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Abstract: Folic acid (FA), is a group B vitamin, has high reactive oxygen radicals quenching ability, resulting in 
protection against oxidative damage in aerobic cell. Acetaminophen (N-acetyl-p-aminophenol, APAP) is a nonsteroidal 
anti-inflammatory drug, and can promote oxidative damage in liver and kidney tissues. The aim of this study was 
to investigate whether folic acid has protective effects on oxidative liver and kidney injury caused by experimental 
APAP toxication. Forty female Sprague dawley rats were divided into 5 groups; control, APAP, FA, APAP+FA, and 
APAP+N-acetylcysteine (NAC) groups. APAP toxication was induced by oral gavage (3 g/kg bodyweight). FA (20 
mg/kg bodyweight) and NAC (150 mg/kg bodyweight) were given by oral gavage to the specified groups. Oxidant 
and antioxidant parameter were determined in liver and kidney tissues. In addition, the liver and kidney tissues 
were histological evaluated. When compared with APAP group, superoxide dismutase (SOD) and catalase activities 
and glutathione levels were statistically higher, malondialdehyde (MDA) level and myeloperoxidase activity (except 
liver tissue) were statistically lower in both APAP+FA and APAP+NAC. Liver and kidney MDA level and kidney SOD 
activity were significantly lower in APAP+NAC group compared with APAP+FA group. Co-administration of NAC 
with APAP was found to provide protection, but hepatic cords were defective in some places and some glomerular 
tubules also had dilatation. Necrotic areas was reduced in the liver and the glomerular structure was in good 
condition in the APAP+FA group. As a result, FA might have a protective effect against APAP-induced hepato-
nephrotoxicity and oxidative stress in rat.
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Introduction

Acetaminophen (paracetamol) or N-acetyl-p-amino-
phenol (APAP) is an antipyretic and analgesic drug. 
Although it is safe to use in clinical doses in human 
medicine, the studies shows that toxicity caused by over-
dose APAP may cause liver and kidney damage and even 
deaths may develop [1, 2]. Because paracetamol is one 
of the commonest drugs taken in overdose and involved 
in deliberate self-poisoning in many countries [3–5]. At 
therapeutic doses, the majority of APAP is metabolized 

by sulphation (20–30%) and glucuronidation (45–55%), 
while 5–9% is converted to N-acetyl-para-benzoqinon-
imine (NAPQI), a highly reactive metabolite by cyto-
chrome p450 (CYP 450) enzymes [6]. NAPQI is respon-
sible for APAP induced hepato-nephrotoxicity and 
converted to nontoxic active form by reduced glutathione 
(GSH) [7]. However, since the pathways of glucuronida-
tion and sulphation are saturated at APAP overdose, they 
are largely metabolized to NAPQI by the CYP2E1 en-
zyme system [8]. NAPQI eventually results in the deple-
tion of intracellular GSH. Once GSH depots have been 
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depleted by approximately 70%, NAPQI binds to cel-
lular proteins and leads to cell injury because of increas-
ing endonuclease G and apoptosis inducing factor. Thus, 
APAP application causes mitochondrial oxidative stress 
[9].

The damage caused by the oxidative stress is due to 
the generation of reactive oxygen species (ROS). When 
the balance between the generated ROS (such as super-
oxide radical-O2

•, hydroxyl radical-OH•, singlet oxygen-
1O2 and nitric oxide-NO•) and antioxidants is disrupted, 
the free radicals can then interact with macromolecules 
resulting in alteration of cellular functions or excessive 
free radical production is common in tissues [10]. There-
fore, antioxidant plays important role in this respect. 
Cellular antioxidant systems, such as hepatic GSH, are 
very important in protecting against cell damage in APAP 
hepatotoxicity. NAC is currently recognized worldwide 
as an antidote to APAP poisoning. Because NAC pro-
motes GSH synthesis in the liver and renews GSH stores. 
Many compounds such as vitamins [11, 12] and anti-
oxidants [13] have been used for their protective effects 
against APAP toxicity. Therefore, new treatment mo-
dalities in APAP poisoning cases are still of interest.

Folic acid (FA), commonly referred to as Vitamin B9, 
is a considerable vitamin for numerous metabolic path-
ways of living organisms. It plays an important role 
especially in nucleic acid synthesis and protection of 
DNA structure [14]. Studies show that FA is effective 
against ROS [15, 16]. Additionally, FA is an important 
effector in mitochondrial redox homeostasis that regu-
lates GSH biosynthesis and affects the GSH transport 
system [17].

We planned to establish experimental toxicity model 
in rats as a result of high dose of APAP. Although there 
is study showing that effect of FA on experimentally 
induced APAP toxicity in rats were evaluated biochem-
ical and histological only in liver tissue [18, 19], no 
studies have been conducted on the oxidative stress of 
FA in the APAP induced toxicity on both liver and kid-
ney. Consequently, we designed the study to determine 
the protective effect of FA against APAP-induced hepa-
to-nephrotoxicity in rats. Specifically, we evaluated their 
impacts on the oxidative stress biomarkers and histo-
pathological evaluation in the exposed rats.

Materials and Methods

Animals
A total of 40 female Sprague dawley rats weighing 

291–307 g were obtained from Aydin Adnan Menderes 
University Experimental Animal Unite (Aydin, Turkey). 
Rats were kept in transparent cages for 12 h in bright 

and 12 h in darkness at room temperature of 22–24°C 
and rats were given standard rat feed (Optima Food Co., 
Izmir, Turkey) and tap water ad libitum during the study. 
The Animal Experiments Local Ethics Committee of the 
University of Aydin Adnan Menderes approved this study 
(2017/041). We have reported this study consistent with 
the Animals in Research: Reporting In Vivo Experiments 
(ARRIVE) guidelines [20].

Chemical substances
APAP (code; A7085), FA (code; F7876), NAC (code; 

A7250) and the other chemicals were obtained from 
Sigma-Aldrich Co. (St. Louis, MO, USA). The chemicals 
were prepared daily by dissolving it in distilled water. 
Assay kit for the determination of total protein was pur-
chased from Archem Diagnostic Ind. Ltd., (Istanbul, 
Turkey).

Experimental procedure
The experimental animals were randomly divided into 

five groups (eight in each group); control group, APAP 
group (3,000 mg/kg bodyweight), FA group (20 mg/kg 
bodyweight), APAP+FA group and APAP+NAC group 
(150 mg/kg bodyweight). The doses and treatment peri-
ods of APAP, FA and NAC in the present study were 
selected based on reports of stated studies [15, 21–23]. 
NAC and FA in the groups were administered 1.5 h after 
APAP administration. The study duration was 1 day and 
the substances were administered by oral gavage. Con-
trol group received 0.9% NaCl to compare the effects of 
experimental APAP toxicity in liver and kidney in other 
groups. Rats were euthanized by cervical dislocation 
under 5 mg/kg bodyweight xylazine (Alfazyne 2%, Al-
fasan, Turkey) and 50 mg/kg bodyweight ketamine (Al-
famine 10%, AtaFen, Izmir, Turkey) anesthesia 24 h 
after drug administration. Animals were dissected for 
oxidant and antioxidant parameter and histological 
analysis in liver and kidney tissue samples. Tissue sam-
ples were stored at −80°C until analysis (NU 9668, Nu-
aire, Fernbrook Lane Plymouth, USA).

Tissue homogenization
Liver and kidney tissue samples were homogenized 

in a 10% of 150 mM phosphate buffer solution (pH 7.4), 
using a teflon-head homogenizer (IKA Overhead Stirrer, 
Staufen, Germany). Tissue homogenates were then cen-
trifuged (Hettich Zentrifugen, Mikro 200 R, Tuttlingen, 
Germany) at 12,000 rpm at 4°C for 10 min. Supernatants 
were collected and analyzed within the same day. Potas-
sium phosphate (0.05% 50 mM) buffer (pH 6.0) was used 
for myeloperoxidase (MPO) analysis by the same meth-
od.
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Determination of antioxidant/oxidant status in blood 
and tissue

Superoxide dismutase (SOD) estimation was based 
on the inhibition of nitro blue tetrazolium reduction us-
ing the xanthine:xanthine oxidase system as a superox-
ide generator. SOD activity in tissue was measured at 
560 nm according to the method of [24]. Results obtained 
were expressed as U/mg protein. The catalase (CAT) 
activity was determined by measuring the decomposition 
of hydrogen peroxide (H2O2) at 240 nm, and it was ex-
pressed as k/mg tissue protein for tissue [25]. GSH 
analysis in the tissues were performed according to the 
method of Tietze [26] at 412 nm and results was calcu-
lated as mg/g protein. Malondialdehyde (MDA) analysis 
was based on measuring the optical density at 532 nm 
of the color produced by MDA in thiobarbituric acid 
according to [27] and the results were calculated as nmol/
mg protein. MPO enzyme activity was measured accord-
ing to the method of [28] and the results were expressed 
as mmol/min/mg protein tissue. Total protein was used 
to calculate oxidant/antioxidant parameters in superna-
tants. For this purpose, the biuret method using com-
mercially available kits (Archem Diagnostic Ind. Ltd., 
Istanbul, Turkey) was used and the results were calcu-
lated as mg/ml protein. All these parameters measured 
using spectrophotometer (Shimadzu UV-1601, Kyoto, 
Japan).

Histological evaluation
Liver and kidneys were taken in 10% neutral buffered 

formalin and fixed for 24 h. Following the histological 
processing, the tissues were embedded in paraffin and 
serial cross sections (6 µm thickness) were taken at in-
tervals of 50 µm. Paraffin sections were stained with 
Hematoxylin-Eosin (H&E) and Masson’s trichrome stain 
for general evaluations. Periodic acid Schiff was used to 
show glycogen in hepatocytes [29]. Sections were ex-
amined with Olympus BX43 research microscope and 
photographed. Characteristics of cell damage and lesions 
in the liver and kidney tissues were scored on a semi-
quantitative scale: [+, mild (less than 25% of the tissues 

were affected); ++, moderate (25–50% of the tissues 
were affected); +++, severe (50–75% of the tissues were 
affected); very severe (more than 75% of the tissues were 
affected)] [30].

Statistical analysis
We used SPSS (Statistical Package for the Social Sci-

ences; SPSS Inc., Chicago, IL, USA) for Windows Ver-
sion 22 for all analyses. The suitability of the data for 
normal distribution was evaluated using the Shapiro Wilk 
test and for homogeneity of variance with Levene’s test. 
Differences between initial and final body weights for 
each group were analyzed using paired samples t-test. 
Kruskal-Wallis oneway analysis of variance and a post 
hoc multiple comparison tests (Mann-Whitney U test 
with Bonferroni correction) were used to analyze anti-
oxidant/oxidant parameters in tissues [31]. Differences 
were considered statistically significant if P<0.05. All 
data were given as mean and ± SE.

Results

We found no statistically significant differences in live 
weight among the experimental groups at the beginning 
(P=0.776) and after the study (P=0.470). Only in the 
APAP and APAP+FA groups were the body weight sig-
nificantly decreased at the final of the study when com-
pared at the start of the study (Table 1). The body weights 
before study of the APAP group was 307.50 ± 6.54 g, it 
decreased to 293.50 ± 7.03 g at the final of the study 
(P=0.012). Likewise, the body weights before study of 
the APAP+FA group was 300.00 ± 8.81 g, it decreased 
to 289.75 ± 9.70 g at the final of the study (P=0.012).

The antioxidant parameters of the liver tissue were 
significantly higher and oxidant parameters were sig-
nificantly lower in the control group compared to the 
APAP group (Table 2). The antioxidant parameters were 
significantly increased and MDA level was decreased in 
both APAP+FA and APAP+NAC groups compared to the 
APAP group. Whereas MPO activity was higher in the 
APAP group compared to the control group (P=0.001), 

Table 1.	 Average body weights of experimental groups before and after the study

Groups Body weights before study Body weights after study P

Control 305.62 ± 7.98 306.75 ± 8.44 NS
APAP 307.50 ± 6.54 293.50 ± 7.03 0.012
FA 306.25 ± 16.76 307.50 ± 17.26 NS
APAP+FA 300.00 ± 8.81 289.75 ± 9.70 0.012
APAP+NAC 291.25 ± 6.66 285.25 ± 6.88 NS

P NS NS

APAP: acetaminophen, FA: folic acid, APAP+FA: acetaminophen+ folic acid, APAP+NAC: 
acetaminophen+ N-acetylcysteine. NS: not significant (t-test).
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but there was no difference between APAP, APAP+FA 
and APAP+NAC groups (P<0.05).

In the kidney tissues SOD and CAT activities and GSH 
levels were significantly low and MDA level and MPO 
activities were significantly high in the APAP group, 
compared to the control group (Table 3). Antioxidant 
parameters were significantly higher in both APAP+NAC 
and APAP+FA groups compared to APAP group, and 
there was no difference between control and APAP+FA 
groups (except GSH level) (P>0.05). When compared 
with APAP group, MDA level and MPO activity were 
lower in other experimental groups (P=0.001).

When liver sections of the control group were exam-
ined, no liver damage was observed, normal hepatic cells 
arranged radially around the central veins, normal sinu-
soidal spaces between the cords and normal liver struc-
ture were observed (Fig. 1A). Congestion has been ob-
served in hepatic sinusoids of APAP group. Hepatic cords 
were enlarged and their order was distorted. Necrosis 
were generally seen around the central veins. In some 
cases, necrosis with widespread bleeding were located 
zonal (Fig 1B). Hepatic parenchyma lost glycogen stor-
age ability. In the FA group, the liver structure was 
similar to normal (Fig. 1C). The administration of FA 
with APAP reduced necrotic areas in the liver (Fig. 1D). 

However, in some sections, cord structure were deter-
mined to be impaired in places. In the APAP+NAC 
group, the liver structure was similar to normal (Fig. 1E), 
but hepatic cords were defective in some places, dete-
rioration of hepatocytes structure. Microscopic findings 
of the liver was summarized in Table 4.

Glomerulus, Bowman capsule, Bowman interval, re-
nal tubules and blood vessels were found to have normal 
histological structure (Fig. 2A). In the APAP group, the 
vessels were hyperemic. Dilatations were quite evident 
in the tubules. Disruptions were common in tubulus 
epithelium. Hyaline cast were seen in some tubules (Fig. 
2B). In the FA group, normal histological kidney struc-
ture was observed (Fig. 2C). In the APAP+FA group, the 
glomerular structure was in good condition, but there 
was still slight enlargement in the Bowman range, and 
dilatation in some tubules (Fig. 2D). In the APAP+NAC 
group, some tubules also had dilatation (Fig. 2E). The 
degree of histological findings in kidney tissue is shown 
in Table 4.

Discussion

Oxidative stress induces the production of free oxygen 
radicals, an undesirable by-product. It is the main factor 

Table 2.	 The antioxidant and oxidant parameter levels of liver tissue in experimental groups

Groups
Parameters

SOD GSH CAT MDA MPO

Control 3.68 ± 0.16 15.25 ± 0.87 7.06 ± 1.05 103.33 ± 1.73 76.94 ± 5.59
APAP 1.40 ± 0.12a 3.94 ± 0.79a 4.62 ± 0.42c  134.25 ± 3.66a 115.28 ± 15.47c

FA 2.01 ± 0.09a,** 18.05 ± 2.57*** 8.51 ± 0.49*** 106.39 ± 2.74*** 62.09 ± 3.62c, ***
APAP+FA 5.00 ± 0.19a, *** 13.72 ± 0.94*** 7.32 ± 0.89* 113.51 ± 3.64c, ** 102.98 ± 7.76c

APAP+NAC 5.05 ± 0.14a, *** 14.72 ± 0.86*** 8.15 ± 1.23** 91.62 ± 2.84b, *** 82.87 ± 5.21 

P 0.001 0.001 0.026 0.001 0.001

APAP: acetaminophen, FA: folic acid, APAP+FA: acetaminophen+ folic acid, APAP+NAC: acetaminophen+ N-acetylcysteine. SOD 
(Superoxide dismutase, U/mg protein), GSH (Reduced glutathione, mg/g protein), CAT (Catalase, k/mg protein), MDA (Malondialde-
hyde, nmol/mg protein), MPO (Myeloperoxidase, mmol/min/mg protein). a: P<0.001, b: P<0.01 and c: P<0.05 significantly different 
from control group. ***: P<0.001, **: P<0.01 and *: P<0.05 significantly different from APAP group (Bonferroni test).

Table 3.	 The antioxidant and oxidant parameter levels of kidney tissue in experimental groups

Groups
Parameters

SOD GSH CAT MDA MPO

Control 5.77 ± 0.15 13.74 ± 0.53 2.12 ± 0.17 88.60 ± 5.03 40.37 ± 1.57 
APAP 4.59 ± 0.08a 3.85 ± 0.48a 0.97 ± 0.06b 138.46 ± 7.04a 61.19 ± 6.26c

FA 7.59 ± 0.26 a, *** 12.38 ± 1.06*** 4.91 ± 1.02b, *** 94.69 ± 5.70*** 31.50 ± 2.09b, ***
APAP+FA 6.23 ± 0.22*** 6.35 ± 0.58a, * 2.90 ± 0.26*** 111.53 ± 2.91a, ** 31.29 ± 2.33b, ***
APAP+NAC 5.22 ± 0.16b, ** 9.67 ± 0.81a, *** 2.95 ± 0.26c, *** 90.83 ± 2.28*** 34.60 ± 4.01c, ***

P 0.001 0.001 0.001 0.001 0.001

APAP: acetaminophen, FA: folic acid, APAP+FA: acetaminophen+ folic acid, APAP+NAC: acetaminophen+ N-acetylcysteine. SOD 
(Superoxide dismutase, U/mg protein), GSH (Reduced glutathione, mg/g protein), CAT (Catalase, k/mg protein), MDA (Malondialde-
hyde, nmol/mg protein), MPO (Myeloperoxidase, mmol/min/mg protein). a: P<0.001, b: P<0.01 and c: P<0.05 significantly different 
from control group. ***: P<0.001, **: P<0.01 and *: P<0.05 significantly different from APAP group (Bonferroni test).



E. AKGUN, ET AL.

58 | doi: 10.1538/expanim.20-0075

Fig. 1.	L iver central veins (CV) and parenchyma image of experimental groups. A. Control group. Bar: 50 µm. 
H&E stain. B. APAP group. Bar: 100 µm. Necrotic areas (arrows) H&E stain. C. FA group. Bar: 50 µm. 
H&E stain. D. APAP+FA group. Bar: 50 µm. H&E stain. E. APAP+NAC group. Bar: 50 µm. H&E stain.

Table 4.	 Effect of FA on the histological lesions induced by treatment of rats with APAP

Tissue
Groups

Control APAP FA APAP+FA APAP+NAC

Liver Disruption in the structure of hepatic cords - ++++ + ++ ++
Enlargement of the central veins - ++++ + ++ ++
Edema - ++++ + ++ ++
Hemorrhage - ++++ + ++ ++
Necrosis - ++++ - ++ +
Vacuolar degeneration - +++ + ++ ++
Glycogen storage ability ++++ - ++ ++ ++

Kidney Congestion - +++ + ++ +
Tubular dilatation - +++ + ++ +
Enlarged Bowman spacing - +++ + ++ +
Tubular necrosis/degeneration - +++ - + +

APAP: acetaminophen, FA: folic acid, APAP+FA: acetaminophen+folic acid, APAP+NAC: acetaminophen+N-acetylcyste-
ine. (−): no pathological change, (+): mild (++): moderate, (+++): severe, (++++): very severe.
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in APAP induced liver and renal toxicity and can exac-
erbate free radical chain reactions [8]. The increase in 
free oxygen radicals leads to lipid peroxidation (LPO) 
in the membranes, causing damage or death to cells and 
tissues in association with impairments to cellular struc-
tures and functions [32]. Enzymatic antioxidant and 
non-enzymatic systems are natural preservatives against 
free radicals. If the oxidant-antioxidant balance is dis-
turbed excessive production of free radicals causes oxi-
dative damage to cellular molecules such as lipids, 
carbohydrates, proteins, RNA and DNA [33].

The number of drugs used during pregnancy in hu-

mans and animals are limited. APAP has become the 
most commonly recommended safe analgesic during 
pregnancy. But, APAP has been demonstrated to cross 
the placenta and in toxic doses may harm the fetal and 
maternal hepatocytes [34]. Therefore, female rat was 
preferred in our study.

When compared with APAP group, APAP+FA group 
had significantly high levels of SOD activity in both 
tissues. The protective effect of FA against APAP induced 
liver and kidney damage may be due to inhibition of 
excess ROS production and protection of cellular anti-
oxidant defense mechanisms. Because of rapid produc-

Fig. 2.	K idney image of experimental groups. G: Glomerulus. A. Control group. Bar: 50 µm. H&E stain. B. APAP group. 
*: Enlarged Bowman spacing. V: Dilated tubules. Hyaline cast (arrows) Bar: 50 µm. H&E stain. C. FA group. Bar: 
50 µm. H&E stain. D. APAP+FA group. Bar: 50 µm. H&E stain. E. APAP+NAC group. Bar: 50 µm. H&E stain.
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tion of O2
•- in tissues the SOD activity might have in-

creased to protection the cells. SOD converts O2
•- into 

H2O2, which then decomposes into water via CAT and 
GPx. Therefore, the important production of non-radical 
H2O2 in biological systems occur by SOD. Studies show 
that SOD and CAT activities significantly decreased due 
experimental APAP caused toxicity in liver and kidney 
[21, 35]. In these studies protective effects of antioxi-
dants (such as quercetin and curcumin) were evaluated 
and successfully results were obtained. The reason for 
decreased CAT activity in both tissue may cause accu-
mulation of free oxygen radicals in APAP group (Table 
1 and 2). CAT is one of the enzymatic antioxidants that 
protect tissues against H2O2. Found in high amounts in 
liver and erythrocytes and reduces H2O2 to molecular 
O2. The reason for decreased CAT activity may cause 
accumulation of free oxygen radicals in APAP group. 
Our study showed FA administration reduced the re-
sponse in the liver (P=0.026) and kidney (P=0.001) tis-
sues. Our findings were in accordance with the results 
of previous study. Uysal et al. [12] showed that thiamine, 
another B group vitamin, administration ameliorated the 
CAT activity in APAP-induced rat liver tissue.

GSH is thiol-containing compounds and one of the 
most important defence systems present in the mammals 
cell. GSH levels in liver and kidney homogenizes were 
significantly higher in the APAP+FA group than in the 
APAP group. The decreased GSH level in APAP group 
may be due to excessive NAPQI and O2

•- production or 
peroxides due to APAP administration [36]. The GSH 
level statistically decreased under exposure to APAP in 
our study. The decrease in the GSH level might suggest 
that enzyme activity of Glutathione peroxidase (GPx) 
that might have decreased during the oxidative process. 
GPx is a cytosolic enzyme that reduces H2O2 to mo-
lecular H2O and oxidized glutathione (GSSG) using 
GSH, also plays a role in the reduction of hydroperoxides 
and prevents the onset and development of LPO [37].

The oxidant marker of LPO due to oxidative stress is 
MDA and MDA has mutagenic, genotoxic, and carcino-
genic effects [38]. In the present study, APAP-treated 
rats showed a significant increase in levels of MDA, in 
the rat liver and kidney tissues which was reduced by 
co-treatment of animals by FA significantly. Dallak et 
al. [13] suggested a relationship between APAP toxicity 
and increased MDA level and decreased GSH level. In 
our study, MDA levels in liver and kidney tissues were 
found to be significantly highest in APAP group com-
pared to the other experimental groups. In another study, 
APAP given to rats at a dose of 3 g/kg/day has caused a 
significant increase in LPO levels and a significant de-
crease in GSH levels compared to the control group [22]. 

In our study, elevated MDA levels in tissues may be due 
to an increase in APAP induced ROS production (par-
ticularly OH• radicals) resulting by oxidative stress. The 
OH• radical, which may a genotoxic effect, interacts with 
purine and pyrimidine bases resulting by DNA damage.

MPO activity is a source of free radicals. This enzyme 
is a marker for acute inflammation and polymorphonu-
clear cell infiltration [39]. According to the data obtained, 
MPO activity in liver tissue was statistically higher in 
APAP, APAP+FA and APAP+NAC groups compared to 
control group. High levels of MPO activity in these 
groups are indicators of established oxidative liver dam-
age. Unlike these results, MPO activity was significant-
ly lover by APAP+FA and APAP+NAC group compared 
with the APAP group in kidney tissue. The present study 
of kidney tissue results are concordant with Uysal et al. 
[12]. Our study clearly demonstrate hepato-nephrotox-
icity may occur due to an increase in the intracellular 
levels of ROS, which are toxic at high levels and can 
interact with macromolecules. The present study dem-
onstrated the influence of APAP on some non-enzymat-
ic and enzymatic biomarkers of oxidative stress in liver 
and kidney of rats and its amelioration by pre-treatment 
by antioxidant, FA.

Studies indicated that APAP causes severe liver dam-
age such as massive neutrophilic and lymphocytic infil-
tration, intense coagulative necrosis, cytoplasmic vacu-
oles, vacuolar degeneration in hepatocytes, congestion 
of central vein and portal vein in the liver [23, 40]. In 
our study, APAP group showed dilatation of the central 
veins, centrilobular necrosis, congestion and vacuolar 
degeneration, as well as loss of glycogen storage ability 
of hepatic parenchyma. FA have been shown to reduce 
necrosis of the centrilobular zone in this study. This sug-
gests that FA may play a protective role as an antioxidant 
in APAP toxicity. It is reported that different doses of 
APAP administration causes kidney damage such as 
tubular vacuolization, lymphocyte infiltration and tubu-
lar dilatation [40–42]. In our study, hyperemia in vessels, 
dilatation in tubules and disruptions in tubular epithe-
lium were observed in APAP group. In the APAP+FA 
group, there was a slight enlargement in the Bowman 
interval, and dilatation in some tubules (Fig. 2).

In conclusion, this study indicate that FA has a pre-
ventative effect on the oxidative damage and histologi-
cally against APAP induced liver and kidney tissues. This 
effect may be due to the folic acid inhibiting intracel-
lular ROS production and contributing to cellular GSH 
synthesis. NAC has been used for the treatment of nu-
merous disorders such as APAP intoxication, cardiovas-
cular diseases, respiratory diseases, heavy metal toxic-
ity and some psychiatric disorders. NAC has various 
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biological effects including, protecting cytoskeleton 
structure, elevating cellular GSH levels, scavenging of 
ROS, immuno-modulatory activity, antimutagenic and 
antineoplastic activities [43]. Although it is currently 
recognized worldwide as an antidote to APAP poisoning, 
the use of this drug has many adverse effects like allergy, 
anaphylaxis, angioedema, bronchospasm [19]. Since FA 
cannot be stored in the human body it’s deficiency is 
very important for healthy living [14]. It’s deficiency 
may lead megaloblastic anaemia, diabetes, neural tube 
defects in developing foetuses, cancer and cardiovascu-
lar diseases, and Alzheimer’s disease [17]. Only folic 
acid in excess (greater than 1 mg/day) can mask the 
vitamin B12 deficiency symptoms which may lead to 
other health risks such as nerve damage [44]. Consider-
ing these, the results obtained can contribute to the de-
velopment of a new alternative pharmacological drug 
model against APAP toxication, which is not harmful to 
human and animal health.
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