ORIGINAL
ARTICLE

Veterinary

Veterinary Research Forum. 2024; 15 (3): 145 - 150
doi: 10.30466/vrf.2024.2011585.4009 Research
Forum

Journal Homepage: vrf.iranjournals.ir

Protective effect of nanocurcumin on acetaminophen-induced hepatic and renal

toxicities in pigeons

Saeed Seifil*, Nasser Vajdil, Shohreh Alian Samakkhah?, Navideh Mirzakhani3

1 Department of Clinical Sciences, Faculty of Veterinary Medicine, Amol University of Special Modern Technologies, Amol, Iran; ? Department of Food Hygiene,
Faculty of Veterinary Medicine, Amol University of Special Modern Technologies, Amol, Iran; 3 Department of Pathobiology, Faculty of Veterinary Medicine, Amol

University of Special Modern Technologies, Amol, Iran.

Article Info

Abstract

Article history:

Received: 14 September 2023
Accepted: 08 January 2024
Available online: 15 March 2024

Keywords:

Acetaminophen
Serum biochemistry
Nanocurcumin
Domestic pigeon

In this study, the effects of nanocurcumin on acetaminophen-induced acute hepatorenal
toxicity in domestic pigeons (Columba livia) were investigated. Fifteen pigeons were randomly
assigned into three groups. Group I was served as a negative control group and received tap
water as a placebo. Pigeons in groups Il and Il were administered acetaminophen at the
beginning of the experiment (hr 0). Group III was further treated with nanocurcumin, at 12 hr
after acetaminophen administration, being continued every 12 hr for two days. The birds were
observed for clinical signs of acute drug toxicity. Blood samples were collected from the pigeons
at hr 0, 12, 24 and 48 of the experiment for biochemical analysis of the serum. The results
showed that acetaminophen toxicity increased the serum levels of aspartate aminotransferase,
alanine aminotransferase, urea and uric acid in the pigeons. Nanocurcumin treatment of
acetaminophen intoxicated pigeons attenuated increases in biomarkers of the liver and kidney
functions towards control levels. Also, the consumption of nanocurcumin minimized
histopathological changes in the liver and kidney. A mortality of 60.00% was seen in the
acetaminophen-induced toxicity group; while, none of the birds treated with nanocurcumin
died. It can be concluded that nanocurcumin alleviates the acetaminophen-induced acute toxic

liver and kidney damages, which can lead to pigeon mortality.

© 2024 Urmia University. All rights reserved.

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are
used in veterinary medicine to treat fever and inflammation
in various animal species, including dogs, cats, horses and
cattle.! Application of these drugs in birds is limited due to
few studies, and on the other hand, most studies have been
conducted in mammals.2 Acetaminophen (N-acetyl-para-
aminophenol; APAP) is the most widely used painkiller
and anti-pyretic drug in the world today, and one of the
reasons for this is that it is less dangerous than many
painkillers. Acetaminophen intervenes in prostaglandin
synthesis in the central nervous system by inhibiting the
cyclooxygenase enzyme.3 The anti-pyretic effect of APAP
takes place through a direct effect on the thermoregulation
center in the hypothalamus. Some of the metabolisms of
this drug are carried out by the cytochrome P450 system.
The cytochrome system is present everywhere in the
body, but it is mostly in the liver.
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Acetaminophen is converted into an active metabolite
called N-acetyl-p-benzoquinone imine (NAPQI) by
cytochrome P450 enzymes. In therapeutic doses, this
metabolite is quickly detoxified and neutralized by
glutathione. In cases of APAP poisoning, due to the
reduction of liver glutathione reserves, NAPQI attacks
macro-molecules in hepatocytes, leading to necrosis.* In
general, the greatest accumulation of toxins in animals is
found in the hepatic tissue. The liver performs the vital
functions of the body, such as the metabolism of proteins,
carbohydrates and fats, secretion of bile, storage of
glycogen and vitamins, and detoxification of various drugs.
The strategic location of the liver, between the
gastrointestinal tract and the rest of body, is critical for the
homeostasis of various micro-nutrients.5 Also, renal failure
caused by acute APAP consumption is accompanied by
necrosis of renal tubules, being characterized by an
increase in plasma creatinine and a decrease in glomerular
filtration.® The mechanism of liver damage resulting from
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acute APAP consumption is well known, but the
mechanism of kidney damage is not well documented. The
process of oxidative stress can be a major reason for the
fact that high doses of APAP are associated with an
increase in lipid peroxidation and a decrease in intra-
cellular glutathione in kidney tissue.”

Recently, large numbers of natural products and food
compounds have been investigated as hepatoprotective
agents. Recent studies have shown that nutritional factors
play an important role in increasing the body's ability to
detoxify chemicals and drugs.8® Turmeric (Curcuma longa
L.) is a perennial plant belonging to the ginger family; its
rhizome is the source of turmeric powder, being used as a
spice. Turmeric has several phytochemical compounds
having a wide range of medicinal properties including
activity against cellular tumors, hormonal disorders,
inflammation, bacterial infection, oxidative stress and
parasites.l® The main active ingredient of turmeric is
curcumin (diferuloylmethane; CMN), a lipophilic polyphenol
being practically insoluble in water, being quite stable at
the acidic pH of the stomach. The medicinal activity of
turmeric is significantly dependent on the biological
activity of CMN.!! Since turmeric increases the activity of
the glutathione-S-transferase enzyme, it can increase liver
detoxification capacity through increasing liver glutathione
reserves.’2 Poor bioavailability of CMN due to low
absorption, metabolism and rapid systemic elimination
from the body is an important issue in using CMN.13 One of
the suggestions to improve CMN bioavailability is the use
of CMN nanoparticles, increasing oral absorption.’* The
use of CMN nanoparticles has increased its tissue
distribution and half-life in rats.!> To our knowledge, no
study has been done on the effects of nanocurcumin
(NCMN) on APAP poisoning in pigeons. In the present
study, we aimed to investigate the therapeutic effect of
NCMN on APAP-induced toxicity in domestic pigeons.

Materials and Methods

Drugs and chemicals. Acetaminophen tablets were
supplied from Arya Pharmaceutical Company (Tehran,
Iran). Nanocurcumin was purchased from Exir Nano Sina
Company (Tehran, Iran).

Animals. In this study, 15 domestic pigeons were
purchased from a local supplier and after clinical
examination and health assurance, distributed randomly
into three groups including group I as an untreated
control, group II: Received APAP at a dose of 3,000 mg kg1
body weight!¢ by oral gavage at the beginning of the study
(hr 0) and group IlI: Received APAP with previous dose
and treated by oral NCMN at a dose of 50.00 mg kg twice
daily at 12 hr after APAP administration to 48 hr. The
experimental protocol was approved by the Animal Care
Committee of Amol University of Special Modern
Technologies, Amol, Iran (Ir.ausmt.rec.1401.24).

Clinical observation. Acute drug toxicity symptoms
including vomiting, diarrhea, lethargy, recumbency and
death were checked four times a day in the birds.

Blood collection. Blood samples were taken from the
brachial veins of all experimental groups for serum
separation and rapidly transferred to the laboratory. After
centrifugation (3,000 rpm for 10 min at room
temperature), serum was harvested. The procedure was
repeated at 12, 24 and 48 hr after administration of the
APAP or water.

Serum biochemistry. The preserved sera were
utilized for spectrophotometric estimation by an
automated analyzer (Cobas Mira Plus; Roche, Basel,
Switzerland) of serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), urea, uric acid, total
protein (TP) and albumin (ALB) using commercial assay
kits (Pars Azmun, Karaj, Iran).

Histopathology. At the end of the experiment, two
birds from each group were euthanatized.!® Tissue
samples of 4.00 cm in length were taken from the liver and
kidney. The samples were washed and fixed in 10.00%
saline-formalin. Tissue was dehydrated, clarified and
embedded in paraffin before cutting into 5.00-pum-thick
sections using a rotary microtome (Diapath, Martinengo,
Italy). After mounting on glass slides, the sections were
stained with Hematoxylin and Eosin stain.

Statistical analysis. Analysis of variance (ANOVA)
with the Tukey-HSD test was used to determine significant
differences between uric acid, urea, AST, ALT, ALB and TP
in different groups at each time point. Also, differences
between the mean of these parameters in different groups
along exposure times were analyzed by repeated
measures ANOVA and Tukey-HSD test. All results were
expressed as Mean #* SD. Statistical analyses were
performed using the SPSS Software (version 26.0; IBM
Corp.,, Armonk, USA). For all analyses, p < 0.05 was
considered statistically significant.

Results

Clinical observations. Acute toxicity signs such as
vomiting, weakness, ruffled feathers and loss of appetite
were observed in birds of groups II and III after
administration of APAP. Three birds (60.00%) from group
I died between 36 and 48 hr post-administration (PA). No
mortality was seen in the NCMN-treated group.

Blood biochemical markers. As it is shown in Table
1, there was no significant difference in tested
parameters between different treatment groups at hr 0.
An increase in AST, ALT and uric acid was found at 12 hr
PA, being significantly higher in APAP-treated birds (p <
0.05). In terms of these three parameters, no significant
difference was observed between the groups Il and I at 24
and 48 hr PA, but both groups had a significant difference
with the group II (p < 0.05). Regarding urea, no significant
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difference was observed between the groups III and II at
24 and 48 hr PA, but both groups showed a significant
difference with the untreated group (p < 0.05).

A decrease in ALB was found at 12 hr PA. The average
ALB at hr 12, 24 and 48 was not significantly differed
between the groups II and III, but both groups had a
significant (p < 0.05) lower level of ALB than the group L

In terms of TP, at hr 12, 24 and 48, no significant
difference was observed between the groups III and I,
but both groups had a significant difference with the
group II (p < 0.05).

In the untreated group, no significant difference was
seen in terms of all the investigated parameters at
different hr. At hr 12, there was an increase in uric acid
level, being significant in the groups Il and III between hr 0
and 12. Then, the amount of uric acid in the blood
decreased at hr 24 and 48 in group 1], but in group I, the
amount of uric acid was still high.

Regarding the trend of urea changes in the groups II
and III during the studied time, a significant (p < 0.05)
difference was observed between hr 0 and 12, and hr 24
and 48. The AST enzyme activity showed a significant (p <
0.05) increase in the group III at 12 hr PA compared to the
other studied times, but ALT enzyme activity did not have
a significant difference between the studied periods. The
ALB and TP also had no significant difference between the
studied times in the groups II and IIL

Histopathological findings. Slides of liver and kidney
tissues of experimental groups were studied and analyzed
thoroughly at the end of the experiment and the
photomicrographs are shown in Figures 1 and 2. The liver

of the APAP-treated pigeons showed severe degeneration
of hepatocytes along with intense inflammatory -cell
infiltration. Besides, remarkable hyperemia was observed
in the hepatic tissue of this group (Fig. 1A). In the group III,
remarkable reductions in the pathological processes were
observed in the liver (Fig. 1B).
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Fig. 1. Photomicrographs of hepatic tissue in experimental
groups. A) Group II (acetaminophen) shows severe degeneration
of the hepatocytes (white arrow), intense inflammatory cell
infiltration (black thin arrow) and notable hyperemia (asterisks);
B) Group III (acetaminophen and nanocurcumin) shows mild
degeneration of the hepatocytes with nearly normal structure of
the liver (Hematoxylin and Eosin staining, 400x).

Table 1. Effect of nanocurcumin on the serum hepatorenal function biomarkers in acetaminophen toxicity in domestic pigeons.

Parameters Groups Experimental period (hr)
0 12 24 48
I 4.06 £ 0.602A 3.83+0.473a8 3.56 +0.4538 3.86+0.25aB
Uricacid (mg dL-) 11 473 £1.20bA 8.76 £ 0.662A 10.23 £0.903A 9.83 £0.55a
11 3.80£1.90bA 7.66 £0.402A 4.96 + 0.662bB 4.03 +1.472bB
I 533 +1.52aA 5.66 +(0.573A 6.33+0.573a8 6.33+1.1528
Urea (mg dL-) II 6.66 + 2.51bA 6.33 £4.50bA 11.16 £ 2.752A 13.66 £1.522A
111 5.00 £ 1.00bA 3.33+1.33bA 10.00 £1.732A 12,66 £2.312A
I 60.33 +£15.5034 59.00 + 3.602A 59.00 + 10.5328 59.33 + 4.0438
AST (U L) II 55.66 + 9.45bA 102.33 £40.52bA 271.33 £152.002A 272.66+106.822A
11 64.33 £8.14bA 104.33 £ 24.58A 55.00 +11.53bB 45.66 + 16.9218
I 1733 +2.5124 14.00 + 2.0024 17.00 £ 2.0028 14.33 +2.0838
ALT (U L) I 11.00 £ 2.00b2 36.33+13.05bA 58.66 + 15.822A 39.33+£2.51bA
111 13.00 £5.2924 30.00+12.1224 20.66 + 8.0838 13.00 + 3.603B
I 1.20+£0.1024 1.10 £ 0.1024 1.00 £0.102A 1.20+£0.102A
I 1.06+0.2124 0.61+0.232B 0.65+0.1238 0.53+0.0628
ALB (gdL) 111 0.93 £0.062A 0.74 £0.1528 0.81+0.082a8 0.82 +0.0528
I 2.83+£0.052A 290+0.202A 276 £0.152A 3.23+0.402A
TP (g dL) I 296 +0.51 2 1.63 £ 0.4028 1.53 £0.0528 1.93 £ 0.052B
111 2.83+£0.402A 243 +0.282A 220+0.17aA 2.70 £0.102A

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TP: Total protein; ALB: Albumin; Group I: Untreated control; Group II:

Acetaminophen; Group III: Acetaminophen and nanocurcumin.

a The different superscript letters in the same row indicate significant differences (p < 0.05); ABC The different superscript letters in the
same column in each parameter indicate significant differences (p < 0.05).
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The kidney of group II presented hydropic
degeneration along with epithelial cells necrosis of the
proximal convoluted tubules. Besides, the epithelial cells
were detached from the basal layer, and severe
inflammation was observed as well. The glomeruli became
shrunken in this group and the urinary space was dilated
(Fig. 2A). In the group II], all the degenerative and necrotic
processes in the kidney tissue were reduced notably and
the tissue showed normal structure (Fig. 2B).
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Fig. 2. Photomicrographs of renal tissue in experimental groups.
A) Group II (acetaminophen) shows notable necrosis (N) and
hydropic degeneration of the epithelial cells of proximal
convoluted tubules along with detachment from basement
membrane (white arrows), severe inflammatory cell infiltration
(black thin arrows) and shrinkage of glomeruli (asterisks);
B) Group III (acetaminophen and nanocurcumin) shows mild
degenerative processes of epithelial cells of proximal convoluted
tubules (Hematoxylin and Eosin staining, 400x).

Discussion

In avian medicine, NSAIDs are used to treat a variety of
clinical conditions, such as inflammation, heat stress and
beak-trimming pain. Although NSAIDs are essential to
manage pain and inflammatory conditions in poultry, pet
and zoo birds, their prescriptions are limited. One of the
important reasons for this issue is the little research on
NSAIDs usage in birds. The findings of current study
showed that administration of APAP caused symptoms
including vomiting, weakness, ruffled feathers and loss of
appetite in groups II and III. But, it was observed that the
symptoms in birds of group III (APAP + NCMN) improved
after the NCMN administration; the symptoms were more
stable in pigeons of group II. Also, in group II, three birds
(20.00%) died; while, no death was seen in group IIL
Similar results were reported in a previous study
investigating the protective effects of silymarin on
hepatorenal toxicity caused by APAP in pigeons.1¢

In contrary, mortality was not observed in the APAP-
administered broilers.l” As shown in Table 1, hepatocyte
injury markers (AST and ALT) were increased in APAP-
administrated groups (II and III), but in the group III, a
decrease in AST and ALT activities was recorded 48 hr PA.
An increase in the ALT level as a specific liver enzyme
indicates liver toxicity caused by APAP.18 The AST is a non-
specific liver enzyme being also produced in other tissues,
but its increase can indicate the APAP associated
hepatotoxicity. Both AST and ALT are present in the
cytosol of hepatocytes and hepatocytes damage leads to an
increase in cell membrane permeability, followed by
cytoplasmic enzymes movement towards outside of the
hepatocytes, causing their activity elevation in the serum.!?
Intra-cellular enzymes leakage prevention via healing of
hepatic parenchyma and hepatocytes regeneration may be
a potential mechanism for medicinal plants to normalize
serum biomarkers of the liver.2? In line with the present
study, researchers demonstrated that administration of a
single large oral dose of APAP caused apparent liver and
kidney oxidative damages in rats, but pre-treatment with
CMN significantly improved the altered serum biochemical
parameters.2! A decline in the ALB level was seen at 12 hr
PA in both groups of pigeons received APAP. Albumin is
produced mainly in parenchymal cells of the liver;22
therefore, liver damage can change its level in the blood.
Nanocurcumin treatment slightly increased ALB level in a
non-significant manner. Similar findings were reported by
Thedioha et al.'¢ and Eassawy et al.l® The reduction in TP
level is attributed to the initial damage to the endoplasmic
reticulum, leading to the loss of cytochrome P450
enzymes, resulting in its functional failure with reduced
protein synthesis and triglycerides accumulation, causing
fatty liver disease.?3 Treatment of group II pigeons with
NCMN could normalize APAP-induced reductions in serum
TP, indicating the hepatoprotective activity.

Since birds are uricotelic and 60.00 - 80.00% of the
total nitrogen excreted by birds is in the form of uric acid,
it has been proposed to measure plasma uric acid
concentration to assess renal function in birds.2* An
increase in uric acid and urea was seen in the APAP-
treated groups 12 and 24 hr PA, respectively. Loss of
appetite and vomiting in birds of these groups led to
dehydration and therefore, increased the uric acid and
urea levels. In addition, as shown in Figure 2, severe
kidney injury was observed in group II, reducing the
clearance of uric acid and urea. In kidney damage caused
by chemicals and drugs, the inability to eliminate free
radicals after oxidative stressleads to cell destruction. In
the present study, histopathological examinations
revealed the presence of inflammation, destruction and
necrosis in the renal tissue. In concurrence with the
present findings, increases in uric acid and urea levels
were seen in pigeons being treated with APAP 12 hr PA.16
In contrast, no adverse clinical signs and no critical change
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in uric acid concentrations were observed in broilers
received intra-muscular APAP injection (10.00 mg kg1).17
These differences may be related to the experimental
design and type of toxicant administration. As seen in
Table 1, uric acid was decreased in the NCMN-treated
group 24 hr PA. Also, the renal tissue of pigeons being
treated with NCMN (group III) showed a notable reduction
in the degenerative and necrotic processes and a marked
decrease in the inflammatory cells population. Our
outcomes were in line with earlier researches, where CMN
was utilized as a nephroprotective drug, and cyclosporine
A and copper were used to cause nephropathy in rats.2526

In conclusion, this study demonstrated the hepatic and
renal damaging effects of APAP in pigeons. In addition,
treatment with NCMN effectively normalized liver and
kidney functions, as well as histopathological changes
caused by APAP. These results suggest that NCMN may be
a useful treatment option for liver and kidney diseases in
pigeons and possibly other bird species.
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