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AGRIMONIA EUPATORIA L. EXTRACT MODULATES GLUTAMATE-CYSTEINE LIGASE 
AND GLUTATHIONE PEROXIDASE EXPRESSION IN 3T3-L1 CELLS

D. IVANOVA*, O. TASINOV, D. VANKOVA and Y. KISELOVA-KANEVA
Medical University, BG – 9000 Varna, Bulgaria

Abstract

IVANOVA, D., O. TASINOV, D. VANKOVA and Y. KISELOVA-KANEVA, 2013. Agrimonia eupatoria L. extract modulates 
glutamate-cysteine ligase and glutathione peroxidase expression in 3T3-L1 cells. Bulg. J. Agric. Sci., Supplement 2, 19: 171–174

Oxidative stress is implicated in a number of diseases and pathologic conditions. Expression of antioxidant enzymes may 
be infl uenced by a variety of substances, including antioxidants and plant polyphenols. The aim of the study was to assess the 
expression of glutamate-cysteine ligase and glutathione peroxidase in cell culture model upon treatment with Agrimonia eupa-
toria extract in standard conditions and in oxidatively stimulated cells. Incubation of 3T3-L1 cells with the extract resulted in 
signifi cant increase in mRNA levels of glutamate-cysteine ligase. No signifi cant change in transcriptional level of glutathione 
peroxidase was detected. Tert-butyl-hydroperoxide signifi cantly upregulated expression of both enzymes. Pretreatment of cells 
with extract signifi cantly reduced the stimulatory effect of the oxidizing agent on gene expression. 
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Abbreviations: AE –Agrimonia eupatoria extract; t-BH - Tert-butyl-hydroperoxide; GCL – glutamate-cysteine ligase; GPx4 - 
glutathione peroxidase, GSH - reduced glutathione
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Introduction

Oxidative stress is implicated in a number of diseases and 
pathologic conditions and it may result from excessive free rad-
ical production and/or impaired cellular free radical antioxidant 
defense. Expression of antioxidant enzymes may be infl uenced 
by a variety of substances, including antioxidants and plant 
polyphenols. GCL is the fi rst and rate-limiting enzyme in the 
glutathione biosynthesis. As an antioxidant enzyme, GPx4 is 
involved in the reduction of organic hydroperoxides. The aim 
of the present study was to assess the expression levels of the 
above-mentioned enzymes in a cell culture model upon treat-
ment with an aqueous-alcoholic Agrimonia eupatoria extract. 

Material and Methods

Plant material and extraction procedure
Powdered dry plant material (150 mg) was extracted by 

three minutes of continuous vortexing at room temperature 

in 40% (v/v) ethanol/PBS. The combined supernatants from 
three subsequent extractions were diluted to 15 ml with PBS. 
For the cell treatment further dilutions of the extract were 
prepared as follows: 20 μl, 50 μl, 100 μl, 150 μl, 200 μl, 250 
μl and 300 μl extract were dissolved to 2 ml in phenol red 
free DMEM to a fi nal content of the extract of 1%, 2.5%, 
5%, 7.5%, 10%, 12.5% and 15%, respectively. 

Cell culture and cytotoxicity assay
Culturing of 3T3-L1 pre-adipocytes and the cytotoxicity 

test for AE and t-BH were performed as described previously 
(Kiselova-Kaneva et al., 2012). 

Experimental procedure
The cells were collected and seeded in 6 well fl asks at a 

density 2x105 cells/well. To determine the effect of AE treat-
ment on gene expression in standard conditions, the cells were 
incubated for 24 h in a medium containing increasing amount 
of AE. The same procedure was used to study the effect of 
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t-BH on gene expression. In order to study the effect of AE un-
der oxidative stimulation the cells were incubated with AE for 
24 h, nutrient medium was removed and the cells were incu-
bated for another 24 h in a medium containing 100μM t-BH. 

Gene expression analysis
Gene expression analysis was performed as described 

previously (Kiselova-Kaneva et al., 2012). Primer sets are 
presented in Table 1. Analysis of GPx4 gene expression was 
performed using Green Master Mix (Genaxxon) and analy-
sis of GCL – using fl uorescently labeled probe and Maxims 
Probe/Rox qPCR Master Mix (Fermentas).  

Statistical analysis
Statistical analyses were performed using Microsoft Ex-

cell Offi ce 2007 software. Differences between two groups 
were analyzed by unpaired two-tailed Student’s t-tests. P 
value < 0.05 was considered as signifi cant. 

Results and Discussion
 Cytotoxicity test

3T3-L1 cells were incubated with an increasing content 
of AE in the medium. Increased cell viability above 300% 
was established for the cells incubated with up to 5% AE 
(Figure 1), indicating that low concentrations of AE induced 
cell proliferation. The higher contents of AE in the medium 
caused gradual increase in cell death. Still viability of cells 
treated with AE (7.5% and 10%) was higher than of those 
treated with only ethanol, demonstrating a cytoprotective ac-
tivity of AE. Treatment of the cells with t-BH in concentra-
tions ranging from 25 μM to 300 μM resulted in a gradual 
decline in the cell viability (Figure 2), possibly due to the 
accumulation of oxidative damages in the cells. 

Gene expression analysis
Incubation of 3T3-L1 cells with 2.5% and 5% AE re-

sulted in a signifi cant increase in mRNA levels of GCL up 
to 240% (p < 0.01) (Figure 3). No signifi cant change in the 
transcription level of GPx4 after AE treatment was detected. 
The signifi cantly up-regulated GCL transcription in 3T3-L1 
cells may be attributed to the extracted plant constituents, 
as a signifi cant difference between the AE treated cells and 
ethanol controls was established for both concentrations. 
Various extracts from A. eupatoria were found to be a very 
rich source of phenolic compounds (Kiselova et al., 2006; 
Ivanova et al., 2009). Phenolic compounds are known to 
modulate the expression of genes involved in the antioxidant 
defense: resveratrol stimulated GCL expression in differen-
tiating 3T3-L1 cells (Vigilanza et al., 2011) and quercetin 
up-regulated expression of GCL in COS-1 and HepG2 cells 
(Myhrstad et al., 2002). 

GCL mRNA levels in the cells incubated with 50μM and 
100μM t-BH were 60% (p < 0.01) and 250% (p < 0.001) as 

Table 1
Primer sequences of the investigated genes used in the quantitative Real-Time PCR analysis

Gene Sequence Detection method
β-actin
Forward
Probe
Reverse

ACGGCCAGGTCATCACTATTG
5’ FAM – ACGAGCGGTTCCGATGCCCTG - 3’ TAMRA
CAAGAAGGAAGGCTGGAAAAG

Fluorescent probe

 β-actin
Forward
Reverse

ACGGCCAGGTCATCACTATTG
CAAGAAGGAAGGCTGGAAAAG

Еva Green dye

GCL (modifi er subunit)
Forward
Probe
Reverse

AATCAGCCCCGATTTAGTCAG
5’ FAM – CAGATGTTTTGGAATGCACCATGTCCC - 3’ TAMRA
CGATCCTACAATGAACAGTTTTGC

Fluorescent probe

GPx4 (cellular)
Forward
Reverse

CCCCACTGCGCTCATGA
GGCACACCGGAGACCAAA

Еva Green dye
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Fig 1. Viability of 3T3-L1 preadipocytes after treatment 
with AE in different concentrations 
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compared to the untreated control, respectively (Figure 4). 
Incubation of the cells with 50 μM and 100 μM t-BH re-
sulted in 30% and 70% (p < 0.001) stimulation of GPx4 ex-
pression, respectively (Figure 4). Change in the expression 
of a number of genes involved in the antioxidant defense has 
been established after treatment with the oxidizing agents. 
For example, Kobayashi and coauthors (2009) established an 
increased expression of GCL along with decreased expres-
sion of GPx4 after treatment with H2O2 of 3T3-L1 cells. The 
authors speculate that these changes aim the increase of the 
intracellular concentration of GSH under oxidative stress. 
We found that GCL and GPx4 transcriptions were signifi -
cantly increased in 3T3-L1 preadipocytes after incubation 
with 50 μM and 100 μM t-BH. Up-regulated GCL expres-
sion to ensure elevation of GSH after oxidative stimulation 

seems reasonable, as GCL activity is considered especially 
important for maintaining GSH levels (Morales et al., 1997). 
As a compensation for the initially exhausted GSH in reac-
tions of neutralization of the oxidizing agent (t-BH) the cell 
needs to restore GSH and de novo synthesis is one option 
(Rahman, 2005). As an enzyme involved in the detoxifi ca-
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Fig. 2. Viability of 3T3-L1 preadipocytes incubated in 
culture medium, containing different fi nal concentra-

tions of t-BH

Fig 3. Expression levels of GCL and GPx4 in 3T3-L1 
preadipocytes upon AE treatmnet. 

K – untreated cells; AE1 – cells incubated in 2.5% 
AE; AE2 – cells incubated in 5% AE; E1 - cells incu-

bated in ethanol solution as control for AE1; 
E2 – cells incubated in ethanol solution as control for 

AE2 **p < 0.01 compared to К; *р < 0.05 compared 
to К; ар < 0.05 compared to Е1; bр < 0.05 compared to 

Е2;  ###p < 0.001 GCL compared to GPx4;  ##p < 0.01 GCL 
compared to GPx4

Fig. 4. Expression levels of GCL and GPx4 in 3T3-L1 
preadipocytes treated with 50 μM and 100 μM t-BH. 
***p < 0.001 compared to К; **p < 0.01 compared to К; 

ааp < 0.01 compared to 50μМ; bbp < 0.01 compared to 
50μМ;  #p < 0.05 GCL compared to GPx4

Fig. 5. Expression levels of GCL and GPx4 in oxidative-
ly stimulated 3T3-L1 preadipocytes pretreated AE. 
K - untreated cells; B – cells incubated with 100μM 
t-BH; B+AE1 – cells pretreated with 2.5% AE fol-

lowed by stimulation with 100μM t-BH; B+AE2 – cells 
pretreated with 5% AE followed by stimulation with 

100μM t-BH; B+E1 cells pretreated with ethanol solu-
tion as control for AE1 followed by stimulation with 

100μM t-BH; B+E2 cells pretreated with ethanol solu-
tion as control for AE2 followed by stimulation with 

100μM t-BH. 
***p < 0.001 compared to B; **p < 0.01 compared to 
B; *p < 0.05 compared to B; аaаp < 0.001 compared to 

B+AE1; bp < 0.05 compared to B+AE2
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tion of peroxides, GPx4 expression is also expected to in-
crease after the t-BH treatment. GCL transcription was up 
regulated largely by AE (p < 0.001 for 2.5% AE, p < 0.01 
for 5%AE), as well as by t-BH (p < 0.05 for 50 μM and 100 
μM t-BH), than the transcription of GPx4. One reason for 
this could be that GCL is directly involved in the restoration 
of depleted GSH, while GPx4 expression is expected to be 
affected upon longer treatments.

Pre-incubation of the cells with AE decreased the level of 
GCL and GPx4 stimulation by the subsequent t-BH applica-
tion (Figure 5). mRNA levels of GCL were reduced by 12% 
and by 24% (p < 0.05) upon pre-incubation with 2.5% and 
5% AE, respectively. Similarly, GPx4 mRNA levels were re-
duced up to 35% (p < 0.001, p < 0.01) by the pretreatment 
with both AE concentrations of t-BH stimulated cells (Figure 
5). The effect was more profound for GPx4, than for GCL 
expression. The signifi cant reduction of GPx4 gene expres-
sion as compared to t-BH treated cells may also be attrib-
uted to the extracted plant constituents, such as polyphenols, 
which act as reductants and neutralize the oxidizing agent, 
thus preventing its action as an inducer of the antioxidant 
defense. 

Conclusions

In standard conditions AE up-regulates GCL expression 
and does not affect signifi cantly the expression of GPx4. AE 
reduces the expression of oxidatively stimulated genes. The 
current study is the fi rst one reporting that A. eupatoria ex-
tract may modulate GCL and GPx4 transcription in a 3T3-L1 
preadipocyte cell culture model. The effect of t-BH as an 
oxidizing agent on preadipocytes’ viability and on GCL and 
GPx4 expression is reported for the fi rst time. 
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