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Abstract

ACKGROUND: Ceftazidime was known to cause
photosensitization reactions. However, how it plays
the role remained unclear. In our study, we aim to
investigate the photosensitization effect of ceftazidime in
erythrocytes via oxidative stress.
METHODS: Samples were divided into six different
groups: negative control group, positive control group
and four experimental groups with 10%, 20%, 30%, and
40% ceftazidime, respectively. The positive control and
experimental groups were exposed to ultraviolet (UV)-light
for 2 hours. Superoxide radical, malondialdehyde (MDA),

carbonyl compounds (CC) and methemoglobin (Met-Hb)
levels were then measured.
RESULTS: The results showed a significant increased of
superoxide radical, MDA, CC and Met-Hb levels in all
experimental groups compared to both negative or positive
control groups (p< 0.05).
CONCLUSION: In conclusion, our study confirmed the
role of ceftazidime as a photosensitizer in erythrocytes via
the oxidative stress mechanisms.
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Introduction

Cell membranes consisted of large amounts of lipids
and proteins which were susceptible to reactive oxygen
species (ROS) attack, i.e., oxidative stress. This can cause
membrane damage and results in cell death. Oxidative stress
can occur through many mechanisms, the most common is
by photosensitization.(1) Photosensitization needs both
photosensitisizer and solar radiation. A photosensitizer
absorbs energy from lights and transforms it into chemical
energy. It also promotes further reaction to transfers the
energy under favorable conditions and resulted in unreactive
substrates.(2) While solar radiation is the radiant energy

emitted by the sun, include ultraviolet (UV)-A, UV-B, and
UV-visible (UV-vis).(3-4)
A photosensitizer could be cellular substances (such
as flavins and porphyrins) from foods, cosmetics, plants or
plants extract, industrial chemicals (such as dye, coal, tar
and chlorinated hydrocarbons) and drugs.(4-5) Despitefully
their benefit, drugs, especially antimicrobials and their
derivatives induce the photosensitization because most
of them (such as quinolones and tetracyclines) contain
cyclic and tricyclic hydrocarbons, which have double-bond
isoprene or naphthyridine nucleus.(5-7) This interest us
to observe how the other antimicrobial agent, particularly
ceftazidime do its role as a photosensitisizer in erythrocytes
through oxidative stress mechanism.
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Ceftazidime is the third generation of cephalosporin.
This antibiotic was widely used to treat gram-negative
bacteria infection, such as Escherichia coli, Citrobacter
diversus, Citrobacter freundii, Enterobacter aerogenes,
Enterobacter agglomerans, Klebsiella pneumoniae, Proteus
spp., Serratia marcescens, Salmonella spp., Shigella spp.
and Pseudomonas aeruginosa.(8-9) Ceftazidime exerts
its activity by binding to penicillin-binding proteins
(PBPs) within the bacteria’s cell wall, primarily PBP-3,
interfering with cell division thus leading to cell death.
(10) Ceftazidime is also known to have a photosensitizer
property (7), but the mechanisms were remain unclear. Until
recently, there have been no investigations of ceftazidime
as a photosensitizer in erythrocytes through oxidative
stress mechanism. Therefore, our study was aimed to
investigate aforementioned. Superoxide radical level will be
measured as it was expressed in photosensitivity reaction.
Malondialdehyde (MDA), and carbonyl compound (CC)
will be measured to assess the membrane damage due to
ROS. Meanwhile, the oxidative damage in erythrocytes will
be observed by Met-Hb measurement.

Methods

Sample Preparation and Experimental Models
Unit of 250 mL packed red blood cells was obtained
from the Indonesian Red Cross in Martapura, Banjar,
South Kalimantan, Indonesia. Samples were divided into
six groups. Four replication performed for each group.
Group 1 served as a negative control which consists
of 1 mL of erythrocytes and buffer phosphate with pH
6.8. Group 2 served as a positive control which consists
of 1 mL of erythrocytes and buffer phosphate with pH 6.8
and exposed to UV-light for 2 hour. Group 3, 4, 5 and 6
served as experimental groups which consists of 1 mL of
erythrocytes, buffer phosphate with pH 6.8 and ceftazidime
with concentration 10%, 20%, 30%, and 40%, respectively.
The experimental groups were exposed to UV-light for 2
hours. After treatment, the superoxide radical, MDA, CC
and Meth-Hb levels were measured. This experiment
complied with the guidelines of the Institute of Laboratory
Animal Resources, Commission on Life Sciences,
National Research Council and were approved by the
Ethical Committee of the Faculty of Medicine, University
of Lambung Mangkurat, Banjarbaru, South Kalimantan,
Indonesia (Ethical approval number: 403/KEPK-FK
UNLAM/EC/VI/2017).
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Superoxide Radical Level Analysis
The superoxide radical level was determined according
to the modified method of Misra and Fridovich.(11)
Samples were added to 0.800 mL of carbonate buffer (100
mM, pH 10.2) and 100 µL of adrenaline 3 mM, producing
adrenochrome. The absorbance from adenochrome was
measured at 480 nm represented superoxide radical
level.
MDA Level Analysis
MDA level was determined according to the method of
Buege and Aust, based on the reaction with thiobarbituric
acid reactive substances (TBARS) in 10% of trichloracetic
acid and 0.67% of thiobarbituric acid at 100°C for 15
minutes.(12) The mixture was cooled on ice for 5 minutes
and 1.5 mL of n-butyl-liquor were joined. The mixture then
incubated for 40 seconds and centrifuged at 1000 rpm for 15
minutes. The supernatant absorbance was read at 500 nm.
The results were calculated using an index of absorption
for MDA of 1.56×105 mol/cm. The MDA concentration
expressed as mmol MDA. Commercially MDA was used as
standard solution.
Carbonyl Compound Level Analysis
The total CC level was determined by colorimetric method.
Samples were pipetted into 1.5 mL centrifuge tube. Then,
0.5 mL of 10 mM 2,4-dinitrophenylhydrazine (DNPH) in 2
M HCl was added and being put at room temperature for 1
hour and vortexing every 10-15 minutes. A 0.5 mL of 20%
trichloroacetic acid was added, followed by centrifugation.
The supernatant was discarded and the pellets were washed
3 times with 1 mL ethanol-ethyl acetate (1:1) to remove
the free reagent. Furthermore, from the washing result
was obtained the protein precipitate dissolved in 0.6 mL
guanidine solution. The precipitate protein was measured at
the 390 nm. The result of the absorbance equal to CC level
in the sample solution.(13-14)
Met-Hb Level Analysis
Met-Hb
level
was
estimated
according
to
cyanmethemoglobin method as described by Evelyn and
Malloy. To calculate the Met-Hb level in erythrocytes,
the absorbance of erythrocyte lysates at 630 nm (S1) was
initially measured. Potassium cyanide (KCN) was then
added and the absorbance of the solution at 630 nm (S2) was
measured. Potassium ferricyanide (K3Fe(CN)6) was added
to converted hemoglobin into Met-Hb. The absorbance
at 630 nm (T1) was measured before (T1) and after (T2)

Ceftazidime Photosensitizer in Erythrocytes (Mashuri, et al.)
Indones Biomed J. 2018; 10(2): 128-32

DOI: 10.18585/inabj.v10i2.355

the KCN was added. Met-Hb content was expressed as a
percent calculated on the basis of the equation [100(S1-S2)]
/ [10(T1-T2)].(15-16)

Results
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Figure 2. MDA levels in human erithrocytes after UV-light
exposure, with and without ceftazidime.

were a significant increase of MDA level in positive control
and experimental groups (group 2,3,4,5 and 6) compared to
negative control group (group 1) (p=0.001). MDA level in
experimental groups (group 3,4,5 and 6) were significantly
higher compared to positive control group (group 2)
(p=0.002). The effect was displayed in a dose-dependent
manner.
Figure 3 showed the effect of both UV-light and
ceftazidime on CC level in erythrocytes. Also with one
way ANOVA which followed by Tukey HSD test, it was
found that CC level in the positive control and experimental
groups (group 2,3,4,5 and 6) were significantly increased
compared to the negative control group (group 1) (p<0.001).
With p=0.035, the treated group (group 3,4,5 and 6) were
also different compared to the positive control group (group
2). The effect was displayed in a dose-dependent manner.

Carbonyl Compound Level

Superoxide Radical Level

One way ANOVA followed by Tukey HSD test with significance
level of p<0.05 was done to compare the difference of
superoxide radical levels in each group. Figure 1 showed
the superoxide radical levels in human erithrocytes after UVlight exposure, with and without ceftazidime. Superoxide
radical levels in positive control and experimental groups
(group 2,3,4,5 and 6) were significantly different compared
to the negative control (group 1) (p<0.001). The level of
superoxide radical in positive control and experimental
groups were significantly increased. The superoxide radical
levels in the experiment groups with ceftazidime (group
3,4,5 and 6) were also significantly higher (p<0.001)
compared to positive control (group 2). The effect was dosedependent.
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Statistical Analysis
Results are expressed as mean±standard error (SE). The
effects of treatments were compared using One way analysis
of variance (ANOVA) followed by Tukey HSD test, which
is done with SPSS version 16.0 (SPSS Inc., Chicago, IL,
USA) version 16.0. The level of significance was set at
p<0.05.
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Figure 1. Superoxide radical levels in human erithrocytes
after UV-light exposure, with and without ceftazidime.

Figure 3. CC levels in human erithrocytes after UV-light
exposure, with and without ceftazidime.

The same test as before was done to compare the
MDA level. In figure 2 we could see the effect of both UVlight and ceftazidime on MDA level in erythrocytes. There

Meanwhile, the effect of UV-light and UV-light added
with ceftazidime in Met-Hb levels were showed in Figure
4. Compared to negative control (group 1), Met-Hb level
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Figure 4. Met-Hb levels in human erithrocytes after UV-light
exposure, with and without ceftazidime.

in positive control and experimental groups (group 2,3,4,5
and 6) were significantly higher (p<0.001). And compared to
positive control (group 2), the experimental groups (group
3,4,5 and 6) also shown to have significantly higher MetHb level (p<0.001). The effect was dose-dependent manner.

Discussion

Ceftazidime was known to cause photosensitization
reactions. However, how it plays the role remained unclear.
In our study, we aim to investigate the photosensitization
effect of ceftazidime in erythrocytes via oxidative stress.
Our results showed that ceftazidime increased the level of
superoxide radical, MDA and CC with UV-light exposure.
This suggested that ceftazidime act as a photosensitizer in
erythrocytes. Ceftazidime absorbs UV radiation and resulted
in excited species. This step is known as a singlet state.
(4) These excited photosensitizers then promote a further
reaction to damage biomolecules via four pathways, which
are (1) the excited photosenstizer could transfer the energy
to oxygen results in the formation of singlet oxygen which
might promote a further reaction to oxidizied membran lipid
or protein results in the formation of MDA and other CC;
(2) electron or hydrogen transfer from another compound
to the photosensitizer can trigger the formation of ROS that
can directly cause damage to other biomolecules such as
lipids and proteins. It can also trigger the formation of CC
and MDA as an oxidation products of ROS; (3) the excited
photosensitizer could make a direct covalent binding to
biomolecules, thus also inducing cell damage; and (4) the
photosensitizer could undergo a decomposition, such that
the resulting photoproducts can act either as toxins or as
new photosensitizers.(17)
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To prove the phototoxic effect of ceftazidime on
erythrocytes, we also measured Met-Hb levels. Met-Hb
has been recognized to be the parameters of erythrocyte
damage due to oxidative reactions. Some studies found the
increasing of Met-Hb in several pathological conditions
related to oxidative stress.(18-19) The increasing Met-Hb
levels after ceftazidime and UV-light exposures indicated
that ceftazidime act as a photosensitizer in erythrocytes.
However, to best of our knowledge, some studies and reviews
have clearly stated that antibiotics such as ceftazidime
may act as photosensitizers and cause photosensitization
reactions. But there have been no similar research which has
investigated the effects of ceftazidime photosensitization on
erythrocytes via this mechanism.

Conclusion

In conclusion, the results of this study confirmed the role
of ceftazidime as a photosensitizer in erythrocytes via the
oxidative stress mechanisms.
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