
gy 563 (2007) 197–202
www.elsevier.com/locate/ejphar
European Journal of Pharmacolo
Protective effect of ligustrazine on accelerated anti-glomerular basement
membrane antibody nephritis in rats is based on its antioxidant properties

Hong Fu a, Jing Li b, Qi-xiong Li a,⁎, Lin Xia c, Lang Shao a

a Department of Pharmacology, Basic Medical School, Wuhan University, Wuhan, 430071, P.R. China
b Center of Laboratory, Zhongnan Hospital, Wuhan University, Wuhan, 430071, P.R. China

c Department of Blood Transfusion, Zhongnan Hospital, Wuhan University, Wuhan, 430071, P.R. China

Received 28 September 2006; received in revised form 2 February 2007; accepted 6 February 2007
Available online 17 February 2007
Abstract

Ligustrazine has a renoprotective effect against nephritis. In this study, we further characterized the renoprotective properties of ligustrazine in
an experimental model using accelerated anti-glomerular basement membrane antibody (AGBM-Ab).

Ligustrazine was given i.p. once daily at 50, 100 mg/kg for 15 days after singly giving i.v. of rabbit anti-rat glomerular basement membrane
serum, and showed dose-dependent inhibition the elevation of urinary protein, serum creatinine and blood urea nitrogen as well as the
development of glomerular histological changes. Ligustrazine (50 mg/kg) had no affect on glutathione (GSH) content, glutathione peroxidase and
catalase activities, but decreased the malondialdehyde (MDA) content and increased superoxide dismutase (SOD) activity in nephritis induced by
AGBM-Ab. Ligustrazine (100 mg/kg) significantly decreased MDA content while significantly increased GSH content and SOD, glutathione
peroxidase, catalase activities of kidney tissues in the rats treated with AGBM-Ab alone.

In conclusion, our results show that ligustrazine has protective activity against accelerated AGBM-Ab nephritis, and its renoprotective effect
may be due to its antioxidant properties and inhibition reactive oxygen species (ROS).
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Anti-glomerular basement membrane antibody (AGBM-Ab)
nephritis has been generated in rabbits (Fujimoto et al., 1964),
rats (Hammer and Dixon, 1963) and mice (Park et al., 1998) by
the administration of heterologous antibody against glomerular
basement membrane. AGBM-Ab nephritis is a well-established
experimental model of human glomerular immune injury
resulting in glomerulonephritis (Hammer and Dixon, 1963;
Unanue and Dixon, 1967).

After administration of AGBM-Ab, the nephron filtration
rate falls precipitously, both as a consequence of reductions of
the glomerular ultrafiltration coefficient and as a result of renal
vasoconstriction producing reductions in renal plasma flow.
⁎ Corresponding author. Tel.: +86 27 68758665; fax: +86 27 87331670.
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Antibodies directed to the antigens on the glomerular basement
membrane produce a rapid inflammatory reaction characterized
by accumulation of polymorphonuclear leukocytes and later by
transition to a mononuclear cell response (Allison et al., 1990).
The rapidity of the glomerular capillary inflammatory reaction
is related to the site of the antigen/antibody reaction, the
endocapillary luminal surface, where the endothelium is
fenestrated, allowing easy access of the antibody to its antigenic
site (Yingwei et al., 2006).

Traditional Chinese medicine is the natural therapeutic agent
used under the guidance of the theory of traditional Chinese
medical sciences and has been used to treat human diseases in
China for centuries. People are becoming increasingly interest-
ed in traditional Chinese medicines because of their low toxicity
and good therapeutic performance. Ligustrazine (tetramethy-
pyrazine) (Fig. 1A), a bioactive component contained in
Chuanxiong (Ligusticum chuanxiong Hort), is widely applied
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Fig. 1. Chemical structure: A: Ligustrazine, B: Ligustrazine hydrochloride.
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in the treatment of vascular diseases in China, e.g. myocardial
and cerebral infarction (Li et al., 2006). It has been reported that
ligustrazine can increase coronary blood flow and reduce
myocardial ischemia in animal study (Dai and Bache, 1985). It
has been reported that ligustrazine-mediated vascular relaxation
in which both Ca2+-dependent and ATP-dependent KB+

channels have been involved (Tsai et al., 2002). It blocks
calcium channels, reduces the bioactivity of platelets and
platelet aggregation, and inhibits free radicals (Zou et al., 2001).
In addition, ligustrazine has been demonstrated to play a
protective role in ischemia-reperfusion kidney injury in rats
(Sun et al., 2002; Feng et al., 2004). Ligustrazine used to treat
patients with proliferative glomerulonephritis showed signs of
reduced progression of their disease (Huang and Zhan, 1998).
The mechanism of ligustrazine may be due to its scavenging
effect on superoxides (Liu et al., 2002).

This study was designed to elucidate the renoprotective
effect of ligustrazine on accelerated AGBM-Ab nephritis in rats.

2. Materials and methods

2.1. Chemicals

Ligustrazine hydrochloride (Fig. 1B) was purchased from
Weifang Fine Chemical Co. Ltd. (Shanghai, China). Normal
rabbit IgG was purchased from Beijing Zhongshan Biotech-
nology Co. Ltd (Beijing, China). All other chemicals were
obtained from Sigma (St. Louis, MO, USA).

2.2. Animals

The animals used in this study were approved by the Animal
Care Committee of Wuhan University. Male Sprague–Dawley
rats and New Zealand white (NZW) rabbits were purchased
Table 1
Effects of ligustrazine on urinary protein levels in accelerated AGBM-Ab nephritis

Group Urinary protein (mg/24 h urine)

1 3

Control 1.8±1.1 1.6±0.7
Model 1.7±1.6 19.0±17.0 a

Model+ ligustrazine (50 mg/kg) 1.7±1.1 15.4±12.0
Model+ ligustrazine (100 mg/kg) 1.6±0.6 2.1±0.6 c

Note: Model (accelerated AGBM-Ab nephritis).
Mean±S.D. (n=10).
a Pb0.01 vs. control group.
b Pb0.05.
c Pb0.01 vs. model group.
from Wuhan University Laboratory Animal Center (Wuhan,
China).

2.3. Preparation of AGBM-Ab

Rat glomerular basement membrane was prepared using the
previous method (Krakower and Greenspon, 1951). The
preparation of AGBM-Ab was described previously (Wada
et al., 1996). Briefly, five NZW rabbits were immunized with
glomerular basement membrane antigen (5 mg, s.c.) in complete
Freund's adjuvant, at five times with 1 week intervals. Antisera
from the five animals were collected after the final injection of
antigen on day 7th. These sera were pooled together and used to
induce AGBM-Ab nephritis throughout this study.

2.4. Induction of accelerated AGBM-Ab nephritis in rats

Rats were immunized with normal rabbit IgG (5 mg, s.c.) in
0.5ml of complete Freund's adjuvant. Five days later, accelerated
AGBM-Ab nephritis was induced by the injection of a
nephritogenic dose (10 ml/kg, i.v.) of rabbit anti-rat glomerular
basement membrane serum through a tail vein (Hattori et al.,
1994; Boyce and Holdsworth, 1985).

2.5. Experimental procedures

In this investigation, 40 healthy adult male Sprague–Dawley
rats (8-week-old weighing 180±20 g) were used. The ani-
mals were housed in the metabolic cages at room temperature
(20–24 °C) and regular light cycle(12 light/12 dark) with feed
and water ad libitum. Rats were divided into four groups of ten
animals. Control rats were singly injected with normal rabbit
serum (10 ml/kg, i.v.) through tail vein which were followed by
the injection of 0.9% NaCl (5 ml/kg, i.p.) for 15 days. Rats in
nephritis model group were singly injected with rabbit anti-rat
glomerular basement membrane serum (10 ml/kg, i.v.) which
were followed by the treatment of 0.9% NaCl (5 ml/kg, i.p.) for
15 days. Rats in ligustrazine hydrochloride group were injected
with rabbit anti-rat glomerular basement membrane serum
(10 ml/kg, i.v.) and then injected with ligustrazine hydrochloride
(50 or 100 mg/kg, i.p.) for 15 days, respectively.

The urine samples were collected at 1, 3, 5, 7, 10 and 15 days
respectively after administration of ligustrazine hydrochloride.
5 7 10 15 (days)

1.4±0.7 2.4±1.2 2.7±0.6 2.3±1.3
45±14.0 a 59.0±18.0 a 87±13.0 a 124.6±14.7 a

38±11.0 50.0±18.0 67±13.0 b 104.2±10.7 b

3.9±1.0 c 4.0±1.0 c 3.3±0.9 c 3.5±0.8 c



Table 2
Effects of ligustrazine on blood urea nitrogen and serum creatinine contents in
accelerated AGBM-Ab nephritis

Group Blood urea
nitrogen (mM/L)

Serum creatinine
(μM/L)

Control 5.8±0.6 40.8±7.6
Model 18.7±0.4 a 110.8±15.0 a

Model+ ligustrazine (50 mg/kg) 14.6±0.4 b 100.2±11.0 b

Model+ ligustrazine (100 mg/kg) 6.2±0.5 c 45.3±8.6 c

Mean±S.D. (n=10).
a Pb0.01 vs. control group.
b Pb0.05.
c Pb0.01 vs. model group.
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All animals were anesthetized with 45 mg/kg sodium
pentobarbital and sacrificed at 4 h after the last administration.
Blood samples were collected to measure serum creatinine and
blood urea nitrogen. The samples were centrifuged at 200 ×g for
5 min at 4 °C. Kidneys were removed rapidly, excised and
sectioned for histological analysis. Other kidney tissues were
homogenized in Tris-HCl buffer (0.05 mol/L Tris-HCl, 1.15%
KCl, pH7.4) using a Polytron homogeniser. The homogenate
was centrifuged at 18,000 ×g (4 °C) for 30 min, and the
supernatant was utilized for biochemical analysis.

2.6. Biochemical assays

Urinary protein content was measured according to the
sulfosalicylic acid colorimetric method and expressed as mg/
24 h urine (Salant and Cybulsky, 1988). Serum creatinine and
blood urea nitrogen concentrations were measured using an
autoanalyzer (Beckman Instruments, Fullerton, CA, USA). The
concentrations of malondialdehyde (MDA) were determined by
the reaction with thiobarbituric acid (Ohkawa et al., 1979).
Superoxide dismutase (SOD) activity determination is based on
the inhibition of pyrogallol autooxidation (Misra and Fridovich,
1972). Glutathione (GSH) level was measured colorimetrically as
protein-free sulfhydryl content using 5,5-dithiobis-2-nitrobenzoic
acid (DTNB) (Beutler et al., 1963). Glutathione peroxidase was
measured by the enzymatic method (Flohe and Gunzler, 1984).
Catalase activity determination method was determinated by the
rate constant of the H2O2 decomposition rate at 240 nm (Aebi,
1984). Total protein content was determined using Lowry method
(Lowry et al., 1951).
Table 3
Effects of ligustrazine on kidneys MDA, GSH levels and SOD, glutathione peroxid

Group MDA SOD

nM/mg protein U/mg protein

Control 1.10±0.03 74.2±1.7
Model 2.64±0.08 a 34.0±3.3 a

Model+ ligustrazine (50 mg/kg) 1.86±0.04 c 42.8±3.2 c

Model+ ligustrazine (100 mg/kg) 1.52±0.06 d 69.4±4.0 d

Mean±S.D. (n=10).
a Pb0.01 vs. control group.
b Pb0.05.
c Pb0.05.
d Pb0.01 vs. model group.
2.7. Histopathological examinations

Kidneys were fixed with 10% neutral buffered formalde-
hyde for 2 days, then dehydrated and embedded in paraffin.
Paraffin sections were made at 3 μm and stained with
haematoxylin/eosin (HE) and periodic acid-Schiff (PAS) for
microscopic study.

Twenty-five glomeruli per section were observed under a
light microscope (PAS stain) to evaluate each of the his-
topathological parameters, the extent of crescent formation,
adhesion and fibrinoid necrosis was scored as 1 (mild), 2
(moderate) and 3 (severe). The number of the glomeruli cor-
responding to each score is given as n1, n2 and n3. A crescent
formation index (CI), an adhesion index (AI) and a fibrinoid
necrosis index (FI) were calculated from the following formula
(Nagao et al., 1998).

CI; AI and FI E1� n1m2� n2m3� n3:

The index of glomerular lesions (IGL) was calculated to
evaluate the extent of glomerular lesions as follows:

IGLE
3� CIð Þm 2� AIð Þm 1� FIð Þ

3m2m1ð Þ � 25

2.8. Statistical analysis

Results were expressed as mean±S.D.; the differences
between groups were analyzed by one-way analysis of variance
and the Student–Neumann–Keuls' t-test. Statistical signifi-
cance was defined as Pb0.05.

3. Results

3.1. Effects of ligustrazine on urinary protein levels in
accelerated AGBM-Ab nephritis

As shown in Table 1, a single dose of AGBM-Ab caused a
significant increase (Pb0.01) in urinary protein 3, 5, 7, 10,
15 days after treatment. Co-administration with ligustrazine
(100 mg/kg) significantly reduced the levels of urinary protein
at all time points examined (Pb0.01), while ligustrazine
(50 mg/kg) decreased urinary protein levels after AGBM-Ab
treatment on days 10 and 15 (Pb0.05).
ase, catalase activities in accelerated AGBM-Ab nephritis

GSH Glutathione peroxidase Catalase

nM/mg protein μM/min/mg protein mM/min/mg protein

19.2±1.6 126±29 43.0±6.0
5.9±1.4 a 51±11 a 34.4±7.7 b

6.6±0.6 48±14 33.8±7.4
18.4±1.8 d 114±39 d 67.8±4.6 d



Fig. 2. Light microscopy of renal tissue from rats (HE stain, x400). (A) Control group: normal glomerular structure. (B) Nephritis model group: glomerular cell
proliferation, glomerular hypertrophy, protein exudation in capsule, crescent formation. (C) Nephritis model+ ligustrazine (50 mg/kg) group: glomerular pathological
changes slightly improve. (D) Nephritis model+ ligustrazine (100 mg/kg) group: glomerular pathological changes obvious improve and glomerular injury recovery
normal.
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3.2. Effects of ligustrazine on serum creatinine and blood urea
nitrogen contents in accelerated AGBM-Ab nephritis

Table 2 indicates that rats treated with AGBM-Ab alone
showed significant elevation in both serum creatinine and blood
Fig. 3. Light microscopy of renal tissue from rats (PAS stain, x400). (A) Control g
proliferation, thickening of glomerular basement membrane, occlusion of glomerular
glomerular pathological changes slightly improve. (D) Nephritis model+ ligustrazi
glomerular injury recovery normal.
urea nitrogen levels in comparison with the control group
(Pb0.01). Ligustrazine (50, 100 mg/kg) significantly decreased
the levels of serum creatinine and blood urea nitrogen induced
by AGBM-Ab with dose-dependence (Pb0.05, Pb0.01
respectively).
roup: normal glomerular structure. (B) Nephritis model group: glomerular cell
loops, crescent formation. (C) Nephritis model+ ligustrazine (50 mg/kg) group:
ne (100 mg/kg) group: glomerular pathological changes obvious improve and



Table 4
Effects of ligustrazine on Index of glomerular lesions in accelerated AGBM-Ab
nephritis

Group Index of glomerular lesions

Model 3.12±0.43
Model+ ligustrazine (50 mg/kg) 2.38±0.35 a

Model+ ligustrazine (100 mg/kg) 0.52±0.08 b

Mean±S.D. (n=10).
a Pb0.05.
b Pb0.01 vs. model group.

201H. Fu et al. / European Journal of Pharmacology 563 (2007) 197–202
3.3. Effects of ligustrazine on kidneys MDA, GSH levels and
SOD, glutathione peroxidase, catalase activities in accelerated
AGBM-Ab nephritis

The activities of SOD, glutathione peroxidase and catalase as
well as GSH content were lower while MDAwas higher in the
AGBM-Ab nephritis group than those in the control (Pb0.05,
Table 3). Ligustrazine (50 mg/kg) had no affect on the activities
of glutathione peroxidase and catalase as well as GSH content,
while it decreased MDA content and increased SOD activity
when compared with the model group (Pb0.05). However, the
large dose of ligustrazine (100 mg/kg) significantly decreased
MDA content and increased GSH content and the activities of
SOD, glutathione peroxidase and catalase when compared with
rats treated with AGBM-Ab alone (Pb0.01).

3.4. Effects of ligustrazine on kidneys histology in accelerated
AGBM-Ab nephritis

Kidneys in control showed normal glomerular structure
(Figs. 2A and 3A). In comparison, AGBM-Ab serum treatment
caused evident morphological alterations, indicating by thicken-
ing of glomerular basement membrane, glomerular proliferation,
hypertrophy, protein exudation in capsule, occlusion of glomer-
ular loops and crescent formation (Figs. 2B and 3B; Table 4).
Glomerular pathological damages were slightly reversed in rats
treated with ligustrazine of 50 mg/kg (Figs. 2C and 3C; Table 4).
Ligustrazine of 100 mg/kg significantly ameliorated glomerular
pathological changes induced by AGBM-Ab serum, and
glomerular injury recovery normal (Figs. 2D and 3D; Table 4).

4. Discussion

Anti-glomerular basement membrane antibody (AGBM-Ab)
mediated nephritis is characterized by the binding of auto-
antibodies to glomerular basement membrane, leading to
rapidly progressive glomerulonephritis that often results in
irreversible loss of renal function and glomerular sclerosis. The
nephrotoxic potential of AGBM-Ab has been demonstrated in
animal experiments (Zhao andMing-Hui, 2005). After injection
of AGBM-Ab serum, transient infiltration of polymorphonu-
clear leukocytes in glomeruli, thickening of glomerular
basement membrane, and swelling of endothelial cells were
observed (first phase). These findings are similar to the acute
phase of human glomerulonephritis. The second phase began 5
to 7 days after injection, the glomeruli showed remarkable
cellularity with crescent formation and urinary protein was
increased. Persistant mesangial cell proliferation and glomer-
ular basement membrane thickening, glomerular inflammation
was exacerbated glomerulosclerosis, which may be similar to
chronic glomerulonephritis in humans. Our findings are
consistent with previous reports that the first phase and the
second phase noted changes in urinary protein and glomerular
histopathological damages after injection of AGBM-Ab serum.
In previous report, ligustrazine has been used to postpone or halt
the progress of renal failure and proliferative glomerulonephri-
tis in Chinese patients (Huang and Zhan, 1998; Tang, 2003). In
this study, the effect has been demonstrated in laboratory
animals. Ligustrazine significantly inhibited urinary protein
excretion, serum creatinine and blood urea nitrogen levels as
well as histological alterations which include thickening of
glomerular basement membrane, glomerular proliferation,
hypertrophy, and crescent formation in accelerated AGBM-
Ab nephritis rats.

Advances in our understanding of glomerulonephritis have
come from both clinical and research studies. New animal
models of human glomerulonephritis, human and mouse
genetic studies, and molecular and immunological tools have
helped to identify new inflammatory mediators and regulatory
molecules, resulting in a better understanding of the pathogen-
esis of human glomerulonephritis and novel therapeutic
strategies (Jolanta et al., 2007). Growth factors (Pierina et al.,
2004), cytokines (Koryakova et al., 2006) and extracellular
matrix (Wang et al., 2005) have been involved in glomerulo-
nephritis, though the overall mechanism remains to be clarified.
Generation of reactive oxygen species (ROS) from circulating
inflammatory cells and from local resident cells seems to play a
role in the tissue damage associated with the acute inflammatory
response. Production of ROS has been known to occur with
exposure to AGBM-Ab in the rat model. Acute inflammation of
glomeruli and rapid progression of chronic glomerulonephritis
can be induced by AGBM-Ab injection, suggesting ROS
generation may play a critical role in the progression of
glomerular lesions (Gunther et al., 2006; Narsipur et al., 2003).
It is well known that the attack by free radicals can be protected
by many biologic antioxidant and scavenging systems. For
example, the damage of cell constituents by ROS including the
superoxide radical (O2

U ), hydrogen peroxide (H2O2) and the
hydroxyl radical (OHU) can be prevented via various enzymatic
and non-enzymatic mechanisms. In this enzymatic defense
mechanism, SOD, glutathione peroxidase, and catalase play
principle roles. On the other hand, many non-enzymatic free
radical scavengers such as vitamins C and GSH exist in tissues
and plasma. The antioxidants (enzymatic and non-enzymatic
antioxidants) are the barriers (both endogenous and exogenous)
against free radicals' attacks (Bergamini and Seghieri, 2006).
SOD enzyme catalyzes the dismutation of O2

U to H2O2 and
molecular oxygen (O2), while glutathione peroxidase and
catalase catalyze the degradation of H2O2 to O2 and water
(Dobashi et al., 2000). In this study, we found that GSH content,
the activities of SOD, glutathione peroxidase and catalase in
kidneys significantly decreased in accelerated AGBM-Ab
nephritis, which indicated that the oxygen-derived free radicals
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can be increased, and the capability in scavenging free radicals
are decreased after the injection of AGBM-Ab serum. Free
radicals lead to lipid peroxidation, especially for multivalence
unsaturated fatty acids on glomerular basement membrane, and
the damage of glomerular basement membrane, which would
further proceed to the destruction of the organ's construction
and function. The production of MDA parallels lipid peroxida-
tion, but lipid peroxidation may induce the generation of MDA.
MDA contents in kidneys were significantly increased in
accelerated AGBM-Ab nephritis in our experiment. If ROS are
critical to the inflammatory process, then administration of
antioxidants may ameliorate this process of tissue damage. In
this experiment study, we found that in rat treated with
ligustrazine (100 mg/kg), GSH contents and the activities of
SOD, glutathione peroxidase and catalase in kidneys were
significantly increased, while MDA contents in kidneys were
significantly decreased in accelerated AGBM-Ab nephritis.
Generation of ROS was reduced by ligustrazine.

In conclusion, the AGBM-Ab successfully induces nephritis
by inducing the formation of ROS, while ligustrazine (50,
100 mg/kg) can act as a protection with dose-dependence due to
its antioxidant effect. The high levels of urinary protein, serum
creatinine and blood urea nitrogen as well as kidneys
histological alterations can be improved by ligustrazine in
accelerated AGBM-Ab nephritis in rats. This study may provide
experimental evidences that ligustrazine can be used as a
therapeutic drug in accelerated AGBM-Ab nephritis.

References

Aebi, H., 1984. Catalase in vitro. Methods Enzymol. 105, 121–126.
Allison, A.E., Lorinda, M., McCulloch, A.A., Jennifer, 1990. Intraglomerular

leukocyte recruitment during nephrotoxic serum nephritis in rats. Clin.
Immunol. Immunopathol. 57, 441–458.

Bergamini, C.M., Seghieri, G., 2006. ROS and kidney disease in the evolution
from acute phase to chronic end stage disease. Free Radic. Biol. Med. 41,
190–192.

Beutler, E., Durom, O., Kelly, B.M., 1963. Improved method for the
determination of blood glutathione. J. Lab. Clin. Med. 61, 882–888.

Boyce, N.W., Holdsworth, S.R., 1985. Anti-glomerular basement membrane
antibody-induced experimental glomerulonephritis: evidence for dose-
dependent, direct antibody and complement-induced, cell-independent
injury. J. Immunol. 135, 918–3921.

Dai, X.Z., Bache, R.J., 1985. Coronary and systemic hemodynamic effects of
tetramethylpyrazine in the dog. J. Cardiovasc. Pharmacol. 7, 841–849.

Dobashi, K., Ghosh, B., Orak, J.K., Singh, I., Singh, A.K., 2000. Kidney
ischemia-reperfusion: modulation of antioxidant defenses. Mol. Cell.
Biochem. 205, 1–11.

Feng, L., Xiong, Y., Cheng, F., Zhang, L., Li, S., Li, Y., 2004. Effect of
ligustrazine on ischemia-reperfusion injury in murine kidney. Transplant.
Proc. 36, 1949–1951.

Flohe, L., Gunzler, W.A., 1984. Assays of glutathione peroxidase. Methods
Enzymol. 105, 114–121.

Fujimoto, T., Okada, M., Kondo, Y., Tada, T., 1964. The nature of masugi
nephritis histopathological and immunopathological studies. Acta Pathol.
Jpn. 14, 275–310.

Gunther, Z., Gunter, W., Saskia, S., Rolf, A.K., 2006. Inhibition of platelet-
derived growth factor-induced mesangial cell proliferation by cycloox-
ygenase-2 overexpression is abolished through reactive oxygen species.
FEBS Lett. 580, 2523–2528.

Hammer, D.K., Dixon, F.J., 1963. Immunologic events in the pathogenesis of
nephrotoxic serum nephritis in the rat. J. Exp. Med. 117, 1019–1042.
Hattori, T., Nagamatsu, T., Ito, M., Zusuki, Y., 1994. Contribution of ID-1- and
CD-8-positive cells to the development of crescentic-type anti-GBM
nephritis in rats. Nippon Jinzo Gakkaishi 36, 1228–1239.

Huang, L.C., Zhan, F., 1998. Effects of tetramethylpyrazine and prednisone on
38 cases of nephritic syndrome. Chin. J. Integr. Tradit. West. Med. 4, 51–52.

Jolanta, K., Kelly, D., Smith, E.A., Charles, 2007. Recent advances in
glomerulonephritis. Curr. Diagn. Pathol. 13, 32–42.

Koryakova, N.N., Rozhdestvenskaya, E.D., Kazantseva, S.V., Bushueva, T.V.,
Valamina, I.E., 2006. Features of a cytokine profile in patients with chronic
glomerulonephritis with progressive chronic renal failure. Ter. Arh. 78, 14–17.

Krakower, C.A., Greenspon, S.A., 1951. Localization of the nephrotoxic antigen
within the isolated renal glomerulus. AMA Arch. Pathol. 51, 629–639.

Li, L.L., Zhang, Z.R., Gong, T., He, L.L., Deng, L., 2006. Simultaneous
determination of Gastrodin and Ligustrazine hydrochloride in dog plasma by
gradient high-performance liquid chromatography. J. Pharm. Biomed. Anal.
41, 1083–1087.

Liu, C.F., Lin, M.H., Lin, C.C., Chang, H.W., 2002. Protective effect of
tetramethylpyrazine on absolute ethanol-induced renal toxicity in mice.
J. Biomed. Sci. 9, 299–302.

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951. Protein
measurement with Folin phenol reagent. J. Biol. Chem. 193, 265–275.

Misra, H.P., Fridovich, I., 1972. The role of superoxide anion in the
autooxidation of epinephrine and a simple assay for superoxide-dismutase.
J. Biol. Chem. 247, 3170–3175.

Nagao, T., Nagamatsu, T., Suzuki, Y., 1998. Effect of lipo-prostaglandin E on
crescentic-type anti-glomerular-basement membrane nephritis in rats. Eur. J.
Pharmacol. 348, 37–44.

Narsipur, S.S., Peterson, O.W., Smith, R., Bigby, T.D., Parthasarathy, S.,
Gabbai, F.B., Wilson, C.B., Blantz, R.C., 2003. Mechanisms of Glomerular
Immune Injury: Effects of Antioxidant Treatment. J. Am. Soc. Nephrol. 14,
1748–1755.

Ohkawa, H., Ohishi, N., Yagi, K., 1979. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal. Biochem. 95, 351–358.

Park, S.Y., Ueda, H., Ohno, Y., Hamano, M., Tanaka, T., Shiratori, T., Yamazaki,
H., Arase, N., Arase, A., 1998. Resistance of Fc receptor-deficient mice to
fatal. glomerulonephritis. J. Clin. Invest. 102, 1229–1238.

Pierina, D.M., Rossana, F., Pietro, F., Antonio, M., Alessandro, C., Gordiano,
C., Maria, G.M., Andrea, S., Aldo, C., Giovanni, M.S., Gian, M.C., 2004.
Urinary transforming growth factor-beta1 in various types of nephropathy.
Pharmacol. Res. 49, 293–298.

Salant, D.J., Cybulsky, A.V., 1988. Experimental glomerulonephritis. Methods
Enzymol. 162, 421–461.

Sun, L., Li, Y., Shi, J., Wang, X., 2002. Protective effects of ligustrazine on
ischemia-reperfusion injury in rat kidneys. Microsurgery 22, 343–346.

Tang, X., 2003. Effect of ligustrazine on proliferative glomerulonephritis. Chin.
Herb. Drugs 26, 611–612.

Tsai, C.C., Lai, T.Y., Huang, W.C., Liu, I.M., Cheng, J.T., 2002. Inhibitory
effects of potassium channel blockers on tetramethylpyrazine-induced
relaxation of aortic strip in vitro. Life Sci. 71, 1321– 1330.

Unanue, E.R., Dixon, F.J., 1967. Experimental glomerulonephritis: immuno-
logical events and pathogenetic mechanisms. Adv. Immunol. 6, 1–90.

Wada, T., Yokoyama, H., Furuichi, K., Kobayashi, K., Harada, K., Naruto, M.,
Su, S.B., Akiyama, M., Mukaida, N., Matsushima, K., 1996. Intervention of
crescentic glomerulonephritis by antibodies to monocyte chemotactic and
activating factor (MCAF/MCP-1). FASEB J. 10, 1418 –1425.

Wang, H., Chen, L., Zhang, Z., Jiang, F., Guo, M., 2005. Ex vivo transfer of the
decorin gene into rat glomerulus via a mesangial cell vector suppressed
extracellular matrix accumulation in experimental glomerulonephritis. Exp.
Mol. Pathol. 78, 17–24.

Yingwei, W., Qiuzhao, H., Huilian, Q., Jinghua, X., Jianxia, T., Lingjuan, G.,
Juan, X., 2006. The complement C5b-9 complexes induced injury of
glomerular mesangial cells in rats with Thy-1 nephritis by increasing nitric
oxide synthesis. Life Sci. 79, 182–192.

Zhao, C., Ming-Hui, Z.T., 2005. Avidity of anti-glomerular basement membrane
autoantibodieswas associatedwith disease severity. Clin. Immunol. 116, 77–82.

Zou, L.Y., Hao, X.M., Zhang, G.Q., Zhang, M., Guo, J.H., Liu, T.F., 2001.
Effect of tetramethyl pyrazine on L-type calcium channel in rat ventricular
myocytes. Can. J. Physiol. Pharm. 79, 621–626.


	Protective effect of ligustrazine on accelerated anti-glomerular basement membrane antibody nep.....
	Introduction
	Materials and methods
	Chemicals
	Animals
	Preparation of AGBM-Ab
	Induction of accelerated AGBM-Ab nephritis in rats
	Experimental procedures
	Biochemical assays
	Histopathological examinations
	Statistical analysis

	Results
	Effects of ligustrazine on urinary protein levels in accelerated AGBM-Ab nephritis
	Effects of ligustrazine on serum creatinine and blood urea nitrogen contents in accelerated AGB.....
	Effects of ligustrazine on kidneys MDA, GSH levels and SOD, glutathione peroxidase, catalase ac.....
	Effects of ligustrazine on kidneys histology in accelerated AGBM-Ab nephritis

	Discussion
	References


