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Abstract

parameters to a large extent.

Background: Renal replacement therapy, either by transplantation or dialysis, is not accessible in many parts of the
world because of lack of financial and clinical resources. This study was performed to investigate the nephroprotective
efficiency of gum arabic (GA) and lemongrass (LG) on adenine-induced chronic kidney disease.

Materials and methods: Four animal groups (each of 10 rats) received normal saline, intraperitoneal injection of
adenine (300 mg/kg) twice a week, and adenine plus oral GA (54 g/kg) or oral LG (360 mg/kg) daily for 4 weeks.

Results: Compared to control group, adenine-injected rats had significantly higher levels of serum urea, creatinine, and
uric acid. Moreover, biochemical analysis of kidney homogenate showed that adenine injection was associated with
significantly higher levels of malondialdehyde and lower levels of reduced glutathione and antioxidant enzyme activities
in comparison with normal control. Additionally, the adenine group exhibited a significant upregulation in tumor
necrosis factor-a and downregulation in interleukin-10 gene expression. Histopathological and immunohistochemical
examinations of renal tissue from the adenine group showed degeneration to renal glomeruli and renal tubules with
increased DNA double-strand breaks. On the other hand, treatment with GA or LG ameliorated all the previous

Conclusion: From this study, we concluded that oral administration of GA or LG could conceivably alleviate adverse
effects of CKD which might be ascribed to their antioxidant and free radical-scavenging properties.
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Introduction

The prevalence and incidence of chronic kidney disease
(CKD), which in its later stage termed chronic renal fail-
ure (CRF), are on worldwide increase (James et al. 2010;
Nugent et al. 2011). The major factors behind this appar-
ent increase are the environmental pollution, misuse and
irrational use of drugs, and the prevalence of schistosom-
iasis, malaria, obesity, hypertension, and diabetes mellitus
(Himmelfarb 2004). The relatively poor status of the
health care system in the developing countries is at strong
demand for studies into the pathophysiology and mecha-
nisms of CKD, and exploring new effective therapeutic
strategies and ameliorating agents, especially for the
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earlier stages of CKD in order to slow its progression to-
wards CRF and reduce the cost of dialysis, drug therapy,
and kidney transplantation (Ichihara et al. 2009).

Animal models are important tools in studying the dif-
ferent mechanisms of CKD and exploring potential ther-
apy on these mechanisms (Desrochers et al. 2014).
Adenine-induced CKD was first reported in the 1980s as
an alternative method for the surgical model which is ex-
pensive and skill requiring (Al Zaabi et al. 2015). Natural
products are used as an alternative approach to ameliorate
the severity of CRF and reduce the frequency of dialysis.

Gum arabic is defined as an edible, dried gummy ex-
udate obtained from the stems and branches of Acacia
senegal and Acacia seyal trees that is rich in non-viscous
soluble fiber and is widely used as an emulsifier and
stabilizer in pharmaceutical, cosmetic, and food industry
(Ali et al. 2009). It has been used in the Middle East and
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North Africa as an oral hygienic substance and
anti-inflammatory for intestinal mucosa and inflamed skin
(Gamal el-din et al. 2003). Addition of GA to the diet has
been shown to increase fecal urea nitrogen excretion, with
a concomitant decrease in serum urea nitrogen concentra-
tion (Ali et al. 2008). Therefore, GA is used for some time
now in traditional medicinal practice with CRF patients
(Ali et al. 2014; Becker and Hewitson 2013).

Cymbopogon citratus commonly known as lemongrass
is a tall, coarse grass with a strong lemon taste and has a
wide range of therapeutic, nutritional, and cosmetic uses.
The plant is used as an antioxidant and anti-inflammatory,
anticarcinogenic, hypoglycemic, and cardioprotective agent
in folk medicine (Akande et al. 2011). Nutritionally, lemon-
grass is used as a flavoring spice in many cuisines and con-
fections. Its essential oil enters in many cosmetic
preparations as perfumes, soaps, detergents, and body lo-
tions. The infusions prepared from its dry or fresh leaves
are extensively used in recent years as a diuretic for treat-
ment of urinary tract disorders as cystitis, renal stones, and
urine retention and for treatment of hypertension and asso-
ciated cardiovascular disorders; it is also used in the treat-
ment of gout (Mirghani et al. 2012).

The present study aimed to evaluate the biochemical
effects of GA and LG on adenine-induced CKD in a rat
model through investigating their antioxidant and
anti-inflammatory mechanisms.

Material and method

Chemicals

Adenine was obtained from Sigma-Aldrich (St Louis,
MO, USA). Gum arabic and lemongrass were obtained
from a local market.

Experimental animals

A total of 40 male Wistar albino rats weighing 150-170
g were supplied from the animal house of Faculty of Vet-
erinary Medicine, Benha University, Egypt. Animals were
kept in cages under proper environmental conditions of
temperature, humidity, and light and had free access to
food and water. The animals were acclimatized to the la-
boratory conditions for 2 weeks prior to the experiment.
The animal handling procedures were conducted ac-
cording to the ethical norms approved by the Ethical
Committee of Faculty of Veterinary Medicine, Benha
University.

Experimental design
Rats were randomly and equally divided into four groups
(10 animals each).

e Group I (control group): received i.p injection of
saline twice a week.
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e Group II (adenine group): received i.p injection of
adenine (300 mg/kg b.w) twice a week (Al Za’abi et
al. 2015).

e Group III (adenine + GA group): received i.p
injection of adenine (300 mg/kg b.w) twice a week
and gum arabic (4.5 g/kg b.w daily p.o) for 4 weeks
(Al et al. 2008).

e Group IV (adenine + LG group): received i.p
injection of adenine (300 mg/kg b.w) twice a week
and lemongrass (360 mg/kg b.w daily p.o) for
4 weeks (Christopher et al. 2014).

Sampling

Blood sampling

At the end of experimental period, all animals were
fasted overnight and euthanized with diethyl ether.
Blood samples were collected directly from the heart,
and the serum was separated for biochemical analysis.

Tissue sampling

Tissue specimens from both kidneys were quickly ex-
cised, rinsed in ice-cold saline to exclude the blood cells,
blotted on a filter paper, and divided into three parts.
The first part was kept at —20°C until used for deter-
mination of oxidative stress indices. The second part
was kept at — 80°C for gene expression. The third part
was placed in 10% formalin solution for histological and
immunohistochemical investigations.

Biochemical analysis

Evaluation of kidney function tests

Urea, creatinine, and uric acid concentrations were spec-
trophotometrically determined following the procedures
of Coulombe and Favreau (1963), Larsen (1972), and
Young et al. (1975) respectively.

Assessments of oxidative stress indices

The kidney tissues were cut, weighed, homogenized in 4
mL physiological saline, and centrifuged at 5000 rpm for
20 min at 4 °C. The supernatant was used for determin-
ation of oxidative stress parameters. L-MDA as a marker
for lipid peroxidation (Mesbah et al. 2004); reduced
glutathione (non-enzymatic antioxidant, GSH) (Moron
et al. 1979), catalase (CAT) (Aebi 1984), and superoxide
dismutase (SOD) (Kakkar et al. 1984) activities; and total
antioxidant capacity (TAC) (Benzie and Strain 1996)
were determined using diagnostic kits obtained from La-
boratory Biodiagnostics Co. (Cairo, Egypt).

Determination of renal endothelin-1 (ET-1)
Endothelin-1 was determined according to the method
described by Rolinski et al. (1994).



Said et al. Bulletin of the National Research Centre (2019) 43:47

Measurement of TNF-q, IL-10, and vascular endothelial
growth factor (VEGF) gene expression

Total RNA was extracted from rat kidneys using a Gene
JET RNA Purification Kit (Thermo Scientific, # K0731,
USA) according to the manufacturer’s protocol. Comple-
mentary DNA was synthesized using 5 pg of total RNA
by RevertAid H Minus Reverse Transcriptase (Thermo
Scientific, #£P0451, USA). The primer sequences used
for amplification are summarized in Table 1. Quantita-
tive RT-PCR for TNF-a, IL-10, and VEGF genes was
performed using a StepOnePlus RT-PCR system (Ap-
plied Biosystems, USA) with initial denaturation at 95 °C
for 10 min, 40—45 amplification cycles at 95°C for 155,
annealing at 60 °C for 30s, and extension at 72 °C for 30
s. At the end of the last cycle, the temperature was in-
creased from 63 to 95 °C for melting curve analysis. The
cycle threshold (Ct) values were calculated for target
genes and the -actin as housekeeping gene, and relative
gene expression was determined using the 2744
method (Livak and Schmittgen 2001).

Histological and immunohistochemical analysis

Parts of the removed rat kidneys were fixed in 10% buff-
ered formalin, embedded into paraffin blocks using con-
ventional paraffin-embedding techniques, processed to
obtain 5-pm-thick sections, stained with hematoxylin and
eosin (H&E), and examined under a light microscope.

For immunostaining, paraffin-embedded renal sections
were de-paraffinized (in xylene) and dehydrated sequen-
tially in graded ethyl alcohol, followed by antigen
unmasking in citrate buffer (pH 6.0); 5% normal goat or
rabbit serum in phosphate buffered saline was used to
block non-specific binding sites. Later, sections were in-
cubated with primary antibodies against y-H2AX (Neo
Markers/Lab vision, Fremont, CA, USA), followed by
specific biotin-conjugated secondary antibodies. For
color development, streptavidin-peroxidase kits were
added to the slides and sections were counterstained
with Mayer’s hematoxylin.

Statistical analysis
The results were expressed as mean+ SE of studied

groups using the analysis of variance test (one-way

Table 1 Forward and reverse primer sequences for gRT-PCR

Genes Primer sequences

B-actin Forward: ACCCACACTGTGCCCATCTA
Reverse: CGTCACACTTCATGATG

TNF-a Forward: GCATGATCCGCGACGTGGAA
Reverse: AGATCCATGCCGTTGGCCAG

IL-10 Forward: GTTGCCAAGCCTTGTCAGAAA
Reverse: TTTCTGGGCCATGGTTCTCT

VEGF Forward: GATCATGCGGATCAAACCTCACC

Reverse: CCTCCGGACCCAAAGTGCTC
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ANOVA) followed by Duncan’s multiple range test to de-
termine the differences between the averages with statis-
tical significance at P<0.05. All statistical analyses were
performed by Statistical Package for the Social Sciences
Software (Version 18, SPSS Inc., Chicago, IL, USA).

Results

Biochemical results

Data in Table 2 show that intraperitoneal injection of ad-
enine induced a significant increase in serum concentra-
tion of urea, creatinine, and uric acid versus the normal
control rats. On the other hand, oral administration of
GA and LG significantly but not completely restored
these alterations. Interestingly, the serum concentrations
of these parameters were restored near to the normal
ranges after administration of the LG group when com-
pared to the adenine + GA group.

As illustrated in Table 3, we noticed that MDA con-
centration was significantly increased while GSH con-
centration, CAT and SOD activities, and TAC were
significantly decreased after adenine injection in com-
parison with the control group. Meanwhile, oral admin-
istration of GA and LG significantly decreased MDA
concentration and increased GSH concentration, anti-
oxidant enzyme activities, and TAC when compared to
the adenine group. Moreover, LG administration exhib-
ited a significant improvement in renal indices of oxida-
tive stress in comparison with the adenine + GA group.

Concerning the cytokines, there is a marked upregula-
tion in TNF-a and downregulation in the IL-10 gene ex-
pression in kidneys of rats injected with adenine.
However, oral administration of GA and LG significantly
restores these alterations. Moreover, LG administration
showed better results when compared to the adenine +
GA group. Intraperitoneal injection of adenine signifi-
cantly increased renal ET-1 with downregulation of the
VEGF gene as showed in Table 4 comparing to the con-
trol group. GA and LG were able to significantly de-
crease renal ET-1 and upregulate the VEGF gene.

Table 2 Effect of GA and LG oral administration on serum urea,
creatinine, and uric acid (UA)

Urea (mg/dL) Creatinine (mg/dL) UA (mg/dL)
Group | 31.50 + 1.50¢ 048 + 0.02¢ 3.06 + 0.17¢
Group |l 147,60 + 7.60° 236 + 006 722 + 045°
Group Il 79.00 + 3.10° 107 +0.19° 468 + 0.26°
Group IV 5235 + 350° 061 + 0.04° 441 +017°

Group (1): control group. Group (Il): adenine group. Group (lll): adenine + GA
group. Group (IV): adenine + LG group

Values represent mean + S.E. with the number of animals (10) in each group.
Mean values with different superscript letters in the same column are
significantly different at P <0.05
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Table 3 Effect of GA and LG oral administration on kidney oxidative stress indices

MDA (umol/q) GSH (ng/q) CAT (umol/q) SOD (U/qg) TAC (umol/g)
Group | 2498 + 1.28¢ 748 £032° 7572 £ 2.10° 54.93 + 1.85° 4839 + 1217
Group |l 5902 + 1.94° 1.90 + 0.12¢ 2533 +2.21¢ 13.83 + 214 12.09 + 1,05
Group Il 4146 + 1.40° 307 £022° 4446 + 142° 2359 + 1.69° 25.85 + 2.23¢
Group IV 3124 + 113 524 +042° 50,08 + 1.19° 3967 + 1.24° 3795 + 1.34°

Group (I): control group. Group (Il): adenine group. Group (ll): adenine + GA group. Group (IV): adenine + LG group
Values represent mean * S.E. with the number of animals (10) in each group. Mean values with different superscript letters in the same column are significantly

different at P<0.05

Immunohistochemical results

Intraperitoneal adenine injection significantly increased
the protein expression of y-H2AX within the renal tubules
(Fig. 1b) in comparison with the control group which re-
vealed mild or absent immunoreactivity (Fig. 1la).
Adenine-injected rats that received either GA (Fig. 1c) or
LG (Fig. 1d) showed significant reductions in the expres-
sion of y-H2AX in comparison to the adenine group.

Histopathological changes in the renal cortex

Control rats showed normal renal histology (Fig. 2a),
whereas those injected with adenine exhibited marked
pathological alterations as degeneration of the renal glom-
eruli and renal tubules with loss of architecture and
disorganization (Fig. 2b). On the other hand, oral adminis-
tration of GA (Fig. 2c) and LG (Fig. 2d) preserves to a large
extent the normal architecture of the renal cortex except
for slight degeneration and cystic dilatation of some renal
tubules.

Discussion

The increasing incidence of CKD and the limitation of
renal replacement therapy, either by transplantation or
dialysis, especially in developing countries due to a lack of
financial and clinical resources requires exploring new
strategies to delay the onset of dialysis or to attenuate
uremia (Jain et al. 2012). In the current study, we assessed
the effects of GA and LG oral administration on several
biochemical, antioxidant, and inflammatory parameters in
an adenine-induced CKD model in rats. The results

Table 4 Effect of GA and LG on expression of TNF-q, IL-10, and
VEGF genes and ET-1

TNF-a IL-10 VEGF ET-1 (pg/mg)
Group | 100+ 006° 100+005  100+004" 435+ 032°
Group I 521 +£030° 021 £002% 020+002% 3759+ 140°
Group Il 281 +020° 041 +003° 043 +004° 1945 + 0.95°
Group IV 178 £0.14° 048 +003° 071 +005° 823 +071°

Group (I): control group. Group (lIl): adenine group. Group (lll): adenine + GA
group. Group (IV): adenine + LG group

Values represent mean + S.E. with the number of animals (10) in each group.
Mean values with different superscript letters in the same column are
significantly different at P<0.05

indicated that concomitant treatment with GA and LG
ameliorated the adverse effects induced by adenine.

Induction of CRF by adenine in rats is a standard
method for simulating a metabolic abnormality which
occurs in humans suffering from renal failure (Ali et al.
2013b). It was reported that adenine-rich diets suppress
the excretion of nitrogenous compounds due to renal
tubular occlusion. Adenine becomes a target, when
present in excess, for xanthine dehydrogenase and oxi-
dized to 2,8—dihydroxyadenine crystals. Adenine and its
metabolite (DHA) precipitate in the renal tubules lead-
ing to their occlusion (Adachi et al. 1998). Our results
came in accordance with this theory as shown in
(Table 1). Moreover, there is evidence on inflammation
and oxidative stress of renal tissues observed in
adenine-induced CKD (Al Za’abi et al. 2015) as seen in
the present study (Tables 3 and 4). This is consistent
with previous observations of Carrero and Stenvinkel
(2010) as well as Kinugasa (2011) who found that CKD
patients have high plasma concentration of inflammatory
and oxidative stress markers. Also, lipid peroxidation as
an oxidative stress marker and C reactive protein (CRP)
as an inflammatory marker are reported by other studies
to be increased (Annuk et al. 2001; Shlipak et al. 2003).

Remarkably, in the current study, a significant reduction
in serum concentration of urea, creatinine, and uric acid
was observed in adenine-induced CKD rats receiving a
daily oral dose of gum arabic. GA has been used recently
in several developing countries to treat CKD since it has
been reported to decrease serum urea nitrogen concentra-
tion and increase fecal nitrogen excretion by utilizing the
bowl as a substitute kidney (Ali et al. 2009). It has been as-
sumed that GA increases the available energy to the intes-
tinal bacteria which ferment dietary fibers and obtain their
nitrogen requirement from the nitrogen waste product of
the host (Ali et al. 2004; Ali et al. 2009). They also degrade
urea to ammonia, which is excreted with some of the body
nitrogen waste in feces (Younes et al. 1995; Bliss et al.
1996). Moreover, a considerable cecum enlargement, by
increasing its contents, wall thickness, and blood flow,
was observed after consuming fermentable fibers. These
changes decrease plasma urea concentration by 30%
through enhancement of urea nitrogen uptake into the
cecum (Younes et al. 2006).
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Fig. 1 y-H2AX immunohistochemical expression in the renal cortex. a Control group showed minimal y-H2AX expression. b Adenine group
showed many y-H2AX-positive cells (arrowhead). ¢ Adenine + GA group showed moderate reduction in y-H2AX-positive cells (arrowhead). d

Adenine + LG group showed minimal y-H2AX expression (arrowhead)
(.

Fig. 2 Renal cortex; Rat. a Control group showing normal histological architecture. b Adenine group showing degeneration to renal glomeruli
(black arrow), degenerative changes (blue arrow) and loss of architecture in PCTs and DCTs. ¢ Adenine + GA group showing moderate

histopathologic changes (blue arrow). d Adenine + LG group showing mild morphologic changes (arrow). HE stain, x 400
. J
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Recently, GA has been found to act as an antioxidant
and anti-inflammatory agent in addition to its beneficial
effects on kidney function (Ali et al. 2013a; Ali et al.
2013b). Our data explored the antioxidant effect of GA
as confirmed by the significant reduction in MDA and
increase in GSH, TAC, and antioxidant enzyme activities
in kidney tissue of the adenine + GA group. These re-
sults are consistent with the previous record of Al Za’abi
et al. (2015) who suggested the main mechanism for the
beneficial action of GA in adenine-induced CKD via its
antioxidant properties.

Moreover, anti-inflammatory properties of GA was ob-
served in maintaining, to some extent, the balance be-
tween renal expression of pro-inflammatory (TNF-a)
and anti-inflammatory (IL-10) cytokines in rats received
daily oral dose of GA concomitant with i.p injection of
adenine when compared to the adenine group as illus-
trated in Table 4. Adenine-induced CKD was proven to
induce inflammatory reaction in kidney tissue in the
form of increased serum CRP and increased TNF-a in
CRF subjects while using GA in both studies mitigated
this action (Mahmoud et al. 2012; Ali et al. 2013a). A
possible contributing mechanism to the effect of GA on
nitric oxide (NO) metabolites, which consequently affect
the level of TNF-q, in rats with renal failure might result
from the antioxidant and anti-inflammatory properties
of GA (Al Suleimani et al. 2015). On the other hand, GA
has been reported to suppress gut inflammation in
IL-10-deficient mice (Bassaganya-Riera et al. 2011).

It is important to highlight that oxidative stress played
an important role in the pathogenesis of CKD and its
complications including impairment of protein and
DNA synthesis and cellular repair mechanisms (Pera-
zella and Moeckel 2010). As far as we know, there are
few reports on DNA damage in kidney disease. Ali et al.
(2013a) and Schupp et al. (2011) attributed the DNA
damage, single- and double-strand breaks, in there
models to the increased oxidative stress. The first step in
recruiting and localizing DNA repair proteins is
y-H2AX, a newly phosphorylated histone observed in
nucleosomes after DNA damage (Kuo and Yang 2008).
Decreasing superoxide anions and oxidative stress
through oral administration of GA in the present study
lowered the incidence of DNA double-strand breaks to a
certain extent.

Furthermore, a previous study ascribed the positive ef-
fect of GA in lowering the hypertension, a complication
of CKD, observed in adenine-treated rats to its antioxi-
dant power since reactive oxygen species (ROS) in-
creased in animals with hypertension (Ali et al. 2011).
The significant increase in endothelin-1 (ET-1), a vaso-
constrictor secreted by endothelial cells (Marasciulo et
al. 2006), in the adenine group may be attributed to the
high level of free radicals and cytokines (Ali et al.
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2013a). Vascular endothelial growth factor (VEGF), an
angiogenic inducer, is downregulated by ET-1 as previ-
ously reported (Ferrara 2004). On the other hand, Al
Suleimani et al. (2015) examined the effect of
adenine-induced CKD on angiogenesis and found no
significant difference in plasma level of ET-1 and VEGF
in spite of the previous study of Ali et al. (2011) which
revealed several vascular changes including blood pres-
sure and heart rate in rats with adenine-induced CRF.

Oral administration of LG to adenine-injected rats ex-
hibited a significant decrease in serum urea, creatinine,
and uric acid indicating an effective role of LG on kidney
function which may be attributed to its diuretic effect.
The phytochemical constituents of LG interfere with
electrolyte and water reabsorption through renal tubules
which consequently enhance the excretion of nitrogen-
ous compounds (Christopher et al. 2014) as recorded in
the present study.

Our data explored the antioxidant effect of LG as con-
firmed by decreased MDA level and increased antioxidant
enzyme activities in kidney tissue of the adenine + LG
group. This is supported by the previous finding of
Arhoghro et al. (2014) who noted that aqueous leaf extract
of LG ameliorated cisplatin-induced oxidative damage on
the liver via its antioxidant and free radical-scavenging
properties. Moreover, the renal protective effect of LG
against gentamicin-induced toxicity could be attributed to
its strong flavonoid content and antioxidant properties
(Ullah et al. 2013) which consequently affect ET-1 and
VEGF as shown in (Table 4).

We consistently observed that LG administration
inhibits TNF-a expression that coincides with the rec-
ord by Francisco et al. (2013) who attributed the
anti-inflammatory effect of LG to its phenolic content
and inhibition of nuclear factor-kp pathway and cyto-
kine expression. In addition, scavenging the ROS,
which act as potential contributors to inflammation in
CKD (Cachofeiro et al. 2008), plays an important role
in its anti-inflammatory effect.

These biochemical findings were further confirmed by
evidences of microscopic examinations. In this study, de-
generative changes to renal glomeruli induced by i.p in-
jection of adenine markedly attenuated by oral
administration of GA and LG which might be attributed
to their free radical-scavenging activities.

Conclusion

Oral administration of GA and LG daily for 4 weeks suc-
cessfully ameliorated the adenine renal damaging as evi-
denced by biochemical, immunohistochemical, and
histopathological examination. The possible mechanisms
of this action might be ascribed to their antioxidant and
anti-inflammatory properties.
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