostly intra-
cellular) and non-enzymatic (e.g., a-tocopherol, ascor-
bic acid, caeruleplasmin, albumin, bilirubin etc. which are
mostly extracellular) antioxidant defence systems?*.

Oxidative damage is increased by the processes like
ion release, lipoxygenase activation, phagocyte stimula-
tion, disruption of mitochondrial electron transport chain
and/or decrease in antioxidant defences. When antioxi-
dant defence of the body is inadequate, oxidative stress
can damage a variety of biomolecules, inactivate
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receptors and membrane-bound enzymes?. Reactive oxy-
gen species seem to play a role in the mediation of some
pathological states, e.qg., joint injury in rheumatoid patients®,
formation of atherosclerotic plaques”, some puimonary and
hepatic diseases®, neurological disorders® etc. Recently,
doxorubicin-induced cardiotoxicity has been reported to be
mediated through free radical reaction sequence'™.

In the present study, drug-induced lipid peroxidation
and its suppression with selected antioxidants have been
focussed in an attempt to correlate toxic potential of the
drug to its lipid peroxidation induction capacity and to find
out a suitable antioxidant which on co-administration in
viva with the drug might reduce toxic action and increase
therapeutic index of the drug. Cefiriaxone sodium (CTS) a
third generation cephalosporin, has been chosen as the
representative drug and in vitro inhibition of CTS-induced
lipid peroxidation by three antioxidants, viz, ascorbic acid,
cysteine hydrochloride and hydorquinone has been com-
paratively studied.

MATERIALS AND METHODS

For eath antioxidant, separate sets of experiments
were performed. The experimental method involved
following steps :

March — April 1999



Collection and preservation of blood— Goat whole biood
was collected in a sterile vessel containing anticoagulant
solution (sodium citrate in saline) and filtered to remove
foreign materials like dust and hair and then preserved at
15° for further work.

Treatment and incubation of blood with drug and/or
antioxidant — The blood collected and preserved as above
was divided into six portions of 50 ml each. The first por-
tion was kept as the control (CL) while the second portion
was treated with the drug (CTS) at a concentration of 80

' mg% (equivalent to 4 g human dose). The third and fourth
portions were treated with both drug and antioxidant at two
dose levels of antioxidant. The equivalent human dose lev-
els of antioxidants were 250 mg and 500 mg for both AA
(CTSA250, CTSA500) and CH (CTSC250, CTSC500) while
50 mg and 100 mg for HQ (CTSH50, CTSH100). The fifth
and sixth portions were treated with only antioxidant at two
different doses (AA:A250, A500; CH: C250, C500; HQ: H50,
H100). The solutions of the drug and the antioxidants were
prepared using normal saline. Calculated volumes of sa-
line were added to different samples to keep the volume of
additives same in all cases. After treatment with drug and/
or antioxidant, blood samples were stirred for | h below 20°
and then incubated at 15° for 32 h along with the control
sample.

Estimation of lipid peroxidation breakdown products
measured as MDA — The extent of lipid peroxidation was
estimated in terms of MDA content using thiobarbituric acid
(TBA) method as described by Tarladgis et af'':*2 with some
modifications. The estimation was done at 2.5, 5, 8, 24
and 32 h of incubation for all samples and additionally at
0 h (during additon of drug and/or antioxidant) for the
control sample. '

In each case three samples of 2.5 ml blood were with-
drawn and each aliquot was treated with 2.5 m! 10% solu-
tion of trichloroacetic acid and centrifuged at 3000 rpm for
30 minutes to precipitate the protein part. The supernatant
was filtered and mixed with 5 ml 0.002 molar TBA solution
and volume was made up to 10 m! with distilled water. The
mixture was boiled for half an hour and then cooled to room
temperature. Absorbance of the resulting solution was meas-
ured at 530 nm against a TBA blank (prepared from 5 ml
TBA solution and 5 mi distilled water).

RESULTS AND DISCUSSION

Effects of the antioxidants (AA, CH, HQ) on CTS-
induced lipid peroxidation have been presented in fig-
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ures 1, 2 and 3. The control blood samples (CL) did not
show any significant change in MDA content in different
"hours of incubation.

CTS produced time-dependent increase in MDA con-
tent with respect to control (O h). It is evident that in vitro
incubation of blood with CTS induced lipid peroxidation.
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_Fig. 1: Effects of AA on CTS-induced lipid peroxidation :
Percent changes in MDA content with respect to control
(0 h) (Averages of five animal sets with corresponding
standard errors have been shown)
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Fig. 2 : Effects of CH of CTS-induced lipid peroxidation:
Percent changes in MDA content with respect t
control (0 h) (Averages of five animal sets with
corresponding standard errors have
h been shown)
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Table 1 - Effects of Ascorbic Acid on CTS induced lipid Peroxidation :

ANOVA and Multiple Comparison Analysis of data

F ratio Critical ditference* at 5% level
Incubation with ranked sample means*
Time (h) Between Between
sample’ animals™ LSD* SRpP+
25 31.480 (a) 7.904 (a) 3.117 4.701
(AE)(EFD)(FDC)(B) (AEFD)(FDC)(B)
5 52.066 (a) 5.297 (a) 3.327 5.018
(A)EF)(CD)(B) (AE)(EF)(FC)(CD)(B) .
8 72.693 (a) 2.790 (d) 3.153 4.756
(A)(FEXDC)(B) (A)(FEDC)(B)
24 31.894 (a) 0.242 (e) 6.889 10.392
(A)(EF)(DC)(B) (AE)(EFDC)(B)
32 78.895 (a) 0.610 (e) 5.349 8.068
(A)(EF)(DC)(B) (AXEF)(DC)(B)

Significance levels of F values : a>99%, b>97.5%, ¢>95%, d>90%, €<90%
Keys for sample means : A =CL, B=CTS, C=CTSA250, D=CTSA500, E=A250, F=A500
*d.f. = (5,20); ** d.f = (4,20); # Ref. 16;

## Two means not included in same parentheses are statistically significantly different at P<0.05;

+ Least significant difference procedure; ++ Studentized range procedure

Table 2 - Effects of Cysteine Hydrochloride on CTS induced lipid Perodixation : '

ANOVA and Multiple Comparison Analysis of Data

F ratio Critical difference® at 5% level
Incubation with ranked sample means*
Time (h) Between Between
sample’ animals™ LSD+ SRP+
25 18.323 (a) 8.973 (a) 7.249 10.935
(AFE)(CBD) (AFE)(CBD)
5 16.720 (a) 5.619 (a) 7.706 11.624
(AFE}(DCB) (AFE)(DCB)
8 30.284 (a) 7.700 (a) 8.350 12.596
(EFA)(CD){(DB) (EFA)(CDB)
24 28.456 (a) 3.269 (c) 12.216 18.427
(AFE)(CDB) (AFE)(CDB)
32 55.494 (a) 7.786 (a) 10.151 15.312
(FAE)(CDB) (FAE)(CDB)

Significance levels of F values : a>99%, b>97.5%, ¢>95%, d>90%, e<90%

Keys for sample means : A=CL, B=CTS, C=CTSC250, D=CTSC500, E=C250, F= C500
*df.=(5.20); **d.f. = (4,20) # Rel. 16;

## Two means not included in same parentheses are statistically significantly different at P<0.05;
+ Least significant difference procedure ; ++Studentized range procedure
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Lipid peroxidation, being a destructive process, causes
denaturation of biological membranes by changing fluidity
and permeability, inactivation of membrane bound enzymes
and receptors, and loss of -SH group'. Thus lipid
peroxidation induction capacity of the drug may be related
to its toxic potential.

In case of blood sample treated with both drug and
antioxidant, different effects were observed depending on
the antioxidant used. Increase in MDA content was signifi-
cantly decreased with respect to drug-treated blood in case
of AA (Fig. 1), but not in the cases of CH (Fig. 2) and HQ
(Fig. 3). The results imply that AA significantly suppressed
CTS-induced lipid peroxidation where as CH and HQ failed
to do so.

It was also observed that AA and HQ per se produced
slight but significant increase in MDA content with respect
to control (0 h) when used without drug but CH did not
produce any such chage in MDA content. The increase in
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Percent changes in MDA content with respect to
control (0 h) (Averages of five animal sets
with corresponding standard errors
have been shown)

Table 3 - Effects of Hydroquinone of CTS induced lipid Peroxidation :
ANOVA and Multiple Comparison Analysis of Data

Fig. 3 : Effect of HQ on CTS-induced lipid peroxidation:

F ratio Critical difference’ at 5% level
Hrs of with ranked sample means*
Incubation Between Between
sample’ animals™ LSD* SRP+

2.5 hr 7.509 (a) 0.520 (e) 9.370 14.135
(AFE)(CBD) (AFEC)(CBD)

5hr 62.971 (a) 6.584 (a) 4.667 7.041
(A)(EF)(BC)(CD) (AEF)(BCD)

8 hr 20.944 (a) 3.419 (b) 9.001 13.577
(AE)(EF)(BCD) (AFE)(BCD)

24 hr 71.186 (a) 6.945 (a) 7.996 12.062
(A)(FE)(BCD) (A)(FE)(BCD)

32 hr 159.707 (a) 9.711 (a) 5.780 8.719
(A} EF)(CBD) (A)(EF){CBD)

Significance levels of F values : a>99%, b>97.5%, ¢>95%, d>90%, €<90%
Keys for sample means : A = CL, B=CTS, C=CTSH50, D=CTSH100, E=H50, F=H100

*df. = (5,20); ** d.f. = (4,20); # Ref. 16;

## Two means not included in same parentheses are statistically signiﬁcanily ditferent at P<0.05;
+ Least significant difference procedure ; ++ Studentized range procedure
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MDA levels in the blood samples treated with only AA (A
250, A500) may be explained on the basis of the fact that
AA reduces Fe* 1o Fe?* which promotes generation of hy-
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