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Abstract

Gum Arabic (GA [Acacia senegal)) is reputed, in Arabian medicinal practices, to be useful in treating patients with chronic renal
failure (CRF), albeit without strong scientific evidence. We have previously shown that GA had no significant effect in rats with
CRF induced by surgical nephrectomy. Here, we used another animal model of human CRF (feeding adenine at a
concentration of 0.75%"/" for four weeks) to test the effect of GA on CRF. Renal morphology and measurements of
plasma concentrations of urea and creatinine (Cr), and Cr clearance, in addition to urinary volume, osmolarity and protein
concentrations, and N-acetylglucosamine and lactate dehydrogenase activities were performed. Interleukin-6 and the total
antioxidant levels in urine, as well as the activity of superoxide dismutase in renal tissues, were estimated. Adenine
feeding resulted in marked renal damage. GA (6%"“/Y and 12%"/V in drinking water for four consecutive weeks)
significantly ameliorated the adverse biochemical alterations indicative of renal failure, abated the decrease in body weight
and reduced the glomerular, tubular and interstitial lesions induced by adenine. Our study provides evidence that GA
attenuated renal dysfunction in this model of CRF, suggesting a promising potential for it in protecting against renal failure
progression. The mechanism(s) of this nephroprotection is uncertain but may involve anti-oxidant and/or anti-inflammatory

actions.
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Introduction

The incidence of chronic renal failure (CRF) appears to be on
the increase, especially in some developing countries, impos-
ing a very expensive and rising demand on health-care
systems already burdened by paucity of resources." There
is, therefore, an obvious need for alternative approaches
that would reduce the cost of dialysis, drug therapy and
renal transplantations. One such approach is the use of oral
sorbents,” ® and the literature is replete with publications
on the impact of nutrition on kidney disease.>> Most
dietary attempts to treat CRF and to decrease the consequent
uremia used protein restriction regimens.*”> An alternative
approach has recently been suggested by diet supplemen-
tation with fermentable carbohydrate.
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Gum Arabic (GA) is a fermentable carbohydrate derived
from the dried exudates of Acacia senegal, and is widely
used in both the pharmaceutical and food industries as an
emulsifier and stabilizer (for a recent review see reference’).
GA is used in the traditional medicinal practices in Middle
Eastern countries. In Sudan particularly, GA is used to ame-
liorate the severity of CRF, and has been shown to reduce
the frequency of dialysis from three to two times per
week.”® Treatment with GA has been claimed to result in
a urea-lowering effect by increasing fecal urea nitrogen
excretion, with a concomitant decrease in urinary total nitro-
gen in adults”' and children."" "> Based on laboratory
data,'* extraction, modification and recycling of nitrogenous
wastes by the gastrointestinal tract is a potentially low-cost
means of substituting for missing renal function. However,
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in a previous preliminary study,” we have shown that treat-
ment of rats with GA (3 or 6 g/100 mL drinking water/day
for five consecutive weeks) did not significantly affect the
decrease in body weight or the increases in creatinine (Cr)
and urea induced by CRF produced by subtotal nephrect-
omy." In the present study, we have examined the effects
of GA (6 or 12 g/100 mL drinking water/day for four con-
secutive weeks) on renal function impairment using a
range of physiological, histological and biochemical vari-
ables in rats with CRF induced by feeding adenine, which
is an established animal model of human CRF.'>'®

Some of the findings presented in this article have been
reported previously in the form of abstract at the meeting
of the congress of the European Association for Clinical
Pharmacology and Therapeutics, Edinburgh 2009."

Materials and methods

This project was reviewed and approved by the Institutional
Review Board of the Sultan Qaboos University, College
of Medicine and Health Sciences, and experiments were
performed in accordance with protocols approved by
the Institutional Animal Care and Research Advisory
Committee.

Animals

A total of 36 male Wistar rats (Taconic Farms, Germantown,
NY, USA) aged six weeks and weighing initially 200-240 g
were obtained from the SQU Small Animal House. They
had free access to water and a feed composed of standard
powder diet containing 0.85% phosphorus, 1.12% calcium,
0.35% magnesium, 25.3% crude protein and 2.5IU/g
vitamin D3 (Oman Flour Mills, Muscat, Oman).

Chemicals

Adenine and GA powder were obtained from Sigma (St
Louis, MO, USA) and were prepared freshly every day. Kits
for measuring N-acetylglucosamine (NAG) activity were
obtained from Diazyme Laboratories (General Atomics, San
Diego, CA, USA), for Cr, urea, gamma glutryl transaminase
and protein concentration from Human GmbH (Mannheim,
Germany), for lactate dehydrogenase (LDH) from Roche
Diagnostics (France), for superoxide dismutase (SOD) from
Randox (Antrim, UK) and for total anti-oxidants from
Cayman Chemicals (Ann Arbor, MI, USA).

Experimental design

After an acclimatization period of seven days, rats were ran-
domly divided into six equal groups. The first group contin-
ued to receive the same diet without treatment until the end
of the study (control group). The second group was
switched to a powder diet containing adenine (0.75%"/*
in feed) for four weeks. The third and fourth groups were
given normal food and GA in drinking water at a concen-
tration of 6%"/Y and 12%%/", respectively, for four weeks.
The fifth and sixth groups were given adenine in the feed

as in group two, plus GA in drinking water at a concen-
tration of 6%%/V and 12%"/", respectively, for four weeks.

During the treatment periods rats were weighed weekly
and placed individually in metabolic cages to collect the
urine voided in 24 h. Twenty-four hours after the end of
the treatment rats were anesthetized with intraperitoneal
injection of ketamine (75 mg/kg) and xylazine (5 mg/kg),
and blood (3mL) collected from the anterior vena cava
was placed into heparinized tubes. The blood and urine
were centrifuged at 900 g at 4°C for 15 min. The plasma
obtained, together with the urine specimens, were stored
frozen at —80°C pending analysis. The two kidneys were
excised, blotted on filter paper and weighed. A small
piece of the right kidney was placed in 10% formalin for
subsequent histological processing. The rest of the kidneys
were kept frozen at —80°C to await biochemical analysis
within a week. The left kidney was homogenized in
ice-cold Tris buffer (pH 7.4) to give a 10%"/" homogenate.
The latter was centrifuged at 1500 g at 4°C for 15 min, and
the supernatant obtained was used to measure SOD activity.

Biochemical and physiological measurements

Creatinine (in urine and plasma), urea (in plasma) and
protein (in urine) contents, and NAG and LDH activities
(in urine) were measured spectrophotometrically using
commercial kits (Biomerieux, Marcy I'Etoile, France). Urine
antioxidant capacity was assessed by the Trolox equivalent
antioxidant capacity, and was measured spectrophoto-
metrically according to Miller et al.'® using a commercial
kit (Cayman Chemical).

The SOD activity in kidney supernatant homogenates was
measured spectrophotometrically by a kinetic method using
a commercial kit (RANSOD, by Randox Laboratories), and
results were expressed in international units per milliliter.
Osmolarity was measured with an Advanced Digimatic
osmometer (Advanced Instruments Inc, Norwood, MA,
USA) using the cryoscopic method. Creatinine clearance
(CCr) was calculated by a standard method." Briefly, CCr
was calculated using the following equation: CCr (mL/
(min kg) body weight) = [urinary Cr (mg/dL) x urinary
volume (mL)/serum Cr (mg/dL)] x [1000/body weight
(g)] x [1/1440 (min)].

Renal histology

The kidneys were fixed in 10% neutral formalin, dehydrated
in increasing concentrations of ethanol, cleared with xylene
and embedded in paraffin. Five micrometer sections were
prepared from kidney paraffin blocks and stained with
hematoxylin and eosin and Masson’s trichrome stains
using standard procedures.”® The microscopic scoring of
the kidney sections was carried out in a blind fashion by a
pathologist who was unaware of the treatment groups and
assigned a score, as described before,”’ which represents
the approximate extent of necrotic area in the cortical prox-
imal tubules on a scale of 0-4 (0, no necrosis; 1, a few focal
necrotic spots; 2, necrotic area was about one half; 3, necrotic
spots was about two-thirds; 4, nearly the entire area was
necrotic).
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Table 1 Effect of treatment of rats with Gum Arabic (GA, 6%"/" and 12%"/" in drinking water), with or without adenine in the feed (0.75%"“/") on

body and kidney weights

Group Initial wt (g) Final wt (g) Change (%) Kidney wt (%)
Control 191.1 +33 334.2 +10.2 749 +4.4 0.81 + 0.01
GA 6% 201.3 +4.7 286.5 + 6.2 42.44+1.9 0.68 + 0.02
GA 12% 183.3+ 7.7 270.7 £ 6.3 49.0+ 7.3 Not available
Adenine 250.8 +5.2 158.5 +7.6 —46.8 +10.8 2.13 +0.08
Adenine + GA 6% 2629 +4.2 2341 +55 -10.9 +2.0 1.19 + 0.03
Adenine + GA 12% 243.3 + 6.1 206.7 + 6.0 —-148+2.9 1.13 + 0.02

Each value is a mean + SEM (n = 6 rats)
Kidney weights were expressed as % of the final body weight

Statistical analysis

Data are expressed as mean + SEM and were analyzed by
one-way analysis of variance followed by Tukey’s multiple
comparison tests (Graphpad Prism version 4.03, San Diego,
CA, USA); P < 0.05 was considered statistically significant.

Results
General effects

Table 1 shows the body weight changes in the six groups
studied. Adenine feeding (0.75%"/" for 4 weeks) caused a
progressive decrease in body weight amounting to about
47% at the end of the treatment period, when compared
with the initial body weight. Concomitant treatment with
GA at concentrations of 6%"“/% and 12%"/* in water
ameliorated this effect.

The weights of the kidneys relative to the final body
weights in adenine-treated rats (Table 1) indicated that the
relative weights of kidneys from rats treated with adenine

are significantly higher than those in control rats.
Concomitant treatment with GA at the two doses incom-
pletely, but significantly, reversed this effect (P < 0.05).
The general appearance of the adenine-treated rats was
improved by GA treatment at both doses. Kidneys of
adenine-treated rats were pale, and a few adenine crystals
were seen mainly in the cortex area. The morphological
appearance of the kidneys of rats treated with adenine
plus GA at the two doses used was improved compared
with that of the kidneys of rats treated with adenine alone
(Figure 1).

Biochemical findings

Plasma

As shown in Figure 2, adenine feeding (0.75%"/" for 4
weeks) caused significant elevations (P < 0.001) in the con-
centrations of urea and Cr in the plasma, and significant
decrease in the CCr (P < 0.001). Treatment with GA, at
both doses, significantly mitigated the adenine effect.

Adenine +Gum Arabic 6%

£

Adenine +Gum Arabic 12%

Figure 1 Gross morphology of the kidneys of a rat that has received adenine only (0.75%"/" in the feed), and two doses of Gum Arabic (6%"/* and 12%"“/¥ in
drinking water), compared with a control rat (normal saline) (A color version of this figure is available in the online journal)
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Figure 2 Effect of adenine feeding (0.75%"/") with or without concomitant administration of Gum Arabic (6%"/" and 12%"/" in drinking water) on creatinine
and urea plasma concentrations and on creatinine clearance. Each column and vertical bar depict mean + SEM (n = 6 rats)

Urine

Water intake and urine output were progressively and sig-
nificantly increased by adenine treatment (Figure 3). This
effect was mitigated by concomitant treatment with GA
(6%*/¥ and 12%"/"). GA, at the two doses used, did not
significantly affect the urinary osmolarity or NAG activity.
However, adenine feeding significantly increased the
activity of the enzyme and decreased the osmolarity, an
effect that was incompletely reversed by simultaneous GA
treatment. At a concentration of 12%"/¥, GA was effective

in significantly ameliorating the adenine-induced increase
in NAG activity (P < 0.05). As shown in Figure 4, adenine
feeding significantly suppressed total antioxidant capacity.
This effect was significantly, but not completely, reversed
by concomitant treatment with GA at the two doses used.
The activity of LDH in urine was not measurable in the
urine of rats treated with adenine. In rats treated with GA
at the two doses, the LDH in urine was increased.
Simultaneous treatment with GA and adenine incompletely
reversed this action (Figure 4). A trend in the decrease of
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Figure 3 Effect of treatment of rats with saline (O), Gum Arabic (GA) 6%"/" in drinking water (s), GA 12%"/" in drinking water (A), adenine 0.75%"/¥ (X),
adenine + GA 6% (A), adenine + GA 12% (J), on water consumption, 24-h urine volume, urine N-acetylglucosamine (NAG) activity and urine osmolarity. Each

point or column is a mean + SEM from six rats

IL-6 concentrations in the urine in adenine-treated group,
which was mitigated by GA, has been observed. However,
overall, IL-6 levels measured were variable, and no statisti-
cal difference was observed between the different groups.

Kidney

The effect of adenine and GA treatments on the activity of
SOD in rat renal tissue is shown in Figure 5. GA at the
two doses produced a slight increase in the SOD activity
(significant at a concentration of 12%"/Y), while adenine
produced a marked reduction (P < 0.01). This reduction
was incompletely but significantly reversed by GA at both
doses (P < 0.05).

Histopathological findings

Rats in the control group showed normal kidney architec-
ture and histology and complete absence of interstitial fibro-
sis (Figures 6A and 7A). Similarly, the rats treated with 6%
or 12% GA had normal kidney architecture and histology,
with absence of interstitial fibrosis (Figures 6B, C, 7B and C)
The adenine-treated groups showed diffuse tubular injury
with neutrophil polymorph infiltration, tubular necrosis,
tubular atrophy and diffuse interstitial fibrosis (Figure 6D).
In this group, the Masson’s trichrome stain identified the
interstitial fibrous tissue by staining it green (Figure 7D).
Kidney histological sections of the rats treated with
adenine plus 6% GA (Figure 6E) showed marked improve-
ment in comparison with the adenine-treated group,

reverting the histological appearance seen in this latter
group to normal in about 50% of the examined tissue
fields (Figure 6E). There were areas of tubular injury with
neutrophil polymorph infiltration, tubular necrosis,
tubular atrophy and interstitial fibrosis, but these were of
less intensity than in the adenine-treated group, although
they were seen in about 50% of the examined tissue fields
(Figure 6E). The Masson’s trichrome stain demonstrated
green staining of interstitial fibrous tissue (Figure 7E). This
was less in the 6% GA group than in the adenine-treated
group and affected about 50% of the examined tissue field.

Kidney histological sections of the rats treated with
adenine plus 12% GA showed more marked improvement,
showing normal kidney architecture and histology, with
the absence of interstitial fibrosis (Figures 6F and 7F).
Sections from these rats showed striking histological
improvement reverting the appearance seen in the adenine-
treated group to normal in about 80% of the examined tissue
fields (Figure 6F). There were few foci showing tubular
injury with neutrophil polymorph infiltration, tubular
necrosis, tubular atrophy and interstitial fibrosis, which
were less intense than those seen in the adenine-treated
group and the adenine plus 6% GA-treated rats, and were
seen in about 20% of the examined tissue fields (Figure 6F).

The Masson’s trichrome stain demonstrated the green stain-
ing of interstitial fibrous tissue (Figure 7F), which was less
than that deposited in the adenine-treated group, and in the
rats treated with adenine together with GA (6%), and affected
about 20% of the examined tissue field (Figure 7F).
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Figure 4 Effect of adenine feeding (0.75%"/%), with or without concomitant administration of Gum Arabic (6%"/¥ and 12%"/" in drinking water), on urinary
antioxidant, lactate dehydrogenase (LDH) activity and interleukin (IL)-6 concentration. Each column and vertical bar represent mean + SEM (n = 6 rats)

Table 2 shows a semi-quantative analysis of the histology ~ abnormalities resembling CRF in humans."* In mammalian
of the kidney of rats treated with adenine, with or metabolism, when adenine is present in excess, it becomes a
without GA. significant substrate for xanthine dehydrogenase. This
enzyme can oxidize adenine to 2,8-dihydroxyadenine
(DHA). Because adenine and DHA have low solubility,
they precipitate in renal tubules.

It has been shown that, in rats, long-term feeding of adenine Adachi et al.*? reported that adenine-rich diets increase
suppresses the excretion of nitrogenous compounds by  blood urea nitrogen and Cr by decreasing the excretion of
means of renal tubular occlusion, and produces metabolic these substances, because excretion of nitrogenous

Discussion
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Figure 5 Activity of superoxide dismutase (SOD) in kidney homogenate from rats treated with Gum Arabic (6%"/* and 12%"/" in drinking water) with or without
adenine in the feed (0.75%‘”/ %), expressed as % of the control values. Each column represents mean from six rats. Each column and vertical bar represent

mean + SEM (n = 6 rats)

compounds is suppressed by renal occlusion due to DHA.
Deng et al.* also showed that the disease progression of
adenine-induced CRF is time-dependent - the longer the
feeding time, the more severe is the disease. In this work
we opted to feed adenine (0.75%"/*) to the rats for
28 days, which was found by some researchers to be an
optimum duration of treatment that damages the kidneys
but does not produce mortality.”*>** It has been reported
that feeding adenine (0.04%"/") for 38 days has resulted
in some mortalities.”* Others have found that the same
dose that we employed (0.75%"“/") produced an ‘ideal
model resembling CRF’, although one-half of their treated
rats died.”® No mortality was encountered in our exper-
iment and a biochemically and histopathologically proven
CRF was observed.

Another animal model with many similar characteristics
of human CRF is the remnant kidney.'”” In a previous
work, we employed the latter model to test the reputed
usefulness of GA in CRF.® GA given in the drinking water
at a dose of 3 or 6g/100 mL/day for five consecutive
weeks did not offer a clear or significant nephroprotective
effect. In contrast, in the current study we employed the
adenine-induced CRF model and found that GA at the
two doses used (6% and 12% in the drinking water) signifi-
cantly mitigated the extent of the biochemical, physiological
and histopathological effects of the adenine. The reason for
the discrepancy between the results of the two animal
models of CRF is not known. However, it can be related
to the fact that CRF in the remnant kidney model appears
just after the surgical operation and is slowly progressing.
The discrepancy between the two models may also be a
reflection of the lower dosage of GA used in the earlier
experiment, or to the severity of the surgical model, which
induced in our previous experiment a more drastic CRF
that could not be mitigated by GA treatment at the relatively
low doses used. Another possible explanation why this
model may have failed (where adenine model has
worked) is that the reno-protective action of GA may

involve a component in the kidney. This will be mostly
absent in the surgical model, and therefore, perhaps the
adenine model (where all the renal tissue is present) reacts
differently to GA than in the surgical model. It has been
suggested that nephrin may be such a component in the
kidneys that GA may work on to cause nephroprotection
(Nasir, personal communication). Nephrin is a structural
protein of the slit diaphragm, is expressed on the surface
of glomerular podocytes and is critical in maintaining
permselectivity and preventing proteinuria.”® To what
extent these animal models of CRF are applicable to CRF
in humans, considering that the situations of patients suffer-
ing from CRF cannot be easily and completely reproduced,
is not certain.”® However, the fact that more than one
preliminary clinical report from Sudan'® and Iraq" have
indicated a beneficial effect of giving GA to CRF patients
lends strong support to the relevance and validity of the
model used here.

In the present work, several physiological, biochemical
and histopathological parameters have been used to find
out if GA consumption would mitigate CRF, as claimed in
some traditional medicinal practices,® and reported in a
few papers from Sudan and Iraq.'~'? Our results suggest
that GA at the doses tested and for the duration used was,
in fact, effective in significantly (but incompletely) reversing
most of the indices of CRF measured.

The mechanism(s) by which GA improves renal function
in CRF are not certain. It has been postulated that GA
enhances the amount of energy available to the colonies of
bacteria that ferment dietary fibers and absorb nitrogen as
they grow.”~® These bacterial colonies are also capable of
degrading urea to ammonia, excreting it in feces and
taking some of the body nitrogen waste with them.”'* Tt
has also been shown that consuming fermentable fibers
can lead to enlargement of the cecum by increasing its con-
tents and its wall thickness and blood flow. These changes
resulted in concomitant enhancement of urea nitrogen
uptake into the cecum and a decrease in plasma urea
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Figure 6 Representative photograph of sections after haematoxylin and eosin staining (H&E, 100 x) of renal tissue under light microscope of rats treated with
saline, Gum Arabic (GA), adenine and adenine + GA. (A) Control group, showing normal kidney architecture and histology, H&E. (B) GA 6% treated group, showing
normal kidney architecture and histology, H&E. (C) GA 12% treated group, showing normal kidney architecture and histology, H&E. (D) Adenine-treated groups,
showing diffuse tubular injury (thick arrow) with neutophil polymorph infiltration, tubular necrosis, tubular atrophy, interstitial inflammatory cells infiltration (thin
arrow), interstitial fibrosis (arrowhead) and a sclerosed glomerulus (curved arrow), H&E. (D) Adenine + GA 6% treated group, showing histological improvement
with reverting the histological appearance seen in (D) to normal in about 50% of the examined tissue fields. Areas of tubular injury (thick arrow), tubular atrophy,
interstitial inflammatory cell infiltration (thin arrow) and interstitial fibrosis (arrowhead) which are of less intensity than (D) and are seen in about 50% of the exam-
ined tissue fields, H&E. (F) Adenine + GA 12% treated group, showing striking histological improvement with reverting the histological appearance seen in (D) to
normal in about 80% of the examined tissue fields; focal area of tubular injury with neutophil polymorph infiltration (thick arrow) and interstitial inflammatory cell
infiltration (thin arrow) which are less in intensity than (D, E) and are seen in about 20% of the examined tissue fields, H&E (A color version of this figure is available

in the online journal)

concentration by about 30%.% It has also been proposed in
the “protein metabolite hypothesis” that circulating endogen-
ous protein metabolites such as indoxyl sulfate (IS) play an
important role in the progression of CRF by stimulating glo-
merular sclerosis and interstitial fibrosis.”’*® GA at the two
doses used ameliorated the significant increase in the con-
centrations of IS in plasma that was induced by adenine
feeding (data not given in this work). It is known that IS,
a metabolite that is derived from dietary protein, is a
uremic toxin that accelerates the progression of CRF,**
and has a pro-oxidant effect.” It is also known that

pathogenesis of experimental CRF is known to be associated
with generation of damaging free radicals®® and also with
an inflammatory response.”” It was of interest to find out
in this work whether GA would influence the oxidant
status and/or inflammatory response of rats treated with
adenine. We measured the activity of SOD in renal tissues
as an indication of the oxidant status of the kidney tissue,
and found that the activity of the enzyme was significantly
decreased in adenine-treated rats, possibly suggesting that
this CRF model involves generation of free radicals in the
renal tissue. GA treatment ameliorated this action and
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Figure 7 Representative photograph of sections after Masson’s trichrome staining (100 x) of renal tissue under light microscope of rats treated with saline, Gum
Arabic (GA), adenine and adenine + GA. (A) Control group, showing normal kidney architecture and histology, Masson’s trichrome stain. (B) GA 6% treated group,
showing normal kidney architecture and histology, Masson’s trichrome stain. (C) GA 12% treated group, showing normal kidney architecture and histology,
Masson’s trichrome stain. (D) Adenine treated groups, showing diffuse tubular injury (thick arrows), tubular atrophy (thin arrow) and interstitial fibrosis (arrowheads),
Masson’s trichrome stain. (E) Adenine + GA 6% treated group, showing histological improvement with reverting the histological appearance seen in (D) to normal in
about 50% of the examined tissue fields. Areas of tubular atrophy (thin arrows) and interstitial fibrosis (arrowheads) which are of less intensity than (D) and are seen in
about 50% of the examined tissue fields, Masson’s trichrome stain. (F) Adenine + GA 12% treated group, showing significant histological improvements with revert-
ing the histological appearance seen in (D) to normal in about 80% of the examined tissue fields; focal area of interstitial fibrosis (arrow heads) and tubular atrophy (thin
arrows) which are less in intensity than (D, E) and are seen in about 20% of the examined tissue fields, Masson’s trichrome stain. (A color version of this figure is
available in the online journal)

significantly, but not completely, reversed the adenine-
induced decrease in SOD activity, possibly indicating that

Table 2 Semi-quantative analysis of histology of the kidney of rats GA may have acted as an antioxidant by itself, or more
treated with adenine with or without Gum Arabic (GA) . . ‘e .
likely, by another (yet unidentified) mechanism. In a pre-
Group Treatments Score liminary in vitro experiment, we could not find a significant
1 Saline for four weeks (control) 10 effect for GA on some free radical scavengers.31We also
2 GA (6% in drinking water for 4 weeks) +0 measured IL-6 cytokine (an inflammatory cytokine), which
8 GA (12% in drinking water for 4 weeks) +0 is an indicator of inflammatory response.’* Although stat-
4 Adenine (0.75% in feed for 4 weeks) +3 . e .
. . istically insignificant, a trend to a decrease in the concen-
5 Adenine (as above) + GA (as in group 2) +2 X A N N h
6 Adenine (as above) + GA (as in group 3) 1 tration of IL-6 was found in urine, suggesting that its level

in plasma has increased. This action was mitigated by GA
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treatment, a possible indication that the adenine-induced
CRF involves an inflammatory response. Both of these
two possible mechanisms need to be investigated in more
detail by measuring more cytokines and reactive oxygen
species.

In conclusion, this study provided experimental evidence
that GA attenuated adenine-induced renal dysfunction,
suggesting a promising potential of GA in protecting
against renal failure progression. The mechanism(s) of this
nephroprotection is uncertain but may involve anti-oxidant
and/or anti-inflammatory actions. Further work on the
effects of GA on some consequences of adenine-induced
CREF (e.g. hypertension and anemia) is in progress.
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