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The objective of this study was to evaluate the efficacy of Chinese
herbs on Doxorubicin-induced focal and segmental glomerulosclero-
sis (FSGS) in rats. Twenty age-matched male Wistar rats were
divided into two groups: group A (n = 10) given only water ad libitum
served as the control group and group B (n = 10) was given Chinese
herbs (40 ml/kg with drug concentration 1.75 g/ml) beginning at day
zero. All rats were administered doxorubicin (7 mg/kg) intrave-
nously. All the rats were placed in metabolic cages at day 0, 7, 14, 21,
and 28, and daily proteinuria was measured. At day 28, the animals
were killed by cervical dislocation, followed by immediate organ
collection for histologic analysis of kidneys; blood was collected by
tail vein and cardiac puncture (at day 28) for the measurement of
serum albumin. Body weight (BW) and food intake were recorded.
The rats in groups A and B demonstrated severe susceptibility to
doxorubicin injection with the onset of proteinuria (80–100 mg/24h)
at day 7. The rats in group B were partly resistant to doxorubicin
nephropathy with decreasing proteinuria and increasing serum albu-
min compared with group A (p < 0.05). All 10 rats in group A devel-
oped at least 5% glomerulosclerosis with tubular casts at day 28. In
contrast, the rats in group B developed less severe histologic renal
disease. The difference in histologic scores between the two groups
were significant at day 28 (12 in group B vs. 20 in group A, p = 0.002).
Food intake of Group B animals progressively increased to reach
67–73% of those observed before the doxorubicin administration
with 28–43% in Group A. After the 4-wk experimental period,
BW in Group A decreased more significantly than that in Group
B (−20 ± 3 and −16 ± 1%, respectively, p = 0.035, paired T test).
Chinese herbs seem to reduce proteinuria and attenuate renal histo-
logic severity in rats with doxorubicin-induced FSGS and may offer
an alternative to the treatment of FSGS.
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INTRODUCTION
Focal and segmental glomerulosclerosis (FSGS) is a glom-

erular disease characterized by marked proteinuria, steroid
resistance, hypertension, and a high incidence of progression to
renal failure. It is the most common progressive glomerular
disease in children and is the second leading cause of end-stage
renal disease (ESRD) in this age group; FSGS accounts for
20 to 25% of idiopathic nephrotic syndrome in adults (Korbet,
Schwartz, & Edmund, 1994; McEnery, Alexander, Sullivan, &
Tejani, 1993). It is a worrisome complication for nephrologists
because of its high rate of incidence, the subsequent graft loss,
and the inability to predict its occurrence.

Rats that are given doxorubicin develop a self-perpetuating
glomerular nephropathy, which has an early onset. The ani-
mal model of nephropathy induced by doxorubicin has been
the prototypical experimental model of primary FSGS, which
is characterized by morphological changes resembling human
FSGS (Okasora et al., 1992). In rats, a single i.v. injection of
doxorubicin produces proteinuria and progressive renal dis-
ease within 5–7 days of exposure; histopathologically, ani-
mals exhibit early podocyte foot process fusion, followed by
the development of typical lesions of FSGS, and progressive
global sclerosis and interstitial fibrosis (Bertani et al., 1986;
Yang Wang et al., 2000). Even in the absence of continued
doxorubicin exposure, the glomerular damage progresses
(Scholey, Miller, Rennke, & Meyer, 1989). As the animal
model of doxorubicin-mediated nephropathy is reproducible
and enables precise timing of the onset of renal injury, this
model has been widely used to dissect the mechanisms that
promote initiation and progression of nephropathy and test
the efficacy of various therapies in preventing the deteriora-
tion of renal function (Fogo, 2003).

In our preliminary study, favourable results (partial to com-
plete remission) were obtained in three patients administered
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Chinese herbs for 35–50 days, in whom a significant reduction
of proteinuria was seen. We hypothesized that these Chinese
herbs would have the same effect in the animal model of
FSGS. In an attempt to evaluate the Chinese herbs’ efficacy,
we studied the herbs’ action in FSGS rats.

SUBJECTS AND METHODS

Animals
Experiments were performed using 20 age-matched male

Wistar rats (obtained from Jilin University, China) of mean
body weight 235 g (range 182–286 g). The rats were main-
tained in individual cages at a temperature-controlled room
(22°C) on a 12:12 h light-dark cycle (light at 0700). They were
fed a ‘standard laboratory chow (0.35 g NaCI, 20 g protein)
and allowed tap water ad libitum. Body weight (BW) and food
intake were recorded daily. All animal protocols were
approved and monitored by our institutional animal care and
use committee.

Induction of FSGS
FSGS was induced by the administration of doxorubicin

(7 mg/kg) intravenously via a superficial femoral vein under
light ether anaesthesia at day 0.

Drug Therapy
The rats were divided into two groups: group A (n = 10)

given only water ad libitum served as the control group and
group B (n = 10) was given Chinese herbs at an average dose
of 40 ml/kg beginning at day 0.

The Chinese herbs administered was as follow: Tu Fuling
(Smilax Glabra, Geographical origin: Sichuan) 50 g, Jue
Chuang (Sanchezia nobilis, Geographical origin: Jiangsu) 30 g,
Huang Qi (Astragalus membranaeus, Geographical origin:
Gansu) 30 g, Di Long (Lumbricus, Geographical origin:
Guangdong) 20 g, Dang Gui (Radix Angelica, Geographical
origin: Gansu) 15 g, Chuan Xiong (Rhizoma Chuanxiong, Geo-
graphical origin: Sichuan) 15 g, Chan Tui (Periostracum
Cicadae, Geographical origin: Shandong) 15 g. The seven crude
drugs were mixed in 800 ml water, getting 100 ml liquor after
the drugs decocted in 800 ml water (100ºC for 30 minutes
twice). The liquor was filtered with 1.75 g/ml as the drug con-
centration.

Urinary Albumin Excretion
All the rats were weighed and placed in metabolic cages at

day 0, 7, 14, 21, and 28, to determine albumin excretion in 24 h
urine. Urine albumin was determined with a nephelometric
method (Boehring Nephelometer Analyzer, Behringwerken
AG, Marburg, Germany).

Serum Albumin Analysis
The blood was collected for the measurement of Serum

albumin. At day 0, 7, 14, and 21, the blood was collected
via the tail vein, and was collected by cardiac puncture at
day 28.

Serum albumin was measured by single radial diffusion
using anti-rat albumin antibodies (ICN, Cappel, Belgium) as
previously described (Breuille et al., 1998).

Kidney Histologic Analysis
At day 28, the animals were killed by cervical dislocation,

followed by immediate organ collection for histologic analysis
of kidneys.

Kidney sections were stained with hematoxylin and peri-
odic acid/Schiff reagent. Renal histology was analyzed with
Transmission Electron Microscopy (792, Gatan, USA). Histol-
ogy scored independently by two investigators (Yanming Chen
and Hewei Wei) blinded to groups; discrepancies between
scores were resolved by a third expert pathologist (Pingfu Liu).
On each slide, we examined at least 100 glomeruli and scored
four traits: glomerular injury, tubular cyst/cast formation,
podocyte hyperplasia, and interstitial inflammation. We used
the following semiquantitative scale: 0, no disease; 1, 1–25%;
2, 26–50%; 3, 51–75%; and 4, 76–100% of tissue affected. In
our first genome screen, we applied dichotomous criteria to
define affection status: mice with ≥ 50 mg/24 h proteinuria and
histologic evidence of ≥ 5% glomerulosclerosis at the time of
death were classified as affected. Mice with < 50 mg/24 h pro-
teinuria and normal histology were classified as unaffected
(Zongyu et al., 2005).

Statistical Analyses
Mean values ± standard error of mean (SEM) or range with

median values are given. The paired t-test was used.

RESULTS

Animal Characteristics
The administration of doxorubicin decreased food intake,

especially during the first week where rats ate only 15–25% of
the pre-administration intake (20–25 g). Thereafter, food
intake of Group B animals progressively increased to reach
67–73% of those observed before the doxorubicin administra-
tion with 28–43% in Group A. In this study, BW was similar in
both groups at the beginning of the study. After the 4 wk
experimental period, BW in Group A decreased more signifi-
cantly than that in Group B (−20 ± 3 and −16 ± 1%, respec-
tively, p  = 0.035, paired t-test).

Albumin Changes
The rats in groups A and B demonstrate severe susce-

ptibility to doxorubicin injection with the onset of proteinuria
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(80–100 mg/24 h) at day 7. The rats in group B are partly resis-
tant to doxorubicin nephropathy with decreasing proteinuria
and increasing serum albumin after therapy compared with
group A (p < 0.05, paired t-test, Figures 1 and 2).

Renal Pathology
Renal pathology changes in doxorubicin-mediated nephrop-

athy are shown in Figure 3. We found that all 10 rats were
affected in group A, developing at least 5% glomerulosclerosis
with tubular casts at day 28. In contrast, the rats in group B
developed less severe histologic renal disease. The difference
in histologic scores between the two groups were significant at
day 28 (12 in group B vs. 20 in group A, p  = 0.002, paired
t-test).

DISCUSSION
FSGS is becoming an increasingly important cause of the

nephritic syndrome in both adults and children. It is currently
the most common primary glomerular disease to progress to
ESRD (Braden et al., 2000). Massive proteinuria and altered
glomerular histology are characteristic features of FSGS.
These changes indicate a damaged glomerular filtration barrier.

All the Chinese herbs in the experiment proved valuable for
proteinuria reduction (Jun-long, 2005; Lei, & Xiaomei, 2006;
Li-qiang, Qiong, Tiegang, & Xiaojie, 2005; Shiping, Rong, &
Bingqian, 1989; Yonghua, et al., 2005). These properties have
prompted their compound prescription use in the management
of humans and experimental animals with massive proteinuria.
With that in mind, we treated two groups of rats with single
intravenous dose of doxorubicin in order to analyze kidney his-
tology and to investigate the mechanism of Chinese herbs on
doxorubicin-induced renal injury.

In our study, doxorubicin-induced nephritic syndrome in the
rat (the animal model we used) resembles FSGS in the human,
both biochemically and morphologically.

To further explore the effect of Chinese herbs, we carried out
the study in an attempt to validate the antiproteinuric action of
the drug. In the study, the administration of doxorubicin is asso-
ciated with malnutrition, essentially due to a reduction of food
intake. We are able to show a significant recovery of food intake
and progressive decrease of proteinuria and increase of serum
albumin after Chinese herbs administration in FSGS rats. During
the 4 weeks of its administration, we also observed that these
Chinese herbs attenuate the histologic severity of FSGS.

The basic mechanism for FSGS is still obscure. Indirect evi-
dence in humans and animal models suggest that FSGS is asso-
ciated with oxidants, interstitial fibrosis, proliferation, and
cytokine production (de Oliveira et al., 1999; Kriz et al., 1998;
Muda, Feriozzi, Rahimi, & Faraggiana, 1998; Musante et al.,
2007).

Various Chinese herbs have been used alone, or in combina-
tion with others, in the treatment of various renal diseases (Fu
& Kong, 2007; Qang, Du, Lu, & Wang, 1989; Su, He, & Chen,
1993; Zhao, 1988). For instance, the Chinese name of “Dang
Gui,” literally means “state of return,” and refers to its ability
to regulate “qi” and “blood” to maintain a normal state of well-
being. Its medical use was first recorded in the “Shen Nong
Ben Cao Jing” during the 1st century; it was subsequently
listed in the 22nd edition of the United States Dispensatory
(Wood & LaWell, 1937). We can only speculate on the mecha-
nism underlying the protective effect of these Chinese herbs on
experimental FSGS. The components of the drug could prove
beneficial through a wide range of actions. For instance, the
herbs Huang Qi and Dang Gui show antioxidant (Chengwen
et al., 1996; Dragland et al., 2003; Li, Yu, & Li, 2007; Liu
et al., 2003) and antifibrosis effects (Li-qiang et al., 2006),
have strong protective effects on renal tubular damage, regu-
late tumor necrosis factor (TNF)-α, basic fibroblast growth
factor (bFGF) and many other cytokines (Sheng et al., 2005;

FIGURE 1. Changes of proteinuria during the process.
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FIGURE 2. Changes of serum albumin during the process.
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Xu et al., 2002). Chan Tui inhibit the reactive oxygen species
(ROS) generation, nitric oxide (NO) production, and nuclear
factor-κB (NF-κB) activity as well as the expression of pro-
inflammatory molecules such as inducible nitric oxide
synthase (iNOS), interleukin (IL)-6, TNF-α, and cyclooxygen-
ase (COX)-2 (Xu et al., 2006). Di Long could reduce the plate-
let aggregation at the glomeruli of kidney and regulate the
serum levels of IL-2, IL-2R and IL-6 (Yousheng, Xiaoli, &
Qing, 2005). Chuan Xiong has antiproliferative effect (Jianwu,
Zhuwen, & Xiaochuan, 2004). The extract of Tu Fuling could
significantly recover the decrease of IL-1, TNF and NO
induced by lipopolysaccharide, down-regulate over-activated
macrophages, and up-regulate the dysfunctional T lympho-
cytes (Jiang & Xu, 2003). However, this multi-herb formula is
prepared in decocted extracts. One has to expect the possibility
that some chemical interactions take place among natural con-
stituents existing in the component herbs of the formula during
decoction. Decoction may change the extraction rates of the
active ingredients or produce new artificial substances, which
may then exhibit new pharmacological activities. The details of
these changes will require future clarification.

In China, traditional medicinal herbs are often used in con-
junction with Western pharmacological agents. Such an
approach has been advocated for the management of experi-
mental and clinical FSGS. The combination of cyclophospha-
mide and a Chinese herbal drug was found to be superior to either

in slowing the progression of FSGS in patients (Hongjun &
Honyu, 2002). With the continuous increase in the consumption of
botanical supplements in the world, it might be beneficial in future
studies to explore the therapeutic potential of these Chinese herbs
in the clinical management of human FSGS.

In summary, we studied the action of some Chinese herbs
on doxorubicin-induced FSGS in rats. We showed that the
antiproteinuric effect of these Chinese herbs was of a signifi-
cant nature in our animal model; the renal histologic severity
also was attenuated, which may possibly ameliorate the natural
progressive course of the disease. Our results in this particular
experimental model support the notion that these Chinese
herbs are useful in preventing FSGS. Although it is difficult to
extrapolate animal data to humans, we still recommend
Chinese herbs as a beneficial treatment of the nephrotic syn-
drome in FSGS. In conclusion, Chinese herbs seem to reduce
proteinuria and attenuate renal histologic severity in rats with
doxorubicin-induced FSGS and may offer an alternative to the
treatment of FSGS.
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FIGURE 3. (A) (× 400) is from a rat with no detectable disease before doxorubicin injection; (B) (× 400) is from a rat with severe histologic renal disease in
group A at day 28. (C) (× 400) is from a rat with less severe histologic renal disease in group B at day 28. Histology scores: B = 2; C = 1. The affected kidney (B)
show microcystic tubular dilatation, tubular casts, and FSGS. Glomerular damage is less severe in C.
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