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ABSTRACT

Objectives: Acetaminophen is a commonly used an-
tipyretic agent which, at high doses, causes renal tu-
bular damage and uremia. Bacteriotherapy affords a
promising approach to mitigating uremic intoxication
by ingestion of live microbes able to catabolize ure-
mic solutes in the gut. The present study evaluates the
nonpathogenic soil-borne urease-positive bacterium
Sporosarcina pasteurii (Sp) as a potential urea-targeted
component for such an “enteric dialysis” formulation.
Methods: Twenty-four albino male rats were randomly
divided into 4 groups: The control group (group NC) re-
ceived distilled water intraperitoneally for 7 days. The
positive control group (group U) received 500 mg/kg
acetaminophen intraperitoneally for 7 days. The tested
group (group UP) was administered Sp at a dosage of
10° cells/day for 5 weeks, after receiving 500 mg/kg per
day of acetaminophen intraperitoneally for 7 days. Ve-
hicle control (group VC) received only Sp at a dosage of
10° cells/day for 5 weeks without acetaminophen treat-
ment. Blood, kidney, liver and stool samples were col-
lected after scarification, for biochemical (urea, creati-
nine, malondialdehyde, superoxide dismutase, catalase,
glutamate oxaloacetate transaminase [GOT] and gluta-
mate pyruvate transaminase [GPT] of blood, kidney and
liver) tests. Limited fecal analysis was performed.
Results: Blood urea nitrogen (urea, creatinine) and
toxicity indicators (GOT, GPT) were increased, and an-
tioxidant enzymes were decreased in group U. Blood
urea nitrogen and toxicity indicators were reduced,
and antioxidant enzymes were increased significant-
ly in the group UP (p<0.05) compared with group U.
The number of Sp was increased in Sp-treated groups
compared with groups NC and U.

Conclusions: The study demonstrated that the bacteria
tested reduced blood urea nitrogen levels significantly.
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INTRODUCTION

Currently chronic kidney disease (CKD) appears to be a
foremost problem across the world, and it is ranked fourth
among the key diseases in the United States, affecting over
20 million people and growing at 8% yearly (1). Worldwide,
the number of patients with CKD is rising, and it is now being
recognized as a major public health problem that may reach
epidemic levels over the next decade. Uremia is a poten-
tially lethal syndrome of kidney disease demanding instant
treatment. The most often used treatment options for uremia
include kidney transplantation and dialysis, which are very
expensive and not free from side effects. In the United
States the cost of treating patients with renal replacement
therapy and renal injury will be US $28 billion by the year
2010, and in India 90% patients suffering from kidney dis-
ease are not able to afford the cost of uremia management
(2). At present, worldwide statistical data on the incidence
and prevalence of kidney disease, the resulting mortality
and the high cost of treatment demonstrate the requirement
for an effective alternative.

The use of analgesics such as acetaminophen regularly
over long durations of time can cause analgesic nephrop-
athy, another cause of kidney disease. Acetaminophen
overdose may result in potentially fatal hepatic and re-
nal necrosis in humans and experimental animals (2). In
the early stage of acetaminophen toxicity, formation of
the reactive intermediate N-acetyl-p-benzoquinone imine
(NAPQI) through cytochrome P450 occurs. At therapeutic
doses, NAPQI is removed by conjugation with glutathione
sulfhydryl (GSH). High doses of acetaminophen when in-
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gested result in the reduction of cellular GSH and allow
NAPQI to be attached to cellular proteins and begin lipid
peroxidation, along with renal injury (3, 4).

“Enteric dialysis” is an alternative approach using live mi-
crobes for solute removal in uremia, based on the fact that
concentration gradient make solutes disperse from plasma
into the lumen when the concentration of uremic solute be-
comes greater in plasma than in the lumen, and major parts
of uremic solutes become distributed throughout the intestine
(5) by binding to large amounts of ingestible solute-specific
sorbents within the gut. To mitigate uremic solutes, the use
of live bacteria which degrade uremic toxins within the gut
has been the preferred approach to date (6, 7). Spore-form-
ing ureolytic gram-positive Bacillus, lactic acid bacteria and
yeast were tested for bacteriotherapy of azotemia by some
researchers, and it was demonstrated that feeding with Spo-
rosarcina pasteurii and Lactobacillus sporogenes minimized
blood urea levels, slowed the progression of end-stage renal
disease and increased the life span of experimental rats (8, 9).
Supplementation with probiotics for 16 weeks lowered blood
urea nitrogen (BUN) levels in nephrectomized rats, slowed
the progression of azotemia observed in the placebo group
and prolonged the life of uremic rats (10). Sporosarcina pas-
teurii (formerly classified as Bacillus pasteurii) produce much
more urease enzyme than Proteus vulgaris, and they do not
introduce human or environmental toxicity or pathogenicity.
S. pasteurii can be considered for management of uremic pa-
tients, due to its breaking down of BUN, as it uses urea as its
sole nitrogen source and producing ammonia.

Our present study aims to evaluate the nonpathogenic, soil-
borne, alkalophilic, urea-degrading bacterium S. pasteurii
(Sp) with its enhanced ability for urease production (pheno-
typic mutants of S. pasteurii MTCC 1761), as a remedy for
uremia in acetaminophen-induced uremic rats. As this strain
of Sp has not been considered for management of uremic
patients nationally or internationally.

MATERIAL AND METHODS

Selection of animals and care

The study was conducted on 24 healthy, adult, male albino
Wister rats strain (Ghosh Animal, Animal Foods and Animal
Cages Supplier, Kolkata, West Bengal, India) with a body
weight of 100 + 15 g. They were acclimatized to laboratory
conditions for 2 weeks prior to experimentation. Animals
were housed 6 per cage in a temperature-controlled room
(22°C + 2°C) with 12/12 hour dark/light cycle (8:00-20:00
light and 20:00-8:00 dark) at a humidity of 50% = 10%. They

were provided with standard food (pellet diet) and water ad
libitum. The principles of laboratory animal care of the US
National Institutes of Health were followed throughout the
duration of the experiment (11), and our institute’s ethics
committee approved the experimental protocol.

Grouping of animals and experimental procedure

Animals were randomized and divided into 4 groups (NC, U,
VC and UP) of 6 animals in each group. Group NC served
as untreated control and was injected with distilled water 5
ml/kg body weight daily for.7days. Group VC rats were simi-
larly treated as group NC. Groups UP and U animals were
treated with 500 mg/kg body weight of the acetaminophen
for 7 days intraperitoneally.

Formulation preparation

For the present study, food balls were arranged for a casein-
based diet with Sp, sterile 10% honey and milk mixture (12).
The formulation was stored in a —70°C freezer in aseptic
conditions. For formulation, composition and dosage speci-
fications, see the Table I.

Hematological study

After 5 weeks, animals were sacrificed by diethyl ether an-
esthesia. Blood samples were collected by hepatic artery
puncher under diethyl ether anesthesia, using 21-gauge
(21G) needles mounted on a 5-mL syringe (Hindustan Syring-
es and Medical Devices Ltd, Faridabad, India) into heparin-
coated sample bottles for analysis of hematological param-
eters including red blood cell (RBC) count by hemocytometer
and hemoglobin (Hb) by standard kit method (Merck, Japan).

Blood uremia profile

Biochemical estimation of blood urea

The collected blood was centrifuged, and the plasma frac-
tion was separated. Plasma urea levels were measured by
commercially available standard blood urea kit (Merck, Ja-
pan) with a semiautoanalyzer (Merck, Japan) following a
standard protocol for photometric determination of urea ac-
cording to the glutamate dehydrogenase method (13).

Biochemical estimation of blood creatinine

The collected blood was centrifuged, and the plasma frac-
tion was separated. Plasma creatinine levels were measured
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by commercially available standard creatinine kit (Merck,
Japan) with a semiautoanalyzer (Merck, Japan) following a
standard protocol for photometric determination of creati-
nine based on the Jaffé kinetic method without deprotein-
ization (14).

Antioxidant enzymes

Biochemical assay of catalase activity

Catalase (CAT) activity was measured biochemically.
For the evaluation of CAT activity in blood, liver and kid-
ney samples were homogenized separately in 0.05 M
Tris-HCI buffer (Merck, India) solution (pH 7.0) at a tissue
concentration of 50 mg/mL. These homogenates were
centrifuged separately at 10,000g at 4°C for 10 minutes.
In a spectrophotometric cuvette, 0.5 mL of hydrogen per-
oxide (H,0,) and 2.5 mL of distilled water were mixed, and
a reading of absorbance was noted at 240 nm. Tissue su-
pernatants and plasma were added at a volume of 40 pL
separately, and the subsequent and 12 following readings
were noted at 30-second intervals (15).

Biochemical assay of superoxide dismutase

Kidneys were homogenized in ice cold 100 mM Tris-caco-
dylate buffer (LOBA Chem, India) to give a tissue concentra-
tion of 50 mg/mL, which as centrifuged at 10,000g for 20
minutes at 4°C. The superoxide dismutase (SOD) activity of
these supernatants was estimated by measuring the per-
centage of inhibition of the pyrogallol (HIMEDIA, India) au-
tooxidation by SOD (16). The buffer was 50 mM Tris (pH 8.2)
containing 50 mM cacodylic acid (pH 8.2), 1 mM ethylene-
diaminetetraacetic acid (EDTA) (HIMEDIA, India) and 10 mM
HCI. In a spectrophotometric cuvette, 2 mL of buffer, 100 pL
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of 2 mM pyrogallol and 10 pL of supernatant were added,
and the absorbance was noted in a spectrophotometer at
420 nm for 3 minutes. One unit of SOD was defined as the
enzyme activity that inhibited the autooxidation of pyrogallol
by 50%.

Estimation of lipid peroxidation from the levels of
malondialdehyde

Kidneys and livers were homogenized separately at the tis-
sue concentration of 50 mg/mL in 0.1 M of ice cold phos-
phate buffer (pH 7.4). Thechomogenates were centrifuged
at 10,000g at 4°C for 5 minutes individually, and the super-
natants were used for the estimation of malondialdehyde
(MDA) levels. The MDA in the sample was calculated by
using the extinction coefficient of 1.56x10° M/cm and ex-
pressed in the unit nM/mg of tissue or nM/mL of plasma (17).

Toxicity study

Biochemical estimation of glutamate oxaloacetate
transaminase and biochemical estimation of glutamate
pyruvate transaminase

For the assessment of toxicity in serum, liver and kidney,
glutamate oxaloacetate transaminase (GOT) and glutamate
pyruvate transaminase (GPT) were measured according to
the method of Goel (18).

Limited analysis of fecal microbiota

Limited analysis of fecal microbiota was performed for rats
from all groups. Fresh fecal samples were obtained from
individual animals at baseline (before treatment) and after 8
weeks of feeding. Samples were stored at -20°C for analy-

-(I;gBl\:I_IEOISITION OF MICROBIAL ADDITIVE FED TO DIFFERENT GROUPS
Serial no. Groups Microbial additive No. of rats CFU/dose per day
1 NC No microbe(s) 6 -
2 U (acetaminophen) No microbe(s) 6 -
3 UP (acetaminophen) Sporosarcina pasteurii (Sp) 6 1 x10° CFU
4 VC Sporosarcina pasteurii (Sp) 6 1 x 10° CFU

CFU = colony-forming units; NC = control group: distilled water intraperitoneally for 7 days; U = positive control group: 500 mg/kg
acetaminophen intraperitoneally for 7 days; UP = tested group: administered Sp at a dosage of 10° cells/day for 5 weeks;
VC = vehicle control: received only Sp at a dosage of 10° cells/day for 5 weeks without acetaminophen treatment.
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sis. Fecal mass was resuspended in physiological peptone
saline at an approximate concentration of 0.02 g/mL. Serial
dilutions in peptone saline were prepared, and 0.1-mL ali-
quots from dilutions of 10° and 10~ were placed on Man-
Rogosa-Sharpe agar (MRS agar; Highmedia, India) agar to
obtain Lactobacillus sp. counts and on TSB agar plates (pH
9.0) to enumerate the population of Sp and other alkalophil-
ic bacteria. Plates were incubated at 37°C for 48 hours (12).

Withdrawal study

Twelve Wister male rats were taken and divided randomly
into 2 groups: group 1 was treated as controls, and group 2
was treated by Sp feeding at a dose of 10° bacterial cells for
7 days. Then after a regular interval (at 5, 10 and 15 days)
stools of experimental animals were collected and cultured
from dilutions of 10~° on MRS agar (Highmedia, India) to ob-
tain Lactobacillus sp. counts and on TSB agar plates (pH
9.0) to enumerate the population of Sp and other alkalophil-
ic bacteria. Plates were incubated at 37°C for 48 hours (12).

Statistical analysis

Analysis of variance (ANOVA) followed by a multiple 2-tailed
t-test with Bonferroni modification was used for statistical
analysis of the collected data. Differences were considered
significant when p was <0.05.

REsuLTs

Body weight

Body weight increased at the end of the experiment in
groups U, NC, VC and UP compared with their initial body
weight (Tab. Il). In group U, the percentage of elevation
in body growth was dramatically higher than in the other
groups, due to the uremia-induced edema. After adminis-
tration of the Sp in group UP, these indices returned toward
the control levels.

Levels of hemoglobin and total RBC

Hb level and total RBC count were significantly decreased in
group U animals (the acetaminophen-treated control group),
compared with group NC. But in group UB, significantly higher
levels of Hb and total RBC count were observed, compared
with group U, and the values returned to those of the control
group. In group VC, both levels of Hb and total RBCs were
increased significantly after receiving Sp for 5 weeks (Tab. II).

Levels of blood urea and creatinine

Urea and creatinine levels were significantly increased in
group U animals (the acetaminophen-treated control group),
compared with group NC. But in group UP, significantly low-
er levels of urea and creatinine were observed, compared
with group U, and the values returned to those of the control

group (Tab. II).

Quantification of MDA

Quantities of MDA altered: significantly in blood, liver and
kidney, among all test groups (Tab. I).

Activity levels of CAT and SOD

After receiving acetaminophen (group U), the activity of
this enzyme in_blood and kidney were decreased signifi-
cantly, compared with group NC. In group UP, CAT activ-
ity in blood, liver and kidney was elevated, compared with
group U. There was a significant protection in CAT activ-
ity after treatment with Sp; administration of Sp to group
UP resulted in a significant elevation in the activity of SOD
in blood liver and kidney, compared with the animals in
group U. The activity of this enzyme was decreased signifi-
cantly in blood, liver and kidney in group U, in comparison
with groups NC and VC (Tab. Il). Treatment of Sp in the ani-
mals in group UP resulted in a significant restoration of SOD
activity, compared with group U, and the values returned to
the control levels. Activity of CAT and SOD was increased in
the non-acetaminophen-treated control group (VC).

Activity levels of GOT and GPT

The activity levels of GOT and GPT altered significantly in
serum, liver and kidney among all test groups, as shown in
Table Il

Result of limited fecal analysis

Sp revealed no effect on the population of Lactobacilli sp.
in the rat intestine. There was no significant difference in
Lactobacilli counts between the Sp-treated groups (group
VC and UP) and group NC. The population of alkalophilic
bacteria in the feces obtained from both VC and UP ani-
mals was higher compared with group NC, due to daily in-
take of Sp which is an alkalophilic bacteria and the taking of
stool samples immediately after stopping treatment with Sp.
Significant differences in the counts of alkalophilic bacteria
were observed after 5 weeks of daily feeding with 10° colony
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forming units (CFU) of Sp as compared with NC. Data are
expressed as means + SE (n=6) in Table IV.

Withdrawal study

Significant increases in the counts of alkalophilic bacteria

JNEPHROL 0000; 00(00): 000-000

and 15 days, after feeding with 10° CFU of Sp, in compari-
son with group 1 (Tab. V). We even observed that Sp count
remained more or less the same 5, 10 and 15 days after with-
drawal of bacterial feeding. There were no changes in Lacto-
bacillus sp. counts in these 2 groups. Thus we can state that
Sp might not be completely removed after stopping of Sp

were observed in group 2 after withdrawn of 5 days, 10 days

feeding, and it might be proliferating in the rats’ intestines.

TABLE I

EFFECT OF ACETAMINOPHEN AND SP TREATMENT ON ACETAMINOPHEN-INDUCED OXIDATIVE STRESS AND

UREMIA IN RATS

Group U: Group UP:
Group NC: . p L Group VC: Sp treatment
Parameters acetaminophen- .
control L. vehicle control followed by
receiving control .
acetaminophen
Body weight increase (g) 11.6 £ 3.77* 1.044 + .0021 15.46 + 4.05* 15.125 + 1.99*
Hb (mg/dL) 10.863 + 1.29* 8.861 + 0.58f 14.629 + 1.34% 11.849 + 0.59*
Total RBC% 7.03 +1.37* 4.537 = 197 11.465 + 0.54% 11.327 + 1.36%
Urea (mg/dL) 15.9 £+ 2.4* 40 £ 2171 15.9 + 1.83* 15 +£1.77
Creatinine (mg/dL) 0.288 + 0.033* 0.696 + 0.041 0.31 + 0.03* 0.452 + 0.04*
Blood malondialdehyde (nM/mL) 722.49 + 189" 2,246.45 + 2177 719.82 + 130" 1,451.66 + 643+
Kidney malondialdehyde (nM/mg 171.8 + 48.1* 552.2 + 52.51 115.7 + 43.4* 208.8 + 64.3f
of tissue)
Liver malondialdehyde (nM/mg 82.51 + 8.51* 83.78 + 9.49* 224.76 + 31.98f 85.78 + 3.99*
of tissue)
Blood superoxide dismutase 4112 + 0.44~ 1.85 £ 0.2f 4.51 + 0.61* 3.421 + 0.55*
(mmol/ml/min)
Kidney superoxide dismutase 2.473 + 0.26* 0.97 £ 0.167 3.44 + 0.54* 2.382 £ 0.24*
(mmol/mg/min)
Liver superoxide dismutase 6.78 + 0.46* 1.95 + 0.621 5.64 + 0.56* 4.16 + 0.8*

(mmol/mg/min)
Blood catalase (mmol/ml/min)
Kidney catalase (mmol/mg/min)

Liver catalase (mmol/mg/min)

0.6497 + 0.12*
0.5004 + 0.014*
0.381 + 0.016*

0.12858 + 0.022f
0.236 + 0.057
0.17 + 0.08°

0.63376 + 0.16*
0.6883 + 0.03*
0.4437 + 0.085*

0.36452 + 0.010*
0.298 + 0.043f
0.375 + 0.016*

Data are expressed as means + SE (n=6).
Hb = hemoglobin; RBC = red blood cells.
*p<0.05, vs. other column, (mean value of groups is not significantly different for these p values) by ANOVA followed by multiple

2-tailed t-test.

Tp<0.05, vs. other column, (mean value of groups is significantly different for these p values) by ANOVA followed by multiple

2-tailed t-test.

*p<0.05, vs. other column, (mean value of groups is significantly different from * and *for these p values) by ANOVA followed by

multiple 2-tailed t-test.
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TABLE Il
EFFECT OF ACETAMINOPHEN AND SP TREATMENT ON ACETAMINOPHEN-INDUCED OXIDATIVE STRESS AND
UREMIA IN RATS

Groups SGOT SGPT GPT kidney GOT kidney GPT liver GOT liver
P (U/L) (U/L) (U/L) (U/L) (U/L) (U/L)

Group NC: control 17.35 £ 0.83 26.85+0.67 24.2+1.0975 29.1+0.8636 21.725+0.99 25.35+ 1.6

Group VC: 12.67 + 0.437 15.75 +0.0934 12.1 + 0.47676 14.75+0.008 18.175+ 0.080 14.55 + 0.36

vehicle control

Group U: 62.1 + 3.1 71.1 £0.4358 83.43+0.717 729+2.567 11227 +8.76 92 + 10.643

acetaminophen-
receiving control

Group UP: Sp 19.25 £ 0.869 20.975+0.199 28.825 + 0.474 23.875+0.98  20.7 +2.9936 25.05+0.84
treatment followed
by acetaminophen

Data are expressed as means + SE (n=6).
GOT = glutamate oxaloacetate transaminase; GPT = glutamate pyruvate transaminase; SGOT = serum glutamate oxaloacetate
transaminase; SGPT = serum glutamate pyruvate transaminase; Sp = Sporosarcina pasteurii.

TABLE IV
RESULTS OF LIMITED FECAL ANALYSIS

Colony no. on MRS at 10 Colony no. on TSB at 10
dilution (CFU) (immediately dilution (CFU) (immediately

Groups after stopping treatment) after stopping treatment)
Group NC: control 64 + 6.1 30 +5.33

Group VC: vehicle control 77 £8.23 224 + 23.98

Group U: acetaminophen-receiving control 72 + 3.01 39 + 0.96

Group UP: Sp treatment followed by acetaminophen 69 + 4.09 203 = 19.06

Data are expressed as means + SE (n=6).
CFU = colony-forming unit; MRS = Man-Rogosa-Sharpe agar; TSB = Tryptic Soy Broth.

TABLE V

RESULTS OF LIMITED FECAL ANALYSIS OF WITHDRAWAL STUDY

Groups 5 days after stopping 10 days after stopping 15 days after stopping
Sp treatment Sp treatment Sp treatment

Colony no.on Colony no.on Colonyno.on Colonyno.on Colonyno.on Colony no.on
MRS at 10 TSB at 10°° MRS at 105 TSB at 10° MRS at 105 TSB at 10°
dilution (CFU)  dilution (CFU) dilution (CFU) dilution (CFU) dilution (CFU) dilution (CFU)

Group 1 55+6.9 65 + 5.89 58 +5.5 49 £ 9.8 56 + 4.1 52 + 8.1
Group 2 47 £ 3.8 218 £20.4 61 +£3.45 211 £16.2 59+7.6 201 £ 13.3

Data are expressed as means + SE (n=6).
CFU = colony-forming unit; group 1 = control; group 2 = Sp-administered group; MRS = Man-Rogosa-Sharpe agar; Sp = Spo-
rosarcina pasteurii; TSB = Tryptic Soy Broth.
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DiscussioN

Acetaminophen overdose is often linked to many meta-
bolic disorders. including those of blood electrolytes such
as Na+ and K+, and urea and creatinine derangements.
Higher concentrations of serum urea and creatinine are
considered in the investigation of drug- and toxin-induced
uremia in animals and human (19). The fundamental func-
tion that blood cells perform, together with the suscep-
tibility of this highly proliferative tissue to intoxication by
xenobiotics, makes the hematopoietic system unique as
a target organ. Erythrocytes, leukocytes and platelets are
produced at a turnover rate of about 1-3 million per sec-
ond in a healthy human adult, and these values can be dis-
torted in certain physiological or pathological states during
hemolytic anemia or suppressive inflammation (20). Cer-
tain drugs including alkylating cytotoxic agents can also
affect blood cell development rates and the normal range
of hematological parameters. In the present study, receiv-
ing acetaminophen intraperitoneally for 7 days significant-
ly decreased Hb levels and also lowered total RBC counts.
The decrease in Hb is supposed to be due to destruction
of RBCs and lower total RBC count due to hemolytic ane-
mia or suppressive inflammation. After administration of
Sp for 5 weeks, Hb levels become significantly higher with
improved RBC counts, compare with the acetaminophen-
induced uremic group U. However, this study shows that
Sp could reverse the hematotoxic effect of acetamino-
phen, with ensuing improvement of hematopoiesis. BUN
is found in the liver protein that is derived from diet or tis-
sue sources and is normally excreted in the urine. In renal
disfunction, blood urea levels are raised because the rate
of blood urea production becomes higher than the rate of
renal clearance (21). Higher urea and creatinine levels in
the blood are taken as an indicator of nephrotoxicity (20).
Elevation of urea and creatinine levels in serum is taken
as an index of nephrotoxicity (22). Creatinine, on the other
hand, is mostly derived from endogenous sources by tis-
sue creatinine breakdown. Thus serum or blood urea con-
centration is often considered a more reliable renal func-
tion analyst than plasma creatinine. In the present study,
administration of a nephrotoxic dose of acetaminophen to
rats resulted in progression of oxidative stress harmful to
hepatic and renal tissues. In this study, acetaminophen-
induced nephrotoxicity showed a significant (p<0.05) in-
crease in the plasma urea and creatinine concentrations
in group U (acetaminophen-induced uremic) rats when
compared with the normal group (group NC). Moreover,
oral administration of Sp significantly (p<0.05) decreased
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plasma urea and creatinine in group UP, when compared
with group U. The intestinal mucosal surface functions as
a semipermeable membrane. Driven by the concentration
gradient, solutes with higher concentration in circulating
blood diffuse from plasma into the intestine, and a large
portion of uremic solutes are differentially distributed with-
in the bowel. Thus urea-degrading bacteria S. pasteurii,
when ingested, catabolize uremic solutes in the gut. Oxi-
dative stress and lipid peroxidation are early events related
to radicals generated during the hepatic metabolism of ac-
etaminophen. Also the generation of reactive oxygen spe-
cies has been proposed as a mechanism by which many
chemicals can induce nephrotoxicity (23). Previous stud-
ies have clearly demonstrated that acute acetaminophen
overdose increases the lipid peroxidation and suppresses
the antioxidant defence mechanisms in renal tissues (24).
However, in acetaminophen-treated animals, MDA levels
were significantly increased, when compared with normal
control rats. On administration of Sp, the levels of MDA
decreased significantly when compared with acetamino-
phen-induced uremic rats. During kidney injury, superox-
ide radicals are generated at the site of damage, which
modulate SOD and CAT, resulting in the loss of activity
and accumulation of superoxide radicals, which damage
kidney. SOD and CAT are the most important enzymes in-
volved in ameliorating the effects of oxygen metabolism
(25). The present study also demonstrated that acute ac-
etaminophen overdose resulted in a decrease in SOD and
CAT activity levels, when compared with normal control
rats. This was due to enhanced lipid peroxidation or in-
activation of the antioxidative enzymes. When rats were
treated with Sp, SOD and CAT activity increased signifi-
cantly, when compared with the uremic group (p<0.05).
Sp improves the level of antioxidative enzymes. However,
acetaminophen was found to increase the microsomal su-
peroxide and hydrogen peroxide production in mice. The
generation of reactive oxygen species appears as an ear-
ly event which precedes cell damage in acetaminophen
hepatotoxicity (26). Acetaminophen-induced nephrotoxic-
ity was shown by biochemical measurements and histo-
pathological changes, which coincide with the observa-
tions of other investigators (27). After Sp treatment, serum
GPT, serum GOT, kidney GOT and kidney GPT, liver GOT
and liver GPT levels in acetaminophen-induced uremic
rats were decreased compared with the untreated uremic
group, which may be due to toxic compound removal by
the bacteria. Significant increases in the counts of alkalo-
philic bacteria in the stool of groups fed with Sp (in Tab. 1V)
immediately after 5 weeks of daily feeding with 10° CFU of
Sp, as compared with group NC, may have been due to
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the intake of alkalophilic Sp daily. Results of the withdraw-
al study (Tab. V) showed significantly increased counts of
alkalophilic bacteria in group 2 even after 15 days, in com-
parison with group 1. This result showed that the increased
Sp number in the form of alkalophilic bacteria may be due
to Sp adhering to the intestinal membrane or the intestinal
environment serving to create better survival conditions
for bacteria, and bacteria being retained within gut after
the cessation of feeding. Thus urease enzyme production
through Sp within the rat intestine was not hampered by
stopping Sp administration, and the return of uremia was
not possible. Although Sp is occasionally isolated from
human feces and no pathological reactions have been
associated with this bacterium, it is hard to exclude the
possibility that ingested Sp may cause infections in some
patients with compromised immune systems. These find-
ings suggest the potential use of the Sp as a novel thera-
peutically useful antiuremic agent.
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