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Background: Glutathione S-transferases (GSTs) have 
an important role in the detoxification of electrophiles, 
such as some anticancer drugs. Compounds with phenolic 
and/or α,b-unsaturated carbonyl group have been known 
as GSTs inhibitor in vitro. Cefadroxil in vitro decreased 
GST-Pi activity but not GSTs in rat kidney cytosol. 
GST inhibitor in a specific organ and of a specific class 
is needed for safety in cancer chemotherapy. The study 
aims to observe the effect of cefadroxil on GSTs in vivo 
in rat kidney cytosol and then compare it to those seen 
for liver, lung, and spleen in vivo. 

Methods: Cefadroxil was given twice a day by 
forcefeeding for five days. Rat kidney cytosol was then 
prepared and its protein concentration was determined. 
Cytosolic total GST, GST-Mu and GST-Pi activities 
were monitored by a continuous spectrophotometric 
method using the following substrates: 1-chloro, 
2,4-dinitrobenzene (CDNB) (non-specific substrate), 
1,2-dichloro-4-nitrobenzene (DCNB) for GST-Mu, and 
ethacrynic acid (EA) for GST-Pi.

Results: The data showed that cefadroxil significantly 
increased the activity of GSTs, GST-Mu, and GST-
Pi in rat kidney cytosol (8.75%, 47.81%, and 6.67% 
respectively).

Conclusion: Cefadroxil did not inhibit GSTs, GST-Mu, 
and GST-Pi in rat kidney in vivo indicating that it does 
not inhibit chemotherapy detoxification by GSTs, GST-
Mu, and GST-Pi in normal kidney cells. 
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Introduction

In the last two centuries, living organisms tend 
to be exposed to carcinogens because of pollution.1 
The number of deaths caused by cancers continue to 
increase, and they are the leading cause of death in 

some western countries.2 Cells try to protect themselves 
from xenobiotic pollutants, either electrophiles or 
reactive oxygen species, by inducing detoxifying phase 
II enzyme.3,4 

GSTs play a major rule among phase II detoxifying 
enzymes, catalysing conjugation reaction between 
electrophiles and GSH resulting in a more hydrophilic 
compound.3 Cytosol is the major source of this enzyme, 
besides mitochondria, microsome, and nucleus.3,5  
Because of its significant role, many studies have been 
conducted on this enzyme in drug discovery, such 
as studies on anti-helminthic and anti-cancer drug 
candidates.6,7

In contrast to the normal physiology whereby GSTs 
induction protects the body against toxic compounds, 
induction of GSTs worsened chemotherapy. 
Chemotherapy resistance occurs because of GST-Pi 
induction during cancer development. GSTs blocks 
c-jun-N-terminal kinase (JNK) directly and catabolize 
H2O2, resulting in apoptosis failure.7 In addition, some 
anti-cancer compounds act as substrates for GSTs, 
resulting in products which are less active and more 
hydrophile.3,8 In the contrary, a prodrug which is 
activated by specific GSTs will give a specific action to 
specific cancer cell by specific enzyme induction.9   

Many inducers effect GST genes through the 
antioxidant-responsive element (ARE), the xenobiotic-
responsive element (XRE), the GST P enhancer 
1(GPE), or the glucocorticoid-responsive element 
(GRE). The mechanisms include transcriptional 
activation, stabilisation of either mRNA or protein, and 
gene amplification.10

GST induction due to increasing its expression 
through electrophilic centre influence, either as C, 
N, or S has been studied.5,11 N+ cation inhibits Keap1, 
a protein which plays an important role in inhibiting 
Nrf2 binding to GPE. When Keap1 is inhibited by N+ 
cation, Nrf2 can bind to GPE resulting in transcription. 
Nrf2 acts as transcription factor which increase GSTs 
expression during the five days of PVP treatment. 
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Without GSTs inducer, Keap1 will bind to Nrf2 in 
cytoplasm and inhibit Nrf2 movement to nucleus. 
Jun, Fos, and large Maf are involved in GST-Pi gene 
transcription.12 

Meanwhile, inhibition of GSTs may occur either 
when cefadroxil binds to the H site of GSTs through 
hydrophobic bonds or N+ cations from cefadroxil 
mesomery binds GS- anion resulting in lower GSH 
conjugates.13

In addition, more GSH conjugates (products) are 
results of either lower product affinity by covalent 
enzyme modification or inhibition of enzyme 
degradation pathways.14 In this case, the occurrence 
of more GSH conjugates may suggest the presence of 
more GS- anions due to oxygen anions of cefadroxil and 
PVP abstracting hydrogen of GSH.13

GST inhibitor in a specific organ and of a specific 
class is needed for safety in cancer chemotherapy. 
To our knowledge, there are limited compounds 
which are active as GST inhibitors.5 Some 
compounds containing phenolic and α, 
b-unsaturated carbonyl groups inhibit GSTs activity 
in vitro. Cefadroxil has these properties and inhibits 
GST-Pi in rat kidney in vitro.15 We predict that it could 
inhibit GSTs in vivo. This study was conducted to 
determine whether cefradroxil is a good GSTs inhibitor 
in vivo, in our efforts to find a co-therapeutic agent for 
cancers with increased GSTs activity. 

Cefadroxil, a parahydroxy cephalexine derivative, 
is almost unmetabolised because 90% of cephalexin 
were found to be excreted unchanged in urine.16   
Meanwhile, PVP (approx. 11,500 – 25,000 MW) was 
found to be unchanged in urine (unmetabolised) and 
accumulated in rat kidney mitochondria.17

Materials and Methods

Animals

Wistar rats (3 months-old) were obtained from 
Sanggar Kegiatan Belajar (SKB) Yogyakarta, Indonesia. 
They were maintained in acontrolled environment, 

given water ad libitum and laboratory pellets from 
Pharmacology Laboratory, Faculty of Pharmacy, UGM, 
Indonesia.

Materials

Cefadroxil was purchased from ACS Dobfar, 
Tribiano Milano, Italy. L-glutathione (GSH), bovine 
serum albumin (BSA), and ethacrynic acid (EA) was 
purchased from Sigma Chem. Co, Western Australia. 
1-chloro-2,4-dinitrobenzene (CDNB), 1,2-dichloro-
4-nitrobenzene (DCNB) was purchased from Aldrich, 
St. Louis, US. PVP, ethanol, methanol, KH2PO4, 
K2HPO4 were purchased from E. Merck, Darmstadt, 
Germany. Protein determination (Kit) was purchased 
from Bio-Rad Laboratories, Hercules, CA, US.

Animals and treatments

Male Wistar rats (3 months old) weighing 200 ± 
20 g were maintained at room temperature and a normal 
photoperiod of 12 h of darkness and 12 h of light. 
Animals were randomly divided into 3 groups of 10 (ten) 
each and maintained in our animal facility for 1 week. 
Rats were force-fed for 5 days, given aquadest (control), 
PVP 0.5% b/v solution (solvent control), and cefadroxil 
90 mg/kg bw in PVP solution (treatment). 

Tissue preparation

At the end of the experimental period, rats were 
starved overnight and then sacrificed by cervical 
dislocation. Tissues were removed, rinsed, placed, 
and homogenised in cold 0.1 M potassium phosphate 
buffer (pH 7.5), for 5 min. Each sample was centrifuged 
at 10,000 x g for 30 min in 4°C; the pellet was discarded 
and the supernatant centrifuged at 105,000 x g for 
90 min at 4°C. The resulting supernatant (cytosol) was 
stored at -20°C until used. This was done based on the 
method of Reddy et al with modification.18

Protein assay

Protein concentration was approximated using 
the Bio-Rad Protein Assay (Bio-Rad Laboratories, 
Hercules, CA), based on the Bradford method.19 Bovine 
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serum albumin was used as the protein standard, and 
spectrophotometric measurements were made at 595 nm 
using a Genesys 5 Milton Roy spectrophotometer.

Enzyme assays

These were done based on the method described by 
Habig and Jakoby et al with modification.20

Cytosolic total GST activity

The reaction was initiated by the addition 0.1 M 
potassium phosphate buffer (pH 6.5) 700.0 μl, cytosol 
20.0 ml, 50 mM GSH 15.0 ml (in aquadest), and 50 mM 
CDNB 15.0 ml (in ethanol) into 1 ml  cuvette. After 
mixing, the formation of GSH conjugate was monitored 
at 340 nm at 4°C; the reaction had to be linear for at 
least three min. to be included in the calculation of the 
specific activity. The measurements (Abs/min) were 
made using a Genesys 5 Milton Roy spectrophotometer.

GST-Mu activity

The reaction was initiated by the addition 0.1 M 
potassium phosphate buffer (pH 7.5) 620.0 μl, cytosol 
40.0 μl, 50 mM GSH 75.0 μl  (in aquadest), and 50 mM 
DCNB 15.0 μl (in ethanol) into 1 ml  cuvette. After 
mixing, the formation of GSH conjugate was monitored 
at 345 nm at 4°C; the reaction had to be linear for at 
least three min. to be included in the calculation of the 
specific activity. The measurements (Abs/min) were 
made using a Genesys 5 Milton Roy spectrophotometer.

GST-Pi activity

The reaction was initiated by the addition 0.1 M 
potassium phosphate buffer (pH 6.5) 695.25 μl, cytosol 
20.0 μl, 10 mM GSH 18.75 μl  (in aquadest), and 10 mM 
EA 15.0 μl (in ethanol) into 1 ml cuvette. After mixing, 
the formation of GSH conjugate was monitored at 
270 nm at 4°C; the reaction had to be linear for at 
least three min. to be included in the calculation of the 
specific activity. The measurements (Abs/min) were 
made using a Genesys 5 Milton Roy spectrophotometer.

Enzyme analysis 

GSH conjugation rate (V) was calculated as follows:

V= (abs/min) /e. cuvette thickness
 protein concentration
eGS-DNB pada λ 340 = 9.6 mM-1  
eGS-CNB pada λ 345 = 8.5 mM-1cm-1

eGS-AE pada λ 270 = 5 mM-1cm-1

% inhibition = Vcontrol – V treatment
 Vcontrol

Statistical analysis

A normality test was performed for testing if the data 
was sampled from populations that follow Gaussian 
distributions. This assumption was tested using 
the Kolmogorov and Smirnov method. Statistical 
analysis of data was performed by means of parametric 
(one-way) ANOVA. Where significant overall 
differences (p < 0.05) were observed, further analysis 
among experimental groups was performed using Tukey 
multiple-range test.

Results

As seen from Figure 1, the protein concentrations were 
found to decrease for both cefadroxil in PVP solution 
(18.75%) and PVP solution alone (12.5%).

Meanwhile, in calculating percentage of enzyme 
induction or inhibition (Table 1), correction by PVP 
was done because PVP itself increased GSTs activity 
compared to control (p<0.05). 

The data showed that cefadroxil significantly 
increased the activity of GSTs, GST-Mu, and 
GST-Pi in rat kidney cytosol (8.75%, 47.81%, and 
6.67% respectively), as well as PVP (12.86%, 25.90%, 
and 3.63% respectively) (Figures 2, 3 and 4).

Discussion

The significant induction of GST-Mu and GST-Pi 
by cefadroxil in vivo observed in this study was not in 
agreement with previous reports.15,21  We suggest that 
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the induction occurred because of increased enzyme 
quantity during five days of treatment and that the 
induction mechanism is due to mesomery (Fig. 5). 
Cefadroxil has two potential electrophilic centres 
resulting in stronger induction than PVP which has 
only one. But, the validation of this suggestion requires 
crystal structure observation.6 

Cefadroxil induction on GSTs, GST-Mu, and GST-Pi 
in vivo were in contrast with a previous in vitro report.15 
This is probably due to its metabolism. Similar report 
also was found in curcumin that it inhibited GSTs in 
vitro22 but not in vivo2. Both cefadroxil and curcumin 
have similar molecular structures, which are phenolic 
compounds and have α,b- unsaturated carbonyl groups.

Table 1 shows the in vivo effects of cefadroxil on the 
other organs. Cefadroxil has been found to induce GSTs 
(90.85%), GST-Mu (38.33%), and GST-Pi (34.03%) 
in spleen.23 In lung, it also induced GSTs (43.57%) and 
GST-Mu (8.21%), but inhibited GST-Pi (11.7%).24 
Meanwhile, it inhibited GST-Mu (27.5%) and GST-Pi 
(6.08%), but induced GSTs (17.58%) in liver.13

Differences in physicochemical properties of each 
organ influence cefadroxil effects. It is accumulated 
more in liver and excreted faster in kidney. 

In conclusion, cefadroxil has potency to be developed 
as co-therapy compound on chemotherapy because 
it can inhibit GSTs of a specific class and in a specific 
organ so that it gives lower toxicity. However, further 
study on its inhibition mechanism in vivo is needed.

Conclusion

Cefadroxil did not inhibit GSTs, GST-Mu, and 
GST-Pi in rat kidney in vivo indicating that it does not 
inhibit chemotherapy detoxification by GSTs, GST-Mu, 
and GST-Pi in normal kidney cell. 
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Table 1: Effects of Cefadroxil in vivo on GST activity in 
kidney, liver, lung, and spleen.

Organ
General Class 

(%)
Mu Class 

(%)
Pi Class 

(%)

Kidney + 8.75  + 47.81 + 6.67

Liver13 + 17.58  - 27.50 - 6.08

Lung24 + 43.57 + 8.21 - 11.17

Spleen23 + 90.85 + 38.33 + 34.03

Notes: (+) value showed GST induction, (-) value showed GST inhibition

 

Figure 1: Protein concentration of rat kidney cytosol 

 

Figure 2: GSTs activity of rat kidney cytosol  
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Figure 3: GST-Mu activity of rat kidney cytosol

 

Figure 4: GST-Pi activity of rat kidney cytosol
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