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Introduction
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���

"!�����	������#��	##�.

Agmatine, an amine and organic cation, is formed by the
decarboxylation of L-arginine by arginine decarboxylase (EC
4.1.1.19). This reaction occurs in plants and bacteria.
However, agmatine and arginine decarboxylase were also
discovered in the brains of rats and cows (Li et al., 1994).
Agmatine is a biologically active substance, but the mode and
sites of action have not been fully defined. The administration
of agmatine produced increases in the nephron filtration rate
and absolute proximal reabsorption (Mark et al., 1996) and
reduced collagen accumulation (Marx et al., 1995). We also
observed a decrease in fibronectin by placing agmatine in
mesangial cells.

7	� "����"	��%	�� �"��� �� �	��	��	� ��� �"	� ����� #	�	#�� ��

�������	���	�������������	����κ���������

��!���	�!�	���"	

(�����	����� ���!�!#������ ���� �� �	��	��	� ��� -3��β
� ��������

'"	�� ������	�� ��� �	##�� �"��� ��	� 	����	�� ��� "��"� �#!���	.

-"	�	(��	
� �!�� 	��	���	���� '	�	� �	����	�� ��� �	��!�	� �"	

#	�	#���(�	��"��(��"	�	����#�����##�������	�(�����������	������#

�	##���"�����	�	����	�����"��"��#!���	.

Materials and methods

%��������
 ����
 �����
� Dulbecco’s modified Eagle’s medium
(DMEM) that contained 5.6 mM glucose was used to culture the
mesangial cells (MC), unless otherwise stated. A murine MC line
(MES-13, cloned from mice transgenic for the early region of SV-
40 virus, passage 25) was obtained from American Type Culture
Collection (ATCC, Rockville, USA). These transformed cells
exhibited similar characteristics to those of the primary cultures of
murine MC (Mackay et al., 1988). The cells were cultured in
DMEM that contained 20% fetal bovine serum (FBS, Life
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Technologies BRL, Gaithersburg, USA), 100 U/ml penicillin,
100 µg/ml streptomycin, 44 mM NaHCO3, and 14 mM N-hydroxy-
ethylpiperazine-N’-2-ethane sulfonic acid (HEPES). For MES-13,
DMEM that contained 5% FBS was used. The cells were cultured
in 100-mm culture dishes for electrophoretic mobility shift assays
(EMSA). Near-confluent MC were incubated with serum-free
media for 24 h to arrest and synchronize cell growth. Media was
then changed to fresh serum-free DMEM that contained 5.6
(control) or 30 mM (high) glucose, and incubated up to 48 h.
Incubation of the cells in the control, as well as high glucose media
(HG) in serum-free conditions for up to 96 h, did not significantly
effect cell viability as determined by the lactate dehydrogenase
(LDH) release (data not shown). In some of the experiments, the
cells were pretreated with polyamines for 1 h and incubated with
the control and HG media for a given period. Preliminary studies
demonstrated that up to 2 µM cytochalasin B caused no
cytotoxicity as determined by a 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide (MTT) assay. Effective
concentrations of cytochalasin B were decided on the basis of
published data, as well as our own preliminary study. The cells were
processed for nuclear protein extraction, then measured for ROS
and protein expression as will be described later.

Preparation of nuclear extracts Nuclear extracts were prepared
according to the method described by Lee et al. (1988) with
modifications (Kwon et al., 2001). In brief, the cells were washed
twice with ice-cold phosphate-buffered saline after incubations and
suspended in one packed cell volume (PCV) of buffer A that
contained 10 mM HEPES, 1.5 mM MgCl2, 10 mM KCl, 0.5 mM
dithiothreitol (DTT), 1 µg/ml leupeptin and aprotinin, pH 7.9, on
ice for 10 min, then lysed by passing the cell suspension through a
27-gauge needle 5 times. Crude nuclei were washed twice with
buffer A in order to prevent cytosolic contamination. The nuclear
proteins were extracted with two-thirds PCV of ice-cold buffer B

Fig. 1. Specificity of 2’,7’-dichlorofluorescein (DCF)-sensitive ROS in mesangial cells that was cultured with various concentrations of
polyamines and agmatine under high glucose conditions. Synchronized quiescent MES-13 was incubated under the control glucose and
after the addition of 25 mM (for total of 30 mM) of D-glucose for 1 h. Intracellular DCF-sensitive ROS was visualized by FACS.
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that contained 20 mM HEPES, 420 mM KCl, 1.5 mM MgCl2,
0.2 mM ethylenediaminetetraacetic acid (EDTA), 0.5 mM DTT,
0.5 mM phenylmethylsulfonyl fluoride, 1 µg/ml leupeptin and
aprotinin, and 25% glycerol, pH 7.9. A two-thirds PCV of ice-cold
buffer C (20 mM HEPES, 0.2 mM EDTA, 0.5 mM DTT, 0.5 mM
phenylmethylsulfonyl fluoride, 1 µg/ml leupeptin and aprotinin,
20% glycerol, pH 7.9) was added. The mixture was then
centrifuged at 15,000 × g at 4oC for 15 min. The nuclear proteins
were transferred to new tubes as aliquots and stored at −70oC until
use. The protein concentration was determined by a Bio-Rad assay
(Richmond, USA).
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 ���
����
 ��
�!��� Intracellular ROS
production was measured by the method of Bass et al. (1997) as
modified for confocal microscopy (Kim et al., 2001). In brief, after
stimulation with HG for 3 h, the confluent cells at various
concentrations of polyamines and agmatine were washed with

Dulbecco’s phosphate-buffered saline. The cells were then incubated
in the dark for 5 min in a Krebs-Ringer solution that contained 5 mM
5-(and-6)-chloromethyl-2’,7’-dichlorodihydrofluorescein diacetate
(CM-H2DCFDA, Molecular Probes Inc., Eugene, USA). CM-
H2DCFDA is a nonpolar compound that readily diffuses into cells,
where it is hydrolyzed to the nonfluorescent polar derivative 2’,7’-
dichlorofluorescin (DCFH) and thereby trapped within the cells
(Bass et al., 1983). In the presence of a proper oxidant, DCFH is
oxidized to the highly fluorescent 2’,7’-dichlorofluorescein (DCF).

A preliminary study demonstrated that HG induced intracellular
ROS in MC as early as 15 min and gradually increased up to 4 h.
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Assay for fibronectin protein: Western blot analysis An
immunoblot analysis was used to determine fibronectin in the renal
cortex homogenate and in the culture media supernatant as
previously described (Oh et al. 1998). In brief, aliquots of the renal
cortex homogenate and conditioned media were mixed with a
sample buffer that contained SDS and β-mercaptoethanol and
heated at 95oC for 15 min. Respective samples were then applied to
a 5% polyacrylamide gel and subjected to electrophoresis. A
prestained SDS-PAGE standard (broad range, Bio-Rad) was used as
a molecular weight marker. The proteins were transferred onto a
nitrocellulose membrane using a transblot chamber with a Tris
buffer. The membranes were incubated with rabbit anti-human
fibronectin (HRP conjugated, DAKO, Glostrup, Denmark), diluted
1 : 10000 in PBS that contained 1% bovine serum albumin for 2 h
at room temperature, and subjected to ECL Western blotting
(Amersham Life Science, Little Chalfont, UK). Positive
immunoreactive bands were quantified densitometrically and
compared to the controls.

)����������
 �������� All of the results are expressed as mean ±
SD. ANOVA was used to assess the differences between multiple
groups. If the F statistic was significant, the mean values that were
obtained from each group were then compared by Fishers least
significant difference method. P<0.05 was the criterion for a
statistically significant difference.

Results and Discussion
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We observed that the fibronectin level was reduced in the
presence of agmatine ranging from 0.01 to 5 mM (Fig. 4). We
also discovered that agmatine (0.1-1 mM) did not affect the
cell growth, but levels more than 5 mM retarded the growth
(data not shown). Therefore, the decrease in fibronectin is not
due to decreased cell growth or cell death at the agmatine
concentrations that were used in our experiments.
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�������	��	�!�	�������#	�	#�
�'"��"���	�������������	��"	�	

���"
 *"
7	��	��� �#���� �(� (�����	����� ����	��� �	��	�	�� ��� �	������#� �	##�.� -"	� ���'�"����	��	�� ���� ����"����%	�� �	������#� �	##�� '	�

���'�� ��� ��((	�	��� ����	���������� �(� �������	� �"��� �������	�� 	��"	�� 9.? �5� 2��#!���	 H *D.D �5� �������#� ��� ;+ �5� �(� 2��#!���	

J�#!	�� �	��	�	��� �	��� F �2� �"��� '	�	� ������	�� (���� (�!�� �������!�#� 	��	���	���.� *
� �G+.+9� ������	�� '��"� 9.? �5� 2�

�#!���	 H *D.D �5��������#�������#,�I
��G+.+9�������	��'��"�;+ �5��#!���	.



256 Geun Taek Lee et al.

��������������(������.��* �C���#����	�!#��������#�'	�	�����������(

�"	�	� (������� ��� �"	�-3��β
�������	�.� �; ��	�!�	��-3��β


��������� �#��� �	�!�	�� �"	� (�����	����� ���!�!#������ '"	�

������	�� ��� �"��� �(� �"	� ������#� �"��� '��� 	����	�� ��� "��"

�#!���	��#��	.

���"� ��#�����	� ���� �������	� "��	� ������� �!�#	��"�#��

���!��!�	�.� -"	�	(��	
�'	� 	��	��	�� �"	� ���	� ����"	����#� ��

�"����#�����#� ��#	�� �"��� '	�	� �!��	��	�� ��� 5���� ��� ���

��'	�	�
�'	����	��	����((	�	��� ��#	���������"	�,���#�� �"	

��	����	� �"��� ����	�� (���� +.+
� ��� 
 �5� �	�!�	�� �"	�����

#	�	#�
� ���
� ��������
� ���� (�����	����� ���!�!#������ ����.� D .

�!�
� �"	� �	��	��	�����
� ��������� ��� ��	����	� �		�	�� ��� �	

���!((���	�������"���	��"	�-3��β
���������.�<��	���"	���	����

����	� ��������� �(� -3��β

� ��	����	� ��!#�� �	�!�	� �"	

(�����	����� ���!�!#������ ���� ����"	�� ���"'��� �	.�.� �	������

'��"��	�����	��������#� 
��!��	��	�����5�����������
//9.���

�"	��������(��!��(�������
����'	##�����"��	��(�4�!%���������*++
 


'	�������	��"	�������#	������#�������"'�����"	�	�������.�9.

Acknowledgments This work was supported by the Yonsei
University Research Fund 2001-1-0161.

References

Aydin, A., Orhan, H., Sayal, A., Ozata, M., Sahin, G. and Isimer,
A. (2001) Oxidative stress and nitric oxide related parameters
in type II diabetes mellitus: effects of glycemic control. Clin.
Biochem. 34, 65-70.

Azuma, M., Motegi, K., Aota, K., Yamashita, T., Yoshida, H. and
Sato, M. (1999) TGF-beta1 inhibits NF-kappaB activity
through induction of IkappaB-alpha expression in human
salivary gland cells: a possible mechanism of growth
suppression by TGF-beta1. Exp. Cell Res. 250, 213-222.

Bass, D. A., Parce, J. W., Dechatelet, L. R., Szejda, P., Seeds, M.
C. and Thomas, M. (1983) Flow cytometric studies of
oxidative products formation by neutrophils: A graded response

to membrane stimulation. J. Immunol. 130, 1910-1917.
Chang, N. S. (2000) TGF-beta-induced matrix proteins inhibit

p42/44 MAPK and JNK activation and suppress TNF-mediated
IkappaBalpha degradation and NF-kappaB nuclear translocation
in L929 fibroblasts. Bioch. Biophys. Res. Commun. 267, 194-
200.

4�!%
� 5.
� �!�%�-���	�
� �.
� �#���M
� N.
� 2M	%�5��8!O�
� ).
� ���	���

J	#P%8!	%
� �.
� 4"	�
� �.
� �!��#
� 5.� �.
� Q����	"
� �.� �.� ���

�!��#
� 2.� �.� �*++
 � ������	�� �	�����	� ����	��	�� 	�����	##!#��

������� ����� �"��!�"� -3��β� ��� "!���� �	������#� �	##�.

��	
����
���+,
�E0�/9.

Deng, G., Vaziri, N. D., Jabbari, B., Ni, Z. and Yan, X. X. (2001)
Increased tyrosine nitration of the brain in chronic renal
insufficiency: reversal by antioxidant therapy and angiotensin-
converting enzyme inhibition. J. Am. Soc. Nephrol. 12, 1892-
1899.

Eickelberg, O., Pansky, A., Mussmann, R., Bihl, M., Tamm, M.,
Hildebrand, P., Perruchoud, A. P. and Roth, M. (1999)
Transforming growth factor-beta1 induces interleukin-6
expression via activating protein-1 consisting of JunD
homodimers in primary human lung fibroblasts. J. Biol. Chem.
274, 12933-12938.

Ha, H. and Lee, H. B. (2000) Reactive oxygen species as glucose
signaling molecules in mesangial cells cultured under high
glucose. Kidney Int. 58, 19-25.

Ha, H., Yu, M. R., Choi, Y. J., Kitamura, M. and Lee, H. B.
(2002) Role of high glucose-induced nuclear factor-kappaB
activation in monocyte chemoattractant protein-1 expression by
mesangial cells. J. Am. Soc. Nephrol. 13, 894-902.

Ishikawa, Y., Yokoo, T. and Kitamura, M. (1997) c-Jun/AP-1, but
not NF-kappaB, is a mediator for oxidant-initiated apoptosis in
glomerular mesangial cells. Biochem. Biophys. Res. Commun.
240, 496-501.

Kim, S. Y., Kim, R. H., Huh, T. L. and Park, J. W. (2001) a-
Phenyl-N-t-butylnitrone protects oxidative damage to HepG2
cells. J. Biochem. Mol. Biol. 34, 43-46

Kinter, M., Wolstenholme, J. T., Thornhill, B. A., Newton, E. A.,
McCormick, M. L. and Chevalier, R. L. (1999) Unilateral
urethral obstruction impairs renal antioxidant enzyme activation
during sodium depletion. Kidney Int. 55, 1327-1334.

Koo, J. R., Ni, Z., Oviesi, F. and Vaziri, N. D. (2002) Antioxidant
therapy potentiates antihypertensive action of insulin in diabetic
rats. Clin. Exp. Hypertens. 24, 333-344.

Kwon, H., Kim, K. S., Park, S., Lee, D. K. and Yang, C. H.
(2001) Inhibitory effect of paeoniflorin on Fos-Jun-DNA
complex formation and stimulation of apoptosis in HL-60 cells.
J. Biochem. Mol. Biol. 34, 28-32.

Lee, K. A., Bindereif, A. and Green, M. R. (1988) A small-scale
procedure for preparation of nuclear extracts that support
efficient transcription and pre-mRNA splicing. Gene Anal.
Tech. 5, 22-31.

Li, G., Regunathan, S., Barrow, C. J., Eshraghi, J., Cooper, R. and
Reis, D. J. (1994) Agmatine: an endogenous clonidine-
displacing substance in the brain. Science 263, 966-969.

Mackay, K., Striker, L. J., Elliot, S., Pinkert, C. A., Brinster, R. L.
and Striker, G. E. (1988) Glomerular epithelial, mesangial, and
endothelial cell lines from transgenic mice. Kidney Int. 33,
677-684.

Mark, J., L., William, F. N., Orjan, W. P., Volker, V., Kirsten, M.,
Margarida, M., Joseph, S., Paul, I., Scott, C. T. and Roland, C.

���"
 +"
 ������#� ��#	�� �(� �������	� ��� �	�	������� �(� �	�����	

����	�� ��	��	�� ���� �!�#	��� κ�� ����$����� � ���� ����������

(������
�����
 .



Reduction of H2O2 in Hyperglycemic Mesangial Cells by Agmatine 257

B. (1996) Agmatine, a bioactive metabolite of arginine.
Production, degradation, and functional effects in the kidney of
the rat. J. Clin. Invest. 97, 413-420.

Marx, M., Trittenwein, G., Aufricht, C., Hoeger, H. and Lubec, B.
(1995) Agmatine and spermidine reduce collagen accumulation
in kidneys of diabetic db/db mice. Nephron 69, 155-158.

Mezzano, S. A., Barria, M., Droguett, M. A., Burgos, M. E.,
Ardiles, L. G., Flores, C. and Egido, J. (2001) Tubular NF-
kappaB and AP-1 activation in human proteinuric renal disease.
Kidney Int. 60, 1366-1377.

�"
� N.� �.
� ��
� �.
� R!
� 5.� �.� ���� )		
� �.� �.� �
//E � �	8!	����#

	((	���� �(� "��"� �#!���	� ��� �	������#� �	##� �����(������� ���'�"

(������β
�����(�����	���������"	���.���	
����
���+*
�
E0*�
E0E.

Ohtake, T., Kimura, M., Nishimura, M. and Hishida, A. (1997)
Roles of reactive oxygen species and antioxidant enzymes in
murine daunomycin-induced nephropathy. J. Lab. Clin. Med.
129, 81-88.

Onozato, M. L., Tojo, A., Goto, A., Fujita, T. and Wilcox, C. S.

(2002) Oxidative stress and nitric oxide synthase in rat diabetic
nephropathy: effects of ACEI and ARB. Kidney Int. 61, 186-
194.

Peng, H., Takano, T., Papillon, J., Bijian, K., Khadir, A. and
Cybulsky, A. V. (2002) Complement activates the c-Jun N-
terminal kinase/stress-activated protein kinase in glomerular
epithelial cells. J. Immunol. 169, 2594-2601.

Sakurai, H., Miyoshi, H., Toriumi, W. and Sugita, T. (1999)
Functional interactions of transforming growth factor beta-
activated kinase 1 with IkappaB kinases to stimulate NF-
kappaB activation. J. Biol. Chem. 274, 10641-10648.

Sozmen, E. Y., Sozmen, B., Delen, Y. and Onat, T. (2001)
Catalase/superoxide dismutase (SOD) and catalase/paraoxonase
(PON) ratios may implicate poor glycemic control. Arch. Med.
Res. 32, 283-287.

Trolliet, M. R., Rudd, M. A. and Loscalzo, J. (2001) Oxidative
stress and renal dysfunction in salt-sensitive hypertension.
Kidney & Blood Pressure Res. 24, 116-123.


