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ABSTRACT

Acetaminophen isacommonly used analgesic and antipyretic drug, high doses of
which cause hepatic and rena injury. In development and progression of kidney
disease research, it is necessary to have a suitable common drug to induce uremia
and renal failure of rats. It isalso required to select the threshold doses for the said
drug; atherapeutic dose and toxic dosefor kidney failure using standard guidelines.
An acute toxicity of acetaminophen was conducted by the limit test at a dose of
2000 mg kg b.wt., on either sex rats (n = 5) and amain test was conducted by a
doseprogression factor of 3.2 timesas per Organization of Economic Co-Operation
and Development guidelines 425. Eighteen male albino rats (n = 18) were divided
into three groups, group | served ascontrol, groups !l and 111 ratswere administered
175 mg and 550 mg kg~ b.wt., acetaminophen intraperitoneally for 14 days,
respectively. Different parameters were considered to analyze renal failure. Urea,
creatinine, GOT, GPT and MDA levels were increased significantly (p<0.05) in
group 11, comparedto groups| and I 1. Antioxidant enzymeslike SOD, catalaseand
GSH level were decreased significantly (p<0.05) in group Il rats, compared to
group | and Il rats. Increase in blood uremia profile indicated that the higher dose
of acetaminophen causes uremia. Increase in the toxicity markers and lipid
peroxidation marker enzymes indicate the nephrotoxicity. Histological structures
of kidney of group Il animals showed a severe disorganization of glomerulus and
dilation of renal tubules. These results indicate that intraperitoneal injection of
acetaminophen at high dose causes nephrotoxicity and rena cellular damage to
experimental rats.
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INTRODUCTION

Now-a-days, heart disease and diabetes provide the first
and second leading cause of death in the world, respectively
and people are suffering from these diseases are likely to be
more proned to kidney disease. There is great urgency for a
nonconventional, affordable therapy for patients who cannot
afford expensive dialysis or kidney transplant to keep them
alive. With this background our research work aimed to find
out the different anti-uremic and nephroprotective
phytocompounds from different plant extracts such as
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hydro-methanolic root extract of Asparagus racemosus
(Roy et al., 2013), methanolic bark extract of
Terminalia arjuna (Daset al., 2010a), methanolic root extract
of Withania somnifera (Das et al., 2010b) which had been
effective in the reduction of wuremic toxins from
acetaminophen induced chronic renal failure rats. Recent
research work of this same laboratory undertaken on
nutraceuticalslike alphalipoic acid (Pradhan et al., 2013) and
probiotic (Mandal et al., 2013) therapy have shown excellent
nephroprotectiveactivity against acetaminopheninducedrena
failed malerats. Acetaminophenisused to induce uremia and
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renal failurein our laboratory. Acetaminophen isacommonly
used antipyretic agent which, in high doses, causes rend
tubular damage and uremia. An acute acetaminophen
(paracetamol, N-acetyl p-aminophenol; APAP) overdose may
result in a potentialy fatal hepatic and renal necrosis in
humans and experimental animals (Jones and Vale, 1999).
Etiopathological basis of acetaminophen nephrotoxicity has
recently been used for kidney diseaseresearch (Henrich et al.,
1996). It is necessary to establish proper doses and durations
of acetaminophen for inducing nephrotoxicity. Therefore,
objectives of this study wasto establish the standardization of
the threshold dose of acetaminophen induced kidney disease
following OECD guidelines.

MATERIALSAND METHODS

Collection of drugs and chemicals. Acetaminophen
(paracetamol, N-acetyl p-aminophenol ; APAP) was purchased
from AshChemie, India. It was administered intraperitoneally
with saline water. All the chemicals used for preparation of
extracts and at the time of bio chemical tests including urea,
creatinine, Na, K kit and methanol, K,HPO,, KH,PO,,
pyragallol, tris, TCA, TBA and other chemicalswere collected
from Merck Specidities Private Limited Worli. Mumbai,
HiMedia Laboratories Pvt. Ltd. Mumbai, India and Crest
Biosystems Goa, India

Selection of animalsand care: The study was conducted on
23 healthy, adult, male (n = 20) and female (n = 3) abino rats
of Wistar strain (Supplied from Ghosh animal, animal foods
and animal cages Supplier, Kolkata 54) having abody weight
of 100+15 g. They were acclimatized to laboratory conditions
for 2 weeks prior to experimentation. Animalswere housed at
three rats/cage in a temperature-controlled room (22+2°C)
with 12-12 h dark-light cycles (8.00-20.00 h light,
20.00-8.00 h dark) at a humidity of 50+10%. They were
provided with standard food and water ad libitum throughout
the experimental period. Animal care was provided according
to the Guiding Principles for the Care and Use of Animals
(Olfert et al., 1993). This experiment was approved by our
Institutional Animal Ethical Committee (IAEC), guidelines
followed by CPCSEA.

Experimental design

Acute toxicity study by limit test: An acute toxicity of
acetaminophen was conducted using acute toxic class method
as per Organization of Economic Co-operation and
Development (OECD) guidelines 425 (OECD., 2001) where
the limit dose of 2000 mg kg~ b.wt., was used. Healthy wistar
strain rats (n = 5) of either sex selected by random sampling
technique were employed in this study. Wellness parameters
of animals were made and recorded systematically 30 min,
4, 24 and 48 h after dose administration for skin and fur, eyes,
mucus membrane, behavioral pattern changes, tremor,
convulsions, sdlivations, diarrhea, lethargy, sleep and
mortality.
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Main test: The main test was conducted on eighteen healthy
male abino rats (n = 18). Here a dose progression factor of
3.2 timeswas chosen as per OECD guidelines 425. The doses
were selected 175 mg and 550 mg kg™ b.wt., for 14 days
continuously. Theratswere divided into three equal groupsas
follows: Group | rats that served as untreated control were
administered single daily dose of 5 mL kg™ b.wt., de-ionized
water intraperitoneally, where group 11 and 111 animals were
administered 175 and 550 mg kg™ b.wt., with de-ionized
water 5 mL kg~* b.wt., intraperitoneally, one at atime usually
at 24 hiintervalsfor 14 days.

Animals sacrificed, plasma and organ collection: This
experimental design was continued for 14 days. At 15th day,
the animals were sacrificed and blood was collected from the
aorta after which the kidneys were collected for different
biochemical and histopathological analysis.

Blood uremia profile

Biochemical estimation of blood urea: The collected blood
was centrifuged and plasmafraction was separated. Urealevel
of plasma was measured by commercially available standard
Blood Urea Kit (Merck, Japan) using Semiautoanalyzer
(Merck, Japan) by standard protocol for photometric
determination of urea, according to the Urease GL DH method
(kinetic UV test) (Burtis and Edward, 1999).

Biochemical estimation of blood creatinine: The collected
blood was centrifuged and plasmafraction was separated. The
plasma creatinine level was measured by commercialy
available standard Blood Urea Kit (Merck, Japan) using
Semiautoanalyzer (Merck, Japan) by standard protocol for
phtotometric determination of creatininebased on Jaffekinetic
method without de-proteinization (Sabbagh et al., 1988).

Anti-oxidant enzyme profile

Biochemical assay of catalase (CAT) activity: For the
evaluation of CAT activity, kidney homogenized separately in
0.05 M Tris hydrochloric acid (HCI) buffer solution (pH-7.0)
at atissue concentration of 50 mg mL~*. These homogenates
were centrifuged separately at 10,000 g at 4°C for 10 min.
Following this, 0.5 mL of hydrogen peroxide (H,0,) and
25 mL of distilled water were mixed and reading of
absorbance was noted using a spectrophotometric cuvette at
240 nm. Forty microliters of tissue supernatant was added
separately and six subsequent readings were noted at 30 sec
intervals (Beers and Sizer, 1952).

Biochemical assay of Superoxide dismutase (SOD):
The kidneys were homogenized in ice-cold 100 mM
Tris-cocodylate buffer to give aconcentration of 50 mg mL~*
and centrifuged at 10,000x g for 20 min at 4°C. From the
supernatant, SOD activity was estimated by measuring the
percentage of inhibition of the pyragallol autooxidation by
SOD. The buffer was50 mM Tris (pH 8.2) containing 50 mM
cocodylicacid (pH 8.2), 1 mM Ethylene Diamine TetraAcetic
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acid (EDTA) and 10 mM hydrochloric acid (HCI). In a
spectrophotometric cuvette, 2 mL of buffer, 200 pL of 2 mM
pyragallol and 10 pL of supernatant were poured and the
absorbance was noted in spectrophotometer at 420 nm for
3 min. One unit of SOD was defined as the enzyme activity
that inhibited the autooxidation of pyragallol by 50%
(Marklund and Marklund, 1974).

GSH content: Rena glutathione reductase (GSH) was
determined from the kidney homogenate (Moron et al., 1979).
Estimation of lipid peroxidation from the levels of
malondialdehyde (MDA).

The kidneys were homogenized separately at a tissue
concentration of 50 mg mL~*in 0.1 M of ice-cold phosphate
buffer (pH = 7.4) and centrifuged at 10,000 g at 4°C for 5min.
Supernatant was used for the estimation of MDA. For the
measurement of MDA, 0.5 mL homogenate was mixed
separately with 0.5 mL normal saline and 2 mL of TBA-TCA
mixture (0.392 g of TBA in 75 mL of 0.25 N HCI with 15 g of
TCA, with the final volume of the mixture being made up to
100 mL with ethanol) and, then boiled at 100°C for 10 min.
The mixture was then cooled at room temperature and
centrifuged at 4000x g for 10 min. The whole supernatant was
transferred into a spectrophotometer cuvette and read at
535 nm. Calibration was performed by using the acid
hydrolysis of 1, 1, 3, 3 tetramethoxy propane, as a standard.
The MDA present within the sample was calculated by using
the extinction coefficient of 1.56x105 M cm™ and expressed
as the unit of nM/mg of tissue (Ohkawa et al., 1979).

Toxicity study: For the assessment of toxicity plasma
Glutamate Oxal oacetate Transaminase (GOT) and Glutamate
Pyruvate Transaminase (GPT) were measured by
commercialy available standard Kit (Merck, Japan) using
Semiautoanalyzer (Merck, Japan) by standard protocol for
phtotometric determination (Goel, 1988).

Histopathological examination: Kidneys from the
experimental rats were fixed in 10% buffered Bouins

reagent and were processed for paraffin sectioning. Sections
of about 5 mm thickness were stained with haematoxylin
and eosin for photomicroscopic observations (Palani et al.,
2009).

Statistical analysis: Analysisof variance(ANOVA) followed
by amultipletwo-tail ‘t’ test with Bonferroni modificationwas
used for statistical analysis of the collected data. Differences
were considered significant when p<0.05.

RESULTS

Acute toxicity study by limit test: According to OECD
guidelines 425, the limit test dose of 2000 mg kg™ b.wt., was
given. Mortality occurred intwo ratswithin 24 h and threerats
within 48 h out of five at the dose of 2000 mg kg™ b.wt.,
Therefore, the approximate LDy, is less than 2000 mg kg™
The toxicity evaluation was further carried out by observing
wellness parameters shown in Table 1.

Main test

On body weight: Effect of body weight and kidney somatic
index of acetaminophen induced renal failure of male rats at
the dose of 175 mg and 550 mg kg™ b.wt., was observed in
Table 2. The body weight of group | and Il animals was
increased significantly compared to group Il rats. Weight of
kidney of group Ill rats were low compared to group |
and Il.

On urea, creatinine, SOD, catalase, GSH, GOT and GPT
levels. Percentage of plasma urea, creatinine, GOT and GPT
levels were increased significantly in group Il animals
compared to groups | and Il. The antioxidant enzymes like
SOD, catalase, GSH content in the kidney tissues were
decreased significantly (p<0.05) due to acetaminophen
induced nephrotoxicity at the higher dose of 550 mg kg™
(Table 3 and 4). But the low dose of acetaminopheni.e.,
175 mg kg™ does not significantly alter any biochemical or
histological parameter.

Table 1: Observation by different wellness parameters of rats for the limit test of acetaminophen at the dosage rate of 2000 mg kg~ body weight

Observation for the test at 2000 mg kg™ b.wt., of rats

30 min 4h 12h 24 h 48 h

Observations C E C E C E C E C E

Skin and fur Normal Normal Normal Normal Normal Normal Normal 2X3L Normal 3X2L
Eyes Normal Normal Normal Normal Normal Red Normal 2X3L Normal 3X2L
Mucous membrane Normal Normal Normal Normal Normal Normal Normal 2X3L Normal 3X2L
Salivation No No No Little No Little No 2X3L No 3X2L
Lethargy No Normal No Yes No Yes No 2X3L No 3X2L
Sleep Normal Normal Normal Normal Normal No Normal 2X3L Normal 3X2L
Convulsions No No No N No Yes No 2X3L No 3X2L
Tremors No No No N No Yes No 2X3L No 3X2L
Diarrhoea No No No No No Yes No 2X3L No 3X2L
Morbidity No No No Yes No Yes No 2X3L No 3X2L
Mortality No No No No No No No 2X3L No 3X2L

C: Control, E: Experimental, 2X3L: 2 Expired 3 live, 3X2L: 3 Expired 2 Live
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Table 2: Changesin body weight and kidney somatic index on acetaminophen induced renal failure of male rats

Groups Initial body weight (g) Final body weight (g)

Increases or decreases in body weight (g%) Kidney somatic index

| 100.2+2.53% 120.0+5.32° +19.8 0.76°
1 102.5+2.34° 105.7+3.56 +3.2 0.68
11 100.1+1.29% 124.2+5.70° +24.1 0.79%

Dataisexpressed asMean+SE (n = 6). ANOVA followed by multipletwo-tail t-test and datawith different superscripts (g, b) in aspecific vertical column differ
from each other significantly (p<0.05). Group I: control, Group I1: Acetaminophen 175 mg kg, Group I11: 550 mg kg~ b.wt., for 14 days

Table 3: Biochemical changesin urea, creatinine, GOT, GPT, SOD, catalase, GSH and MDA level on acetaminophen induced renal failurein male rats

SOD (m mol of Catalase (m mol of Kidney
Urea(mg dL~" Creatinine (mgdL~" Plasma Plasma H,0, consumption mg™  H,0O, consumption ~ Kidney GSH MDA (n mol/
Groups of plasma) of plasma) GOT(UL™) GPT(UL™) of tissue min™) mg*of tissuemin™) (mgdL™) mg of tissue)
| 14.55+2.33° 0.62+0.04% 242+368° 21.52+2.31° 0.85+0.14% 1.23+0.13° 12.41+1.67° 35.62+2.33°
I 15.37+1.88° 0.68+0.03b* 215+2.35° 20.72+2.82° 0.76:0.03° 1.25+0.05° 11.32+2.31° 42.38+351°
1l 68.57+3.27° 2.85+0.08" 69.2+3.68"  68.61+6.59" 0.18+0.11° 0.29+0.08 6.33+1.53" 64.78+2.44°

GOT: Glutamate oxal oacetate transaminase, GPT: Glutamate pyruvatetransaminase, SOD: Superoxide dismutase, GSH: Glutathione, MDA: Malondialdehyde,
Datais expressed as Mean+SE (n = 6). ANOVA followed by multiple two-tail t-test and data with different superscripts (a, b, ) in a specific vertical column
differ from each other significantly (p<0.05). Group I: control, Group I1: Acetaminophen 175 mg kg, Group I11: 550 mg kg~ b.wt., for 14 days

Table4: Percentage changesin urea, creatinine, GOT, GPT, SOD, catalase, GSH and MDA level between three groups of acetaminophen induced renal failure

malerats
Groups Urea Creatinine SGOT SGPT SOD Catalase Kidney GSH  Kidney MDA
I
Percentage changes with group | 5.331 8.821 11.15! 6.07! 10.58! 161 8.78! 15.951
Il
Percentage changes with group | 78.781 77.51 78.241 76.141 65.021 68.931 68.631 69.81
Percentage changes with group 1 78.82! 76.31! 76.421 76.8! 489! 44.081 45.011 34.571

SGOT: Serum glutamate oxal oacetate transaminase, SGPT: Serum glutamate pyruvate transaminase, SOD: Superoxide dismutase, GSH: Glutathione, MDA:

Malondialdehyde, 1: Increases, |: Decreases

Fig. 1: Normal histology of kidney of control group of rats, NG: Normal glomerulus and NT: Normal renal tubules with intact

well organized cellular boundary

Histopathological examinations: The histological
architecture of kidney shows severe degenerative changesin
the acetaminophen treated at higher dose of 550 mg kg~ b.wit.,
where the control group shows a well organized glomerulus
and renal tubules. But at the lower dose of acetaminophen at
175 mg kg b.wt., does not alter the histological structure of
kidney (Fig. 1-3).

DISCUSSION

Nephrotoxicity occurs as a disturbance in renal function
dueto variousdrug interactionsand chemicals (Watkinsetal.,
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2006). The primary toxicity of APAP is the result of
drug metabolism in both the liver and extra hepatic tissues
(Gu et al., 2005). At therapeutic doses, APAP is metabolized
viaglucuronidation and sulfation reactionsoccurring primarily
in the liver which result in the water-soluble metabolites that
are excreted via the kidney. When large doses of APAP are
ingested, there is more severe GSH depletion as well as
massive production of metabolites, which compounds the
toxicity, leavinglargeamountsof reactive metabolite unbound
(Bessems and Vermeulen, 2001). This process disrupts
homeostasisand initiates apoptosis or programmed cell death,
leading totissue necrosisand ultimately to organ dysfunction.
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Fig. 2: Normal histology of kidney of acetaminophen treated at 175 mg kg~ b.wt., NG: Normal glomerulusand NT: Normal renal
tubules that are not affected due to the lower dose of acetaminophen

Fig. 3:Severe disorganization of rat kidney after acetaminophen injection of 550 mg kg~ b.wt., ERC: Endothelial rupturein
capsule, DG: Damaged glomeruli and DT: Tubules are dilated with loss of cellular boundary

Acetaminophen overdose deplete antioxidant enzymes in
kidney tissues and increase lipid peroxidation (Cohen et al.,
1998). Acetaminophen also promote increase of urea and
creatinine (Adelman et al., 1981) leading to uremia. Toxicity
study was confirmed by SGOT and SGPT. Acetaminophen
overdose is often associated with urea and creatinine
derangements, elevation in plasma concentration of these
parameters are considered reliable for investigating
drug-induced nephrotoxicity inanimals(Adelmanet al., 1981,
Mandal et al., 2015). In kidney diseases, increased plasma
ureaisdueto the higher rate of plasmaurea production, which
exceeds the rate of urea clearance (Mayne, 1994). Tissue
creatinine breakdown increases plasma creatinine level when
nephrotoxicity occurs. Severa studies have indicated that
APAP might induce oxidative injury, including tissue lipid
peroxidation, enzyme inactivation and changes in cellular
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non-enzymatic and enzymatic antioxidant defense systems
and glutathione (GSH) status (Tukel, 1995).

Studies on healthy rats of either sex were chosen for
studying the acute toxicity of any drugs oraly in single
increasing doses to therat. If the higher dose iswell tolerated
then lower doses at different amount will be chosen for further
studies. But if the higher dose was not tolerated then a main
test has to be conduct to choose the effective dose
(Shenoy et al., 2012; Adeneye et al., 2008; Abraham, 2005).
In the present study, results obtained in the main test showed
that the dose of acetaminophen nephrotoxicity were
established with the higher dose of 550 mg kg™ day~* but
nephrotoxicity does not occur at the lower dose of
acetaminophen at 175 mg kg™ b.wt., as evidence by
significant (p<0.05) elevation in plasmaureaand creatininein
group Il rats compared to group | and Il (Table 2).
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Reduction in antioxidant enzymesin cells when there is
disruption of cellular redox balance. Acetaminophen induced
oxidative stress results in reduction in antioxidant enzymes
including SOD, catalase and reduced glutathione (GSH).
Significant (p<0.05) reduction in renal tissue concentration of
SOD, catalase and reduced glutathione were evident in group
Il animals compared to group | and |1 (Table 2).

Acetaminophen increases the plasma level of GOT and
GPT indicating chemical induced renal cellular toxicity.
Plasmalevels of these enzymes are very sensitive markers of
toxicity. When the endothelial cell layer of renal tubules is
damaged, the enzymes are rel eased into the blood stream and
increase in level (Mandal et al., 2015). In group 11 animals,
plasma GOT and GPT levels were increased significantly
(p<0.05), compared to other animals.

Lipid peroxidation is the oxidative degradation of lipids,
which generates free radicals that cause cell damage. Theend
product of lipid peroxidation is malondialdehyde, which is
known as second messenger of free radicals. High
concentration of MDA inkidney tissueindicatesrenal toxicity
(Mandal et al., 2015). The MDA concentration in kidney
tissue of group Il animals was increased significantly
compared to groups | and Il due to acetaminophen induced
oxidative damage. The APAP-induced renal damage is
consistent with acute tubular necrosis. Inthisstudy, theresults
of histopathological examination showed clear evidence of
nephrotoxicity following the administration of APAP in an
overdose. Acute tubular necrosis was the most relevant
histopathological change. Kidney histology of control group
showsanormal morphology of renal parenchymawith Normal
Tubular (NT) brush-borders and intact Normal Glomerulus
(NG) and surrounding Bowman's capsule (Fig. 1). Also the
lower dose of acetaminophen does not evidently alter the
(Fig. 2) histopathology of kidney. Glomerular damages were
evident by glomerular bleeding and partial endothelial rupture
in capsule. Proximal tubules were dilated with loss of cellular
boundary and epithelial degeneration. Intraluminal cell debris
and glassy pink cytoplasm were observed as indicators of the
cell death (Fig. 3).

CONCLUSION

Thebiochemical and histopathol ogical resultsobtainedin
this work confirmed that acetaminophen in high dose causes
renal failure and oxidative stress. However, further
investigations are needed to ascertain the mechanism of
actions of acetaminophen in the different cell lines of kidney.
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