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Abstract
Background  Astragalus root is a commonly used herb in traditional Chinese medicine. Although renoprotective effects have 
been reported in some clinical and experimental studies, the details remain unknown.
Methods  We used 5/6 nephrectomized rats as chronic kidney disease (CKD) models. At 10 weeks, they were divided into 
four groups, namely, CKD, low-dose astragalus (AR400), high-dose astragalus (AR800), and sham groups. At 14 weeks, 
they were sacrificed for the evaluation of blood, urine, mRNA expression in the kidney, and renal histopathology.
Results  Kidney dysfunction was significantly improved following astragalus administration (creatinine clearance: sham 
group; 3.8 ± 0.3 mL/min, CKD group; 1.5 ± 0.1 mL/min, AR400 group; 2.5 ± 0.3 mL/min, AR800 group; 2.7 ± 0.1 mL/
min). Blood pressure, urinary albumin, and urinary NGAL levels were significantly lower in the astragalus-treated groups 
than those in the CKD group. Excretion of urinary 8-OHdG, an oxidative stress marker, and intrarenal oxidative stress were 
lower in the astragalus-treated groups than those in the CKD group. Furthermore, the mRNA expression of NADPH p22 
phox, NADPH p47 phox, Nox4, renin, angiotensin II type 1 receptor, and angiotensinogen in the kidney was lower in the 
astragalus-treated groups compared with the CKD group.
Conclusion  This study suggests that astragalus root slowed CKD progression, possibly through the suppression of oxidative 
stress and the renin–angiotensin system.
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Introduction

Chronic kidney disease (CKD) is a major public health 
issue, with an estimated global prevalence of 10% [1]. The 
development of CKD stages is an independent risk factor for 
mortality and cardiovascular events, and these risks are more 
than four times higher in patients with advanced CKD stages 
than in the population with normal kidney function [2]. In 
addition, patients who received renal replacement therapy 
have a lower quality of life [3] and restricted daily activity 
because dialysis takes a certain amount of time. Therefore, 
to prevent CKD progression, various clinical strategies, 
including the control of blood pressure, dietary treatment, 

use of renin–angiotensin system (RAS) inhibitors, and use 
of sodium–glucose cotransporter-2 inhibitors are recom-
mended. However, some patients, in whom these treatments 
are ineffective, reach a state of end-stage kidney disease [4].

Astragalus root is a commonly used herb in traditional 
Chinese medicine. It has been reported to have renoprotec-
tive effects in some clinical and animal studies [5, 6] and has 
been prescribed for patients with CKD in Japan and China 
[6, 7] However, the pathophysiological mechanism has not 
been completely elucidated.

Oxidative stress has been reported to play a role in CKD 
progression [8]. In previous studies, we reported that some 
medications with anti-oxidative effects could ameliorate 
kidney injury in animal models of CKD [9–12]. Because 
astragalus root has been reported to exhibit anti-oxidative 
effects, we speculated that it is a mechanism of its renopro-
tective effect.

RAS is also a crucial factor in CKD progression. Since 
numerous studies have demonstrated that RAS blockade 
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could slow down CKD progression, many clinical guidelines 
recommend or suggest using RAS inhibitors as the first-line 
therapy for patients with hypertension, CKD, and proteinuria 
[13]. Aqueous extract of astragalus root has been reported to 
inhibit angiotensin-converting enzymes (ACE) in vitro and 
in hypertensive rats [14]. Another study has shown that total 
flavonoids extracted from astragalus seed decreased plasma 
angiotensin II levels in hypertensive rats [15]. However, 
since several papers did not show that astragalus inhibited 
RAS [16–18], it is controversial whether astragalus has a 
beneficial effect on RAS.

Thus, in this study, we examined the renoprotective 
effects and their mechanism, including oxidative stress and 
RAS, of astragalus root using 5/6 nephrectomized rats.

Material and methods

Animals and experimental protocol

Male Sprague–Dawley rats were obtained from CLEA Japan 
Inc. (Tokyo, Japan). The rats were housed with ad libitum 
food and water supply in a light- and temperature-controlled 
environment. CKD was induced by 5/6 nephrectomy. At 
seven weeks of age, the rats underwent a two-thirds nephrec-
tomy of the left kidney, and one week later, the right kidney 
was excised. Astragalus root (Tsumura & Co, Tokyo, Japan) 
was administered orally at a low dose of 400 mg/kg/day or a 
high dose of 800 mg/kg/day for four weeks from 10 weeks 
of age. The doses of astragalus root were determined based 
on the formula for dose translation as follows; rat dose (mg/
kg) = human dose (mg/kg) × 37/6 [19]. The human dose of 
astragalus root for chronic kidney disease was 5,000 mg/
body/day which was about 83 mg/kg/day assuming that the 
body weight was 60 kg [20]. Therefore, the rat equivalent 
dose of astragalus root calculated by the formula was about 
514 mg/kg/day. Based on the rat equivalent dose, we deter-
mined the doses of astragalus root in the study. At 14 weeks 
of age, the rats were sacrificed under sodium pentobarbital 
anesthesia. Twenty-four-hour urine samples were collected 
using a metabolic cage at 10 and 14 weeks of age. We col-
lected blood samples from the jugular vein at 10 weeks of 
age and from the left ventricle at sacrifice. The kidneys 
were removed for immunohistochemical analysis and RNA 
extraction.

This study was conducted in strict accordance with the 
recommendation in the Guide for the Care and Use of Lab-
oratory Animals of the National Institutes of Health. The 
Animal Experiment Facility Ethics Committee approved 
the protocol (Permit No.: 170301). All surgeries were con-
ducted under anesthesia with intraperitoneally administered 
medetomidine (0.375 mg/kg), midazolam (2 mg/kg), and 
butorphanol (2.5 mg/kg). Following the ARRIVE guidelines 

for reporting experiments involving animals, all efforts were 
made to minimize suffering.

Blood and urine measurement

Blood samples were centrifuged for 5 min at 3000 rpm and 
were stored at − 80 °C until analysis. Serum creatinine, 
blood urea nitrogen, albumin, total cholesterol, calcium, 
phosphorus, and glucose levels were measured using a Fuji 
Dri-Chem 3500 (Fujifilm Japan, Tokyo, Japan). Urinary 
albumin, creatinine, and neutrophil gelatinase-associated 
lipocalin (NGAL) levels were measured using an enzyme-
linked immunosorbent assay (ELISA) kit (albumin: Nephrat, 
Exocell, Philadelphia, PA, USA; creatinine: Creatinine 
Assay Kit, Cayman Chemical, Ann Arbor, MI, USA; NGAL: 
Lipocain-2 Rat ELISA Kit, Abcam, Cambridge, MA, USA). 
The urinary 8-hydroxydeoxyguanosine (8-OHdG), a sensi-
tive indicator of oxidative DNA damage, was determined 
using a sandwich ELISA kit (Japan Institute for Control of 
Aging, Shizuoka, Japan). Serum aldosterone levels were 
measured using an Aldosterone ELISA kit (Abcam, Cam-
bridge, UK).

Blood pressure measurement

Blood pressure was measured by tail-cuff plethysmography 
(Model MK-2000; Muromachi Kikai Co. Ltd, Tokyo, Japan). 
To reduce the possibility of stress artifacts, we measured 
blood pressure 15 min after placing rats in the equipment. 
The average of 10 measurements was adopted as the value of 
blood pressure. Blood pressure measurement was performed 
at 10, 12, and 14 weeks of age.

Immunohistochemical analysis of oxidative stress 
and histomorphological analysis in kidney tissue

Kidneys were fixed with a 10% formalin-neutral buffered 
solution and embedded in paraffin. Then, tissue samples 
were sliced into 3-µm sections and stained with anti-8-
OHdG antibodies (Japan Institute for the Control of Aging, 
Shizuoka, Japan). Next, we calculated the mean number 
of 8-OHdG-positive cells in glomeruli per one micro-
scopic field and the ratio of 8-OHdG-positive tubular cells 
to 8-OHdG-negative tubular cells. For the assessment, we 
counted the positive cells in 20 random microscopic fields.

For histomorphological analysis, tissue samples embed-
ded in paraffin were sliced into 3-µm sections and stained 
with periodic acid-Shiff (PAS) and Masson’s trichrome. Glo-
merular volume was evaluated in PAS-stained tissue and the 
severity of interstitial fibrosis was evaluated in Masson’s 
trichrome-stained tissue. The evaluation was performed as 
described previously [21–23]. In brief, we measured the 
glomerular tuft area in 30 randomly selected glomeruli per 
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sample and calculated glomerular volume from the glo-
merular tuft area. For the severity of interstitial fibrosis, we 
graded sections from the cortex of each kidney as follows: 0, 
no evidence of interstitial fibrosis; 1, less than 10% involve-
ment; 2, 10–25% involvement; 3, 25–50% involvement; 4, 
50–75% involvement; 5, more than 75% involvement. We 
evaluated interstitial fibrosis in 20 random fields per section.

RNA extraction and real‑time polymerase chain 
reaction (PCR)

Total RNA was extracted from kidney samples using the 
ISOGEN kit (Wako Pure Chemical Industries, Osaka, Japan) 
following the manufacturer’s instructions, and total RNA 
was reverse transcribed with the ReveTra ACE qPCR RT 
kit (TOYOBO Co., Ltd., Osaka, Japan). Quantitative PCR 
was performed using the Light Cycler 350 s Real-Time PCR 
System (Roche-Diagnostics, Mannheim, Germany) with the 
SYBR Green Assay with Thunderbird SYBR qPCR Mix 
(TOYOBO Co., Ltd., Osaka, Japan) according to the manu-
facturer’s protocol. The analysis was performed using the 
second derivative maximum method of the LightCycler soft-
ware (version 4.0; Roche). RNA expression of each gene 
was corrected for β-actin expression. The following primers 
were used: rat NADPH p22 phox (5′-GGT​GAG​CAG​TGG​
ACT​CCC​ATT-3′, 5′-TGG​TAG​GTG​GCT​GCT​TGA​TG-3′), 
rat NADPH p47 phox (5′-GTG​AAG​CCA​TCG​AGG​TCA​
TTC-3′, 5′-CCC​GCG​GCT​TCT​AAT​CTG​T-3′), rat NADPH 
oxidase 4 (Nox4; 5′-GAA​CCC​AAG​TTC​CAA​GCT​CA-3′, 
5′-GCA​CAA​AGG​TCC​AGA​AAT​CC-3′), rat renin (5′-CTG​
TGC​ATA​CTG​GCT​CTC​CA -3′, 5′-GGC​TTG​GCC​TAA​AAC​
TAG​GG-3′), rat Angiotensin II type I Receptor (AT1R) (5′-
CTC​AAG​CCT​GTC​TAC​GAA​AAT​GAG​-3′, 5′-GTG​AAT​
GGT​CCT​TTG​GTC​GT-3′), rat ACE (5′-TGC​CTA​GAT​CCC​
AAG​GTG​ACT​TTG​A-3′, 5′-CAA​CTT​CAT​GGC​ATC​TGC​

CAGCA-3′), rat angiotensinogen (5′-TTG​TGT​GAG​GAG​
GGC​TGT​AT-3′, 5′-TGC​TGA​GAG​TGT​AGG​TCC​TG-3′), 
rat β-Actin (5′-TGA​CAG​GAT​GCA​GAA​GGA​GA-3′, 5′-TAG​
AGC​CAC​CAA​TCC​ACA​CA-3′).

Statistical analysis

Values are presented as means ± standard error of the mean. 
For comparison among the four groups, one-way ANOVA 
followed by the Tukey–Kramer test was used. A value of 
p < 0.05 was considered statistically significant. Statistical 
analyses were performed using the Stata/MP 14.2 software 
for Windows (Stata, College Station, TX, USA).

Results

Animal characteristics and changes in blood 
pressure and kidney parameters

We divided the rats into the following four groups: sham-
operated rats (sham, n = 10), CKD rats (CKD, n = 10), CKD 
rats treated with 400-mg/kg/day astragalus root (AR400, 
n = 11), and CKD rats treated with 800-mg/kg/day astra-
galus root (AR800, n = 12). Table 1 shows the animal char-
acteristics of this study population at baseline (10 weeks of 
age). Kidney function at baseline did not differ between the 
CKD and astragalus groups. Body weight, blood pressure, 
serum albumin, total cholesterol, calcium, phosphorus, and 
glucose levels were comparable among the groups. Urinary 
protein levels did not increase in the CKD and astragalus 
groups. The change in systemic blood pressure is indicated 
in Fig. 1A. Although there was no significant difference in 
blood pressure at 12 weeks of age between the CKD and 
astragalus groups, blood pressure at 14 weeks of age in the 

Table 1   Animal characteristics 
in each group at baseline

*P < 0.05 vs. the sham group
CKD chronic kidney disease, AR astragalus

Sham
(N = 10)

CKD
(N = 10)

AR 400
(N = 11)

AR 800
(N = 12)

Body weight (g) 351 ± 8 327 ± 7 343 ± 6 346 ± 5
Blood pressure (mmHg) 118 ± 2 125 ± 2 124 ± 2 122 ± 2
Creatinine clearance (ml/min) 4.08 ± 0.38 1.21 ± 0.08* 1.17 ± 0.07* 1.31 ± 0.07*
Creatinine (mg/dL) 0.23 ± 0.02 0.79 ± 0.04* 0.85 ± 0.02* 0.85 ± 0.03*
Blood urea nitrogen (mg/dL) 21.2 ± 0.6 48.2 ± 1.1* 49.1 ± 1.0* 48.1 ± 1.2*
Albumin (g/dL) 3.4 ± 0.1 3.3 ± 0.2 3.6 ± 0.3 3.9 ± 0.1
Total cholesterol (mg/dL) 50.8 ± 3.6 65.1 ± 6.3 66.5 ± 3.3 70.3 ± 4.0
Calcium (mg/dL) 10.3 ± 0.3 10.4 ± 0.2 10.1 ± 0.2 10.1 ± 0.1
Phosphorus (mg/dL) 8.7 ± 0.4 8.5 ± 0.3 8.9 ± 0.2 9.1 ± 0.3
Glucose (mg/dL) 162 ± 8 130 ± 7 145 ± 10 147 ± 6
Urinary protein (mg/day) 16.2 ± 2.6 19.5 ± 1.1 14.5 ± 2.1 25.1 ±3.3
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AR400 and AR800 groups was significantly lower than in 
the CKD group. Creatinine clearance at 10 and 14 weeks of 
age is shown in Fig. 1B. Creatinine clearance was recovered 
in the AR400 and AR800 groups. Urinary albumin levels 
were higher in the CKD group than in the sham group, those 
in the AR400 group tended to be lower than those in the 
CKD group, and those in the AR800 group were signifi-
cantly lower than those in the CKD group (Fig. 1C). Urinary 
NGAL levels were also higher in the CKD group than in 
the sham group, those in the AR800 group tended to be 

lower than those in the CKD group, and those in the AR400 
group were significantly lower than those in the CKD group 
(Fig. 1D). Other animal characteristics at sacrifice were 
shown in Table 2. Urine volume, residual kidney weight, 
and urinary protein levels in the CKD group were higher 
than that in the sham group. Among these characteristics, 
urinary protein levels were significantly lower in the AR400 
and AR800 groups than those in the CKD group. The results 
of the histomorphological analysis were shown in Fig. 2. 
Glomerular volume and severity of interstitial fibrosis were 

Fig. 1   A Change in systolic blood pressure, B creatinine clearance, C urinary albumin levels, and (D) urinary NGAL at 14  weeks of age. 
*P < 0.05 vs. the sham group, #P < 0.05 vs. the CKD group

Table 2   Animal characteristics 
in each group at 14 weeks of 
age.

*P < 0.05 vs. the sham group
#P < 0.05 vs. the CKD group
CKD chronic kidney disease, AR astragalus

Sham
(N = 10)

CKD
(N = 10)

AR 400
(N = 11)

AR 800
(N = 12)

Body weight (g) 503 ± 16 478 ± 10 478 ± 8 491 ± 6
Residual kidney weight (g) 1.64 ± 0.04 2.30 ± 0.16* 2.01 ± 0.07* 1.97 ± 0.08
Heart weight (g) 1.17 ± 0.03 1.20 ± 0.08 1.15 ± 0.04 1.15 ± 0.02
Urine volume (ml/day) 29.5 ± 4.0 45.8 ± 3.3* 44.8 ± 2.1* 40.3 ± 2.0*
Urinary sodium (mEq/day) 3.11 ± 0.21 3.21 ± 1.1 3.30 ± 0.14 3.42 ± 0.13
Urinary potassium (mEq/day) 5.11 ± 0.37 4.76 ± 0.29 4.99 ± 0.24 5.23 ± 0.34
Urinary protein (mg/day) 18.9 ± 2.2 46.6 ± 10.7* 24.7 ± 4.6# 14.4 ± 2.2#
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lower in the AR400 and AR800 groups than those in the 
CKD group.

Assessment of oxidative stress

The formation of 8-OHdG in glomeruli and kidney tubules 
increased in the CKD group, and Astragalus reduced 
oxidative stress induced by decreased kidney function 
(Fig. 3A–C). Urinary 8-OHdG excretion was greater in the 
CKD group than in the sham group, and those in the AR400 
and AR800 groups were significantly lower than that in the 
CKD group (Fig. 3D). We also evaluated the mRNA expres-
sion of oxidative stress-related markers, p22 (Fig. 3E), p47 

(Fig. 3F), and Nox4 (Fig. 3G) in the kidney. These mRNA 
expressions also increased in the CKD group. The mRNA 
expression of p22 in the AR800 group was significantly 
lower than that in the CKD group, and that in the AR400 
group tended to be lower than that in the CKD group. The 
mRNA expressions of p47 and Nox4 were significantly 
lower in the AR400 and AR800 groups than in the CKD 
group.

RAS assessment

To assess RAS, we measured the mRNA expressions of 
renin, AT1R, ACE, and angiotensinogen. The mRNA 

Fig. 2   Assessment of renal 
pathology. A Representative 
images of glomerulus and 
tubulointerstitium. B Glomeru-
lar volume. C Tubulointerstitial 
fibrosis
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Fig. 3   Assessment of oxidative stress. A Representative images of 
glomerulus and tubulointerstitium with immunohistochemical stain-
ing for 8-OHdG. (B) The number of 8-OHdG positive cells in glo-
meruli and (C) tubules. D Urinary 8-OHdG levels. E mRNA expres-

sion of NADPH p22 phox. F mRNA expression of NADPH p47 
phox. G mRNA expression of Nox4. * P < 0.05 vs. the sham group, # 
P < 0.05 vs. the CKD group
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expressions of renin, AT1R, and angiotensinogen sig-
nificantly increased in the CKD group than in the sham 
group. The mRNA expressions of renin and AT1R sig-
nificantly decreased in the AR400 and AR800 groups 
than in the CKD group, and the mRNA expressions of 

angiotensinogen significantly decreased in the AR400 
groups than in the CKD group. The mRNA expressions 
of ACE were comparable among groups (Fig. 4A–D). 
Although serum aldosterone levels in the AR400 and 
AR800 groups tended to be lower than those in the CKD 
groups, the difference was not statistically significant 
(Fig. 4E).

Fig. 4   Assessment of the renin–angiotensin system in the kidney. A 
mRNA expression of renin. B mRNA expression of AT1R. C mRNA 
expression of ACE. D mRNA expression of angiotensinogen. E 

Serum aldosterone levels. *P < 0.05 vs. the sham group, #P < 0.05 vs. 
the CKD group
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Discussion

Our study demonstrated that astragalus root attenuated the 
deterioration of kidney function, decreased proteinuria, 
and suppressed the rise of blood pressure in 5/6 nephrec-
tomized rats. Furthermore, it decreased urinary excretion 
of oxidative stress marker 8-OHdG levels and suppressed 
the increased expression of oxidative stress and RAS in 
kidney tissue.

Some clinical and animal studies have shown the reno-
protective effects of the astragalus root. Two meta-analysis 
studies on its renoprotective effects have been reported in 
clinical settings [5, 24]. One meta-analysis study dem-
onstrated that pooled results in 13 randomized control 
trials indicated that astragalus significantly decreased 
21.39 [95% confidence interval (CI) 8.00, 34.78] µmlo/L 
(0.24 [95% CI 0.09, 0.39] mg/dL) of serum creatinine 
levels and pooled results in 10 randomized control tri-
als indicated that astragalus significantly decreased 0.53 
[95% CI 0.26, 0.79] g/day of proteinuria compared with 
control [5]. The other meta-analysis study targeted at dia-
betic kidney disease also revealed a decrease in serum 
creatinine levels and proteinuria by the additional use of 
astragalus [24]. In animal studies, astragalus attenuated 
kidney injury and reduced proteinuria in various models, 
including 5/6 nephrectomy, glomerulonephritis, unilateral 
ureteral obstruction, doxorubicin-induced nephropathy and 
streptozotocin-induced diabetic nephropathy [6]. Corre-
sponding with these findings, astragalus root attenuated 
the decrease in creatinine clearance and reduced urinary 
protein in our study.

Astragalus root may have beneficial effects on both glo-
meruli and tubules. Astragaloside IV, one of the active 
components of astragalus, was reported to attenuate podo-
cyte injury [25]. In addition, another study has shown that 
astragalus and angelica reduced glomerular injury in kid-
ney tissue [16]. On the other hand, astragalus has also 
improved proximal tubular cell viability [26] and reduced 
tubulointerstitial injury in kidney tissue [16]. In our study, 
both glomerular damage marker urinary albumin and tubu-
lar damage marker urinary NGAL in the astragalus groups 
were significantly lower than those in the CKD group. 
Therefore, the astragalus root may have a beneficial effect 
on both glomeruli and tubules.

Oxidative stress contributes to the deterioration of 
kidney function [8]. Several studies have shown the anti-
oxidative effects of astragalus. For example, in an experi-
mental study using human kidney proximal tubular epi-
thelial cells, astragalus reduced cell apoptosis induced by 
hydrogen peroxide, a precursor to harmful reactive oxygen 
species [26]. In another study using CKD mouse mod-
els, astragalus reduced oxidative stress in kidney tissue 

induced by heminephrectomy and indoxyl sulfate [27]. Our 
study also demonstrated that astragalus decreased urinary 
excretion of 8-OHdG levels and reduced the expression of 
several oxidative stress markers in kidney tissue. There-
fore, these findings indicate that astragalus has anti-oxi-
dative effects for chronic kidney disease.

The effect of astragalus on RAS is controversial [14–18]. 
An in vitro study using mouse serum indicated that an aque-
ous extract of astragalus root dose-dependently inhibited 
ACE [14]. This study also showed that one of the peptide 
fragments included in the extract of astragalus interacted 
with active residues of the ACE. Total flavonoid extracted 
from astragalus seed has been reported to decrease plasma 
angiotensin II levels in hypertensive rats [15]. Our study 
indicated that astragalus suppressed RAS-related markers 
expressions in kidney tissue with decreased renal function. 
Since RAS blockers reduced the risk of kidney failure [13], 
astragalus may have the same favorable effect by inhibiting 
RAS.

Our study showed that astragalus decreased blood pres-
sure elevation during the course of CKD. This anti-hyper-
tensive effect of astragalus has been shown in spontaneously 
hypertensive rats, heminephrectomy/deoxycorticosterone 
acetate/salt-induced hypertensive mice, and angiotensin II-
induced hypertensive mice [14, 28]. Considering the find-
ing that astragalus has an inhibitory effect on RAS, its anti-
hypertensive effects may be due to RAS inhibition.

Astragalus includes various components. Among these 
components, it is not completely elucidated which compo-
nents are the main factors to attenuate kidney damage. As 
we mentioned above, one peptide included in astragalus 
has been reported to have potential ACE inhibitor activities 
and interact with active residues of ACE [14]. Therefore, 
the peptide may be one of the factors to attenuate kidney 
damage. Astragaloside IV, which is one of the major sub-
stances of astragalus, has the potential effect of organ fibro-
sis, inflammatory response, oxidative stress, and apoptosis 
[29]. Since the substance has been demonstrated to attenuate 
kidney injury induced by indoxyl sulfate [27] and restore 
podocyte morphology and cytoskeleton loss [25], astra-
galoside IV may also be one of the renoprotective factors. 
Furthermore, the report to explore the proteins related to 
the effect of astragalus on diabetic nephropathy using net-
work pharmacology has shown that quercetin, formononetin, 
calycosin, 7-O-methylisomucronultol, and quercetin are the 
potential factors related to the therapeutic effect of astra-
galus [30]. Taken together, although some components are 
suggested as the main renoprotective factors of astragalus, 
further studies are necessary to reveal the factors.

In conclusion, our findings indicate that astragalus has 
renoprotective and anti-hypertensive effects in a CKD rat 
model, which could be attributed to the suppression of oxi-
dative stress and RAS.
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