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Abelmoschus esculentus (L.) Moench seed extract alleviates acute acetaminophen 

induced liver damage in rats 
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Acetaminophen (N-acetyl-p-aminophenol, APAP), commonly called the ‘paracetamol’, is one of the most regularly 

utilized medicines, particularly in children. When administered at the recommended doses, it is a safe medication. However, 

oxidative stress and inflammation caused by exposure to toxic doses lead to centrilobular hepatic necrosis. N-acetylcysteine 

(NAC) is utilized in the therapy, however it has potential adverse effects. On the other hand, it is known that the seeds of the 

common vegetable Okra, Abelmoschus esculentus (AE), a herbal product, possess antioxidant and anti-inflammatory 

qualities. In the present study, we explored whether AE can be used as an alternative to standard NAC therapy without any 

adverse effect in the treatment of acute APAP induced liver injury. Forty male Wistar rats were placed into five groups: 

Control, AE, APAP, APAP+AE and APAP+AE+NAC groups. Antioxidants such as native thiol and total thiol were found 

rised in the APAP group by adding AE (p =0.043 and p =0.028, respectively). Anti-inflammatory indicator IL-10 was also 

found increased, while marker ALT, which is a sign of hepatotoxicity, got decreased (P=0.005 and P <0.001, respectively). 

Histologically, AE has been shown to improve worsened congestion (P =0.003), cytoplasmic vacuolization (P =0.01), 

sinusoidal dilatation (P =0.001), Kupffer cell proliferation (P <0.001) and inflammation (P <0.001). These results suggest 

that the okra seeds may be a potential therapeutic agent for  paracetamol induced hepatotoxicity and it can be attributed to 

the antioxidant and anti-inflammatory properties. 
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Acetaminophen (N-acetyl-p-aminophenol, APAP), 

commonly known as ‘paracetamol’, is one of the most 

common medicines used in childhood. It is a safe 

medicine when taken at recommended doses, but 

more than 200 mg/kg in a single dose or more than 90 

mg/kg/day for consecutive days is considered as a 

toxic dose
1,2

. The liver conjugates the bulk of ingested 

APAP; 5% is eliminated unaltered in the urine; and 

5% is transformed to N-acetyl p-benzoquinonimine 

(NAPQI). NAPQI is eliminated by the kidneys after 

being transformed to mercapturic acid by glutathione. 

When therapeutic amounts of APAP are applied, the 

resultant NAPQI is detoxified by glutathione peptide. 

However, when taken in dangerous levels, it can 

cause cetrilobular liver necrosis. Acute liver injury 

caused by APAP consumption has been seen in the 

third stage of intoxication, between 72 and 96 h
2
. In 

addition to NAPQI, oxidative stress caused by 

increased reactive oxygen species (ROS) also 

contributes to necrosis
3
. 

Initial signs of APAP intoxication are nonspecific 

or nonexistent. If a hazardous dose of ingestion is 

suspected, serum APAP should be tested after 4 h at 

the earliest. The serum APAP level obtained during 

the first 4 h cannot be utilized to predict toxicity. The 

treatment decision in these patients should be based 

on where the serum APAP falls on the Rumack-

Matthew nomogram. This nomogram is used to 

evaluate the risk of hepatotoxicity; nonetheless, it is 

advised to wait at least 4 h before beginning antidote 

medication in accordance with this nomogram
2,4

. 

By boosting NAPQI detoxification and avoiding 

hepatotoxicity, N-acetyl cysteine (NAC), a precursor 

to cysteine, refills the liver's depleted glutathione 

pool
4
 NAC, on the other hand, can cause nausea, 

vomiting, rash, fever, headache, hypotension, and 

anaphylactoid reactions
2,5,6

. 

Abelmoschus esculentus (AE) has a lot of vitamins, 

minerals, and fiber. It has been already reported that 

AE, among other things, possesses antioxidant and 
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anti-inflammatory properties
7
. In this study, we have 

explored whether AE can be used as an alternative to 

standart NAC therapy in the treatment of acute APAP 

induced liver injury without any adverse effects. 

Material and Methods 

Preparation of AE seed extract 

The Aydın region, which has a pleasant, temperate 

temperature, is where AE was raised. The fruit was 

picked when it was 3.5-7 cm long, and each hectare 

produced 10.000 kg. This study made use of AE seed. 

AE seed was extracted using the maceration process 

and 95% ethanol as the solvent
8
. Then, 100 g of AE 

seeds that had been pulverized were put in a tight 

container. The container was filled with 600 mL of 

ethanol, and it was left to sit at 25°C for two days in 

the dark. The extract combination was filtered two 

days later, and the liquid component (ethanol) was put 

into a flask with a circular bottom. An oily golden 

yellow AE extract was produced in the flask 

following solvent evaporation at 40°C, and it was kept 

there at 4°C until it was tested. 

Animals 

The Bolu Abant Izzet Baysal University 

Experimental Animals Application and Research 

Center sold male Wistar rats weighing 200-250 g. 

Rats were fed a conventional meal and given 

unlimited access to water in a standard laboratory 

setting. Temperature, humidity, and lighting were all 

set at a constant 19±2°C (humidity at 50-70%) with a 

12 h light/dark cycle. All surgical operations and the 

care of the rats were designed in accordance with the 

Universal Declaration on the Rights of Animals. 

Experimental design and protocols 

Five equal groups made up of the 40 rats were 

created randomly. The following experimental model 

was developed: Control group (C): An identical 

volume of saline was administered by gavage for 11 

days; AE group (AE): A single dosage of 

600 mg/kg/day of AE extract was administered by 

gavage for 11 days
9
; APAP group (APAP): On the 

eighth day of the trial, a single intraperitoneal (IP) 

dosage of APAP 1 g/kg (Parol 10 mg/mL Atabay®, 

Istanbul, Turkey) was given. (The supplied dosage of 

APAP is regarded as hepatotoxic
10

); AE+APAP group 

(AE+APAP): 600 mg/kg/day single dose of AE 

extract was given by gavage for one week. On the 

eighth day, 1.5 h after the AE extract was given, a 

single dose of 1 g/kg APAP was given IP. AE extract 

was continued to be given by gavage for 3 days after 

the procedure day; and AE+APAP+NAC group 

(AE+APAP+NAC): One week before to the 

procedure day, a single dosage of 600 mg/kg/day of 

AE extract was began to be administered by gavage. 

On the eighth day, 1 g/kg APAP was provided as a 

single dose IP 1.5 h after the same dosage of AE 

extract, and 1.5 h after APAP, 300 mg/kg NAC (Asist 

300 mg/3 mL Bilim Pharmaceuticals®, Istanbul, 

Turkey) was given as a single dose IP
11

. For three 

days following the day of the treatment, AE extract 

was still administered by gavage. 

On the 11
th
 day, all rats were intramuscularly 

sedated with 90/10 mg/kg xylazine and ketamine 

before being sacrified. Biochemical analysis required 

the collection of blood samples. The blood samples 

were maintained in Eppendorf tubes at 80°C until 

they were examined after being centrifuged at 4000 rpm 

for 10 min. The rats' abdomens were opened, and the 

livers were taken out. After that, they were embedded 

in paraffin blocks and preserved in 10% buffered 

formaldehyde for histological analysis. In a sterile 

laboratory setting, all surgical operations were carried 

out. 

Measurement of biochemical parameters 

For signs of liver injury, serum AST and ALT 

levels were checked
12

. We acquired rat AST and ALT 

ELISA kits from SinoGeneClon Biotech Co. Ltd. in 

China. 

Serum samples were examined for levels of the 

pro-inflammatory cytokine TNF-α and the anti-

inflammatory cytokine IL-10
13

. We obtained rat 

cytokine ELISA kits from SinoGeneClon Biotech Co. 

Ltd. in China. 

The colorimetric technique established by Erel & 

Neselioglu
14

 was used to measure the levels of serum 

thiol-disulfide, including native thiol, total thiol, and 

disulfide, as an indication of oxidant-antioxidant 

status. 

Histopathological assessment of liver specimens 

Hematoxylin-eosin dye was used to stain paraffin 

blocks with slices of 3 m thickness cut from animal 

liver for histological analysis. A skilled pathologist 

examined the sections with an LEICA DM 2000 LED 

light microscope. These significant indications of 

liver tissue injury, including vascular congestion, 

localized hepatocyte necrosis, inflammation, bile duct 

hyperplasia, cytoplasmic vacuolization, sinusoid 

dilatation, and Kuppfer cell proliferation, were scored 

semi-quantitatively. According to test results, a score 

of 0 indicates no change, a score of 1 indicates minor 



INDIAN J EXP BIOL, NOVEMBER 2023 854 

focal changes, a score of 2 indicates moderate 

multifocal changes, a score of 3 indicates noticeable 

multifocal changes, and a score of 4 indicates 

common substantial alterations
15

.  

Statistical analysis 

For statistical analysis and assessment, the SPSS-

23 software was employed. The mean and standard 

deviation were used to express the data. The 

examination of the groups' fit to a normal distribution 

and variance homogeneity was conducted using the 

Kolmogorov-Smirnov test. Tukey tests were used to 

compare data from different experimental groups after 

one-way analysis of variance (ANOVA) was 

provided. The difference in histopathology scores was 

assessed using a Kruskal-Wallis analysis The Mann-

Whitney U test was used to determine if the mean 

differences between groups Awere significant. A 

value of P <0.05 was considered significantly 

different. 

Results 

Biochemical analysis 

The groups' natural thiol levels were found to be 

significantly different from one another (P <0.001). 

Although the native thiol levels in the APAP group 

were found to be lower than in the C group, this 

difference was not statistically significant (P =0.65). 

Despite being higher than in the APAP group, the 

native thiol levels in the prophylactic group with 

specified AE were not significantly different from 

those in the APAP group (P =0.59). Comparing the 

APAP group to the APAP+AE and APAP+AE+NAC 

groups, statistically significant increases in native 

thiol levels were observed (P <0.05 and P <0.001, 

respectively). When it came to raising native thiol 

levels in rats exposed to APAP, there was no 

discernible difference between APAP+AE and 

APAP+AE+NAC combinations (P =0.99) (Table 1). 

The total thiol levels for the groups showed a 

statistically significant difference (P <0.001). 

Although the total thiol levels in the APAP group 

were lower than those in the C group, this difference 

was not statistically significant (P =0.64). The 

prophylactic group with provided AE had higher total 

thiol levels than the APAP group, although this 

difference was not statistically significant (P =0.57). 

Comparing the APAP group to the APAP+AE and 

APAP+AE+NAC groups revealed statistically 

significant increases in total thiol levels (P =0.028 and 

P =0.001, respectively). There was no significant 

difference between APAP+AE and APAP+AE+NAC 

combinations increasing total thiol levels in rats 

exposed to APAP (P =0.91) (Table 1). 

The AST levels of the groups were observed to 

differ significantly (p=0.022). Although there was a 

higher concentration of AST in the APAP group 

compared to the C group, this difference was not 

statistically significant (P =0.57). Although the AST 

readings were lower in the group that received AE as 

a preventive measure than in the APAP group, this 

difference was not statistically significant (P =0.97). 

The difference in AST values between the APAP+AE 

and APAP groups was statistically insignificant 

(P =0.072), whereas the difference between the APAP 

and the APAP+AE+NAC groups was statistically 

significant (P =0.044). In rats exposed to APAP, there 

was no discernible difference in the lowering of AST 

levels between APAP+AE and APAP+AE+NAC 

combinations (P =0.99) (Table 1). 

In terms of ALT levels, there was a significant 

difference between the groups (P <0.001). In 

comparison to the C group, the APAP group had 

higher ALT readings (P =0.022). ALT readings were 

lower in the group that received AE as a preventative 

measure than in the APAP group, although this 

difference was not statistically significant (P =0.054). 

When compared to the APAP group, the ALT levels 

in the APAP+AE and APAP+AE+NAC groups were 

statistically substantially lower (P <0.001 and 

P =0.001, respectively). In rats exposed to APAP, 

Table 1 — Comparison of biochemical data between the groups 

C APAP AE AE+APAP AE+APAP+NAC P 

NThiol (µmol/L) 138.8±20 121.1±15.1 140.1±36.5 162.6±35.2 206±16.1 <0.001 

TThiol (µmol/L) 206.2±24.8 186.7±16 207.9±34.3 237.1±23.6 250.2±31.1 0.001 

Dis (µmol/L) 30±12.1 28.4±3.4 34.6±3.3 34.9±4.3 36±2.6 0.058 

AST (IU/L) 160.1±33.2 191.7±78.4 179±21 132.1±20.9 127.2±16.8 0.022 

ALT (IU/L) 65.5±9.4 82.2±7.4 67±12.4 51.7±4.7 58.8±12 <0.001 

TNF-α (pg/mL) 168±37.8 173.3±63.4 151.9±17.2 139.5±17.7 134.6±22.4 0.16 

IL-10 (pg/mL) 62.2±1.1 61.9±1.3 63.6±3.7 70±5.7 71±5.6 <0.001 

[APAP, Acetaminophen; AE, AbelmoschusEsculentus; NAC, N-acetylcysteine; NThiol,  Nativethiol; TThiol, Totalthiol; Dis, Disulfide] 
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there was no discernible difference in the lowering 

of ALT levels between APAP+AE and 

APAP+AE+NAC combinations (P =0.63) (Table 1). 

Regarding IL-10 levels, there was a considerable 

variation between the groups (P <0.001). In terms of 

IL-10 readings, there was no discernible difference 

between the APAP group and the C group (P =0.99). 

IL-10 levels were lower in the group that received AE 

as a preventative measure than they were in the APAP 

group, although this difference was not statistically 

significant (P =0.93). When compared to the APAP 

group, the IL-10 levels in the APAP+AE and 

APAP+AE+NAC groups were statistically 

substantially higher (P =0.005 and P=0.002, 

respectively). In rats exposed to APAP, there was no 

discernible difference between APAP+AE alone and 

APAP+AE+NAC combos in terms of raising IL-10 

levels (P = 0.98). (Table 1). 

There was no discernible difference between 

groups in terms of disulfide or TNF-α levels 

(P =0.058 and P =0.18, respectively) (Table 1). 

Histopathological analysis 

There was a substantial difference between the 

groups' vascular congestion scores (P <0.001). In 

comparison to the C group, the APAP group had 

greater congestion scores (P =0.001). (Fig. 1 A-C). 

Congestion scores were statistically substantially 

lower in the group that received AE as a preventative 

measure than in the APAP group (P =0.012). The 

congestion scores in the APAP+AE and 

APAP+AE+NAC groups were statistically 

substantially lower than those in the APAP group 

(P =0.003 and P =0.003, respectively) (Table 2). 

Regarding inflammatory scores, a substantial 

difference between the groups was discovered 

(P <0.001). When compared to the C group, the APAP 

group had greater inflammation scores (P <0.001). 

(Fig. 1 A, B and D). The group that received AE as a 

preventative measure had statistically substantially 

lower inflammation scores than the APAP group 

(P <0.001) (Fig. 1 E & F). The inflammatory scores in 

the APAP+AE and APAP+AE+NAC groups were 

considerably lower than those in the APAP group 

(P <0.001 and P <0.001, respectively) (Table 2) 

(Fig. 1 G, H, J & K). 

In terms of cytoplasmic vacuolization scores, there 

was a substantial difference between the groups 

(P <0.001). In comparison to the C group, the APAP 

group had higher scores for cytoplasmic vacuolization 

(P =0.001). Cytoplasmic vacuolization scores were 

Fig. 1 — Histological changes of AE in APAP-induced hepatotoxicity. (A) Control group (HEX100); (B) Control group (HEX200);  

(C) APAP group vascular congestion (arrow), sinusoidal dilatation (arrow head) (HEX100); (D) APAP group focal hepatocyte necrosis, 

inflammation (arrow), sinusoidal dilatation (arrow head), Kupffer cell proliferation (asterisk) (HEX200); (E) AE group (HEX100); 

(F) AE group (HEX200); (G) APAP+AE group (HEX100); (H) APAP+AE group (HEX200); (I) APAP+AE+NAC group (HEX100); and 

(J) APAP+AE+NAC group (HEX200). [APAP Acetaminophen, AE Abelmoschus esculentus, NAC N-acetylcysteine, HEX Hematoxylin-

eosin stain]
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statistically substantially lower in the group 

administered AE as a preventative measure than in the 

APAP group (P <0.001). Cytoplasmic vacuolization 

scores were statistically substantially lower in the 

APAP+AE and APAP+AE+ NAC groups compared 

to the APAP group (P =0.01 and P <0.001, 

respectively) (Table 2). 

Between the groups, there was a substantial 

difference in sinusoid dilatation scores (P <0.001). In 

comparison to the C group, the APAP group had 

greater sinusoid dilatation scores (P =0.001) 

(Fig. 1 A-D). Sinusoid dilatation scores were 

statistically substantially lower in the group that 

received AE as a preventative measure than in the 

APAP group (P =0.001). Sinusoid dilatation ratings 

were statistically substantially lower in the APAP+AE 

and APAP+AE+NAC groups than in the APAP group 

(P =0.001 and P =0.003, respectively) (Table 2). 

The groups' Kupffer proliferation scores 

significantly differed from one another (P <0.001). In 

the APAP group, Kupffer proliferation scores were 

greater than in the C group (P <0.001). (Fig. 1 A, B 

and D). Kupffer proliferation scores were statistically 

substantially lower in the group receiving AE as a 

preventative measure than in the APAP group 

(P =0.001). The Kupffer proliferation scores in the 

APAP+AE and APAP+AE+NAC groups were 

statistically substantially lower than those in the 

APAP group (P <0.001 and P =0.001, respectively) 

(Table 2). 

The scores for localized hepatocyte necrosis and 

bile duct hyperplasia did not significantly differ 

between the groups (P =0.088 and P =0.96, 

respectively) (Fig. 1 A-D) (Table 2). 

Discussion 

Acetoaminophen (APAP), an antipyretic and 

analgesic, is used frequently worldwide despite the 

fact that high dosages are thought to be hepatotoxic. 

Our current study has shown that Abelmoschus 

esculentus (AE), an antioxidant and anti-inflammatory, 

can be utilized to treat acute hepatotoxicity brought 

on by APAP's harmful side effects. 

Certain patient features could overly raise the risk 

of hepatotoxicity. The most significant of them is the 

long-term use of various drugs and some diseases that 

induce the synthesis of CYP2E1, the enzyme 

responsible for the generation of N-acetyl p-benzo-

quinonimine (NAPQI), or lengthen its half-life
16

. The 

depletion of glutathione reserves brought on by febrile 

illnesses or the interruption of oral intake brought on 

by gastroenteritis are additional variables that raise 

the risk of hepatotoxicity. All of these factors 

combined promote NAPQI production, hence the 

patient’s anamnesis should be scrutinized for these 

characteristics. Hepatotoxicity caused by APAP is 

more likely to occur in regions with a relatively high 

concentration of the CYP2E1 enzyme in hepatocytes. 

This results in the APAP-specific centrilobular 

development of hepatocellular necrosis
17

. 

Hepatotoxicity is brought on by the buildup of 

NAPQI, an intermediary molecule that glutathione can 

detoxify. The APAP-protein adducts that cause APAP-

induced hepatotoxicity bond covalently to the cysteine 

groups of the protein when the glutathione depositions in 

the cell are diminished. It is feasible that these 

interactions will cause the cell's mitochondria to 

dysfunction
18

.  

When triggered by antigens, defense-related cells 

such neutrophils, monocytes, and macrophages release 

ROS
19

. It is well known that liver injury results from 

inflammation brought on by oxidative stress brought on 

by an increase in ROS and a reduction in antioxidants
20

. 

Oxidative stress impairs cell membrane permeability, 

enzyme activities and DNA structure
21

. By raising ROS 

and lowering antioxidants, APAP is known to promote 

cell hepatotoxicity
22

. 

Native thiols, usually referred to as thiols, are 

crucial antioxidants that contain sulfhydryl groups. 

Table 2 — Comparison of histological scores between the groups 

C APAP AE AE+APAP AE+APAP+NAC P 

Vascular congestion 0.7±0.4 2.6±0.7 1.5±0.5 1.2±0.4 1.2±0.4 <0.001 

Focal hepatocytenecrosis 0.2±0.4 1.1±0.8 0.8±0.3 0.6±0.5 0.6±0.5 0.088 

Inflammation 0.7±0.4 2.1±0.3 0.8±0.3 0.7±0.4 1±0 <0.001 

Bile ductus hyperplasia 0.2±0.4 0.2±0.4 0.2±0.7 0.2±0.4 0.1±0.3 0.96 

Cytoplasmic vacuolization 0.6±0.5 2.5±0.5 0±0 1.6±0.5 1±0 <0.001 

Sinusoid dilatation 1.1±0.3 2.2±0.4 0.8±0.3 0.8±0.6 1.2±0.4 <0.001 

Kupffer proliferation 0.6±0.5 2.2±0.4 0.5±0.5 0.8±0.3 0.7±0.7 <0.001 

[APAP, Acetaminophen; AE, Abelmoschus esculentus; NAC, N-acetylcysteine] 
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Thiols are crucial in the destruction of ROS. Thiols 

provide hydrogen to create disulfide bonds under 

oxidative stress. The disulfides are reduced to their 

natural thiols when the oxidative stress has been 

eliminated. Total thiol consists of the sum of native 

thiols and disulfides. Normally, the ratio of thiols to 

disulfides is balanced. Thiol levels drop whereas 

disulfide levels rise with oxidative stress
23

. Oxidative 

stress was suggested as the cause of the drop in thiols 

following APAP exposure. 
 

Glutathione, intracellular thiol, is one of the most 

important of the non-enzymatic antioxidants. 

Protecting cells from oxidative stress is the primary 

purpose of glutathione, which is a component of 

glutamic acid, cysteine, and glycine. The glutathione 

peroxidase enzyme breaks down one mole of 

hydrogen peroxide
24

. By replenishing glutathione 

deposition and scavenging ROS, NAC discovered that 

boosting the non-toxic sulfate conjugation of APAP in 

liver cells also has a powerful antioxidant activity. 

The APAP-related mortality is known to be reduced 

with the use of NAC in the treatment of patients
4
. It 

should be emphasized that NAC is a chemical 

compound with potential side effects for patients, in 

contradiction to the claimed function. Intriguingly, 

our findings revealed that using AE, without NAC, 

increased the antioxidant activity of the cell and 

would, thus have a therapeutic impact against the 

hepatotoxicity produced by APAP. AE is also well 

recognized for being high in antioxidative phenolic 

substances, including derivatives of quercetin, 

catechin oligomers, and derivatives of hydroxy-

cinnamic acid. On the other hand, it is known that by 

boosting the synthesis of endogenous antioxidants, 

such as superoxide dismutase, catalase and glutathione 

peroxidase, AE exhibits its antioxidant action in 

hepatotoxicity
9
. 

 

One of the main mediators of liver injury is the 

proinflammatory cytokine TNF-α, which is largely 

generated by macrophages in the liver
25

. According to 

some research, APAP exposure increases the 

production of cytokines like TNF-α, which in turn 

induces hepatotoxicity. Conversely, reducing TNF-α 

expression can lessen hepatic injury
26

. On the other 

hand, it has been suggested that TNF-α can stimulate 

liver regeneration by increasing the sensitivity of 

hepatocytes to growth factors
27

. In our investigation, 

APAP induction resulted in a rise in TNF-α levels and 

AE administration resulted in a decrease in TNF-α 

levels, although these changes were not statistically 

significant. This result was attributed to the quality 

and storage conditions of the ELISA kit since 

inflammation identified histologically. 
 

Interleukin (IL)-10, an anti-inflammatory and 

immunosuppressive cytokine released by diverse 

innate and adaptive immune cells, is another cytokine 

engaged in the inflammation. The majority of IL-10 in 

the peripheral blood circulation is produced by 

macrophages
28

. The anti-inflammatory function is 

activated with the induction of heme oxygenase-1 in 

the macrophages. IL-10's anti-inflammatory effects 

are mediated via heme oxygenase-1. As a result, 

during inflammation, the manufacturing of 

proinflammatory cytokines is inhibited, and 

antiapoptotic pathways are activated, which regulate 

tissue homeostasis
29

. It is widely acknowledged that 

hepatocyte injury increases the release of anti-

inflammatory cytokines like IL-10, whose function is 

to preserve the liver
30

. AE seed also possesses anti-

inflammatory properties in addition to its antioxidant 

properties. It is generally established that AE causes 

an increase in IL-10 secretion
13

. In our study, it has 

been demonstrated that just AE as well as AE+NAC 

raise IL-10 levels, an indicative of diminished anti-

inflammatory effectiveness with APAP. 
 

The liver sinusoid contains kupffer cells, which are 

the primary resident macrophages in the liver. Major 

sources of proinflammatory cytokines, which can 

harm the liver, include Kupffer cells
31

. Kupffer cells 

increased following APAP exposure, however in our 

research they were decreased by AE+NAC as well as 

AE alone. This change in Kupffer cells was evaluated 

as the therapeutic effect of AE. Kupffer cells that 

sensing to the danger signals release proinflammatory 

cytokines at an early stage
32

. After the first 24 h of the 

response, there are less Kupffer cells in the 

circulation, which leads to the release of anti-

inflammatory cytokines rather than pro-inflammatory 

cytokines
33

. However, the number of them rises after 

72 h
34

. Along with the aforementioned function, 

Kupffer cells also play a role in tissue healing and 

hepatic blood vessel repair by producing hypoxia-

inducible factor-α
35

. 
 

The largest and most significant metabolic organ is 

the liver. Although there is no particular biomarker 

that can be used to quantify drug-induced liver injury, 

hepatotoxicity is often assessed by the serum AST 

and ALT levels
36

. Since hepatocytes contain the 
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majority of ALT, it is a more selective enzyme for 

liver injury
37

. The liver serves a variety of purposes, 

but it also plays a significant part in drug 

detoxification. As a function test for liver injury, 

biochemical parameters such as AST and ALT are 

employed in the diagnosis of several illnesses. It is 

generally established that elevated serum ALT and 

AST values are linked to liver tissue inflammation 

and injury. Administration of APAP to rats resulted in 

a rise in TNF-α, a reduction in IL-10, and an increase 

in liver enzymes. ALT has a longer half-life than 

AST, so AST gets eliminated from the bloodstream 

more quickly than ALT
37

. After APAP exposure, 

serum ALT values, one of the indications of 

hepatotoxicity, increased, but we found that when AE 

seed was administered to these rats alone, ALT values 

dropped significantly. When viewed in terms of ALT 

levels in hepatotoxicity, this data suggests that AE seed 

alone may be adequate to heal hepatic injury. We 

suggest that this could be due to the high concentration 

of polyphenolic chemicals found in AE seed. 

One of the types of tissue stains used to identify the 

pathological alterations is hematoxylin-eosin. The rise 

in ALT levels in our study, together with liver injury 

signs such cytoplasmic vacuolization with indications 

of early hepatocyte death
38

, sinusoid dilatation
39

, the 

proliferation of Kupffer cells, and inflammation and 

congestion, showed that the APAP group had 

hepatotoxicity. Our findings were compatible with the 

literature
40

. It is said that AE has therapeutic effects 

against hepatotoxicity, a condition brought on by the 

many toxins
41

. In this investigation, the severity of 

histological liver degeneration, as measured by 

cytoplasmic vacuolization, sinusoid dilatation, 

Kuppfer proliferation, inflammation, and congestion, 

can be reduced by administering just AE as opposed 

to AE+NAC or NAC for treatment of APAP 

exposure. It is obvious that ALT lowering has a 

therapeutic effect in acute APAP hepatotoxicity and is 

linked with only AE without NAC. 

Since AE is a herbal medication, it can be used as a 

therapy option even in the first four hours after APAP 

exposed, whether or not there has been intoxication. 

As a result, it is not necessary to check serum APAP 

levels or use the Rumack-Matthew nomogram. 

Conclusion 

The results of this study have demonstrated the 

benefits of okra (Abelmoschus esculentus) seed 

extract against acute acetaminophen (APAP) induced 

liver injury. Inflammation and oxidative stress have a 

substantial impact on the liver injury in such cases. It 

shows that the okra seed extract reduces the acute APAP 

induced oxidative and inflammatory liver tissue injury, 

and helps to maintain proper liver function. Further, it 

matches with the therapeutic effects of N-acetylcysteine, 

a typical drug in such cases. This study reveals that N-

acetylcysteine's side effects are not a concern when 

treating these individuals with a herbal medicine, 

Abelmoschus esculentus extract. However, further 

human investigations will be needed before these 

findings can be applied clinically. 
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