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Abstract Ginsenoside Rb1 (GS-Rb1) is a well-known

antioxidant derived from traditionally used herbal medicine

ginseng. It has been suggested that reactive oxygen species

(ROS) is involved in chronic kidney disease (CKD) in which

GS-Rb1may play a protective role. The aim of this studywas

to evaluate prospectively the effects of GS-Rb1 in patients

with early chronic kidney disease. 197 patients who have

been diagnosed with early CKD (stage 2 or 3) were recruited

and randomly assigned to receive GS-Rb1 (500 mg daily

oral administration, n = 103) or placebo (n = 94) for con-

secutive 6 months. Analytical procedures performed at

baseline, the end of the treatments, and 6 months after the

treatments included renal function evaluation (creatinine and

urea clearance), oxidative stressmeasurement, inflammation

assessment, and lipid profile. Of 177 patients completing the

study, the GS-Rb1 group (n = 91) showed a positive

response in significantly alleviating renal function impair-

ments compared to the placebo group (n = 86). In addition,

GS-Rb1 treatment was effective in reducing the extent of

oxidative stress and inflammation in CKD patients, whereas

continued deterioration was observed in the placebo group.

Thus, extended treatment of patients using GS-Rb1 may

present an antioxidant-based approach to slow the progres-

sion of CKD at the early stages.
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Introduction

Chronic kidney disease (CKD) affects millions of people

worldwide and the incidence continues to increase at all

ages. Specifically, patients with CKD are at high risk of

cardiovascular complications including atherosclerosis,

coronary calcification, and stroke that are characterized by

a substantial mortality and cause enormous burden to

medical costs (Coresh et al. 2007; Go et al. 2004; Van-

holder et al. 2005). With rising numbers of elderly people

and global epidemic increase of metabolic disorders, sig-

nificant numbers of CKD patients are expected to progress

to chronic kidney failure or end-stage renal disease

(Meguid El Nahas and Bello 2005; Nugent et al. 2011).

Currently, the routine laboratory assessments of albumin-

uria and glomerular filtration rate estimated from the serum

creatinine clearance, along with other measurements for

risk factors, have been used for diagnosing and staging of

CKD (Levey et al. 2005).

A significant reduction in renal function is already

noticeable at early stages of CKD in which kidney damage

progresses due to vascular dysfunction, immune cell acti-

vation, and podocyte injury, etc. As a common

manifestation and mediator of organ injury, oxidative stress

is known to be involved in the pathogenesis of CKD

including glomerulosclersosis (Small et al. 2012; Vaziri

2004). The therapeutic potential of antioxidant in treating

CKD patients has, thus, been suggested by both animal

models and clinical studies (Chen and Siriki 2015; Jun

et al. 2012; Nangaku 2006; Sahni et al. 2012; Zachara

2015). Ginsenosides, the active ingredients of widely used

herbal medicine ginseng, are identified as efficient

antioxidant compounds in vitro and in vivo. The containing

sugar moieties possess the antioxidant function of gin-

senosides, and hydroxyl radical scavenging capacity of
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ginsenosides has been demonstrated (Liu et al. 2003).

These properties, together with their reported functions in

preventing endothelial dysfunction (Zhang et al. 1999) and

ischemia/reperfusion kidney injury (Yokozawa et al. 1998),

suggest that ginsenosides could potentially reduce the

oxidative stress-associated inflammatory damage in kid-

ney, thus limiting the progression of CKD. The present

study was designed to test this hypothesis by prospectively

assessing whether GS-Rb1, a ginsenoside isolated from

root extract of Panax ginseng, can ameliorate kidney

function impairments in individuals with CKD at early

stages of the disease.

Methods and materials

Patients

Between 2012 and 2015, 232 CKD patients who have been

received treatments at Wuxi No. 2 People’s Hospital

Affiliated to Nanjing Medical University were assessed for

eligibility of the study. Participants were recruited through

advertisement. Recruitment was assisted by the faculty

members in Wuxi No. 2 People’s Hospital, and the study

took place at the Department of Nephrology at Wuxi No. 2

People’s Hospital. The sampling frame encompassed urban

and rural areas, with various education and social class

diversity. Inclusion criteria included subjects who were

aged 18–90 years old and had an estimated glomerular

filtration rate (eGFR) in the range of 30–90 mL/min/

1.73 m2 (based on the modification of (Levey et al. 2006)).

The establishment of chronicity of kidney dysfunction was

implied by previously (3 months before) elevated serum

creatinine. All recruited patients were early CKD at the

stage of 2 (mild reduction in GFR at 60–89 mL/min/

1.73 m2 with kidney damage) or stage 3 (moderate

reduction in GFR at 30–59 mL/min/1.73 m2). People who

have inflammatory diseases (hepatitis, pneumonia, etc.),

cancer, infection, liver failure (ALT and AST[40 U/L), or

prior use of antioxidant vitamin (supplemental intake

[1000 IU) were excluded. All participant patients have

signed consent forms, and the study was approved by the

ethics committee of human subject study of Wuxi No. 2

People’s Hospital Affiliated to Nanjing Medical Univer-

sity, and was conducted according to the Declaration of

Helsinki and Good Clinical Practices.

Study design

Consenting patients were diagnosed and then randomly

assigned to two groups with either ginsenoside Rb1 (GS-

Rb1) treatment group (oral administration of 500 mg once

daily for consecutive 6 months) or placebo group. The trial

is a parallel study in which participants were randomized to

receive placebo or GS-Rb1, based on a computer-generated

block randomization scheme with respect to age and gen-

der. The computer-generated sequential numbers were

allocated to individual patient by the assistant. The

assigned drugs were prepared at the center of Wuxi No. 2

People’s Hospital and kept in numbered envelopes with

patient identification. During the study, patients were blind

to the treatment assignment with concealed labels. Baseline

physical examination was performed and medical history

was recorded. Next, patients were randomly assigned to

receive the custom-made capsules. Each capsule contains

placebo or 500 mg GS-Rb1, which is recommended for

oral administration once daily with the evening meal. The

amounts of capsules sufficiently covered the use of

6-month period with an additional 10%. Patients were

encouraged to contact the physicians if they felt any

adverse effects, and serious side effects were assessed by

investigators who have been compliance with the criteria

for good clinical practice (GCP) training. For standard

treatment for early stages of chronic kidney disease,

patients in the both groups received usual medicine during

the whole study. No patients experienced adverse events,

such as severe renal dysfunction, hemorrhage, or any

allergic reactions. Patients who had associated inflamma-

tion diseases or developed late stage of CKD during the

treatment have been excluded from the study.

Whole blood was collected for fasting patient at base-

line, end of the treatments, and 6 months after the

treatments. 24-h urine was also collected for the mea-

surements of the endogenous creatinine clearance and urea

clearance. Serum or urine levels of creatinine, albumin, and

blood lipid profile were determined using standard labo-

ratory methods in clinic. The peripheral blood mononuclear

cells (PBMC) were harvested from patient blood by Ficoll–

Paque method, and the isolated cell pellets were transferred

to a new sterile cryotube with DMEM cell culture medium

and stored at -80 �C. All assays were performed by

independent investigators who were not aware of the

intervention.

Oxidative stress assessment

The levels of derivative reactive oxygenmetabolites

(dROMs), the d-ROMs test as an oxidative stress marker,

were determined by measuring the amount of organic

hydroperoxide (ROOH) converted into radicals that oxidize

N,N-diethyl-p-phenylenediamine (Nagatomo et al. 2012).

The levels of dROMs were expressed in relative levels to

baseline of placebo group (%). The GPx (Glutathione

peroxidase) activity was determined through assay kits

(Cayman Chemical, no. 703102) which measures GPx

activity indirectly by a coupled reaction with glutathione

34 X. Xu et al.

123



reductase. The plasma level of 8-isoprostane, a product of

lipid peroxidation, was measured by a competitive enzyme

immunoassay kit (Cayman Chemical, no. 516351). The

DNA base-modified product, 8-hydroxy-20-deox-
yguanosine (8-OHdG), a commonly used marker for

oxidative DNA damage, was also measured by a compet-

itive enzyme immunoassay kit (Cayman Chemical, no.

589320).

Inflammation markers

Pro-inflammatory cytokines, interleukin-6 (IL-6) and

tumor necrosis factor alpha (TNF-a), were quantified with

ELISA kits (R&D systems, DuoSet kits DY 206 and DY

210).

Statistical analysis

Data were expressed as the mean ± SD as indicated. Sta-

tistical comparison was analyzed by one-way (different

time points within the same group) or two-way ANOVA

analysis (different time points between two treatment

groups) followed by a Tukey’s post hoc test. p value less

than 0.05 was considered significant.

Results

197 patients with chronic kidney disease at the stage 2 or 3

were randomly assigned to receive either GS-Rb1 or pla-

cebo treatments as described (Fig. 1). No obviously

adverse effects of treatment were observed in patients of

both groups. 8 patients in placebo group and 12 in GS1-Rb

group were removed from the study, either because of

associated inflammation diseases (such as infection) or

developed late stage of CKD during the study. Neverthe-

less, there is no correlation of such exclusion with the

different treatment conditions. For patients who have suc-

cessfully completed the study (86 placebo and 91 treated),

the results of baseline characterization are shown in

Table 1. The general data including ages, genders, meta-

bolic status, and the extent of kidney dysfunction are

almost identical between the two groups. Of note, more

than 70% of recruited patients were male in both groups,

which is consistent with previously reported high preva-

lence of CKD in men compared to women (Meguid El

Nahas and Bello 2005; Okada et al. 2014). The similar

association was found in patients with diabetes (Fox et al.

2012). Baseline tests were performed once on the subjects

prior to the trial. After participants started treatments,

follow-up visits were carried out at the end of the treatment

(6 months) and 6 months after the end of treatments

(12 months). The analysis included renal function, oxida-

tive stress and inflammation assessments.

Renal function

Effects of placebo on renal function were minimal. There

were no differences in the levels of serum creatinine

(Fig. 2a) and endogenous creatinine clearance (Fig. 2c)

between all time points of the placebo patient group

(p[ 0.05). In contrast, 500 mg daily oral administration of

GS-Rb1 for consecutive 6 months significantly enhanced

the clearance of creatinine and reduced the serum levels of

creatinine (Fig. 2a, c, p\ 0.01). Importantly, these effects

of GS-Rb1 can persist for months, even after the patients

stop taking the drug, compared to the baselines (p\ 0.05).

In addition, continuing deterioration in the placebo group

was seen by the trends of progressive increase in serum

urea and decrease in urea clearance (Fig. 2b, d). In these

patients, urea markers at 12 months became significantly

worse than those values before the treatment (p\ 0.05).

Similar to creatinine data, the effects of GS-Rb1 in urea

tests were also greatly improved at both 6 months

(p\ 0.01) and 12 months (p\ 0.05), compared with the

baselines.

Oxidative stress and inflammation markers

Several oxidative stress markers were measured in the

study as potential denominators associated with the extent

of kidney injury. In the placebo group, the levels of

increased dROMs (derivative reactive oxygenmetabolites),

Fig. 1 Flow diagram of the study design
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decreased GPx activity (Glutathione peroxidase), and ele-

vated 8-OHdG (8-hydroxy-20-deoxyguanosine) were found
in patients (Fig. 3a, b, d), all reaching significance when

analyzed at 12 months (Fig. 3, p\ 0.05). No significant

change in 8-isoprostane was observed after placebo

(Fig. 3c, p[ 0.05). Together with Fig. 2, these data

indicated a positive association of enhanced oxidative

stress and disease progression in early stages of CKD

patients. As a comparison, the majority of patients

receiving GS-Rb1 showed the signs of oxidative stress

alleviation. At the end of treatment (6 months), these

findings included the reduced levels of dROMs and

Table 1 Baseline characteristics of the CKD patients in this study

Placebo (n = 86) GS-Rb1 (n = 91) p value

Age (year) 58.4 ± 7.8 59.2 ± 8.5 0.85

Gender, male (n, %) 61 (70.9%) 66 (72.5%) /

BMI (kg/m2) 26.7 ± 3.8 27.5 ± 4.1 0.51

Smoking (year) 6.3 ± 2.5 6.1 ± 2.7 0.62

Hypertension (n, %) 65 (75.6%) 67 (73.6%) /

Diabetes (n, %) 67 (77.9%) 71 (78.0%) /

eGFR (mL/min/1.73 m2) 63.5 ± 14.2 64.3 ± 15.1 0.73

CKD stage 2/3 (n, %) 86 (100%) 91 (100%) /

Data were presented as mean ± SD. Data were analyzed by one-way ANOVA analysis followed by Tukey’s post hoc test

CKD chronic kidney disease, GS-Rb1 ginsenoside Rb1, BMI body mass index, eGFR estimated glomerular filtration rate

Fig. 2 Effects of GS-Rb1 treatment on renal functions in CKD

patients. Renal functions were characterized by serum creatinine (a),
serum urea (b), endogenous creatinine clearance (c) and endogenous

urea clearance (d). These parameters were collected and analyzed at

three time points: before treatment, at 6 months after treatment, at

12 months after treatment. Data were given as mean ± SD.

*p\ 0.05 and **p\ 0.01
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8-isoprostane (Fig. 3a, c, p\ 0.01), greatly enhanced GPx

activity (Fig. 3b, 50% increase, p\ 0.01) and diminished

DNA damage (Fig. 3d, 50% decrease in 8-OHdG,

p\ 0.01). Remarkably, the effects were still evident when

patients were analyzed 6 months after stopping the medi-

cation, compared to baselines (p\ 0.05, Fig. 3).

Figure 4 shows the effect of treatments on markers for

systemic inflammation including cytokines TNF-a (The

tumor necrosis factor alpha) and IL-6 (Interleukin 6). The

measured TNF-a level was unchanged in the placebo

patients at all time points, whereas GS-Rb1 administration

has reduced TNF-a level at the end of the treatment

(6 months, Fig. 4a, p\ 0.05). Similar finding was also

observed in IL-6 production in which patients who

received GS-Rb1 administration (6 months, p\ 0.01) had

significantly less IL-6 than their baselines (Fig. 4b). In

contrast, there was no statistical evidence of IL-6 alteration

in the control patients at 6 months (p[ 0.05). By

12 months, both inflammation markers rose again in GS-

Rb1 group after the cessation of drug treatment. In placebo

control patients, TNF-a remained the same while IL-6

levels were significantly higher than before the treatment

(p\ 0.05). The results of lipid profile at 6 months are also

summarized in Table 2. No significant changes were

observed in both groups for total cholesterol, high-density

lipoprotein (HDL), low-density lipoprotein (LDL), and

triglycerides (TG) levels when compared to the baselines.

Discussion

It is generally agreed that uncontrolled oxidative stress and

inflammation are associated with the progression of

chronic kidney disease. Thus, antioxidant agents might

provide therapeutic success for CKD patients. This ran-

domized, prospective, placebo-controlled clinical trial

shows that 500 mg of daily administration of GS-Rb1, a

member of the class of natural antioxidant known as gin-

senosides, was effective in improving renal function,

alleviating oxidative stress, and attenuating systemic

inflammation in early CKD patients. Moreover, a lasting

effect on limiting the regression of kidney disease was also

observed up to 6 months after patients stopped GS-Rb1

administration. These impacts were significantly superior

Fig. 3 GS-Rb1 treatment alleviated oxidative stress in CKD patients.

Oxidative stress was reflected by levels of dROMs (a), GPx (b),
8-isoprostane (c) and 8-OHdG (d). Data were collected and analyzed

at three time points: before treatment, at 6 months after treatment, at

12 months after treatment. Data were given as mean ± SD.

*p\ 0.05 and **p\ 0.01
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to the placebo treatment in which renal function continued

to deteriorate in patients with elevated markers for oxida-

tive stress and inflammation. As the study had examined

the comparisons between patients randomly assigned based

on similar conditions including genders, ages, diabetes,

etc., our data indicate that the GS-Rb1 administration could

benefit the patients in a typical setting of chronic kidney

disease. It will be important to evaluate the effects of GS-

Rb1 in a larger and more diverse cohort of CKD patients.

The presence of albuminuria is frequently used as a sign

of kidney damage or decreased kidney function in delin-

eating the progression of chronic kidney disease. In

addition, serum creatinine and urea are also accepted as

surrogate markers for the indication of GFR (glomerular

filtration rate) decline: normal creatinine clearance is

88–128 and 97–137 mL/min for women and men, respec-

tively; the normal BUN (blood urea nitrogen) level for

adults is 7–20 mg/dL (Go et al. 2004; Levey et al. 2005;

Meguid El Nahas and Bello 2005). Because the direct

clinical measurement of GFR is often difficult, we used

serum creatinine and urea in estimating the progression of

renal dysfunction in our patients. The comparisons were

made in patients receiving same treatment at specific points

during the trial, compared to their pre-treatment levels. The

responses to treatment in these two groups of patients were

then analyzed, and distinct effects were noticed. Never-

theless, these measurements could lead to discrepancy in

prediction of kidney injury. For instance, patients with the

same value of serum creatinine may have a wide range of

renal insufficiency (Levey et al. 1999). With various

parameters that affect the correlation between these

markers and GFR, more accurate analysis of patient

response will be needed in future studies by the inclusion

of additional data such as serum albumin concentrations or

GFR measurement.

Ginsenosides, with the established antioxidant and anti-

inflammatory properties, have been used as herbal remedies

in several countries including China. For instances, gin-

senoside compounds are known for efficiently protecting

against liver injury (Lee et al. 2005), neurodegenerative

damage (Bao et al. 2005; Radad et al. 2006), and myocardial

ischemia/reperfusion injury (Wu et al. 2011; Xia et al.

2011). Thus, its potential in therapeutic use has been

examined in many clinical scenarios and ongoing trials

(Vogler et al. 1999). In a randomized, double-blind trial, Liu

et al. (2012) identified an amelioration of the disability score

Fig. 4 GS-Rb1 treatment reduced inflammation in CDK patients,

including TNF-a (a) and IL-6 (b) production at 6 months after

treatment. TNF-a and IL-6 production was measured at three time

points: before treatment, at 6 months after treatment, at 12 months

after treatment. Data were given as mean ± SD. *p\ 0.05 and

**p\ 0.01

Table 2 Lipid profile of the CKD patients in this study before and after (at 6 months) treatment

Placebo (n = 86) GS-Rb1 (n = 91)

Before After Before After

TC (mg/dL) 148.6 ± 18.9 154.3 ± 19.2 153.1 ± 17.6 145.3 ± 18.1

HDL-c (mg/dL) 32.4 ± 5.2 31.1 ± 5.0 33.7 ± 5.4 31.7 ± 5.3

LDL-c (mg/dL) 76.3 ± 9.4 74.2 ± 9.1 77.8 ± 9.3 73.9 ± 8.8

Triacylglycerol (mg/dL) 82.1 ± 9.7 81.3 ± 9.2 85.4 ± 9.6 82.7 ± 9.5

Data were presented as mean ± SD. Data were analyzed by two-way ANOVA analysis followed by Tukey’s post hoc test

CKD chronic kidney disease, GS-Rb1 ginsenoside Rb1, TC total cholesterol, HDL-c HDL cholesterol, LDL-c LDL cholesterol
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in acute ischemic stroke patients who received ginsenoside-

Rd via intravenous infusion. Within a small cohort of well-

controlled type 2 diabetes patient, Vuksan et al. (2008)

found that a 12-week oral supplementation of Korean red

ginseng was able to improve the subjects’ plasma glucose

and insulin sensitivity. It was also hinted by a systematic

review and meta-analysis that ginseng extracts may have

favorable effects in systolic blood pressure in specific groups

of patients (Komishon et al. 2016). These beneficial effects

of GS-Rb1 are believed to be attributed to the modulation of

vascular inflammation, prevention of oxidative cell damage

and promotion of cell survival, all of which may help the

management of chronic kidney disease (Fogo 2007). Up to

now, no study has been reported for the role of ginsenosides

in CKD patients. Our randomized controlled study is the first

time showing the positive influence of ginsenosides on

CKD. The optimal dose and administration route of gin-

senosides is still unclear. In addition, there is no consensus

on the appropriate duration of the treatment. Oral ingestion

may be a key component of ginsenoside intake, since it has

been demonstrated that ginsenosides can be modified by

intestinal bacteria in order to become active molecules

(Hasegawa 2004). Because they are isolated from naturally

occurring compound, ginsenosides are well tolerated and

minimally toxic. A safe dose at 1000–2000 mg/day intake of

American ginseng has been documented in a pilot study of

cancer patients (Barton et al. 2010). In the present study, our

data suggested that oral administration of 500 mg GS-Rb1

daily in patients for consecutive 6 months have significant

impacts in alleviating chronic kidney disease, comparing to

the placebo. Interestingly, the improvement can sustain for

up to 6 months after the treatment. Since little information is

known with respect to the extended effects of ginsenoside

administration, these data may suggest novel characteristic

of ginsenoside for the possible prevention of disease pro-

gression. Further study in the future is necessary for

dissecting the underlying mechanism.

Other important factors implicated in the progression of

CKD include metabolic parameters that can also be

improved by ginsenosides (Yin et al. 2008). It is well

known that accelerated nephropathy is tightly associated

with both type 1 and type 2 diabetes (Fox et al. 2012). A

link between hyperlipidemia and kidney diseases has been

shown as well (Kwan et al. 2007). In our study, no effect

was found at GS-Rb1-treated groups on lipid profile when

compared to either pre-treatment or placebo levels

(Table 2). Two possible explanations may underlie the

negative results. First, in the selected patients at early

stages of CKD, although majority was accompanied by

diabetes, the average lipid levels were well controlled by

their medications. Second, the dose or duration of GS-Rb1

treatment in the study might not be sufficient to modulate

blood lipids. In any case, our finding suggests a possible

dissociation between the effects of anti-oxidative stress and

actions of ginsenoside on lipid profile in inflammation-as-

sociated disorders such as CKD. Further work is needed to

test this notion in CKD patients with more severe forms of

metabolic abnormalities.

Conclusion

Whether reducing oxidative stress could mitigate the

impaired renal function in chronic kidney disease remains

undetermined. In the current study, we found that in CKD

patients an extended administration of ginsenoside GS-

Rb1, an antioxidant, can significantly alleviate the disease

progression. The serum creatinine and urea clearance can

be improved by GS-Rb1, along with the reductions in

markers for both oxidative stress and systemic inflamma-

tion. There were no positive effects found in the placebo-

treated patients in which renal function continued to

deteriorate. These findings are consistent with a beneficial

role of ginsenosides as antioxidants in ameliorating kidney

damages. Further investigation is warranted to study the

effects of ginsenosides on CKD in the form of a blinded

study with more patient numbers.
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