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ABSTRACT

UNIVERSA MEDICINA

The protective effect of celery (Apium graveolens L.) ethanol
extract on anemia in 5/6 subtotal nephrectomy rat model

Afifah*, Khusnul Muflikhah**, Tri Lestari***, Eman Sutrisna*,
Ajeng Sekar Kirana*, and Sindy Devi Prastiwi*

BACKGROUND
Anemia is a frequent complication of chronic kidney disease (CKD). Anemia
in CKD is associated with reduced quality of life, increased cardiovascular
disease, cognitive impairment, and mortality. Therefore it is necessary to
find an alternative agent for preventing anemia in CKD. Celery is one of the
natural substances that have anti-inflammatory, antioxidant, and
antihypertensive pharmacological effects. Based on the mechanism of CKD
and its progression, celery is thought to prevent anemia in CKD. This
research was aimed at evaluating the protective effect of celery extract
against anemia in a CKD rat model. 
METHODS
This was an experimental laboratory study using 25 male Sprague Dawley
rats, aged 2-3 months, they were randomized into 5 groups, namely group
A, sham operation; group B, subtotal nephrectomy; group C, D, E, subtotal
nephrectomy + 250, 500, 1000 mg/kg BW ethanol extract of celery,
respectively. The administration of celery extract was performed 14 days
before and 14 days after induction of 5/6 subtotal nephrectomy. The
hematological parameters (Hb, RBC, Ht, MCV, MCH, MCHC) and serum
creatinine level were measured at the end of the study. Data were analyzed
with One Way ANOVA and Kruskal-Wallis test followed by Mann-Whitney
test at p<0.05. 
RESULTS
There were no significant differences between groups in Hb, RBC, Ht,
MCV (p>0.05) and significant differences between groups in MCH and
MCHC (p<0.05). The highest levels of Hb, RBC, and Ht were found in
group C.
CONCLUSION
Celery ethanol extract at a dose of 250 mg/kg BW/day may prevent anemia
in the CKD rat model. 
Keywords:  5/6 subtotal nephrectomy, celery, chronic kidney disease,
hematological parameter, rats
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INTRODUCTION
Anemia is a frequent complication of chronic

kidney disease (CKD).(1) Anemia is defined as
the condition in which the concentration of
hemoglobin (Hb) in the blood is below normal.
Anemia is also a decrease in red blood cells
(RBC) or lowered ability of RBC to carry oxygen.
The prevalence of anemia is twice as high in
people with CKD (15.4%) as in the general
population (7.6%). The prevalence of anemia
increases with stage of CKD from 8.4% at stage
1 to 53% at stage 5.(2) Anemia in CKD is
associated with reduced quality of life and
increased cardiovascular disease, hospitalizations,
cognitive impairment, and mortality.(3) The main
cause of anemia in CKD is the inadequate
production of endogenous erythropoietin. Other
contributory factors include deficiency of iron,
folate, and vitamin B12, blood loss, and infection
or inflammation. Erythropoietin is a hormone that
acts on the differentiation and maturation of the
red blood cell precursors.(4) 

Chronic kidney disease is a major public
health problem affecting 13.5% of adult
Australians and 11% of the population in the
US.(5) The prevalence of CKD in Indonesia was
89% of those who underwent hemodialysis in
2015.(6) Treatment of anemia in CKD consist of
various therapeutic agents,  such as iron,
erythropoiesis-stimulating agent, and red cell
transfusion. The cost incurred for treatment in
CKD patients with anemia is higher than in CKD
patients without anemia.(7) Therefore it is
necessary to develop an alternative agent for
preventing anemia in CKD patients. One strategy
that can be done to prevent anemia in CKD is
using natural substances. Celery is a natural
substance that we can find around us and many
people have used it as food. Celery is recognized
to have anti-inflammatory,(8) antioxidant,(9,10) and
antihypertensive pharmacological effects.(11) The
anti-inflammatory effects of celery are related
to the presence of flavonoids and saponins in
celery. (8) Other ingredients that provide
antioxidant effects from celery are iridoids,

coumarins, and phenolic acids.(9) Based on the
mechanism of CKD and its progression, celery is
thought to prevent anemia which is a CKD
complication. There is no information about the
protective effect of celery ethanol extract to
prevent anemia in a CKD rat model. 

The 5/6 subtotal nephrectomy is a disease
model for CKD and has been a mainstay of
studies of progressive renal disease. Induction of
5/6 subtotal nephrectomy in mice for two weeks
leads to systemic arterial hypertension and to
functional and morphological damage of the
remnant kidney, which is considered the main
characteristics of chronic kidney disease.(12) Based
on the background above, the objective of this
study was to evaluate the effect of celery in
preventing anemia in 5/6 subtotal nephrectomy.
METHODS
Research design

This study was an experimental laboratory
study with a post-test only control group design.
The study was conducted in the Pharmacology
Laboratory, while laboratory measurements of the
variables were performed in the Biofit Laboratory,
Purwokerto from May until July 2018. 
Plant material

Fresh celery was collected from Pratin,
Purbalingga, Central Java and was identified in
the Environmental Laboratory, Faculty of Biology,
Universitas Jenderal Soedirman. 
Preparation of celery extract

Celery was washed and then dried in a
drying oven at a temperature of 45oC. After
drying, the celery was then crushed in a disk mill,
with a sieve of 60 mesh. It was then put into the
extractor container, with the addition of 70%
ethanol. The mixture was extracted with the Ultra-
Turrax disperser (IKA Werke GmbH, Staufen,
Germany) at a speed of 1000 rpm, and macerated
for 24 hours. Filtration of the mixture was
performed with a Büchner funnel attached to a
vacuum pump. For evaporation of the filtrate a
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vacuum rotary evaporator was used at a
temperature of 45oC and rotary speed of 90 rpm.
The extract was transferred into a porcelain dish
and placed in a digital oven at 45oC. The extract
was dried 3 times to a constant weight. The
solutions made from the extract were prepared
freshly each time and were administered orally
once daily for 14 days before and 14 days after
5/6 subtotal nephrectomy to the treatment
groups. 
Experimental animals

The sample size was determined based on
the Federer formula. A total of 25 healthy male
Sprague Dawley rats aged 2-3 months and
weighing between 150 and 250 grams were
included into the study. The rats were divided by
simple randomization into 5 groups of 5 animals
each. The animals were acclimatized at room
temperature (25-30oC) for 7 days under a 12-
hour light and dark cycle with standard rat feed
and water ad libitum. 
Induction of experimental chronic kidney
disease

Chronic kidney disease was induced by the
5/6 subtotal nephrectomy technique. The animals
underwent either 5/6 subtotal nephrectomy or
sham surgery under ketamine anesthesia. Briefly,
the left kidney was exposed, and the upper and
lower poles were tied with silk, followed by right
nephrectomy. The peritoneum and skin were then
sutured, and the animals were returned to their
cages. (12)

Experimental procedure
The rats were randomized into five groups:

group A, sham operation; group B, subtotal
nephrectomy; group C, subtotal nephrectomy and
250 mg/kg BW ethanol extract of celery orally;
group D, subtotal nephrectomy and 500 mg/kg
BW ethanol extract of celery orally; group E,
subtotal nephrectomy and 1000 mg/kg BW ethanol
extract of celery orally. The administration of
celery extract was performed 14 days before and
14 days after 5/6 subtotal nephrectomy. The blood

samples were collected by retro-orbital puncture
to measure the hematological parameters (Hb,
RBC, Ht, MCV. MCH. MCHC) and serum
creatinine. 
Statistical analysis

Statistical analysis was performed using one-
way ANOVA and Kruskal-Wallis test followed
by Mann-Whitney test. Differences were
considered to be significant at p<0.05.
Ethical clearance

The study was conducted after obtaining
ethical clearance from the Ethics Committee of
the Medical Faculty, Universitas Jenderal
Soedirman, Purwokerto, Indonesia, under
no.  1664/KEPK/IV/2018.
RESULTS

This study used 5/6 subtotal nephrectomy
as a CKD model. The impaired kidney function
due to CKD was assessed based on serum
creatinine levels. Serum creatinine levels after
nephrectomy and administration of celery extract
are presented in Table 1. We used a normality
test with the Shapiro-Wilk test, and Levene test
to know the homogeneity of variances. The
serum creatinine levels were normal (p=0.121)
and homogenous (p=0.482). The serum
creatinine levels showed significant differences
between all groups (p=0.007). The serum
creatinine level in group B (1.46 ± 0.09 mg/dL)
was significantly higher than in group A
(1.32±0.06 mg/dL), indicating that 5/6 subtotal
nephrectomy increased serum creatinine level.
The serum creatinine levels in group C (1.31 ±
0.06 mg/dL), D (1.38 ±  0.04 mg/dl), and E (1.38
± 0.05 mg/dL) were lower than in group B and
there were significant differences in serum
creatinine level between group B and groups C
and E, respectively.

The hematological parameters after
administration of celery extract 14 days before
and 14 days after induction of CKD are
presented in Table 1. The data was subjected to
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normality test with the Shapiro-Wilk test and the
Levene test to know the homogeneity of
variances. The results of the normality test were
normal for Hb, RBC, and Ht, but not for MCV,
MCH  and MCHC.

Furthermore, a one-way ANOVA statistical
test was performed on Hb, RBC, and Ht, and
Kruskal-Wallis test on MCV, MCH, and MCHC.
The results of the one-way ANOVA test showed
that there were no significant differences in mean
Hb, RBC, and Ht levels (p>0.05). The Kruskal-
Wallis test showed that MCH and MCH were
significantly different between all groups (p=0.024
and p=0.025, respectively). The Mann-Whitney
test on MCH and MCHC showed significant
differences between group C and groups B, D,
and E, respectively.
DISCUSSION

Serum creatinine level is one parameter
that has been used to represent kidney function.
This study showed that serum creatinine level
in the 5/6 subtotal nephrectomy group was
significantly higher than that in the sham
operation group. This result showed that the
induction of 5/6 subtotal nephrectomy increased
the serum creatinine level, indicating a decline
in renal function. According to Gava et al.,(12)
and Layal et al.,(13)  5/6 subtotal nephrectomy
increases the level of serum creatinine, showing
the presence of renal disturbances. The serum
creatinine levels in groups C, D, and E were

lower than in group B, and group C had the
lowest serum creatinine level, signifying that the
administration of ethanol extract of celery
decreased the serum creatinine level.

Another function of the kidneys is
producing erythropoietin (EPO), a molecule that
stimulates the formation of RBC. Disorders in
the kidneys disrupt the formation of RBC, causing
anemia, which is an almost irreducible
complication of CKD. Anemia occurs more
frequently in patients with advanced kidney
dysfunction and relates to the quality of life and
mortality in CKD patients.(14) Anemia in CKD
is mainly due to the inadequate amount of EPO
production of injured kidneys, and the EPO
deficiency is proposed to be the central feature
of CKD associated anemia.(3)

The means of Hb, RBC, and Ht in this study
showed no significant differences between all
groups, but it can be seen that the means of Hb,
RBC, and Ht were lower in group B compared
to group A. This shows that CKD induction
using 5/6 subtotal nephrectomy decreased the
level of Hb, RBC, and Ht. Corresponding to the
research of Cahyawati et al.,(15) 5/6 subtotal
nephrectomy decreases the hematological
parameters at 2 weeks after induction. According
to Sun et al.,(16) in a CKD mouse model with
adenine induction, erythropoietin levels began to
decline in the first week of CKD induction, but
the hemoglobin level decreased significantly in
the fourth week, even though kidney damage
already looked significant in the second week.

A B C

  
Group A 

(n=5) 
Group B 

(n=5) 
Group C 

(n=5) 
Group D 

(n=5) 
Group E 

(n=5) p-value 
Creatininea 1.32 ± 0.06* 1.46 ± 0.09 1.31 ± 0.06* 1.38 ± 0.04 1.38 ± 0.05* 0.007 
Hb (g/dL)a 10.82 ± 1.9 10.04 ± 0.6 10.20 ± 0.8 10.12 ± 1.6 9.94 ± 0.9 0.823 
RBC (x106/μl)a 5.75 ± 1.9 4.18 ± 1.0 6.40 ± 1.0 4.49 ± 1.4 4.48 ± 0.4 0.067 
Ht (%)a 33.1 ± 11.1 25.72 ± 5.8 36.62 ± 5.5 25.90 ± 8.0 25.42 ± 2.1 0.079 
MCV(fl)b 60.20 60.80 58.30 57.60 58.10 0.386 
MCH (pg)b 17.20 20.10# 15.20 20.40# 22.80# 0.024 
MCHC (g/dL)b 28.50 33.10# 26.00 36.30# 40.30# 0.025 

 

Table 1. Distribution of creatinine and hematological parameters by treatment groups

Data presented as mean±SD, except for MCV, MCH and MCHC as median
aOne-way ANOVA and post-hoc independent -t test. bKruskal-Wallis and Post Hoc Mann-Whitney test. *=p<0.05 vs group
B; #=p<.0.05 vs group C. Group A/sham operation: group with sham operation + distilled water; group B/nephrectomy:
CKD model + distilled water; group C: CKD model+ethanol extract of celery 250 mg/kg BW; group D: CKD model+ethanol
extract of celery 500 mg/kg BW; group E: CKD model+ethanol extract of celery 1000 mg/kg BW.
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The mean Hb and RBC levels of group C,
D, and E (CKD rat model given ethanol extract
of celery) tended to be higher than in group B
(CKD rat model without ethanol extract of
celery), showing the function of active substances
in celery in preventing a decrease in Hb and RBC
levels. Celery contains active ingredients that
have antioxidant and anti-inflammatory properties
such as saponins, flavonoids (quercetin, tannins),
polyphenols, iridoids, phenolic acids, and
coumarins which can prevent the progression of
CKD by inhibiting the occurrence of inflammation
and oxidative stress.(17)

As an antioxidant, flavonoids prevent cellular
component damage due to chemical reactions
involving free radicals. Some mechanisms are to
deactivate ROS and stimulate the production of
antioxidants.(18) Antioxidant properties are also
shown by phenolic acids which have the effect
of preventing the formation of ROS.(19) Anemia
of CKD has also been reported to be associated
with the suppressive effects of pro-inflammatory
cytokines on erythropoiesis,  which cause the
anemia of inflammation.(20) Anti-inflammatory
effects of celery arise through several
mechanisms. Flavonoids and saponins have anti-
inflammatory effects by inhibiting the formation
of cyclooxygenase 2 (COX-2), while iridoids act
by inhibiting pro-inflammatory NF-κB p65 gene
expression.(21,22)  Coumarin inhibits the formation
of superoxide anions and can inhibit the production
of COX. By inhibiting the progression of CKD
by celery active substances, the decline in kidney
function that causes CKD complications such as
anemia can be prevented.(23-26) Besides flavonoids,
especially quercetin types can inhibit 2,2-azo-bis
(2-amidinopropane) dihydrochloride (AAPH)
(free radicals that cause oxidative damage to
erythrocyte membranes causing erythrocyte
hemolysis). Prevention of hemolysis of
erythrocytes can prevent a decrease in the
number of erythrocytes and hemoglobin levels in
the blood.(19) Although the difference in mean
hemoglobin levels between groups C, D, and E
was not significant, among the 3 groups it was

found that group C, receiving celery ethanol
extract at a dose of 250 mg/kg BW/day orally,
had the highest mean Hb, RBC and Ht levels.
The results in the D and E groups are influenced
by the dose factor. The serum creatinine level at
the dose of 250 mg/kg BW/day of celery extract,
was the lowest compared to the doses of 500
mg/kg BW/day and 1000 mg/kg BW/day. In
patients with kidney disease such as CKD, celery
should not be given at too high doses because it
can have adverse effects.(27) At low doses,
flavonoids have antioxidant effects, but at high
doses, the flavonoids in celery can produce
prooxidative effects by stimulating the formation
of reactive oxygen species (ROS).(19)

The mean MCH and MCHC in this study
were significantly different between groups C and
B. The MCV, MCH, and MCHC values were
characteristic for the type of anemia, which in
CKD is typically normocytic, normochromic and
hypoproliferative. It is most commonly caused by
decreased erythropoietin production and/or iron
deficiency.(3) A similar study needs to be carried
out to assess the erythropoietin and iron levels
with a duration of at least 4 weeks after CKD
induction.(15)

One limitation of this study was the relatively
short time from operation until termination in
which to obtain samples. Therefore, anemia, the
complication of CKD, was not yet apparent. The
implication of this study is that it can be applied
to CKD high risk populations, such as patients
using nephrotoxic drugs, patients with diabetes
mellitus, and patients with hypertension, to prevent
CKD and its complication.
CONCLUSIONS

Celery ethanol extract at a dose of 250 mg/
kg BW may prevent anemia in the 5/6 subtotal
nephrectomy rat model.
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