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ABSTRACT

Objectives : The purpose of this study was to determine whether the methanol extract of Cassia mimosoides 

var. nomame Makino, a naturally growing plant in Korea, could prevent the renal-ischemia/reperfusion injury 

in a rat model or not.

Methods : The radical scavenging activities of the extracts, and ascorbic acid as a positive control, were 

measured in vitro. At one hour after an intraperitoneal injection of the extract (400 mg/kg), renal 

ischemia/reperfusion injury was generated by 40 min clamping of the left renal artery in rats. After renal 

ischemia/reperfusion and 24 hr restoration of blood circulation, the serum creatinine concentration was 

measured. And the extent of epithelial cell injury and apoptosis was assessed by various staining technologies. 

The Bax/Bcl-2 ratio and activated caspase-3 were assessed by immunohistochemistry.

Results : The extract showed a slightly lower level of radical scavenging activity than that of ascorbic acid. 

Compared to those of the vehicle-treated group, the extract-treated group displayed a significantly smaller 

tubular epithelial cell injury of 54% reduction in the outer medulla region and a lower serum creatinine 

concentration of 50% reduction. It seems that the reduction in cellular injury is due to the attenuation of the 

Bax/Bcl-2 ratio, and the inhibition of caspase-3 activation by the extract of Cassia mimosoides.

Conclusions : Cassia mimosoides var. nomame Makino could be a good candidate for a prophylactic agent 

against the ischemia/reperfusion–induced kidney injury.

Key words : Cassia mimosoides var. nomame Makino, methanol extract, kidney, ischemia/reperfusion, reactive 

oxygen species, apoptosis

Introduction1)

Ischemic acute renal failure a subset of acute renal 

failure (ARF), also known as acute kidney injury1,2), is 

attributed to rise in the creatinine concentration 

resulting from a reduction of blood flow to the 

kidneys3,4). In the severe cases of the event such as 

sepsis or cardiac surgery, interruption or prolonged 

reduction of blood flow results in ischemia to the 

kidney, especially in the outer medulla region. The 

condition is caused by a combination of countercurrent 

oxygen exchange and selective reduction in blood 

supply5), which subsequently injures the tubular cells 

by depleting ATP3,6). Although early restoration of the 

blood flow to ischemic kidneys is one way to prevent 

ischemic ARF, the method predisposes the already-weakened 

cells to further injuries by augmenting the production 

of reactive oxygen species (ROS)7,8).The sequence of 

ischemia followed by reperfusion (ischemia/reperfusion) 

can destroy the tubular cells by forcing them to 

undergo apoptosis or necrosis9). Thus, one way to 

prevent ischemic ARF caused by ischemia/reperfusion 

injury is to attenuate tubular cell death by eliminating 

ROS and consequently inhibiting apoptosis6,10).

Cassia mimosoides var. nomame Makino (CM) grows 
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naturally in Korea as well as in China and Japan. 

Historically, the whole plant of which has been used 

as a source of food, especially as an ingredient for 

tea11,12). In addition, extracts of CM, their fractions 

and components isolated have various physiological 

activities11,13). For example, a fraction obtained by ethanol 

extraction and by subsequent column chromatography11), 

and flavan dimers purified from CM13) have lipase 

inhibition activities and anti-obesity effects.

In our previous study, we reported that a methanol 

extract of CM reduced brain and myocardial injury in 

a rat model of ischemia/reperfusion when the extract 

was administered by an intraperitoneal injection prior 

to occlusion14,15). Since the underlying mechanisms for 

ischemia/reperfusion injury to kidney, heart, and 

brain are similar16), CM was hypothesized to be 

effective in preventing ischemic ARF as well. In this 

study, the validity of the hypothesis was tested with 

a focus on the effectiveness of CM in ablating ROS 

and, consequently, attenuating apoptosis.

Materials and Methods

1. Extraction

A methanol extract of the whole plant of CM was 

prepared as previously described10,14,15). Briefly, the 

CM specimens collected from Uiseong area, a county 

of Gyeongsangbuk-do, South Korea, were washed, 

and dried [A voucher specimen of CM was deposited 

in Nutrition Biochemistry Laboratory, Catholic 

University of Daegu, Daegu, Korea]. Then, 500 g of 

the dried sample was sonicated using an 

ultrasonicator (8210R-DTH, Branson Ultrasonic Corp., 

Danbury, CT), extracted in 5 L methanol twice for 24 

hr each at room temperature, and filtered with filter 

papers (Whatman No. 3, Whatman Inc., Piscataway, 

NJ). The filtrate was vacuum-dried using a rotary 

evaporator [NP-1, Tokyo Rikakikai Co. (EYELA), 

Tokyo, Japan] to yield a 62 g extract.

2. Assessment of radical scavenging activity 

of extract with DPPH

Various amounts of the extract dissolved in 25 µL 

of dimethyl sulfoxide (DMSO) were mixed with 2.5 mL 

of reaction solution containing α,α-diphenyl-β

-picrylhydrazyl (DPPH) [0.1 mM DPPH, 40% ethanol 

and 0.04M acetate buffer (pH 5.5)]. Thirty minutes 

after incubation of the samples at 37 ℃, the 

absorbance was measured at 517 nm with a 

UV-visible spectrophotometer (U2800, Hitachi, Japan). 

The experiment was repeated three times, and the 

average was recorded. The final concentrations of the 

extract in the samples were 0 (negative control), 10, 

50, 100, and 200 µg/ml. Ascorbic acid samples diluted 

to the same concentrations as the extract samples 

were used as positive controls. Radical scavenging 

activity of the extract and ascorbic acid represented 

by electron donating activity (EDA) was calculated 

with the following equation 

EDA(%) = (1 - extract or ascorbic absorbance/blank 

absorbance) x 100

in which the terms extract, ascorbic acid, and blank 

absorbance represent the absorbance of solutions 

containing the extract, ascorbic acid, and nothing 

(negative control), respectively17,18).

3. Animals 

Eight-week-old male Sprague Dawley (SD) rats 

were purchased from Samtaco Inc. (Osan, Korea). 

Experiments were carried out according to the guidelines 

for animal care and protocols for the use of laboratory 

animals were approved by the Institutional Animal 

Care and Research Advisory Committee of Catholic 

University of Daegu. Animals were housed in a 

temperature-controlled environment under diurnal 

lighting conditions with food and water available ad 

libitum until the day of the experiment.

4. Rat renal ischemia/reperfusion model 

A rat renal ischemia/reperfusion model was 

prepared as described previously10). Briefly, renal 

ischemia/reperfusion injury was generated in male SD 

rats (250-300 g) by surgically removing their right 

kidneys and then clamping their left renal arteries as 

previously described15). Briefly, the rats were anesthetized 

with intraperitoneal injections of ketamine (100 

mg/kg) and xylazine (5 mg/kg). Their body temperatures 

were maintained at 36±0.5 ℃ throughout the 

experiments, with a heating pad. After midline 

incision, their right kidneys were surgically removed. 

Then, the remaining left kidneys underwent renal 

artery occlusion by clamping for 40 min (ischemia) 

followed by recirculation of blood for 24 hr 

(reperfusion), after which the rats were sacrificed for 

further examinations. 

5. Extract administration 

The rats were randomly assigned to one of the 

three groups: (1) extract-treated group (I/R + 

extract) (n = 10), (2) vehicle-treated group (I/R) (n = 
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10), or (3) sham group (n = 7). In the extract-treated 

group, the rats received the extract (400 mg/kg) 

dissolved in 0.3% carboxymethyl cellulose by an 

intraperitoneal injection 1 hr prior to the occlusion. In 

the vehicle-treated group, the rats received only the 

0.3% carboxymethyl cellulose by an intraperitoneal 

injection 1 hr prior to the occlusion. In the sham 

group, the experimental procedure was the same as in 

the vehicle-treated group except that there was no 

occlusion by clamping.

6. Serum creatinine levels 

Serum creatinine levels were measured as described 

previously10). Briefly, at the end of the reperfusion 

period (24 hr), blood samples were collected from the 

renal veins while the rats were anesthetized under 

ketamine and xylazine. The serum creatinine concentration 

was measured by the Jaffė reaction on a Hitachi 747 

analyzer (Roche Diagnostics, Germany).

7. Histological analysis 

The remaining left kidney was harvested, bisected 

along its long axis, fixed in 10% neutral formalin 

solution for 24–28 hr, embedded in paraffin, and 

sectioned on slides at 5-µm thickness. The sections 

were deparaffinized as described previously10) and 

stained with hematoxylin and eosin (H&E). Twenty 

representative photomicrographs were randomly taken 

in the outer medulla region of one representative 

section at 200x magnification under a light microscope. 

The percentage of the damaged area in the section 

was assessed by computer-aided image analysis (ImageJ) 

from which the degree of damage was graded on a 

5-point scale (0-4) adopted by Kelly et al.19), with a 

slight modification in assigning the range of scores: 

0, none; 1, < 5%; 2, 5-30%; 3, 30-50%; 4, >50%. In 

a blind-test, the H&E-stained sections were prepared 

by the first author (HSB), and the grading was 

performed by the second author (SHL). Scores of the 

20 sections were averaged to represent a score for 

each rat. The number of rats assessed for the histological 

examination was as follows: (1) extract-treated group 

(n = 7), (2) vehicle-treated group group (I/R) (n = 7), 

and (3) sham group (n = 5).

8. TUNEL staining 

To measure DNA nicks, terminal 

deoxynucleotidyltransferase-mediated dUTP nick-end 

labeling (TUNEL) staining was performed using 

ApopTag® in situ apoptosis detection kit (Chemicon, 

Temecula, CA) according to the manufacturer's protocol; 

that is, after successive pretreatments with Proteinase 

K and hydrogen peroxide, the sections were incubated 

in terminal deoxynucleotidyl transferase (TdT) and 

dNTP covalently linked with digoxigenin for 30 min at 

37 ℃. Then, they were incubated in anti-digoxigenin 

peroxidase conjugate, and finally 3,3’-diaminobenzidine 

tetrahydrochloride (DAB), which is 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. 

The cell number was counted using the ImageJ 

software (ImageJ version 1.43r; NIH) from 20 random 

fields at 400× magnification. In a blind test, the 

TUNEL-stained sections were prepared by the first 

author (HSB), and the percentage of apoptotic cells 

was assessed by the second author (SHL).

9. 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 previously10). Briefly, the 

sections were incubated overnight at 4 ℃ in a 

humidified chamber immersed in a 0.1% BSA solution 

containing one of the following antibodies: rabbit 

polyclonal anti-Bcl-2, anti-Bax (1:50 dilution, Santa 

Cruz Biotechnology Inc., Santa Cruz, CA) or anti-(cleaved 

caspase-3) primary antibody (1:50 dilution, Cell 

Signaling, Beverly, MA). A Vectastain Elite ABC kit 

(Vector Laboratories, Burlington, ON) was used for 

staining, which was carried out according to the 

manufacturer's instructions; specifically, the sections 

were incubated for 5 min in PBS containing 1 mg/mL 

3,3'-diaminobenzidine tetrahydrochloride (DAB) and 

0.3% H2O2 for color development. Then, they were 

evaluated at 200x magnification. The color intensity of 

DAB staining was measured using ImageJ software. 

To allow for a quantitative comparison, the color 

intensity value for the sham group was arbitrarily set 

as 1.0. In a blind test, the DAB-stained sections were 

prepared by the first author (HSB), and the color 

intensity was evaluated by the second author (SHL).

10. Statistical analysis 

The data were recorded as the means ± SEM. The 

groups were compared following the standard statistical 

methods using the SPSS software (IBM SPSS Statistics; 

version 19, Armonk, NY, USA). The data were 
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analyzed by one-way ANOVA, Kruskal–Wallis one-way 

ANOVA on ranks, or unpaired t-test. The statistical 

significance was determined at P < 0.05 level.

Results

1. Radical scavenging activity of the extract

To determine whether the extract had an antioxidant 

property, its radical scavenging activity was assessed 

by measuring the degree to which it could quench 

DPPH. As the concentrations of the extract increased, 

the absorbance of the samples at 517 nm decreased 

(Fig. 1A). A similar trend was observed for ascorbic 

acid which is a strong antioxidant. These findings can 

be attributed to the fact that the electron donating 

ability (EDA) (%) of the extract and ascorbic acid 

increases proportionally with their concentrations (Fig. 

1B). IC50s, the concentrations at half-maximal EDA, 

of the extract and ascorbic acid were 43.4 and 24.5 

µg/mL, respectively.

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 (A), and then electron donating ability (EDA) of 
the methanol extract of Cassia mimosoides var. nomame Makino 
and ascorbic acid was calculated using the following equation: 
EDA(%) = (1 - extract or ascorbic acid absorbance/blank 
absorbance) x 100 (B), in which the terms extract, ascorbic acid, 
and blank absorbance represent the absorbance of solutions 
containing the extract, ascorbic acid, and nothing (negative 
control), respectively.

2. Improvement of renal function and 

attenuation of tubular damage by the extract

To determine whether the extract preserved the renal 

function amidst the ischemia/reperfusion injury, serum 

creatinine level was selected as a biomarker. In the 

rat model of ischemia/reperfusion, the rats underwent 

removal of the right kidneys and subsequent occlusion 

of the remaining left kidneys by a 40-min clamping 

to induce ischemia, followed by a 24-hr reperfusion. 

The extract (400 mg/kg) was administered by an 

intraperitoneal injection 1 hr prior to the occlusion of 

the remaining left kidney. Administration of the 

extract did affect adversely to the rats, including 

mortality. The serum creatinine levels of the extract-treated 

group were much lower compared to those of the 

vehicle-treated group (1.1±0.9 versus 2.3±1.2 mg/dL, 

P < 0.05) (Fig. 2A), whereas those of the sham group 

remained low (0.3±0.1 mg/dL). To determine whether 

low serum creatinine level was correlated with protection 

of tubular cells in outer medulla regions against 

ischemia/reperfusion injury, the sections were stained 

with H&E and analyzed (Fig. 2B, C). Representative 

photomicrographs revealed that the tubules in the 

vehicle-treated group were damaged as shown by 

their distinctive morphological changes, loss of nuclei 

and concomitant death of tubular epithelial cells, and 

desquamation of viable and necrotic cells, which 

became apparent when compared to those in the sham 

group (Fig. 2B). The extent and severity of tubular 

damage in the extract-treated group were much less, 

compared to those in the vehicle-treated group. To 

quantify the extent of damage, a grading system on a 

5-point scale (0-4) was adopted as described in the 

Materials and Method section (Fig. 2C). The result 

was consistent with the qualitative findings; tubular 

damage in the extract-treated group (n=7)  was much 

less, compared to that in the vehicle-treated group 

(n=7) (average score 1.6±0.2 versus 3.5±0.3, P < 

0.05), where "score 0" represents no damage as was 

confirmed in the sham group (n=5).
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(A)

(B)

(C)

Fig. 2 Measurement of serum creatinine levels and histopathological 
evaluation of tubular injury in a rat model of ischemia/reperfusion 
injury. A. Serum creatinine levels in the sham (n=7), vehicle-treated 
(I/R) (n=10) and extract-treated (I/R+400 mg/kg extract) (n=10) 
group 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, the rats received the extract (400 mg/kg) 
dissolved in 0.3% carboxymethyl cellulose (CMC) by an intraperitoneal 
injection 1 hr prior to occlusion. In the vehicle-treated group, the 
rats received only the 0.3% CMC by an intraperitoneal injection 1 
hr prior to the occlusion. In the sham group, experimental 
procedure was the same as in the vehicle-treated group except 
that there was no occlusion by clamping. The numbers of the 
rats used in the sham, vehicle-treated, and extract-treated group 
were 7, 10, and 10, respectively. Each column represents the 
means ± SEM *P < 0.05 vs. control group. B. Representative 
photomicrographs of the renal tissue sections stained with 
haematoxylin & eosin (H&E) at magnification 200× were 
presented: (a) sham (n=5), (b) vehicle-treated (n=7), and (c) 
extract-treated group (n=7), respectively. C. Semi-quantitative 
assessment with H&E of the histological alterations due to tubular 
damage was presented on a 5-point scale system: 0, none; 1, < 
5%; 2, 5-30%; 3, 30-50%; 4, >50%. Each column represents 
the means ± SEM. *P < 0.05 vs. vehicle-treated group.

3. Involvement of apoptosis in the attenuation 

of tubule damage by the extract

Levels of DNA nicks and cleaved caspase-3 measured 

by TUNEL staining and immunohistochemistry, respectively, 

were selected as indices to assess the extent of 

apoptosis that occurred in the tubular epithelial cells 

during ischemia/reperfusion (Fig. 3A, B). Representative 

photomicrographs stained with TUNEL revealed 

apoptotic cells in the tubules of the sham, vehicle-treated 

and extract-treated group (Fig. 3A). The number of 

apoptotic cells in the extract-treated group and the 

sham group was much lower than that in the 

vehicle-treated group. To quantify these findings, the 

ratio of apoptotic cells to total cells, [Apoptotic cell (% 

total cell)], was assessed (Fig. 3B). The ratio was 

significantly lower in the extract-treated group (n=7) 

compared to that in the vehicle-treated group (n=7) 

(13.3±1.3 versus 36.0±8.4 %, P < 0.05), whereas the 

ratio in the sham group (n=5) remained low (0.7±0.1 

%). Used 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, vehicle-treated and extract-treated 

group (Fig. 3C, D). The result was consistent with the 

findings observed via TUNEL staining; the color 

intensity, which reflects the number of apoptotic cells, 

of the extract-treated group and the sham group was 

markedly less than that of the vehicle-treated group 

(Fig. 3C). To quantify these findings, the color 

intensity in each group was compared to each other 

(Fig. 3D). The color intensity of the extract-treated 

group (n=7) was much lower than that of the 

vehicle-treated group (n=7) (5.6±0.4 versus 10.2±0.3 

%, P < 0.05), when the intensity of the sham group 

was arbitrarily set as 1.0.
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(A)

(B)

(C)

(D)

Fig. 3. Assessment of apoptotic cells by TUNEL staining and assessment 
of caspase-3 activation by immunohistochemistryin a rat model of 
ischemia/reperfusion injury. A. Representative photomicrographs of 
the renal tissue sections stained with TUNEL at two different 
magnifications were presented: (a) & (d) sham (n=5) at 200x and 
400x, respectively, (b) & (e) vehicle-treated (n=7) at 200x and 
400x, respectively, and (c) & (f) extract-treated group (n=7), at 
200x and 400x, respectively. B. Quantitative assessment of the 
TUNEL-positive cells was presented with TUNEL-positive cells/total 
cells ratio. Each column represents the means ± SEM. *P < 0.05 
vs. vehicle-treated group. C. Representative photomicrographs of 
the renal tissue sections stained with immunohistochemistry for 
activated caspase-3 at magnification 400x were presented: (a) 
sham (n=5), (b) vehicle-treated (n=7), and (c) extract-treated 
group (n=7), respectively. D. Quantitative assessment of activated 
caspase-3 produced from cleavage of procaspase-3 was 
presented, with the value for the sham group arbitrarily set as 
1.0. Each column represents the means ± SEM. *P < 0.05 vs. 
vehicle-treated group.

4. Association of Bcl-2 and Bax in mediating 

antiapoptotic effect of the extract

The expressed levels of Bcl-2 and Bax, which are 

antiapoptotic and proapoptotic proteins, respectively, 

were evaluated by immunohistochemistry as Bax/Bcl-2 

ratio is the key indicator of apoptotic effect9) (Fig. 4). 

Representative photomicrographs revealed that color 

intensities of Bcl-2 and Bax in the vehicle-treated 

group (n=7) were markedly lower and higher, respectively, 

than those in the sham group (n=5), whereas color 

intensities of Bcl-2 and Bax in the extract-treated 

group (n=7) were markedly higher and lower, respectively, 

than those in the vehicle-treated group (Fig. 4A). The 

Bax/Bcl-2 ratios were used to quantify these findings 

(Fig. 4B). The ratio was significantly lower in the 

extract-treated group (n=7) compared to that in the 

vehicle-treated group (n=7) (1.5±0.1 versus 2.5±0.4, 

P < 0.05), whereas that in the sham group (n=5) 

remained relatively low (1.0±0.3).

(A)

(B)

Fig. 4. Assessment of Bcl-2 and Bax expression by 
immunohistochemistry in a rat model of ischemia/reperfusion injury. 
A. Representative photomicrographs of renal tissue sections 
stained with immunohistochemistry for Bcl-2 and Bax 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 ± S.E. *P < 0.05 vs. 
vehicle-treated group. 

Discussion

In this study, we demonstrated that the methanol 

extract of Cassia mimosoides var. nomame Makino (CM) 

protected the rat kidneys against ischemia/reperfusion 

injury by attenuating apoptosis when administered 

through an intraperitoneal injection prior to the induction 
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of ischemia.

As previously noted, occlusion of the renal artery 

leads the kidney to an anoxic state. The consequent 

depletion of ATP triggers a cascade of events in the 

cells, and, eventually, result in the cell death by 

apoptosis or necrosis, depending on the severity and 

duration of ATP depletion7,9,20). Furthermore, restoration 

of the blood flow exacerbates the situation by 

generating more reactive oxygen species (ROS) which 

further damage cellular structures such as membranes 

and proteins21). Consequently, ROS augments cell death 

initiated by ischemia. The cells and cell debris 

detached from the tubules block the tubules located 

further downstream. The blockage allows wastes like 

creatinine in the tubular fluid to leak back into the 

peritubular capillaries3,6). These events contribute to 

the reduction of effective glomerulus filtration rate 

(GFR), resulting in the elevation of serum creatinine 

level in the blood, which is a classical biomarker in 

assessing renal function22).

Considering the aforementioned cascade of events 

occurring in renal ischemia/reperfusion, the findings 

of this study clearly demonstrated that the extract 

attenuated damage and subsequent death of the 

tubular epithelial cells in the outer medulla region as 

revealed by H&E staining. Other studies using a 

similar rat or mouse model have also noted that the 

outer medulla region was especially susceptible to 

ischemia/reperfusion injury when the extent or 

damage was graded on score systems19,23).

We have demonstrated using DPPH, acting as a 

radical donor in in vitro system24), that the extract 

has the same radical scavenging activity as ascorbic 

acid, a strong antioxidant, only at twice as high a 

concentration. As ascorbic acid reduced acute kidney 

injury in a rat model of ischemia/reperfusion25), attenuation 

of the damage by the extract might also be associated 

with removal of ROS mediated by radical scavenging 

activity of the extract.

We have also shown that the ability of the extract 

to suppress the generation of ROS contributed to the 

attenuation of apoptosis by blocking the cascade of 

apoptotic pathways as shown by the reduction of 

Bax/Bcl-2 ratio, inhibition of caspase-3 activation, 

and consequent attenuation in the generation of DNA 

nicks. Assessment of apoptosis by measuring caspase-3 

activation and generation of DNA nicks with 

immunohistochemistry and TUNEL staining, respectively, 

has been applied to rats previously9,26). Finally, it was 

observed that the extract reduced tubular epithelial 

cell death by apoptosis, together with necrosis. The 

reduction consequently contributed to the improvement 

of renal function as assessed by reduction of serum 

creatinine level. In agreement with the findings of 

this study, overexpression of Bcl-2 protein in tubular 

cells in vitro and in vivo by viral vector-mediated 

gene transfer triggered inhibition of caspase-3 expression 

and attenuation of apoptosis under ischemia/reperfusion 

conditions27). This finally accompanied inhibition of 

elevation of serum creatinine level, which conferred 

CM a renoprotective property. It is not surprising to 

find plants like Cassia mimosoides var. nomame Makino, 

showing renoprotective qualities, because over 170 

plant species have already been reported to have such 

properties28). In addition, formulas containing a mixture 

of constituents prepared from several plants have also 

been successful in treating renal diseases29). In this 

regard, Cassia mimosoides var. nomame Makino can 

also be a candidate for a renoprotective agent. This is 

particularly relevant as a method for large scale 

cultivation of CM has already been developed in 

Korea, rendering it feasible to get a large amount of 

the extract30). In the future, it will be also possible to 

identify active compounds contributing to renal protection 

in CM because the ethyl acetate fraction14), an active 

fraction attenuating cerebral ischemia/reperfusion injury, 

and some chemical components of CM like daucosterol 

and flavan have already been identified, at least in 

part12,13).

Conclusions

In this study we revealed novel activities of Cassia 

mimosoides var. nomame Makino in attenuating renal 

injury:

1. A methanol extract of Cassia mimosoides var. nomame 

Makino has a radical scavenging activity in in 

vitro studies.

2. The extract reduced tubular epithelial cell injury by 

blocking apoptotic cascades in rats.

3. The extract lowered serum creatinine concentration 

in rats.

In summary, this study showed that prophylactic 

administration of Cassia mimosoides var. nomame Makino 

was able to prevent ischemic acute kidney injury by 

removing ROS generated during ischemia/reperfusion 

and inhibiting apoptosis of tubular epithelial cells. 

Thus, the extract can be developed as a prophylactic 

agent to prevent acute kidney injury in clinical 

settings where acute kidney injury is expected to 

occur, such as post-surgery in heart.
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