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Abstract

Chronic renal failure (CRF) either occurring naturally in humans or induced surgically in rats causes alterations in behavior and motor
functions. However, the effect of chemically induced CRF in rats on behavior is not known. We induced CRF in rats by feeding
adenine (0.75% w/w, four weeks) and investigated the effect of the ensuing CRF on a depression model (forced swimming test,
FST), analgesia (mechanical nociception), neuromuscular coordination (Rota-rod test) and motor activity (activity meter test).
Further, we investigated the effect of giving acacia gum (AG, 10% w/v) in the drinking water concomitantly with adenine using
the above models. AG has been previously shown to ameliorate the severity of CRF in humans and rats. Adenine-induced CRF
significantly increased the plasma concentrations of urea and creatinine, and reduced creatinine clearance. Additionally, it
significantly reduced motor activity and increased immobility time in the FST, suggesting a depressant-like effect. Both of these
actions were significantly antagonized by AG treatment. Adenine insignificantly reduced the mechanical nociceptive threshold by
15%. The results of the tests for neuromuscular coordination were inconclusive. In conclusion, adenine-induced CRF caused

motor and behavioral alterations, and these were significantly mitigated by administration of AG.
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Introduction

Chronic renal failure (CRF) in humans, and subtotal
nephrectomy-induced CRF in rats have both been shown
to cause several alterations in behavior.!™® In rats with
CRF induced by renal mass reduction, these include
marked diminution in locomotor, exploratory and emotion-
al activities, and also decreased total number of electrical
shocks received, and total numbers of avoidance and
escape responses, when compared with those of healthy
rats.” In human patients, depression is the commonest
psychological disorder among CRF patients.*” Other
abnormalities include anxiety, which, together with
depression, may lead to diminished sexual activities and
quality of life.° In children, CRF may result in several neuro-
cognitive deficits, such as impaired intelligence quotient,
memory, language and academic achievements.”

There are two experimental animal models for CREF,
namely the surgical model (7/8 remnant kidney model, or
renal mass reduction model) and the chemical model
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(using adenine in the feed). The behavioral aspects associ-
ated with the latter experimental model, first introduced
by Ormond and Miller® and recently used in our labora-
tory,9 has not been reported.

This work is, as far as we are aware, the first investigation
on the effects of adenine-induced CRF on certain behavioral
parameters in rats. Furthermore, we attempted to see if
treatment with acacia gum (AG), which we have previously
shown to be effective in ameliorating several biochemical
and histopathological indices of adenine-induced CRF,’
would also mitigate some selected behavioral and loco-
motor parameters in rats. The mechanism for the nephro-
protective action of AG is not known with certainty, but
there are strong indications that AG may be acting
through immunomodulatory, anti-inflammatory and anti-
oxidant actions. These have been recently reviewed."

Methods
Animals

This project was reviewed and approved by our Institutional
Review Board and experiments were performed in accordance
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with protocols approved by the Institutional Animal Care and
Research Advisory Committee.

Twenty-four male Wistar rats, initially weighing 150-
155 g, were obtained from our University Animal House
and were housed in groups of six under standard tempera-
ture (22 + 2°C), humidity (50-60%) and light conditions
(artificial light from 06:00 to 18:00 h). The rats had seven
days to acclimatize to the new surroundings before being
treated and tested. They had free access to water and a stan-
dard powder diet containing 0.85% phosphorus, 1.12%
calcium, 0.35% magnesium, 25.3% crude protein and
2.51U/g vitamin D3 (Oman Flour Mills, Muscat, Oman). In
the experiment, each rat was used only once. Body weight
was taken at the beginning and the end of the experiment.

Experimental design

After an acclimatization period of seven days, rats were ran-
domly divided into four equal groups of six rats each. The
first group continued to receive the same diet without treat-
ment until the end of the study (control group). The second
group was switched to a powder diet containing adenine
(0.75% w/w in feed, Sigma, St. Louis, MO, USA) for four
weeks. The third group was given normal food and AG
(Sigma) in drinking water at a concentration of 10% w/v
for four weeks. The fourth group was given adenine in
the feed together with AG, as above.

At the end of the treatment period, and after the end of
the behavioral tests, rats were placed individually in meta-
bolic cages to collect the urine voided in 24 h. Thereafter,
the rats were anesthetized with an intraperitoneal injection
of ketamine (75mg/kg) and xylazine (5mg/kg), and
blood (3 mL) collected from the anterior vena cava was
placed into heparinized tubes. The blood and urine were
centrifuged at 900g at 4°C for 15 min. The plasma obtained,
together with the urine specimens were stored frozen at
-80°C pending analysis.

In all behavioral tests used, the sequence of animals to be
tested was chosen in a blinded and randomized manner,
and the tests conducted blind by the same investigator in
a quiet room.

Biochemical measurements

The concentrations of creatinine in plasma and urine, and
urea in plasma were measured using kits from Human
GmbH (Mannheim, Germany).

Forced swimming test
The modified Porsolt forced swimming test (FST)'" was
used, as reported before.'” Rats were placed singly and
forced to swim in a Plexiglas cylinder with the following
dimensions: 45 cm height, 27 cm internal diameter, filled
with water, maintained at 28-29°C to a height of 24 cm.
This ensured that the rat’s feet did not touch the floor of
the vessel and that it did not escape from the vessel.

Two sessions were conducted; an initial 15-min training
session followed 24 h later by a 5-min test session. After that,
the rats were removed from the cylinders, towel-dried and

placed under a lamp for 5 min. They were then returned to
the home cage for testing the next day. A rat was judged to
be immobile whenever it remained floating in the water,
without struggling, in an upright position making only very
small movements necessary to keep its head above water.
Scoring was made by an observer unaware of the drug treat-
ment. The measure of immobility served as a quantitative
measure of the animal’s behavioral despair, where it is
assumed that the animal has given up hope of escaping from
the confines of the vessel."” Each animal was used only once.
In accordance with the suggestion of Abel,'* fresh water was
used for each animal to minimize any effect of the soiled
water from the previous rat (possibly containing ‘alarm phero-
mones’) inducing agitation and decreased motility.

The test was carried out in a room with no other non-
treated animals in the same or adjacent room to avoid
giving rise to signals or odors that may affect non-treated
animals.”® Rats were trained in the FST for 15 min (first
session) as described above, and 24 h later they were sub-
jected to a 5-min session in the FST.

Measurement of motor activity

In order to investigate whether changes in immobility in the
FST above were owing to changes in motor activity, for
example, hyperactivity, as described elsewhere,'® the spon-
taneous activity of rats treated with adenine, with or
without AG was studied. Locomotor (ambulatory) and be-
havioral (total) activity was measured using a computerized
animal activity meter (Ugo Basil, Varese, Italy), as described
before.' Total activity included the ambulatory (actual relo-
cation) activity score and the activity confined to a small
space, that is, repeated crossing of a single photocell. An
array of 15 infrared emitter/detector pairs, spaced at
2.5-cm intervals, measured the animal activity along a
single axis of motion. The counts of photo interruptions
were displayed on the front panel meters as ambulatory
activity and total activity. Immediately after acute treatment,
each rat was placed in the transparent plastic cage (43 cm x
43 cm x 22 cm) of the activity meter. After a 5-min habitu-
ation period in the cage, the activity meter was zeroed
and counts were then taken between 08:00 and 12:00 h
each week. The activity of the animals was tested for
30 min weekly for four consecutive weeks.

Measurement of mechanical nociception
(paw pressure test)

The animals were habituated to handling by the investigator
during the week before the experiments. The nociceptive
threshold in the hind paw of each rat was determined to
measure the sensitivity of the animals to pain in an objective
and reproducible way using an analgesimeter (Ugo Basil),
according to the method described by Norcini et al.*”

Measurement of neuromuscular coordination

Neuromuscular coordination was measured using a
Rota-rod technique (Ugo Basil) and the time of fall from
the rotating rod was monitored following the standard



procedure.'® The apparatus consisted of a base platform and
a rotating rod with a diameter of 6 cm and a non-slippery
surface. The rod was placed at a height of 30 cm from the
base. The rod, 40cm in length, was divided into five
equal sections by six disks. The speed of the apparatus
was kept as 16 r.p.m.

Statistical analysis

Values reported are means + SEM (number of obser-
vations). Differences between groups were analyzed by a
one-way analysis of variance (ANOVA) 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

Figure 1 shows the body weight changes in the four groups
studied. Adenine feeding (0.75% w/w for 4 weeks) caused a
progressive decrease in body weight amounting to about
34% at the end of the treatment period, when compared
with the initial body weight. Unlike our previous finding,9
concomitant treatment with AG at concentrations of 10%
w/w in water did not significantly influence this action.
The reasons are unknown but may be related to the
age/weight of rats or to other unknown factors.

The general appearance of the adenine-treated rats was
improved by AG treatment. 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 AG at the
two doses used was improved compared with that of the
kidneys of rats treated with adenine alone.

Figure 2 illustrates water consumption and urine volume
in control rats, and rats treated with adenine in the feed, AG
and with both adenine and AG given concomitantly for
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Figure 1 The change in body weight (wt) of control rats, and rats treated with

adenine (0.75% w/w) in the feed, AG (10% w/v in the drinking water) and with
both adenine and AG given concomitantly at the same dose for 28 d. Each
column and vertical bar represent mean + SEM (n = 6). Differences between
the groups were assessed by one-way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison tests. P < 0.05 was considered significant.
AG, acacia gum
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28 d. Adenine treatment progressively and significantly
increased water intake and urine output. This effect was
reversed by AG treatment.

Biochemical measurements

Figure 3 shows the creatinine (A) and urea (B) plasma
concentrations, and the creatinine clearance (C) in control
rats, and rats treated with adenine in the feed, AG and
with both adenine and AG. Adenine feeding (0.75% w/w
for 4 weeks) caused significant increases (P < 0.001) in the
concentrations of urea and creatinine in plasma, and a sig-
nificant decrease in the creatinine clearance (P < 0.001).
AG alone did not affect the plasma cratinine and urea,
and creatinine clearance. The treatment with adenine and
AG given concomitantly for 28 d significantly prevented
the adenine-induced increase of plasma creatinine (P <
0.001) and urea (P < 0.001). Similarly, the decrease of creati-
nine clearance caused by adenine was significantly pre-
vented by the AG treatment (P < 0.001).
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Figure 2 Water consumption (a) and urine (b) volume in control rats, and rats
treated with adenine (0.75% w/w) in the feed, AG (10% w/v in the drinking
water) and with both adenine and AG given concomitantly at the same dose
for 28 d. Each point represents mean + SEM (n = 6). Differences between
the groups were assessed by one-way analysis of variance (ANOVA) followed
by Tukey’s multiple comparison tests. “Indicates the level of significant differ-
ence between the control and adenine-treated group, while **indicates the
difference in level of significance between the AG-treated group and the
group treated with AG and adenine (both P < 0.05 for all comparisons).
AG, acacia gum
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Figure 3 Creatinine (a) and urea (b) plasma concentrations, and the creati-
nine clearance (c) in control rats, and rats treated with adenine (0.75% w/w)
in the feed, AG (10% w/v in the drinking water) and with both adenine and
AG given concomitantly at the same dose for 28 d. Each column and vertical
bar represent mean + SEM (n = 6). Differences between the groups were
assessed by one-way analysis of variance (ANOVA) followed by Tukey’s mul-
tiple comparison tests. P < 0.05 was considered significant. AG, acacia gum

Motor and behavioral effects

The immobility time recorded in the FST in control rats, and
rats treated with adenine, AG and with both adenine and
AG given concomitantly for 28 d is illustrated in Figure 4.
Adenine treatment significantly reduced motor (horizontal
and vertical) activity (P < 0.05). The treatment AG alone
did not affect the horizontal or vertical activities.
However, AG treatment significantly prevented adenine-
induced reduced vertical motor activity (P < 0.05).

Compared with the control group, adenine treatment
caused a significant increase of the immobility time in the
FST (P < 0.05, Figure 5). AG alone did not affect this par-
ameter. However, the treatment with AG strongly and sig-
nificantly prevented the increase of immobility time in the
FST (P < 0.01).

As shown in Table 1, adenine treatment reduced the mech-
anical nociceptive threshold by 15%. However, this decrease
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Figure 4 The change in horizontal (a) and vertical motor (b) activity in control
rats and rats treated with adenine (0.75% w/w) in the feed, AG (10% w/v in the
drinking water) and with both adenine and AG given concomitantly at the
same dose for 28 d. Each column and vertical bar represent mean + SEM
(n = 6). Differences between the groups were assessed by one-way analysis
of variance (ANOVA) followed by Tukey’s multiple comparison tests.
P < 0.05 was considered significant. AG, acacia gum

was statistically insignificant. Similarly, the results of the test
for neuromuscular coordination were inconclusive.

Discussion

AG is used in some parts of Asia and Africa in the treatment
of patients with CRF'® and has been shown experimentally
to be beneficial in rats with adenine-induced CRFE,” but not
in rats with surgically induced CRE."

CREF is known to cause cardiovascular, behavioral, repro-
ductive and other complications in both patients and the rat
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Figure 5 The immobility time (in seconds) recorded in the forced swimming
test in control rats, and rats treated with adenine (0.75% w/w in the feed), AG
(10% w/v in drinking water) and with both adenine and AG given concomi-
tantly at the same dose for 28 d. Each column and vertical bar represent
mean + SEM (n = 6). Differences between the groups were assessed by
one-way analysis of variance (ANOVA) followed by Tukey’s multiple compari-
son tests. P < 0.05 was considered significant. AG, acacia gum



Table 1 Paw pressure (in g) of single mechanical nociceptive
threshold in a mechanical hyperalgesia test in rats

Group Day 0 Day 28

Control 5.25 +0.83 5.92 + 0.85
Adenine 5.00 + 0.38 4.25 + 0.66
Acacia gum 5.58 + 0.49 5.33 + 0.80
Adenine + acacia gum 5.75 + 0.42 5.83 +1.40

Control rats and rats treated with adenine (0.75% w/w) in the feed, AG (10%
w/v in the drinking water) and with both adenine and AG given concomitantly
at the same dose for 28 d. Data are expressed as mean + SEM (n = 6).
Differences between the groups were assessed by one-way analysis of
variance (ANOVA) followed by Tukey’s multiple comparison tests. AG, acacia
gum

model of renal mass reduction.”’’ However, such compli-
cations are not documented in rats with adenine-induced
CRF. In this work we have recorded some signs and symp-
toms in rats with adenine-induced CRF, and investigated
the effect of AG, given at a dose that has been successful
in significantly ameliorating the effects of CRF on several
indices of renal function. We have shown, probably for the
first time, that in the CRF model used, there is evidence of
a depression-like action, accompanied by a decrease in
motor activity. AG was effective in ameliorating these
actions. The action of AG might be ascribed to the general
improvement that results from treatment with AG, which
has been suggested to result in a urea-lowering effect by
increasing urea nitrogen (N) excretion in stools, with a con-
comitant decrease in the total N excreted in urine (reviewed
by Ali et al.'®). In this study, we did not measure serum
butyrates but others® have previously suggested that an
increase in serum butyrate has potential beneficial effects
in renal disease. It has been shown that treatment with
AG increased serum butyrate, which at least in vitro has ben-
eficial effects on renal pro-fibrotic cytokine generation.
There is no direct evidence of an effect of AG on behavior
in rats. In fact, AG used as vehicle at 1% or 5% has not
been shown to interfere with behavioral tests.”>* In
addition, Al Mosawi’* has reported that treatment with
AG given to one girl for six years was free from adverse
effects. Moreover, during six years of therapy, the girl con-
tinued experiencing improved wellbeing and good partici-
pation in outdoor activities.

The mechanism(s) by which CRF induced the motor and
behavioral alterations is not certain. However, it has been
suggested to be multifactorial, and may involve alterations
in cerebral neurotransmitters and their metabolism may be
involved. Brain serotonin gamma-aminobutyric acid
content, norepinephrine and acetylcholine release uptake
and degradation are known to be affected by uremia.”>?
It has also been reported that an increase in total calcium
content of the cerebral cortex, accompanied by increased
levels of cytosolic calcium in synaptosomes are common
findings in rats with surgically induced CRF.* More
recently, Smogorzewski and Massry*® reported that in cer-
ebral tissues isolated from rats with surgically induced
CREF, the choline content and the activity of choline kinase
of brain synaptosomes were decreased after three weeks of
induction of the CRF, and were significantly lower than in
normal controls.
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Depression is a common problem in patients with chronic
kidney disease, but has not been adequately diagnosed or
studied,*>?° and in experimental animals has not, as far
as we are aware, been studied in the current model of
CRF. In this work, adenine treatment caused a significant
decrease in body weight. Several neurogenic factors may
have been involved in the progressive decrease in body
weight in rats treated with adenine. For example, inflam-
mation is an important feature in adenine-induced CRE,?
and inflammation and cachexia are known to be prevalent
in CRE* It has also been suggested that the stunted
growth in CRF in nephrectomized rats may be related to
impaired secretion of growth hormone.*"

The motor and behavioral alterations reported here could
also be related to alterations in the brain chemistry of
animals treated with adenine. Recently, in patients with
chronic renal disease, a sensorimotor disorder associated
with depression and characterized by a strong urge to
move the legs associated with paresthesias and motor rest-
lessness has been described.***® Mechanisms, both depen-
dent and independent of insomnia, have been suggested
as a basis for these effects.

The basis of the ameliorative effect of AG on the motor
and behavioral actions of adenine in this work is not
certain. Earlier, we have shown that several histopathologi-
cal, biochemical and physiological effects of adenine-
induced CRF are mitigated by concomitant administration
of AG, probably by its anti-inflammatory and antioxidant
mechanisms.’ Recently, AG has been shown to have
significant immunomodulatory action in experimental
animals,'®** and this salutary effect of AG on immunity
may contribute to its ameliorative action in the signs and
symptoms of CRF. Further work is warranted on the mech-
anisms of the induction of these motor and behavioral
changes, and the protective effect of AG.
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