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Abstract

Interruption or prolonged reduction and subsequent restoration of blood flow into the kidney triggers the gen-
eration of a burst of reactive oxygen species (ROS), leading to injury in the tubular epithelial cells. In this study,
we determined whether methanol extract of goat’s-beard (Aruncus dioicus) (extract) could prevent this ischemia/re-
perfusion injury. When in vitro radical scavenging activity of the extract was measured using a DPPH radical
quenching assay, the extract displayed slightly lower activity than ascorbic acid. One hour after administration
of the extract (400 mg/kg) by intraperitoneal injection in rats, renal ischemia/reperfusion injury was generated
by clamping the left renal artery for forty minutes, followed by 24 hr restoration of blood circulation. Prior to
clamping the left renal artery, the right renal artery was removed. Compared with the vehicle-treated group, pre-
treatment with the extract significantly reduced the tubular epithelial cell injury by 37% in the outer medulla
region, and consequently reduced serum creatinine concentration by 39%. Reduction in the cell injury was medi-
ated by attenuation of Bax/Bcl-2 ratio, inhibition of caspase-3 activation from procaspase-3, and subsequent reduc-
tion in the number of apoptotic cells. Thus, goat’s-beard (Aruncus dioicus) might be developed as a prophylactic
agent to prevent acute Kidney injury.
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INTRODUCTION

Ischemic acute renal failure, a subset of acute renal
failure (ARF) (also referred to more recently as acute kid-
ney injury), is attributed to the reduction in blood flow
to the kidney, leading to an increase of creatinine in the
blood (1,2). In severe cases of the event, such as sepsis
or cardiac surgery, the interruption or prolonged reduc-
tion of blood flow to the kidney can result in injury
to the outer medulla region, a result of the combination
of countercurrent oxygen exchange and selective reduc-
tion in blood supply (3), subsequently causing damage
to the tubular cells due to depletion of ATP (1,4).
Although early restoration of blood flow to the ischemic
kidney is one way to prevent the ischemic ARF, it fur-
ther augments production of the reactive oxygen species
(ROS), predisposing more injury to the cells already
weakened by ischemia (5,6). As a result of ischemia fol-
lowed by reperfusion (ischemia/reperfusion), the tubular
cells die through apoptosis as well as necrosis (7). Thus,
one way to prevent ischemic ARF caused by I/R injury
is to attenuate tubular cell death by eliminating ROS
and, consequently, inhibiting apoptosis (6).

Goat’s-beard (Aruncus dioicus var. kamtschaticus)
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grows naturally in alpine regions of Korea (7) and has
edible leaves that contain high antioxidant activities
(8,9). In our previous study, we reported that water ex-
tract of goat’s beard and its ethyl acetate fraction reduced
brain damage in a rat model of ischemia/reperfusion
when the agents were administered by intraperitoneal in-
jection prior to occlusion (10).

In the present study, we determined whether goat’s
beard was also effective in reducing ischemic acute renal
failure because the underlying mechanisms inducing is-
chemia/reperfusion injury in kidney and brain are similar
(11). To explore this possibility, we investigated the ef-
fect of ablating ROS and consequently attenuating
apoptosis.

MATERIALS AND METHODS

Extraction

Methanol extract of the whole plant of goat’s beard
was prepared as previously described (12). Briefly,
whole plants of goat’s beard collected in Uiseong area,
a county of Gyeongsangbuk-do, South Korea, were wash-
ed and dried. Then 100 g of the plant was put into an
ultrasonicator (8210R-DTH, Branson Ultrasonic Corp.,
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Danbury, CT, USA) and extracted in 1 L methanol twice
for 1 hr each at room temperature, and the extract was
filtered with filter papers (Whatman No. 3, Whatman
Inc., Piscataway, NJ, USA). The filtrate was vacuum-
dried with a rotary evaporator [NP-1, Tokyo Rikakikai
Co. (EYELA), Tokyo, Japan] with a 10 g yield, which
will be referred to as the extract.

Assessment of radical scavenging activity of extract
with DPPH

Various amounts of the extract dissolved in 25 pL of
dimethyl sulfoxide (DMSO) were mixed with 2.5 mL
reaction solution containing o,o-diphenyl-B-picrylhydra-
zyl (DPPH) [0.1 mM DPPH, 40% ethanol and 0.04 M
acetate buffer (pH 5.5)]. Thirty minutes after incubation
of the samples at 37°C, the absorbance was measured
at 517 nm with a UV-visible spectrophotometer (U2800,
Hitachi, Tokyo, Japan). The experiments were repeated
three times, and the absorbance was averaged. Final con-
centrations of the extract in the samples were 0 (negative
control), 10, 50, 100, and 200 pg/mL. Ascorbic acid with
the concentrations corresponding to the samples was
used as a positive control. Radical scavenging activity
of the extract and ascorbic acid represented by electron
donating activity (EDA) was calculated with the follow-
ing equation

EDA (%)= (1—extract or ascorbic absorbance/
blank absorbance) < 100

in which extract, ascorbic acid, and blank absorbance
represent absorbance of solutions containing the extract,
ascorbic acid, and nothing (negative control), respectively
(13,14).

Animals

Eight-week-old male Sprague-Dawley (SD) rats were
purchased from Samtaco Inc. (Osan, Korea). Experi-
ments were carried out according to the guidelines for
the animal care and use of laboratory animal protocols
approved by the Institutional Animal Care and Research
Advisory Committee of Catholic University of Daegu.
Animals were housed with food and water available ad
libitum under diurnal lighting conditions and in a tem-
perature-controlled environment until the day of the
experiment.

Rat renal ischemia/reperfusion model

Renal ischemia/reperfusion injury was generated by
clamping of the left renal artery in male SD rats (250~
300 g) after surgical removal of the right kidney, as pre-
viously described (13). Briefly, rats were anesthetized
with intraperitoneal injections of ketamine (100 mg/kg)
and xylazine (5 mg/kg), and the body temperature was
maintained at 36+0.5°C throughout the experiments, with

a heating pad. After midline incision, the right kidney
was surgically removed. Then the remaining left kidney
underwent renal artery occlusion by clamping for 40 min
(ischemia), followed by recirculation of blood for anoth-
er 24 hr (reperfusion), after which the rats were sacri-
ficed for further examinations.

Extract administration

Rats were randomly assigned to one of three groups:
(1) extract-treated group (n=10), (2) vehicle-treated group
(n=10), or (3) sham group (n=6). In the extract-treated
group, rats received the extract (400 mg/kg) dissolved
in 0.3% carboxymethyl cellulose (CMC) by intraperi-
toneal injection 1 hr prior to occlusion. In the vehicle-
treated group, rats received 0.3% CMC only by intra-
peritoneal injection 1 hr prior to occlusion. In the sham
group, experimental procedures were the same as in the
vehicle-treated group, except that there was no occlusion
by clamping.

Serum creatinine levels

At the end of reperfusion period (24 hr), blood was
collected from renal vein under anesthesia with ketamine
and xylazine. The serum creatinine concentration was
measured by the Jaffé reaction on a Hitachi 747 analyzer
(Roche Diagnostics, Mannheim, Germany).

Histological analysis

The remaining left kidney was harvested, bisected
along its long axis, fixed in 10% neutral formalin sol-
ution for 24~28 hr, embedded in paraffin, and sectioned
on slides at 5 um thickness. The sections were deparaffi-
nized as described previously (15), and stained with
hematoxylin and eosin. Twenty representative photo-
micrographs were randomly taken in the outer medulla
region of one representative section at 200 X magnifica-
tion under light microscope. Percentage of damaged area
in the section was assessed by computer-aided image
analysis (Image J, NIH, Bethesda, MD, USA), from
which the degree of damage was graded by a 5-point
scale (0~4) adopted by Kelly et al. (16), with a slight
modification in assigning the range of scores: 0, none;
1, <5%; 2, 5~30%; 3, 30~50%; 4, >50%. Scores of
the 20 sections were averaged to represent a score for
each rat. For the histological analysis, tissues of some
rats were excluded as they did not meet the quality re-
quired for the analysis. Thus, the number of rats assessed
for histological examination was as follows: (1) extract-
treated group (n=7), (2) vehicle-treated group (n=7), or
(3) sham group (n=5).

TUNEL staining
To measure DNA nicks, terminal deoxynucleotidyl-
transferase-mediated dUTP nick-end labeling (TUNEL)
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staining was performed, using ApopTag” in situ apopto-
sis detection kit (Chemicon, Temecula, CA, USA) ac-
cording to the manufacturer’s protocol. Briefly, after suc-
cessive pretreatment with Proteinase K and hydrogen
peroxide, the sections were incubated with terminal de-
oxynucleotidyl transferase (TdT) and dNTP covalently
linked with digoxigenin for 30 min at 37°C, then with
anti-digoxigenin peroxidase conjugate, finally incubated
with 3,3'-diaminobenzidine tetrahydrochloride (DAB), a
substrate for staining. For negative controls, TUNEL
staining was performed in the absence of TdT. For the
counter-staining, the sections were stained with methyl
green. To determine the percentage of apoptotic cells,
micrographs of TUNEL-positive nuclei and methyl
green-stained nuclei were captured using an Olympus
microscope (Tokyo, Japan), and the cell number was
counted using the Image J software (Image J version
1.43r, NIH, from 20 random fields at 400 X magnifi-
cation.

Assessment of Bcl-2, Bax, and caspase-3

To assess the presence of Bcl-2, Bax, and cleaved
(activated) caspase-3, immunohistochemical techniques
were utilized, as described previously (15). Briefly, rab-
bit polyclonal anti-Bcl-2, anti-Bax (1:50 dilution, Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA) or anti-
(cleaved caspase-3) primary antibody (1:50 dilution, Cell
Signaling, Beverly, MA, USA) was added to the 0.1%
BSA solution, and the sections were incubated overnight
at 4°C in a humidified chamber. A Vectastain Elite ABC
kit (Vector Laboratories, Burlington, ON, USA) was
used for the staining, which was carried out according
to the manufacturer’s instructions. Color was developed
by incubating the sections for 5 min in PBS containing
1 mg/mL 3,3’-diaminobenzidine tetrahydrochloride (DAB)
and 0.3% H»0,. The sections were evaluated at 200 x
magnification. The color intensity of DAB staining was
measured using Image J software (NIH). For the quanti-
tative comparison in the assessment of activated caspase-
3, the value for the sham group was arbitrarily set 1.0.

Statistical analysis

Data is given as means =SEM. Comparisons between
groups were performed using standard statistical meth-
ods using SPSS software (SPSS Inc., Chicago, IL, USA).
The data was analyzed with one-way ANOVA, Kruskal—
Wallis one-way ANOVA on ranks, or unpaired t-test.
Statistical significance was determined at the p<0.05
level.

RESULTS

Radical scavenging activity of the extract
To determine whether the extract has antioxidant ac-
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Fig. 1. Assessment of DPPH radical scavenging activity of
methanol extract. Absorbance at 517 nm was measured after
various concentrations of the extract and ascorbic acid were
reacted with DPPH, and then electron donating ability (EDA)
of the methanol extract of goat’s beard and ascorbic acid was
calculated using the following equation: EDA (%)= (1 —ex-
tract or ascorbic acid absorbance/ blank absorbance) X 100 in
which extract, ascorbic acid, and blank absorbance represents
absorbance of solutions containing the extract, ascorbic acid,
and nothing (negative control), respectively.

tivity, radical scavenging activity of the extract was
measured with a DPPH assay. Absorbance at 517 nm
decreased as concentrations of the extract and ascorbic
acid, a strong antioxidant used as control, increased (data
not shown). Thus, the electron donating ability (EDA)
(%) of the extract, which represents its radical scaveng-
ing activity, increased with the addition of more extract
(Fig. 1). ICsps, concentrations representing the half max-
imal EDA, of the extract and ascorbic acid were 28.2
and 12.0 pg/mL, respectively.

Improvement of renal function by the extract

Serum creatinine levels were selected as a biomarker
to determine whether the extract preserved the renal
function from ischemia/reperfusin injury. In a rat model
of ischemia/reperfusion, rats underwent removal of the
right kidney and subsequent occlusion of the remaining
left kidney by clamping for 40 min to induce ischemia,
followed by 24 hr reperfusion. The extract (400 mg/kg)
was administered by intraperitoneal injection 1 hr prior
to occlusion of the remaining left kidney. Serum crea-
tinine levels in the extract-treated group (n=10) were sig-
nificantly reduced (39%) compared with those in the ve-
hicle-treated group (n=10) (1.4£0.2 versus 2.3+1.2
mg/dL, p<0.05), whereas those in the sham group (n=6)
remained low (0.3 0.1 mg/dL) (Fig. 2).

Attenuation of tubular damage by the extract
To determine whether the extract protected tubular
cells in outer medulla regions against ischemia/reperfu-
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Fig. 2. Measurement of serum creatinine levels in a rat model
of ischemia/reperfusion injury. Serum creatinine levels in the
sham (n=6), vehicle-treated (n=10) and extract-treated (n=10)
groups were measured after renal ischemia/reperfusion injury.
I/R injury was generated by 40 min clamping of the left renal
artery in Sprauge-Dawley rats after surgical removal of the
right kidney, followed by 24 hr restoration of blood circulation.
In the extract-treated group, rats received the extract (400
mg/kg) dissolved in 0.3% carboxymethyl cellulose (CMC) by
intraperitoneal injection 1 hr prior to occlusion. In the ve-
hicle-treated group, rats received 0.3% CMC only by intra-
peritoneal injection 1 hr prior to occlusion. In the sham group,
experimental procedures were the same as in the vehicle-treated
group, except that there was no occlusion by clamping. The
numbers of rats used in sham, vehicle-treated, and extract-
treated group were 6, 10, and 10, respectively. Each column
represents the means = SE. p<0.05 vs. control group.

sion injury, sections stained with H&E were analyzed
(Fig. 3). Representative micrographs revealed that the
tubules in the vehicle-treated group underwent damage,

as represented by distinctive morphological changes of
the tubules, loss of nuclei and concomitant death of tubu-
lar epithelial cells, and desquamation of viable and ne-
crotic cells, compared with those in the sham group (Fig.
3A). The extent and severity of damage of the tubules
in the extract-treated group were markedly reduced,
compared with those in the vehicle-treated group. To
quantify the extent of damage, a grading system with
S-point scale (0~4) was adopted as described in Mate-
rials and Method section (Fig. 3B). Consistent with the
qualitative findings, tubular damage in the extract-treated
group (n=7) were significantly attenuated compared with
that in the vehicle-treated group (n=7) (average score
2.2£0.2 versus 3.5+0.3, p<0.05), where “score 0 rep-
resents no damage as was confirmed in the sham group
(n=5).

Involvement of apoptosis in the attenuation of tubule
damage by extract

Levels of DNA nicks and cleaved caspase-3 measured
by TUNEL staining and immunohistochemistry, re-
spectively, were selected as indices to assess the extent
of apoptosis that occurred in the tubular epithelial cells
during ischemia/reperfusion (Fig. 4). Representative mi-
crographs stained with TUNEL revealed apoptotic cells
in the tubules of the sham, vehicle-treated and ex-
tract-treated group (Fig. 4A). The number of apoptotic
cells in the vehicle-treated group increased markedly,
compared with that in the sham group, whereas the num-
ber of apoptotic cells in the extract-treated group was
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Fig. 3. Histopathological evaluation of tubular injury in the outer
medulla region in a rat model of ischemia/reperfusion injury.
(A) Representative photomicrographs of renal tissue sections
stained with hematoxylin & eosin (H&E) at magnification 200 X
were presented: (a) sham (n=5), (b) vehicle-treated (n=7), and
(c) extract-treated group (n=7), respectively. (B) Semi-quantita-
tive assessment of the histological alterations due to tubular
damage was presented with 5-point scale system: 0, none (no
change); 1, <5% (mild); 2, 5~30% (moderate); 3, 30~50%
(severe); 4, >50% (very severe). Each column represents the
means =SE. p<0.05 vs. control group.
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attenuated, compared with that in the vehicle treat-
ed-group. To quantify these findings, the ratio of apop-
totic cells to total cells, [Apoptotic cell (% total cell)],
was assessed (Fig. 4B). The ratio was significantly re-
duced (39%) in the extract-treated group (n=7) compared
with those in the vehicle-treated group (n=7), with a val-
ue of 22.1+1.4% versus 36.0 £ 8.4%, p<0.05), whereas
those in the sham group (n=5) remained low (0.7 +0.1%).
As another index for assessing apoptosis, representative
micrographs stained with an antibody that specifically
recognizes cleaved caspase-3 (activated caspase-3) also
revealed apoptotic cells in the tubules of the sham, ve-
hicle-treated and extract-treated group (Fig. 5). Consis-
tent with the findings observed with TUNEL staining,
color intensity in the vehicle-treated group that reflects
the number of apoptotic cells increased markedly, com-
pared with that in the sham rats, whereas the color in-
tensity in the extract-treated group was attenuated, com-
pared with that in the vehicle-treated group (Fig. 5A).
To quantify these findings, color intensity in each group
was compared (Fig. 5B). The color intensity was sig-
nificantly reduced in the extract-treated group (n=7)
compared with that in the vehicle-treated group (n=7)
(5.8£0.3% versus 10.2£0.2%, p<0.05), when the color
intensity in the sham group (n=5) was arbitrarily set at

Fig. 4. Assessment of apoptotic cells by TUNEL staining in
a rat model of ischemia/reperfusion injury. (A) Representative
photomicrographs of renal tissue sections stained with TUNEL
at two different magnifications were presented: (a) & (d) sham
(n=5) at 200X and 400 X, respectively, (b) & (e) vehicle-treat-
ed (n=7) at 200 < and 400 X, respectively, and (c) & (f) extract-
treated group (n=7), at 200X and 400 X, respectively. (B)
Quantitative assessment of TUNEL-positive cells was presented
with TUNEL-positive cells/total cells ratio. Each column repre-
sents the means+ SE. p<0 05 vs. control group.

1.0+0.3.

Association of Bcel-2 and Bax in mediating the antia-
poptotic effect of extract

Bcl-2 and Bax act as antiapoptotic and proapoptotic
proteins, respectively. Their levels of expression were
evaluated by immunohistochemistry, with the Bax/Bcl-2
ratio as the key determinant (17) (Fig. 6). Representative
micrographs revealed that color intensity of Bcl-2 in the
vehicle-treated group (n=7) was markedly increased,
while the color intensity of Bax was markedly decreased,
compared with the sham group (n=5). The color intensity
of Bcl-2 and Bax in the extract-treated group (n=7) was
elevated and attenuated, respectively, compared with that
in the vehicle-treated group (Fig. 6A). To quantify these
findings, Bax/Bcl-2 ratios were assessed (Fig. 6B). The
ratio was significantly reduced (32%) in the extract-
treated group (n=7) compared with those in the vehicle-
treated group (n=7) (1.7£0.2 versus 2.5+0.3, p<0.05),
whereas those in the sham group (n=5) remained rela-
tively low (1.0£0.3).

DISCUSSION

In the present study, we demonstrated that the meth-
anol extract of goat’s-beard (4runcus dioicus) protected
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the rat kidney against ischemia/reperfusion injury by at-
tenuating apoptosis when administered by intraperitoneal
injection prior to ischemia.

Obstruction of the renal artery by clamping in a rat
leads the kidney to an anoxic state, and consequent de-
pletion of ATP triggers cascades of events in the cells,
which eventually result in the cell death by apoptosis
or necrosis, depending on the severity and duration of
ATP depletion (7,18,19). Furthermore, restoration of
blood flow exacerbates the situation by generating more
reactive oxygen species (ROS), which mediates further
damage in cellular structures, such as membranes and
proteins (20). Consequently, ROS augments cell death
initiated by ischemia. The cells and cell debris detached
from the tubules block tubules located further down-
stream and wastes, such as creatinine in the tubular fluid,
leaks back into the peritubular capillaries (1,4). These
events contribute to the reduction of the effective glo-
merulus filtration rate (GFR), resulting in the elevation
of serum creatinine level in the blood, a classical bio-
marker to assess renal function (21).

Considering these cascades of events occurring in re-
nal ischemia/reperfusion, the findings of the present study
clearly demonstrate that the extract attenuated damage
and subsequent death of the tubular epithelial cells in
the outer medulla region, as revealed with H&E staining.
It was also reported that the outer medulla region is a
very susceptible region in a similar rat or mouse model
of ischemia/reperfusion, and the extent of damage in the

Fig. 5. Assessment of caspase-3 activation by immunohisto-
chemistry in a rat model of ischemia/reperfusion injury. (A)
Representative photomicrographs of renal tissue sections
stained with immunohistochemistry at magnification 400 X
were presented: (a) sham (n=5), (b) vehicle-treated (n=7), and
(c) extract-treated group (n=7), respectively. (B) Quantitative
assessment of activated caspase-3 produced from cleavage of
procaspase-3 was presented, with the value for the sham group
arbitrarily set 1.0. Each column represents the means & SE. *p<
0.05 vs. control group.

region could be graded with score systems (16,22).

We have demonstrated with DPPH, acting as a radical
donor in this in vitro system (23), that, at a concentration
twice that of the strong antioxidant ascorbic acid, the
extract has a similar radical scavenging activity. Further-
more, ascorbic acid has been shown by others to reduce
acute kidney injury in a rat model of ischemia/reper-
fusion (24). In addition, radical scavenging activity of
some natural products measured in vitro correlated well
with antioxidant activity in vivo (25,26). Thus, attenu-
ation of the damage by the extract is likely to be initiated
by removal of ROS mediated by radical scavenging ac-
tivity of the extract.

We have also shown that suppressing the generation
of ROS by the extract contributed to the attenuation of
apoptosis mediated by a blockade of the cascade of
apoptotic pathways; i.e., the reduction of Bax/Bcl-2 ratio
and the inhibition of caspase-3 activation. Both of these
activities were revealed by immunohistochemistry, while
the resulting attenuation in the generation of DNA nicks
was observed through TUNEL staining. Similar means
of assessing apoptosis caused by caspase-3 activation
and the resulting generation of DNA nicks were pre-
viously used in studies involving rats (27,28). Finally,
the extract-mediated reduction of the tubular epithelial
cell death by apoptosis, along with necrosis, likely con-
tributed to the improvement of renal function, as as-
sessed with the reduction in serum creatinine level. In
agreement with the findings of the present study, earlier



Reduction of Renal Injury by Goat’s-beard 107

a
d
y
(B)
34
o I
B
(\l. *
g 21
m
=
©
m
1 4
0 T
Sham Vehicle Extract

studies showed that, under ischemia/reperfusion con-
ditions, overexpression of Bcl-2 protein in tubular cells
in vitro and in vivo by viral vector-mediated gene trans-
fer triggered inhibition of caspase-3 expression, attenu-
ation of apoptosis as confirmed by TUNEL staining, and
inhibition of elevated blood serum creatinine levels (29).

In summary, prophylactic administration of goat’s-
beard (Aruncus dioicus) could become a means to pre-
vent ischemic acute kidney injury by inhibition of apop-
tosis in tubular epithelial cells through removal of ROS
produced during ischemia/reperfusion. Thus, the extract
might be developed as a prophylactic agent to prevent
acute kidney injury in clinical settings where acute kid-
ney injury is expected to occur, such as following cardiac
surgery. In fact, several renoprotective agents have been
clinically tried, from which some agents, such as fe-
noldopam and atrial natriuretic peptide, showed evidence
of renoprotection against injury after cardiac surgery
(30,31).

ACKNOWLEDGMENTS

This work was supported by the grant of Research
Institute of Medical Science, Catholic University of
Daegu (2009) (K. S. Ahn), and a grant from Jangwon

Fig. 6. Assessment of Bcl-2 and Bax expression by immun-
ohistochemistry in a rat model of ischemia/reperfusion injury.
(A) Representative photomicrographs of renal tissue sections
stained with TUNEL at magnification 400X were presented:
(a), (b), and (c); Bcl-2 for sham (n=5), vehicle-treated (n=7),
and extract-treated group (n=7), respectively, (d), (e), and (f);
Bax for sham (n=5), vehicle-treated (n=7), and extract-treated
group (n=7), respectively. (B) Quantitative assessment of Bax/
Bcl-2 ratio was presented. Each column represents the means =+
SE. p<0.05 vs. control group.
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NOMENCLATURE

ROS, reactive oxygen species; ARF, acute renal fail-
ure; DMSO, dimethyl sulfoxide; DPPH, a,a-diphenyl-p-
picrylhydrazyl; EDA, electron donating activity; SD,
Sprague Dawley; CMC, carboxymethyl cellulose; TUNEL,
terminal deoxynucleotidyltransferase-mediated dUTP nick-
end labeling; TdT, deoxynucleotidyl transferase; DAB,
3,3'-diaminobenzidine tetrahydrochloride; GFR, glomer-
ulus filtration rate.
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