
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=irnf20

Renal Failure

ISSN: 0886-022X (Print) 1525-6049 (Online) Journal homepage: informahealthcare.com/journals/irnf20

Hibiscus Sabdariffa Linnaeus Aqueous Extracts
Attenuate the Progression of Renal Injury in 5/6
Nephrectomy Rats

Yuyen Seujange, Asada Leelahavanichkul, Waranurin Yisarakun, Witoon
Khawsuk, Ardool Meepool, Ponlapat Phamonleatmongkol, Walai Saechau,
Winita Onlamul, Pansa Tantiwarattanatikul, Worapong Oonsook, Somchai
Eiam-Ong & Somchit Eiam-Ong

To cite this article: Yuyen Seujange, Asada Leelahavanichkul, Waranurin Yisarakun, Witoon
Khawsuk, Ardool Meepool, Ponlapat Phamonleatmongkol, Walai Saechau, Winita Onlamul,
Pansa Tantiwarattanatikul, Worapong Oonsook, Somchai Eiam-Ong & Somchit Eiam-Ong (2013)
Hibiscus Sabdariffa Linnaeus Aqueous Extracts Attenuate the Progression of Renal Injury in 5/6
Nephrectomy Rats, Renal Failure, 35:1, 118-125, DOI: 10.3109/0886022X.2012.741468

To link to this article:  https://doi.org/10.3109/0886022X.2012.741468

Published online: 19 Nov 2012.

Submit your article to this journal 

Article views: 2598

View related articles 

Citing articles: 2 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=irnf20
https://informahealthcare.com/journals/irnf20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/0886022X.2012.741468
https://doi.org/10.3109/0886022X.2012.741468
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0886022X.2012.741468?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0886022X.2012.741468?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/0886022X.2012.741468?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/0886022X.2012.741468?src=pdf


Renal Failure, 2013; 35(1): 118–125
Copyright © Informa Healthcare USA, Inc.
ISSN 0886-022X print/1525-6049 online
DOI: 10.3109/0886022X.2012.741468

LABORATORY STUDY

Hibiscus Sabdariffa Linnaeus Aqueous Extracts Attenuate
the Progression of Renal Injury in 5/6 Nephrectomy Rats
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�
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, Waranurin Yisarakun1, Witoon Khawsuk1,

Ardool Meepool1, Ponlapat Phamonleatmongkol1, Walai Saechau1, Winita Onlamul1, Pansa
Tantiwarattanatikul1, Worapong Oonsook1, Somchai Eiam-Ong3 and Somchit Eiam-Ong4

1Faculty of Allied Health Science, Burapha University, Chonburi, Thailand; 2Immunology Unit, Department of Microbiology,
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Abstract

Hibiscus sabdariffa Linn. (HS) is a tropical wild plant with antioxidant, antibacterial, antihypertensive, and lipid-lowering
properties. In several animal models, HS aqueous extracts reduced the severity of the multi-organ injuries such as
hypertension and diabetic nephropathy. One of the multiorgan injuries is chronic kidney disease (CKD), which results
from the loss of nephron function. HS was used in a 5/6 nephrectomy (5/6 Nx) rat model to determine if it could attenuate
the progression of CKD. HS (250mg/kg/day) or placebowas orally administered to 5/6 Nxmale Sprague-Dawley rats. The
NxþHS group had fewer renal injuries as measured by blood urea nitrogen, serum creatinine, creatinine clearance, and
renal pathology when compared with the Nx group. In order to determine which property of HS, either vasodilatory and/or
antioxidant, was important in attenuating the progression of CKD, systolic blood pressure (SBP) and serum levels of
malondialdehyde (MDA) were assessed. In the NxþHS group, the SBP and the serum levels of MDA were significantly
lower at Week 7. In conclusion, through either antihypertensive and/or antioxidant properties, HS was able to attenuate
the progression of renal injury after 5/6 Nx. Hence, HS should be considered as one of the new, promising drugs that can
be used to attenuate the progression of CKD.

Keywords: Hibiscus sabdariffa Linn., chronic kidney disease, 5/6 nephrectomy, systolic blood pressure,
malondialdehyde

INTRODUCTION

Chronic kidney disease (CKD) is a worldwide health
problem that progressively causes the kidney to lose its
function; in other words, it is a nonspecific renal injury
induced from nephron loss.1,2 Over the past decade, the
prevalence of end stage renal disease has increased by
more than 30%3 and has significantly affected the global
health care systems.4 Physiologic factors (e.g., high blood
pressure and anemia) and/or molecular factors
(e.g., increases in oxidative stress and transforming
growth factor-β1) all contribute to the progressive dete-
rioration of the kidney and functions of other organs in
CKD patients. Even though there are many new drugs

and techniques in preventing CKD, the number of
patients with the disease continues to increase. Hence,
there is an urgent need to find other substances and/or
compounds that can attenuate the progression of CKD.

Therefore, investigations of other substances and/or
compounds used in traditional medicine across several
countries for various ailments were examined. One of the
compounds of interest is the Hibiscus sabdariffa Linn.
(HS), which is widely cultivated in the tropics such as
Asia, South America, and Africa.5 In Thailand, this plant
is also known as “Krachiap daeng”. The red persistent
flower calyx is often used in health beverages and as a
food colorant. In several countries, HS is one of the
alternative medicines used to treat gastrointestinal dis-
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orders, diaphoresis, and anuria. Substances such as
anthocyanin,6 hibiscin, delphinidin-3-glucoside, and
cyanidine-3-glucoside7 are believed to exhibit several
healing properties and are found in the HS elixirs. As a
matter of fact, a combination of several ingredients com-
bining effective properties may actually be responsible
for the elixir’s effectiveness.

As a result of this, several studies are investigating the
therapeutic uses of HS. For example, HS has been
shown to have antibacterial, hypocholesterolemic,8

antioxidant,9 and vasodilatory activities.10,11 In addi-
tion, HS was able to lower high blood pressure in hyper-
tensive rats11 and patients.5 Several activities such as
nitric oxide inhibitor,12 calcium channel blocker,13 and
angiotensin-converting enzyme inhibitor14 were known
to explain the hypotensive effects of HS. Moreover, HS
improves the conditions of streptozotocin-induced dia-
betic nephropathy in rat via several mechanisms such as
antihypertensive action, lipid-lowering effect, and anti-
oxidant properties.15 Hence, the multiple effects of HS
extract should be effective against multiorgan dysfunc-
tions in CKD patients. However, there are no data on
the effects of HS in CKD. Therefore, this study inves-
tigated the effects of HS on CKD progression by using a
well-established, five-sixth nephrectomy (5/6 Nx) rat
model.

METHODS

Animal Model
Male Sprague-Dawley rats (National Laboratory Animal
Center, Salaya, Mahidol University, Nakornpathom,
Thailand) weighing 200–220 g were given standard diet
and housed under standard conditions. All animal pro-
tocols complied with the US guidelines (NIH publica-
tion #85-23, revised in 1985) for laboratory animal use
and care and were approved by the Animal Ethic
Committee, Faculty of Science, Burapha University,
Chonburi Thailand.

Rats were divided into three groups: (1) HS-treated 5/
6 Nx group (NxþHS), (2) 5/6 Nx-untreated group (Nx),
and (3) the sham control group. In the NxþHS group,
the rats had 5/6 nephrectomy and receivedHS. In the Nx
group, nephrectomy was performed and sterile water

was given. In the sham control group, sham operation
was performed without nephrectomy and sterile water
was given. For all groups, the surgery was performed in
two stages with ketamine: xylene (5:1) anesthesia as pre-
viously described.16 For the NxþHS and Nx groups, the
posterior and anterior apical segmental branches of the
left renal artery were ligated at the first stage of the
operation (Week �1). One week after the ligation, right
nephrectomy was performed as the second stage of the
operation (Week 0). For the sham control group, the left
renal artery and the right kidney were identified at the
first and second stages of the operation, respectively. The
timeline of the experiment is shown in Figure 1.

Blood Pressure Measurement
Systolic blood pressure (SBP) was measured by using a
tail cuff plethysmography (IITC Life Scientific
Instruments, Woodland Hills, CA, USA) as previously
described.16 SBP was measured at Week �2 and
Weeks 1, 3, 5, and 7. SBP measurements at Week �1
and 0 were omitted due to the confounding of the
perioperative stress. SBP measurements were carried
out before the start of the experiment to precondition
the rats to the procedure. Once the rats were familiar
with the process, SBP measurements were obtained
three times at each time point with a 10-min rest inter-
val in between the readings. The mean of the three SBP
measurements at each time point were used to repre-
sent the data.

Preparation of Hibiscus sabdariffa (HS) Aqueous Extract
and Drug Administration
The dried calyxes of HS were kindly provided by the
Chaophya Abhaibhubejhr Hospital Foundation,
Prachinburi, Thailand. Thirty grams of dried HS calyxes
were brewed in 200 mL of sterile water and allowed to
stand for 30 min. Then the mixture was filtered and the
solution was evaporated until dry (Freezer dryer
CHRIST; Aoc-1M). From this procedure, 55% of the
dark red powder was obtained. The extract was stored at
4�C until use. One week after 5/6 Nx, 250 mg/kg of the
powder extract was diluted in 10 mL of sterile water and
administered to the NxþHS group once daily by gavage,

–2 wk –1 wk 0 wk 1 wk 3 wk 5 wk 7 wk

SBP SBP, urine and blood collection

Left renal arterial
branch ligation Unilateral right nephrectomy

Urine and blood

collection

Figure 1. Timeline of the study. SBP was measured at Week �2 (baseline), Weeks 1, 3, 5, and 7. Renal arterial branch ligation or the first
stage of the operation was performed atWeek�1. Right nephrectomy or the second stage of the operation was performed atWeek 0. The rats
were followed for a total of 7 weeks post-nephrectomy. Urine and blood samples were collected at Weeks 0, 1, 3, 5, and 7. All rats were
sacrificed at Week 7. Kidney sections were stained for histological examination.
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whereas only sterile water was given for the Nx and sham
control groups.

Collection of Blood and Urine Specimens
Blood samples were taken from the tail vein for the
following measurements: blood urea nitrogen (BUN),
serum creatinine (Scr), and serum MDA. BUN was
measured by colorimetric assay (QuantiChrom Urea
assay kit DIUR-500, Hayward, CA, USA). Serum crea-
tinine was measured by picric acid base colorimetric
assay (QuantiChrom Creatinine assay kit DICT-500,
Hayward, CA, USA). MDA was measured by thiobarbi-
turic acid-reactive substances as previously described
(OxiSelect TBARS assay kit, San Diego, CA, USA).17

Enzyme-linked immunosorbent assay (ELISA: R&D
Systems, Minneapolis, MN, USA) was used for serum
TNF-α and IL-6 levels.

Twenty-four hour (24 h) urine was collected by put-
ting the rats in metabolic cages. Then 24 h urine protein
and urine creatinine were measured by using the turbidi-
metric assay (COBAS Integra 400, IN, USA) and colori-
metric assay (QuantiChrom Creatinine assay kit DICT-
500), respectively. The creatinine clearance (CCr) was
determined by the following formula: 24 h urine creati-
nine � 24 h urine volume/Scr. Blood samples were col-
lected 1 day before the unilateral nephrectomy (Week 0)
and at Weeks 1, 3, and 5 via the tail vein puncture. At
Week 7, blood was drawn from the cardiac puncture
when the rats were sacrificed. Likewise, 24 h urine sam-
ples were collected atWeek 0, 1, 3, 5, and 7 at 24 h before
blood collection (Figure 1). At Week 7, all of the rats
were sacrificed, then kidney was removed and fixed in
4% paraformaldehyde buffer until use for histology.

Histology
There is one section of kidney per rat for all groups (left 5/
6 Nx kidney remnants and left kidney from sham control
group). The isolated kidney was fixed with 4% parafor-
maldehyde and embedded in paraffin. Kidney sections of
4 μm thickness were stained by periodic acid-Schiff
(PAS) and Masson’s trichrome. To determine the sever-
ity of the kidney injury, the percentage of the glomerular
expansion from the PAS staining and the area of the
interstitial fibrosis from Masson’s trichrome stained his-
tology were used to gauge the extent of the glomerular
injury and renal interstitial damage.18–20 Injured glomer-
uli were defined as more than 50% expansion of the
glomerular lesion at 400� magnification. The severity
of the glomerular injury was determined by the percen-
tage of the injured glomeruli (Figure 3), whereas the
renal interstitial injury was estimated by the number of
areas with tubulointerstitial expansion at 200� magnifi-
cation using 10 randomly selected fields for each rat by
three pathologists who were blinded from knowing which
group the rats belonged to. The semiquantitative criteria
used to score the renal interstitial injury were as follows: 0
areas with tubulointerstitial expansion was equivalent to

<5% damage, 1 area with tubulointerstitial expansion
was equivalent to 5–10% damage, 2 areas with tubuloin-
terstitial expansion was equivalent to 10–25% damage, 3
areas with tubulointerstitial expansion was equivalent to
25–50% damage, and 4 areas with tubulointerstitial
expansion was equivalent to >50% damage.18,20

Masson’s trichrome stained sections were used to esti-
mate the kidney interstitial fibrosis at 200� magnifica-
tion by using the ImageJ 1.36b program (National
Institutes of Health, Bethesda, MD, USA) as detailed
in http://imagej.nih.gov/ij. In brief, 20 different but ran-
domly selected interstitial areas at 200� magnification
without glomeruli and large vessels were captured and
converted into black and white colors (HSB stack). Then
the percentages of the black particles were analyzed by
the ImageJ 1.36b program using the set-up scale from the
Richardson test slide (diameter 270 micrometer).

Statistical Analysis
The results are presented as mean � SD. Statistical dif-
ferences between the groups were assessed by post hoc
ANOVA and Bonferroni’test where appropriate. A
p-value <0.05 was considered statistically significant.
The statistical calculations were performed by the statis-
tical package SPSS for Windows.

RESULTS

Effects of Hibiscus sabdariffa (HS) Aqueous Extracts on
Kidney Injury
The effects of the reduced kidney mass were found as
early as 1 weeks after 5/6 Nx as determined by BUN, Scr,
and CCr in both Nx-HS and Nx groups when compared
to the sham control group (Figure 2A–C). At 7 weeks
post-5/6 Nx, higher BUN and Scr with reciprocally lower
CCr were demonstrated in both Nx-HS and Nx groups
than the sham control group (Figure 2A–C). At 5–7
weeks after 5/6 Nx, the levels of proteinuria started to
increase in Nx-HS and Nx groups compared to the sham
control group (Figure 2D). However, 24-h urine protein
from the NxþHS group was not significantly lower com-
pared with the Nx group (Figure 2D). The results from
the PAS staining also showed fewer glomerular and tubu-
lointerstitial injuries in the NxþHS group at 7 weeks
(Figure 3). According to the Masson’s trichrome stain-
ing, there was less kidney fibrosis in the NxþHS group
compared with the Nx group (Figure 4).

Effects of Hibiscus sabdariffa (HS) Aqueous Extracts on
Hypertension
SBP was investigated because hypertension can exacer-
bate the progression of CKD.18 Three weeks after 5/6
Nx, the SBP from theNx group was higher than the sham
control group (Figure 5). At Week 7, the SBP from the
NxþHS group was significantly lower when compared
with the Nx group (Figure 5). These results corroborate
findings from a previous clinical study.5

Renal Failure
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High levels of malondialdehyde (MDA) are usually
found in CKD patients. MDA is one of the important
uremic toxins21,22 that is indicative of advanced lipoxida-
tion end-products which is toxic toDNA20 and often used
as a biomarker for oxidative stress. The levels of MDA in
the serum were higher in the Nx group and could be
detected as early as 3 weeks. At 5–7 weeks after 5/6 Nx,
the MDA levels in the NxþHS group were significantly
lower compared with the Nx group (Figure 6), but this
was not the case for TNF-α and IL-6, which continued to
be high even at Week 7 (Figure 7). Overall, this indicated
that the anti-oxidant properties inHS can lower hyperten-
sion as early as 7 weeks (Figure 5), whereas the effects on
MDA occurred earlier (5 weeks after 5/6 Nx, Figure 6).

DISCUSSION

Chronic kidney disease (CKD) is the end stage of renal
injury, which can result from several diseases that can
impair the normal functions of many organs
(e.g., cardiovascular system, hematologic system, etc.)

and disturb metabolism (e.g., uremia, anemia, etc.).
Currently, there is an increase in the number of patients
with CKD worldwide, and this problem is burdening the
health care system. The reason for this, at least in part, is
because there is no cure for CKD and several combina-
tions of treatments and strategies are required to slow the
progression of the disease such as antihypertensive drugs,
treatment for anemia, and phosphate control.1 However,
the successful attenuation of CKD progression from the
current clinical treatment is still limited. Therefore, new
medications or compounds are still needed.

Hence compounds from herbal medicine such as
Hibiscus sabdariffa (HS) were investigated. This com-
pound is abundantly available in many parts of the
world and commonly used as herbal medicine. HS is
composed of alkaloids, L-ascorbic acid, anisaldehyde,
anthocyanin, β-carotene, β-sitosterol, citric acid,
cyanidin-3-rutinoside, delphinidin, galactose, gossype-
tin, hibiscetin, mucopolysaccharide, pectin, protocate-
chuic acid, polysaccharide, quercetin, and stearic acid.9

Currently, the dried calyx extracts of HS are commer-
cially available in the form of granules or tea and sold as
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Figure 2. Hibiscus sabdariffa Linn. (HS) attenuated the progression of chronic kidney disease. The progression of the renal injury is shown
according to the following measurements: (A) blood urea nitrogen (BUN), (B) serum creatinine (Scr), (C) creatinine clearance (CCr), and
(D) 24 h urine protein in HS-treated 5/6 Nx rats (NxþHS: n ¼ 8), placebo-treated 5/6 Nx rats (Nx: n ¼ 8), and sham control rats (sham:
n ¼ 4).
Notes: � Indicates that the p < 0.01 is between the Nx-HS or Nx group and the sham group. �� Indicates that the p < 0.05 is between the Nx-
HS or Nx group and the sham group. # Indicates that the p < 0.05 is between the Nx-HS and the Nx group.
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health food products that are diuretic, hypocholesterol-
emic,8 antihypertensive,10,11 and an antioxidant.9 Most
importantly, HS was recently demonstrated to be effec-
tive in attenuating the progression of kidney injury in
streptozocin-induced diabetic nephropathy in rats
through its antilipidemic and antioxidant properties.15

As a result of this, we investigated the effects of HS
using a 5/6 Nx rat model for the study of CKD as a
proof of concept for early intervention therapy. HS was
administered 1 week after 5/6 Nx.

In our study, we found that HS aqueous extract treat-
ment significantly attenuated the progression of CKD in
rats that had 5/6 Nx as measured by BUN, Scr, CCr
(Figure 2A–C), and renal pathology (Figure 3).
However, there was no difference in 24 h proteinuria
between the NxþHS and the Nx groups (Figure 2D).
It is possible that mildly elevated levels of 24 h protei-
nuria in the rat 5/6 Nx model23 and/or high variability
in the measurement used could have prevented the
study from detecting any differences between groups.
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Figure 3. The severity of the chronic kidney disease from renal histology was attenuated byHibiscus sabdariffaLinn. (HS). The renal histology
results are representative of four to eight rats per group. Results from the Periodic Acid-Shiff (PAS) staining of the glomerulus (left panel) and
tubulointerstitium (right panel) for the sham control group (sham control rats: A, B), Nx group (placebo-treated 5/6 Nx rats: C, D), and
NxþHS group (HS-treated 5/6 Nx rats: E, F).Magnification of the glomeruli was done at 400X and the interstitial area at 200X. The analysis
of the glomerular injury (G) and the tubulointerstitial injury (H) are shown for sham control rats (sham: n ¼ 4), placebo-treated 5/6 Nx rats
(Nx: n ¼ 8), and HS-treated 5/6 Nx rats (NxþHS: n ¼ 8).
Note: � indicates p < 0.05.
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Longer follow-up period may be needed to observe the
differences in proteinuria. Regardless of this, HS was
able to attenuate the kidney pathology as determined
by PAS and Masson’s trichrome staining (Figures 3
and 4).

Another reason for the HS effectiveness in attenuating
CKD is due to its antihypertensive property (Figure 5). It
has been shown that hypertension is the main culprit in

exacerbating CKD conditions on top of other factors
such as anemia, calciphylaxis, and oxidative stress.1

Therefore, antihypertensive drugs are mandatory for
hypertensive CKD patients.1 The most recommended
drug of choice for controlling blood pressure in CKD
patients is the angiotensin-converting enzyme inhibitor1

of which HS has been shown to have similar activity and
potency as the inhibitor in controlling blood pressure in
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hypertensive patients.5 We hypothesize that this anti-
hypertensive property of HS can attenuate the progres-
sion of CKD. In the present study, the systolic blood
pressure (SBP) of the NxþHS group gradually improved
after HS administration and reached statistical signifi-
cance at Week 7 (Figure 5). It is unclear which mechan-
isms or pathways is mediated by HS to reduce blood
pressure, but it is possible that several mechanisms are
involved such as nitric oxide production, calcium chan-
nel blocking, and angiotensin-converting enzyme
inhibition.12,14

On the other hand, uremic hypertension may be
caused by an increase in oxygen free radical activity.24

It has been shown that levels of MDA are directly pro-
portional to the accumulated amount of free oxygen
radicals in CKD patients.25,26 It is not entirely clear
how the free oxygen radicals are accumulated, but it is
possible that a combination of increased production and/
or reduced activity is at play. The antioxidant capacity to
neutralize the increased free oxygen radicals is also
impaired in CKD patients.27,28 Interestingly enough,
several other components of HS extract are known to
have an antioxidant effect such as anthocyanin, bioflavo-
noid, protocatechuic acid (PCA), and other phenolic
compounds.29 Furthermore, anthocyanin is a far more
potent antioxidant than ascorbate (vitamin C), whereas
bioflavonoid is one of the well-known robust antioxi-
dants.30 As a result of this, we measured serum levels of
oxygen free radical product MDA. We found that serum
MDA was significantly lower in the NxþHS group
(Figure 6). The reduced serum levels of MDA in the
NxþHS group occurred as early as 5 weeks after 5/6 Nx
(Figure 6). This antioxidant effect occurred 2 weeks
before changes in the SBP were detected (Figure 5).
We postulate that HS may attenuate the progression of
CKD through neutralizing the free oxygen radicals which
consequently also reduced uremic hypertension. In addi-
tion, it is possible that the antioxidant effect was able to
control and lower the inflammation activities of the body
resulting in less severe CKD. Several studies have

indicated that the severity of CKD is positively correlated
with an increased level of inflammatory cytokines.31–34

To determine the HS effect on the inflammatory activ-
ities, TNF-α and IL-6 (pro-inflammatory cytokines)
were measured at Week 7 after 5/6 Nx (Figure 7). Both
cytokines were mildly elevated in the Nx-HS and Nx
group when compared to the sham control group.
However, there were no statistical differences in the
cytokine levels between the NxþHS and Nx groups.
The comparable cytokine levels between the NxþHS
and Nx groups indicated that the anti-inflammation
pathway is not the main protective mechanism of HS in
attenuating CKD. Additional studies are needed to
delineate the underlying mechanisms of CKD.

In conclusion, we have demonstrated the effectiveness
of HS in attenuating the progression of CKD. HS is
widely used, well-tolerated, and rarely exhibits any side
effect and shows promise in reducing CKD deteriora-
tion. Since HS is still effective in attenuating the disease
after onset of CKD in our Nx model (HS administration
started at Week 1), HS may be an interesting compound
for patients with early stage CKD. Larger animal studies
and/or proper randomized clinical control trials in CKD
patients are warranted.
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