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Abstract: Oral adenine (0.75% w/w in feed), is an established model for human chronic kidney disease (CKD). Gum
acacia (GA) has been shown to be a nephroprotective agent in this model. Here we aimed at developing a new
adenine-induced CKD model in rats via a systemic route (intraperitoneal, i.p.) and to test it with GA to obviate the
possibility of a physical interaction between GA and adenine in the gut. Adenine was injected i.p. (50 or 100 mg/Kg
for four weeks), and GA was given concomitantly in drinking water at a concentration of 15%, w/v. Several plasma
and urinary biomarkers of oxidative stress were measured and the renal damage was assessed histopathologically.
Adenine, at the two given i.p. doses, significantly reduced body weight, and increased relative kidney weight, water
intake and urine output. It dose-dependently increased plasma and urinary inflammatory and oxidative stress bio-
markers, and caused morphological and histological damage resembling that which has been reported with oral
adenine. Concomitant treatment with GA significantly mitigated almost all the above measured indices. Administra-
tion of adenine i.p. induced CKD signs very similar to those induced by oral adenine. Therefore, this new model is
quicker, more practical and accurate than the original (oral) model. GA ameliorates the CKD effects caused by ad-
enine given i.p. suggesting that the antioxidant and anti-inflammatory properties possessed by oral GA are the main
mechanism for its salutary action in adenine-induced CKD, an action that is independent of its possible interaction
with adenine in the gut.
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Introduction

Chronic kidney disease (CKD), a worldwide
health problem, is a slowly progressive disorder
that might lead to end-stage renal disease
(ESRD). The prevalence of CKD has grown rap-
idly in both the developed and developing coun-
tries [1-3]. This increase gauges the need for
more resources and the rising demand on
health-care systems already burdened by pau-
city of resources. In some regions it is estimat-
ed that the burden of CKD will rise in parallel
with the growing prevalence of type two diabe-
tes mellitus [4, 5]. Therefore, there is a strong

demand for studies exploring new therapeutic
strategies and ameliorating agents, especially
for the earlier stages of CKD in order to slow its
progression towards ESRD. Among these
agents is gum acacia (GA), a dietary fibrous het-
eropolysaccharide obtained from either Acacia
senegal or A. seyal trees. It is widely used in the
pharmaceutical, cosmetic and food industries
as an emulsifier and stabilizer [6-9]. The addi-
tion of GA to the diet has been shown to
increase fecal nitrogen excretion and decrease
serum urea nitrogen concentration in patients
with CKD [10, 11]. It also has been shown to be
effective in ameliorating the effects of adenine-
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Figure 1. Gross morphology of the kidneys of rats treated for 28 days with: (A) saline (control), (B) adenine injected
intraperitoneally, i.p., at a dose of 50 mg/Kg, and (C) adenine i.p. at a dose of 100 mg/Kg.

induced CKD, one of the models employed to
induce CKD in rats where adenine is given
mixed with the feed at a concentration of
0.75%, w/w, for four weeks [12, 13]. Both ade-
nine and its metabolite, 2,8-dihydroxyadenine
(DHA), have low solubility and can precipitate in
the renal tubules and form crystals [14]. The
consumption of oral adenine thus might cause
the occlusion of renal tubules which retards the
excretion of nitrogenous substances leading to
a biochemical and physiological status resem-
bling CKD in humans [7, 15]. Although it has
been shown by some studies that the basis for
the ameliorative effects of GA is via its anti-
inflammatory and antioxidant actions [6, 16-18]
and not only its possible local effect of excret-
ing fecal nitrogen when administered with oral
adenine, there still remains a need for further
scientific work on the mechanism of action of
GA as a nephroprotective agent. Our approach
towards a better understanding of the mecha-
nisms of action of GA led us to use the CKD-
inducing agent (adenine) by a systemic route
(and not the reported oral route), and this is, as
far as we are aware, the first time that induction
of CKD has been carried out by intraperitoneal
injection of adenine to produce a model of CKD.
In this work, we also wanted to verify the salu-
tary effects of GA in this novel animal model of
CKD.

Methods

This research work was approved by the Ins-
titutional Review Board of the Animal Research
and Ethics Committee of the Sultan Qaboos
University (SQU). The procedures involving ani-
mals and their care were conducted in confor-
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mity with international laws and policies (EEC
Council directives 86/609, OJL 358, 1
December, 12, 1987; NIH Guide for the Care
and Use of Laboratory Animals, NIH Publications
No. 85-23, 1985).

Animals

Thirty male Wistar rats (9-10 weeks old, weigh-
ing initially 216 £ 5 g) were housed in a room at
a temperature of 22 + 2°C, relative humidity of
about 60%, with a 12 h light-dark cycle (lights
on 6:00), and free access to standard pellet
chow diet containing 0.85% phosphorus, 1.12%
calcium, 0.35% magnesium, 25.3% crude pro-
tein and 2.5 1U/g vitamin D3 (Oman Flour Mills,
Muscat, Oman) and water.

Chemicals

GA and adenine were both obtained from Sigma
(St. Louis, MO, USA). All other chemicals used
were of Analytical Reagent grade.

Experimental design

After an acclimatization period of seven days,
rats were randomly divided into five equal
groups (n=6 in each group). The first group con-
tinued to receive the same diet without treat-
ment and unmedicatd tap water ad libitium and
served as control. The second group was given
adenine intraperitoneally (i.p.) at a dose of 50
mg/kg daily for 28 days. The third group was
also given the same dose as group two and in
addition received concomitantly GA in drinking
water at a concentration of 15%, w/v, until the
end of the experiment. The fourth group was
given adenine i.p. 100 mg/kg and the fifth
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Table 1. Effect of treatment with adenine with or without addition of gum acacia (GA) on weight, total

relative kidney weight (

wt), water intake, urine and fecal output and food intake

ADENINE 50 ADENINE 50 ADENINE 100 ADENINE 100
PARAMETERS CONTROL (meg ke) (mg ke') + GA (meg ke) (mg ke') + GA
Initial weight (gm) 216 + 1.67° 216 + 7.51° 217 + 8.51° 220 + 1.632 215 + 4.32°
Final weight (gm) 224 + 5.142 198 + 7.9° 218 £ 5.142 207 £ 3.122 208 + 4.47°
Bwt change % 344 +1.89° -4.7+1.02° 0.10 + 1.81° -5.9+1.91° -3.4 +0.79°
Total kidney wt (gm) 1.27 £0.04> 1.69 £ 0.03° 1.28 + 0.03¢ 2.5 +0.21b°4 1.48 + 0.092¢#
Relative kidney wt% 0.57 £0.022 1.02 £ 0.06° 0.59 + 0.01°¢ 1.24 + 0.16°¢ 0.71 + 0.042¢
Water intake (ml) 25.0+2.71° 28.6 +6.32° 22.5+ 1.54° 46.3 + 1.35% 24.8 + 1.922¢
Urine output (ml) 9.50 £ 0.67@ 21.2+4.51° 14.0 + 1.54° 31.8 £ 1.27b¢4 18.0 £ 0.81°¢
Food intake (gm) 11.9 +0.572 15.3 + 3.28° 12.2 +£1.05° 13.8£0.78° 11.9 £ 0.36°
Feces production (gm) 2.25+0.19® 5.13+1.19° 4.70 £ 0.52° 5.61 + 0.61° 5.51 + 0.25°

Values are expressed as means + SEM (n=6). Values (for the same parameter) with different superscript are significantly dif-
ferent (P<0.05 or less). Adenine was injected intraperitoneally (50 or 200 mg Kg* for four weeks). GA was given in the drinking
water at a concentration of 15% w/v for four weeks.
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Figure 3. The concentrations of glutathione (GSH), catalase, superoxide dismutase (SOD), antioxidant capacity
(TAC), 8-isoprostane and indoxyl sulfate in control (CON) rats and in rats treated with adenine (A) 50 mg/Kg, 100
mg/Kg, 50 mg/Kg + gum acacia (GA), 100 mg/Kg + GA. Each column is mean £ SEM (n=six rats). Statistical analy-
sis by ANOVA followed by Tukey’s multiple comparison tests.

group was given the same dose as the fourth
group and received GA in drinking water at a
concentration of 15%, w/v, simultaneously until
the end of the experiment. The animals were
weighed weekly and placed individually in met-
abolic cages to enable the collection of the
urine voided in 24 h. At 24-h after the end of
the treatment the animals were anesthetized
with an intraperitoneal injection of ketamine
(75 mg/kg) and xylazine (5 mg/kg), and blood
(5 mL from each rat) was collected from the
anterior vena cava into heparinized tubes. The
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blood and urine collected were centrifuged at
900 g at 4°C for 15 min and then stored frozen
at -80°C pending analysis. The two kidneys
were excised, cleared of fat, blotted on filter
paper, and weighed. A small piece of the right
kidney was placed in 10% formalin for subse-
quent histological processing. The rest of the
Kidneys were kept frozen at -80°C to await bio-
chemical analysis within a week. The left kidney
was homogenized in ice-cold Tris buffer (pH
7.4) to give a 10%, w/v homogenate. This was
centrifuged at 1500 g at 4°C for 15 min, and
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Table 2. Effect of treatment of rats with two different doses of intraperitoneal adenine with or without
addition of gum acacia (GA) on activities of some plasma enzymes

GROUPS ALT (U LY AST(IU LY) CK (U LY GGT(U LY) LDH (IU %)
Control 30.2 £ 3.6° 56.8 £ 3.6° 107.8 + 17.9° 3.4 £0.4° 170.4 £ 29.6*
Adenine 50 70.8+7.1° 146.0 £ 23.7° 317.0 £ 80.72 3.6+11° 385.7 £ 63.9°
Adenine 50+GA 54.8 £ 13.5% 104.3 £ 20.8° 219.3 £ 40.2° 3.0+11° 152.0 + 19.8°
Adenine 100 78.2+11.3° 172.2 + 37.3° 1373 + 254,700 5.8+ 1.4° 748.5 + 89.5"¢¢
Adenine 100+GA 57.0 + 9.4° 124.3 + 24.3° 795 + 188.8° 3.2+0.6° 312.0 + 39.3%¢

Values are expressed as mean + SEM (n=6). Values (for the same parameter) with different superscript are signifi-
cantly different (P<0.05 or less). ALT: alanine transaminase; AST: aspartate transaminase, CK: creatine kinase; GGT: L-y-

glutamyltransferase; LDH: lactate dehydrogenase.
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Figure 4. The concentration of 8-hydroxy-2’-deoxyguanosine (8-OHdG) and cystatin C in control (CON) rats and in
rats treated with adenine (A) 50 mg/Kg, 100 mg/Kg, 50 mg/Kg + gum acacia (GA), 100 mg/Kg + GA. Each column
is mean + SEM (n=six rats). Statistical analysis by ANOVA followed by Tukey’s multiple comparison tests.

the supernatant obtained was used to measure
superoxide dismutase (SOD) activity and redu-
ced glutathione (GSH) concentration.

Biochemical and physiological measurements

The plasma L-y-glutamyltransferase (GGT) and
lactate dehydrogenase (LDH) were measured
using kits from Human GmbH (Mannheim, Ger-
many) and Sigma Chemical, St. Louis, MO, USA,
respectively. The plasma and urine concentra-
tions of creatinine, as well as the plasma urea
concentrations and aspartate transaminase
(AST), alanine transaminase (ALT), and creatine
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kinase (CK) activities were measured using
standard laboratory methods by an LX20 mul-
tiple automated analyzer (Beckman Coulter,
CA, USA). The supernatants of renal homoge-
nates were separated into two aliquots and
were used for the measurement of the follow-
ing parameters, using assay kits according to
the manufactures’ instructions: glutathione
(GSH) concentration with GSH/GSSG assay kit
(Biovision, Mountain View, CA, USA), total anti-
oxidant capacity (TAC) (Randox Laboratories
Crumlin, UK), catalase (Cayman Chemical Co.,
Ann Arbor, MI, USA), and superoxide dismutase
(SOD) (Cell Technology Inc., Mountain view, CA,
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USA). The plasma concentration of indoxyl sul-
fate (IS) was measured by an HPLC method as
previously described [19]. Neutrophil gelatin-
ase-associated lipocalin (NGAL) concentration
was measured in plasma by an ELISA method
using kits obtained from Bioporto Diagnostics
(Gentofte, Denmark). The concentrations of
8-isoprostane and 8-hydroxy-2’-deoxyguano-
sine (8-OHdG) measured by kits from Statok
Kino, Shizuoka, Japan. N-acetyl-beta-D-glucosa-
minidase (NAG) and cystatin C were measured
by commercial kits.

Histopathology

The kidneys were fixed in 10% neutral-buffered
formalin, dehydrated in increasing concentra-
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Figure 5. Representative photographs of sections
of renal tissue from rats treated for 28 days with:
(A) saline (control), (B) adenine injected intra-
peritoneally, i.p., (50 mg/Kg), (C) adenine i.p. (50
mg/kg) + GA (15% w/v, in drinking water), (D) ad-
enine i.p. (100 mg/Kg), and (E) adenine i.p. (100
mg/kg) + GA as above. The photographs show
the presence of tubular dilatation (thick black ar-
row), glomeruli with mesangial expansion (thick
white arrow), inflammation (circles), tubular atro-
phy (thin arrow), and glomeruli showing capillary
widening (asterisk). Staining was carried out with
periodic acid-Schiff stain.

tions of ethanol, cleared with xylene and embe-
dded in paraffin. Two micrometer (um) sections
were prepared from kidney paraffin blocks and
stained with hematoxylin and eosin, periodic
acid-Schiff stain (PAS) and Masson'’s trichrome
stain.

Statistical analysis

Statistical analysis was carried out using
GraphPad Prism 5.0 (GraphPad Software,
SanDiego, CA, USA). Data are expressed as
means * SEM. Comparisons between the
groups were performed by one-way analysis of
variance followed by Tukey’s multiple compari-
son tests. P<0.05 was considered statistically
significant.
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Results

General appearance, body weight and kidney
weight

The kidneys of the control rats appeared nor-
mal. However, the kidneys of adenine-treated
animals were pale, and a few adenine crystals
were seen, mainly in the cortex area (Figure 1).
The kidneys of the groups that had been treat-
ed with adenine and GA together visually
appeared improved compared with those of the
kidneys of groups treated with adenine alone.

As shown in Table 1, adenine reduced the final
body weight of rats, and the concomitant
administration of GA with adenine did not sig-
nificantly affect the reduction in body weight

34

Figure 6. Representative photographs of sec-
tions of renal tissue from rats treated for 28 days
with: (A) saline (control), (B) adenine injected in-
traperitoneally, i.p., (50 mg/Kg), (C) adenine i.p.
(50 mg/kg) + GA (15% w/v, in drinking water),
(D) adenine i.p. (100 mg/Kg), and (E) adenine
i.p. (100 mg/kg) + GA as above. The photographs
show the presence of fibrosis (thick blue arrow),
glomeruli with mesangial expansion (thick white
arrow), and golermuli showing capillary widening
(asterisk). Staining was carried out with Mas-
son’s trichrome stain.

caused by adenine alone. The weight of the kid-
neys relative to that of the body was significant-
ly increased by adenine and concomitant
administration of GA with adenine significantly
abated that increase (P<0.001). Also, adenine
significantly (P<0.001) increased the water
intake and urine output, and GA mitigated that
action.

Biochemical findings

The concentrations of urea and creatinine
increased significantly in the two groups treat-
ed with adenine alone. This effect was signifi-
cantly reversed by GA (Figure 2). The plasma
activity of NGAL and urinary activity of NAG
were significantly raised in adenine treated
groups alone and this rise was significantly
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ameliorated by the addition of GA (Figure 2).
The oxidative markers GSH, catalase, SOD, TAC
and 8-isoprostane and uremic toxin IS were all
elevated in adenine treated groups and GA sig-
nificantly reduced their concentrations (Figure
3). The enzymes LDH, AST, ALT, GGT and CK
were raised in adenine treated groups and GA
decreased these significantly (Table 2). Admi-
nistration of adenine significantly raised the
concentration of cystatin C and 8-OHdG, an
effect significantly reduced by addition of GA
(P<0.001) (Figure 4).

Histopathology

Adenine treatment caused severe changes in
the histopathology of the kidneys as shown in
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Figure 7. Representative photographs of sec-
tions of renal tissue from rats treated for 28
days with: (A) saline (control), (B) adenine
injected intraperitoneally, i.p., (50 mg/Kg),
(C) adenine i.p. (50 mg/kg) + GA (15% w/v,
in drinking water), (D) adenine i.p. (100 mg/
Kg), and (E) adenine i.p. (100 mg/kg) + GA as
above. The photographs show the presence of
tubular dilatation (thick black arrow), and in-
flammation (circles). Staining was carried out
with hematoxylin and eosin.

the slides stained with three stains, hematoxy-
lin and eosin, PAS and Masson’s trichrome
stain. Glomeruli of control rats exhibited nor-
mal architecture, while glomeruli of rats treated
with adenine (50 mg/kg and 100 mg/Kg)
showed an expansion of mesangial matrices,
and the glomeruli of rats treated with adenine
(100 mg/kg) also showed capillary widening
(Figures 5 and 6). Glomeruli of animals treated
simultaneously with adenine (50 mg/kg) and
GA again showed normal architecture, while
glomeruli from animals treated simultaneously
with adenine (100 mg/kg) and GA still showed
mesangial expansion. Tubulointerstitial injury
in animals treated with adenine (100 mg/kg)
predominantly was characterized by tubular
dilatation and atrophy, which was not observed
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in the group receiving the lower adenine dose
(50 mg/kg) (Figure 5). Animals treated simulta-
neously with adenine (100 mg/kg) and GA still
showed tubular atrophy, but almost no dilata-
tion. Further, in both adenine-treated groups
extensive interstitial fibrosis (Figure 6) and
inflammation, characterized by infiltration of
macrophages (Figure 7), was detected. All th-
ese tubular changes were ameliorated to a
moderate extent by GA, more effectively in the
group receiving simultaneously the lower dose
of adenine (50 mg/kg) and GA.

Discussion

In vivo animal models of uremia are important
tools in examining the biochemical, physiologi-
cal and histopathological mechanisms of CKD
and the effect of potential therapeutic interven-
tion on these mechanisms prior to studies on
humans [20, 21]. Adenine was first reported in
1986 to successfully induce uremia as an alter-
native method for the highly demanding cost
and skKill required for the surgical model of ure-
mia [13]. Thereafter, several studies adopted
this model whereby adenine is co-administered
with feed to rats and mice at 0.75%, w/w, and
0.2%, w/w, respectively to induce CKD [16]. In
the present work the intraperitoneal adminis-
tration of adenine at doses of 50 and 100 mg/
kg induced CKD in rats in a similar manner and
to the same extent seen in rats fed with ade-
nine [12, 15]. This was concluded from the sig-
nificant increases in water intake and urine and
feces production, accumulation of IS, creati-
nine and urea and the decrease in creatinine
clearance as well as in body weight. In addition,
the morphological and histopathological altera-
tions in kidneys of adenine administered groups
confirm the development of CKD. The adminis-
tration of adenine i.p. can thus be considered
an alternative superior model to oral adenine
for the induction of CKD. The benefits of this
model are that adenine directly enters the sys-
temic circulation bypassing any possible local
(intestinal) direct physical interaction with any
enteral ameliorating agent such as GA and
charcoal [17]. It also is more practical, conve-
nient and accurate.

The mechanism by which adenine induces CKD
is not well elucidated. Adenine and its metabo-
lite, DHA, have low solubility and precipitate in
the renal tubules leading to their occlusion and
the development of uremia [7, 14]. Furthermore,
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adenine has a tendency to cause several oxida-
tive and inflammatory reactions in renal tissues
which might cause an increase in several oxida-
tive and inflammatory markers such as GSH,
SOD, catalase and TAC as seen in the present
and other studies [12, 17, 22-24]. The increase
in the oxidative derivative of deoxyguanosine,
8-0HdG, one of the major DNA oxidative prod-
ucts, in the adenine treated groups also indi-
cates oxidative stress within the cells. These
oxidative biomarkers in the long run, as report-
ed previously, might have systemic toxicity
potentially causing damage to several other
organs such as liver and heart [25-28]. The liver
enzymes LDH, AST, GGT, ALT and CK, signifi-
cantly raised in the adenine treated groups
compared with the control, suggest a degree of
liver damage that might be caused by oxidative
and inflammatory reaction towards adenine
[29, 30].

GA, given orally, has been used in the treat-
ment of CKD in several developing countries
such as Iraqg and Sudan [10, 31, 32]. GA is
thought to act primarily via increasing the fecal
nitrogen excretion which in turn lowers serum
urea nitrogen concentration. Recently, GA has
been found in several studies to have anti-
inflammatory and antioxidative properties mak-
ing it an apoptosis scavenger [12, 15]. Furth-
ermore, previous in vitro studies showed that
GA dose dependently scavenged generated
superoxide radicals [18]. In this study concomi-
tant treatment with GA significantly reduced
the inflammatory and oxidative stress induced
by the administration of intraperitoneal ade-
nine. These include a reduction in GSH, SOD,
catalase and TAC. It also significantly reduced
NGAL, NAG and cystatin C, the biomarkers of
acute kidney injury [33, 34]. In addition, GA
abrogated the histopathological findings seen
in the adenine administered groups. These
beneficial effects suggest that the antioxidative
and anti-inflammatory properties possessed by
oral GA are the main mechanism for its salutary
action in adenine-induced CKD. These findings
suggest the need for further in vivo studies on
a molecular basis for the systemic effects asso-
ciated with the use of GA and perhaps suggest
the need for a translational move towards a
small scale human study.

In conclusion, oral GA significantly ameliorated
the effects associated with use of adenine
given i.p. This last route of administration can
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successfully replace the oral model of induc-
tion of CKD.
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