Bajopas Volume 8 Number 1June, 2015

Received: February, 2015
Accepted: June, 2015
ISSN 2006 — 6996

http://dx.doi.org/10.4314/bajopas.v8il1.3

Bayero Journal of Pure and Applied Sciences, 8(1): 10 — 18

THE EFFECT OF AQUEOUS STEM BARK EXTRACT OF ERYTHRINA
MILDBRAEDII ON ACETAMINOPHEN INDUCED NEPHROTOXICITY IN
RATS

* Wudil, A.M. and Sarki, S. I.
Department of Biochemistry, Bayero University, Kano-Nigeria.
*Correspondence author: amwudil@hotmail.com.

ABSTRACT

This study was carried out to determine the curative effect of aqueous stem bark extract of
Erythrina mildbraedii in rats induced with nephrotoxicity using 800mg/kg Acetaminophen.
Acetaminophen administration resulted in significant increase in the serum /level of urea,
creatinine, Na*, K*, CI and a significant decrease in the level of HCO; . Administration of different
doses (50, 100, & 150mg/kg) of aqueous stem bark extract of Erythrina mildbraedii ameliorated
the effect of Acetaminophen indicated by a significant decrease in the level of urea, creatinine,

Na*, K, CI' and an increase in the level of HCO;

when compared to control rats. The

histopathology showed a restoration of the renal architectures after administration of the aqueous

stem bark extract.
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INTRODUCTION

The kidney is the primary means of eliminating waste
products of metabolism that are no longer needed by
the body. The kidney participate in regulation of
extracellular fluid volume, blood pressure, acid — base
balance, and electrolyte balance. Blood - borne
substances are exposed to kidney cells through the
processes of filtration and reabsorption. A primary
function of the kidney is to eliminate waste products.
These products include urea (from the metabolism of
amino acids), creatinine(from muscle creatine),
uricacid(from nucleic acids), end products of
hemoglobinbreakdown(such  as  bilirubin), and
metabolites of various hormones. These waste
products must be eliminated from the body as rapidly
as they are produced. The kidneys also eliminate
most toxins and other foreign substances that are
either produced by the body or ingested, such as
pesticides, drugs and food additives (Guyton and
Hall, 2006). During the process of reabsorption,
potentially toxic chemicals may achieve higher
concentrations than present in plasma, which may
predispose the kidney to injury (Hodgson, 2010).

The genus Erythrina mildbraedii (Minjirya in
hausa)is known for its use in traditional medicine,
especially for the treatment of microbial infections
(Mitscher et al, 1987). Various parts (roots, barks,
leaves and wood) of this plant are commonly used in
African folk medicine (Burkill, 1995). Earlier works on
the seeds of Erythina species revealed the presence
of many physiologically active alkaloids.Erythrina
mildbraedii is a tree growing up to 30 m in height
and is native in West Africa, easy to cultivate, quick
growing, large shrub. It flowers profusely (twice a
year) and is a handsome sight (Heywood, 1996). As
most of leguminoseae, Erythrina species produce
many secondary metabolites, some of which have a
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function of defence systems against pathogenic fungi
and bacteria (Karthishwaran et a4/, 2010).
Ethnobotanical discovery process of sub-Saharan
Erythrina has resulted in promising biological
activities (Kone et al., 2004; Nguyen et al., 2010).

Up to date, a number of reports on this species
revealed diverse biological activities: its seeds were
reported to contain erythrinan alkaloids which might
be related to its potential physiological activity (Amer
et al, 1991). Three pterocarpans, erybraedin A, B
and C, isolated from the roots of Erythrina
mildbraedij, were reported to be active against
Staphylococcus  aureus  ATCC 13709  and
Mycobacterium smegmatis ATCC 607 (Mitscher et al.,
1988). The pterocarpene erycristagallin, isolated from
the same species, has been reported to exhibit anti-
inflammatory activity (Njamen et al, 2003).
Isoprenylated flavonoids isolated from the same
species showed protein tyrosine phosphatase-1B
inhibitory activity (Na et al, 2006). Erythrina
mildbraedii is used to prepare remedies against
prostate (Tchokouaha et a/., 2010).

Many Erythrina species showed real
potential for fighting against pathogenic agents
incrimated in alarming public health problems in sub-
Saharan Africa. For e.g. multidrug resistant
pathogens are responsible for therapeutic failures
(Kone and Kamanzi, 2009). This situation is serious
because microbial infections are most frequent
opportunistic diseases occurring during HIV/AIDS
which affected many people in Africa. Moreover,
during this infection, cancer and cardiovascular
diseases, oxidative stress and generating free radicals
is recognized to cause damage in cell and immune
system of patients. Scientists are searching for new
molecules that can be alternative to conventional
treatments (Coulidiati et a/,, 2011).
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High incidence of cancer, inflammation, and
cardiovascular diseases are attributed to oxidative
stress. Some Sub-Saharan Erythrina species are used
by traditional practitioners to treat cancer and
inflammation. These plants were investigated for
cancer chemo protective agents and inhibitors of
enzyme borne diseases. The studies were carried out
on enzymes such as phospholipase C gamma
1,diacylglycerol acyltransferase (DGAT), protein
tyrosin phosphatase 1 B(PTB 1B), ERK kinase,5-
lipooxygenase and 15-lipooxygenase. Inhibitors of
these enzymes are proposed in the therapy of
obesity, type 2 diabetes and cancer. Erythrina
mildbraedii extract showed anti-inflammatory activity
and radical scavenging activity in 1, 1-Diphenyl-2-
picrylhydrazyl (DPPH) assay (Njamen et al., 2003).

Acetaminophen is most widely used in the world as
an analgesic and antipyretic drug that is safe at
therapeutic dosages. However, it is also known to
cause hepatic necrosis and renal failure in humans
(Hengy etal., 2009) and animals (Ghosh et a/,, 2010)
in overdoses Oxidative stress is reported to play a
role in the pathogenesis of acetaminophen-induced
renal damage whose metabolism occurs via
cytochrome-P (CYP) 450 enzymes in both the liver and
the kidneys. In renal tissues, prostaglandin
synthetase and N-deacetylase enzymes play a key
role in the formation of free radicals and their
metabolites. At higher doses, acetaminophen is
shunted through these pathways leading to the
increased production of reactive oxygen/nitrogen
metabolites, gradual GSH depletion, formation of lipid
peroxidative products leading to cell death and renal
failure (Abdel-Zaher et al.,, 2008; Ghosh et a/., 2010).
This research was carried out to evaluate the effect
of aqueous stem bark extract of Erythrina mildbraedii
on acetaminophen induced nephrotoxicity in rats.

MATERIALS AND METHODS

Plant identification and Collection

Erythrina mildbraedii stem bark was collected in
October 2012 from Song local Government Area of
Adamawa State. It was identified and authenticated
by a Botanist at the Department of Plant Science,
Faculty of Science, Bayero University Kano, Nigeria

Extraction of Plant Materials

The stem bark of the plant collected was carefully
washed in clean water, and then dried at room
temperature. They were pulverized to coarse powder
and distilled water (500 cm®) was added to 100g of
the powdered stem bark in a conical flask. The
content of the flask was then shaken and the top was
covered with aluminium foil and kept for 48 hours.
The extract was then obtained by filtration using
whatman No 1filter paper. The filtrate was dried and
then reconstituted for administration.

Experimental Animals

Twenty four (24) white albino rats (weighing 160
to250g) were purchased from the Animal house of
the Biological Sciences Department, Bayero
University,Kano. The rats were maintained under
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standard laboratory conditions and were allowed free
access to both food and water throughout the period
of the experiment.

The volume (cm®) of the stem bark aqueous extract
given to each rat was determined by its weight and
required dose as follows:

Volume administered (cm®) =

weight of rat (kg) X Required dose (mg/kg)
Concentration of the extract (mg/ cm3)

Experimental Design
Twenty four (24) experimental rats were divided into
eight groups of three (3) rats each. Kidney damage
was induced in groups II VIII using
acetaminophen according to Adeneye et al. (2008)
and Cekmen et a/. (2009).
Group I: normal
acetaminophen administered).
Group II: acetaminophen administered no
extract (Test Control).
Group III: were administered with aqueous
stem bark extract of Erythrina mildbraedii
(Dose; 50mg/kg orally, once daily for two
weeks).
Group IV: were administered with aqueous
stem bark extract of Erythrina mildbraedii
(Dose; 100mg/kg orally, once
daily for two weeks).
Group V: were administered with aqueous
stem bark extract of Erythrina mildbraedii
(Dose; 150mg/k orally, once daily for two

rats (no extract, no

weeks).
Group VI: were administered with aqueous
stem bark extract of Erythrina mildbraedii
(Dose; 50mg/kg orally, once daily for
four weeks).
Group VII: were administered with aqueous
stem bark extract of Erythrina mildbraedii
(Dose; 100mg/kg orally, once
daily for four weeks).
Group VIII: were administered with aqueous
stem bark extract of Erythrina mildbraedii
(Dose; 150mg/kg orally, once daily for four
weeks).

Blood and Tissue Samples Collection

Rats in groups I and II were sacrificed after 24hrs of
acetaminophen administration to confirm kidney
damage. Groups III- V were sacrificed after two
weeks of extract administration, while groups VI- VIII
were sacrificed after 4 weeks of extract
administration.

The kidneys from all the rats were excised fixed in
10% buffered formaldehyde solution and used for
histological examination.

Biochemical Analysis

Blood samples collected were allowed to clot and
centrifuged at 2000 rpm for 10min to obtain the
serum samples. For each serum sample, the level of
creatinine by the method of Bartels and Bohmer
(1972),
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Urea by the method of Weatherburn (1967), Na* by
the method of Maruna (1958), K* by the method of
Henry (1974), CI" by the method of White (1970) and
HCO;3 by the method of Forrester et al. (1976) were
analyzed to assess the kidney function.

Histopathology

Histological examinations were conducted using the
method of Auwioro (2010). The kidney tissues were
fixed in multiple baths of ethanol, embedded in
paraffin,sectioned and stained with hematoxylin and
eosin.

Statistical Analysis

The data was statistically analysed using one-way
analysis of variance (ANOVA) with P value < 0.01
considerd to be significant. Graphpad Instat 3
software (2000). Version 3.05, Graphpad Inc was
used for all the analysis.

RESULTS

The nephrocurative property of the aqueous stem
bark extract of Erythrina mildbraedii was evaluated
two and four weeks after inducement of kidney
damage. Table 1 shows the mean serum levels of
creatinine, urea and electrolytes ( Na*, K*, CI ,
HCOs" ) of test control rats 24 hours after
administration of 800mg/kg acetaminophen and
that of normal rats (Group I) to confirm inducement
of acute kidney failure. The result obtained showed a
significant increase (P<0.01) in the mean serum level
of urea ,creatinine, Na*, K*, CI"  for the groups
administered with acetaminophen while that of
HCO5;™ decreased in the test control rats(Group II)
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when compared with the normal control rats(Group
I).

The result obtained after two weeks of oral
administration of aqueous stem bark extract of
Erythrina mildbraedii at a daily dose of 50, 100,
150mg/kg (Table 1) showed a significant decrease
(P<0.01) in the mean serum levels of Na*, K*, CI"and
that of urea and creatinine at P<0.01while that of
HCO3;™ increased significantly (P<0.01) when
compared with test control rats but lower than that of
the normal control groups. The decrease in the mean
serum levels of Na*, K*, CI", urea and creatinine and
increase in the level of HCO;~ was found to be dose
dependent.

After four weeks of oral administration of aqueous
stem bark extract of Erythrina mildbraedii the mean
serum level of levels Na*, K", CI , urea and
creatinine, significantly decreased (P<0.01) when
compared with test control rats (Group II) while that
of HCO;” increased significantly (P<0.01) when
compared to test control rats (Group II) Table 2.
Plate 1 of the histopathology results showed
photomicrograph of cross section of kidney of normal
rats with normal kidney architecture. Plate 2 showed
distortion of normal kidney architecture with dilation
of renal tubules and collapsed Bowman'’s capsule due
to damage caused by acetaminophen administration.
Plates 3, 4 and 5 showed the cortex of the kidney
consisting of numerous Bowman’s capsules after
administration of various doses of the extract for two
weeks. Plates 6, 7 and 8 showed that the cortex also
has numerous Bowman’s capsules after
administration of the extract for four weeks.



Bajopas Volume 8 Number 1June, 2015

Table 1: Effects of oral administration of aqueous stem bark extract on Erythrina mildbraedii( ASBEEM) on serum biochemical

acetaminophen-induced nephrototoxicity in rats after two weeks

indices of

Groups Na* (mmol/L) K* (mmol/L) HCO;5” (mmol/L)  CI"(mmol/L) Creatinine Urea (mmol/L)
(mmol/L)

I (Normal rats) 121.67+5.86 4.08 +0.15 25.33 +£3.06 87.00+7.21 39.67+3.79 2.40 £0.72

II Test control  154.00+3.61* 10.27 £0.64* 11.33 £0.58* 136.67+9.61%* 69.00+2.65%* 8.33 £0.59%

(Acetaminophen800mg/kg

administered)

ITIT ASBEEM(50mg/kg) 127.67+2.89° 5.03 £1.16P 16.67 +£2.08° 106.00+10.82" 46.67+1.53° 3.73 £0.76

IV ASBEEM(100mg/kg) 126.33+1.52° 4.50 +0.87° 18.00 +1.00° 101.00+7.94" 45.67+0.58° 3.63 £0.81"

V ASBEEM(150mg/kg) 123.33+4.51° 4.47 £0.67° 17.33 £1.53¢ 99.00+9.17" 43.67+7.51° 3.57 £0.74

Results are expressed as mean+SD for three determinations, n=3

Values with asterisk are significantly different at P<0.01 when compared with normal rats.
Values in the same column bearing similar superscript are significantly different at P<0.01 when compared to test control groups.
ASBEEM: Aqueous stem bark extract of Erythrina mildbraedii

Table 2: Effects of oral administration of ASBEEM on serum and biochemical indices of acetominophen-induced nephrototoxicity in rats after

four weeks
Groups/Doses(mg/k Na*(mmol/L) K*(mmol/L) HCOs"(mmol/L) CI" (mmol/L) Creatinine( Urea(mmol/L)
X)) mmol/L)
I (Normal rats) 121.67+5.86 4.08 +£0.15 25.33 £3.06 87.00+7.21 39.67+3.79 2.40 £0.72
I Test control 154.67+£3.61*  10.27 £0.64* 11.33 +£0.58* 136.67+9.61%* 69.00+2.65*  8.33 +£0.59*
(Acetominophen800mg/
kg administerd)
ITIT ASBEEM(50mg/kg) 122.33+2.08"  4.10+0.61" 20.67+2.08" 95.00+9.54" 44.00+3.46Y 2.93+0.78°
IV ASBEEM(100mg/kg)  118.33+3.79"  4.00+0.10Y 21.33 £ 1.53% 90.00+10.00* 43.00+2.65" 2.63+0.64°
V ASBEEM(150mg/kg) 120.33+£3.22"  4.07+0.29" 22.67+1.53% 85.00+5.00% 39.33+5.51 2.36+3.06”

Results are expressed as mean+SD for three determinations, n=3

Values with asterisk are significantly different at P<0.01 when compared with normal rats.
Values in the same column bearing similar superscript are significantly different at P<0.01 when compared to test control groups
ASBEEM: Aqueous stem bark extract of Erythrina mildbraedii
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Plate 1 of the histopathology results shows cross section of the kidney treated with varying doses of
photomicrograph of cross section of kidney of normal ASBEEM for two weeks. Plates 6, 7 and 8 show cross
rats. Plate 2 shows the section of the kidney treated section of the kidney treated with varying doses of
with 800mg/kg acetaminophen_Plates 3, 4 and 5 show  ASBEEM for four weeks

Plate 1: Shows normal kidney architecture with the cortex containing the glomerulus and the medulla
containing the renal tubules. H & E STAIN X 10

Plate 2: Section of the kidney shows distortion of the normal kidney architecture with dilation of the
renal tubules and collapsed of Bowman’s capsule due to damage caused by acetaminophen
administered to the rats (Acetaminophen 800mg/kg).H & E Stain X 10

Plate 3: Section of the kidney shows no significant pathology, they showed normal kidney with the
other cortex and inner medulla, the medulla is composed of renal pyramids which fits into a minor
calyx. The cortex consists of numerous Bowman'’s capsule after ASBEEM 50mg/kg administered for
two weeks. H & E Stain X 10
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Plate 4: Section of the kidney shows no significant pathology, they showed normal kidney with the
other cortex and inner medulla, the medulla is composed of renal pyramids which fits into a minor
calyx. The cortex consists of humerous Bowman’s capsule after ASBEEM 100mg/kg administered for
two weeks. H & E Stain X 10

Plate 5: Section of the kidney shows no significant pathology, they showed normal kidney with the
other cortex and inner medulla, the medulla is composed of renal pyramids which fits into a minor
calyx. The cortex consists of numerous Bowman’s capsule after ASBEEM 150mg/kg administered for
two weeks. H & E Stain X 10

Plate 6: Section of the kidney shows no significant pathology, they showed normal kidney with the
other cortex and inner medulla, the medulla is composed of renal pyramids which fits into a minor
calyx. The cortex consists of humerous Bowman’s capsule after ASBEEM 50mg/kg administered for
four weeks. H & E Stain X 10
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Plate 7: Section of the kidney shows no significant pathology, they showed normal kidney with the
other cortex and inner medulla, the medulla is composed of renal pyramids which fits into a minor
calyx. The cortex consists of numerous Bowman'’s capsule after ASBEEM 100mg/kg administered for
four weeks. H & E Stain X 10

Plate 8: Section of the kidney shows no significant pathology, they showed normal kidney with the
other cortex and inner medulla, the medulla is composed of renal pyramids which fits into a minor
calyx. The cortex consists of humerous Bowman’s capsule after ASBEEM 150mg/kg administered for
four weeks. H & E Stain X 10

DISCUSSION reactions occurring primarily in the liver which result in
Nephrotoxicity and hepatotoxicity are the potential the water-soluble metabolites that are excreted via the
complications of acetaminophen, which is widely used in kidney. The result of the metabolic conversion of
general medicine, and an assessment of its relative acetaminophen by the microsomal P-450 enzyme
toxicity is important. A number of drugs or chemicals system is that, a highly reactive intermediate, namely,
such as melatonin, vitamin E and N-acetyl-cysteine have Nacetyl-p-benzoquinone imine (NAPQI) is produced.
been used to prevent Acetaminophen-induced hepatic This metabolite is then reduced by glutathione (GSH)
and renal injury (Sener et al, 2003). Serum surea (Bessems and Vermeulen, 2001). Acetaminophen-
,creatining, Na*, K* , CI' levels were significantly induced nephrotoxicity may be due to this metabolic
increased(P<0.01) in groups  treated with activation of acetaminophen to the reactive metabolite,
acetaminophen (Table 1) with the exception of HCO3; NAPQI (Hart et al, 1994). When large doses of
which decreased demonstrating the deterioration of the acetaminophen are ingested, there is more severe GSH
renal function, in comparison with those of the normal depletion as well as massive production of metabolites,
control and acetaminophen and ASBEEM groups. These which compounds the toxicity, leaving large amounts of
findings are consistent with the results of a previous reactive metabolite unbound. These intermediates then
study in which acetaminophen was administered to rats form covalent bindings with macromolecules on cellular
(Sener et al., 2003). protein (Bessems and Vermeulen, 2001). This process
Primary toxicity of acetaminophen is the result of drug disrupts homeostasis and initiates apoptosis, or
metabolism in both the liver and extrahepatic tissues programmed cell death, leading to tissue necrosis and
(Gu et al., 2005). At therapeutic doses, acetaminophen ultimately to organ dysfunction.

is metabolized via glucuronidation and sulfation
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Administration of ASBEEM for two and four weeks
showed significant and dose dependent decreases
(P<0.01) in the levels of plasma urea, creatinine, Na*
,K*, CI' in all the rats treated with acetaminophen while
that of HCO5 increased. This finding suggests a
possible cure of kidney damage by the ASBEEM. They
could be attributed to the presence of physiologically
active alkaloids and flavoniods found in the plant extract
(Na et al., 2006; Amer et al., 1991).

Acetaminophen -induced renal damage is consistent
with acute tubular necrosis. In the present study, the
results of histopathological examination showed a clear
evidence of nephrotoxicity following the administration
of acetaminophen in an overdose (Plate 2). Acute
tubular necrosis was the most relevant histopathological
change. These results are in agreement with those of
the previous investigation describing the renal
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