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a b s t r a c t 

Background: Acetaminophen-induced liver injury remains a significant public health problem because 

available treatments are limited due to their adverse effects. Medicinal plants, which are an important 

source of bioactive molecules, could be an alternative treatment for liver disease. 

Objective: This study was designed to investigate the curative effect of aqueous extracts of Cissus quad- 

rangularis (Vitaceae) and Jatropha gossypiifolia (Euphorbiaceae) on acetaminophen-induced liver injury in 

mice. 

Methods: Mice were divided into groups and treated with distilled water, silymarin (50 mg/kg), a ref- 

erence hepatoprotective agent, and aqueous extracts of C quadrangularis and J gossypiifolia (50 and 100 

mg/kg, PO, respectively). These substances were given as a single daily dose 4 hours after acetaminophen 

administration (300 mg/kg, PO) for 2 days. Mice were humanely put to death 24 hours after the last 

dose and serum alanine aminotransferase and aspartate aminotransferase activities, total bilirubin and 

protein levels, reduced glutathione, superoxide dismutase, malondialdehyde, catalase, and nitrite tissue 

levels were assessed. Histology of the livers of the mice was performed by hematoxylin and eosin stain- 

ing. 

Results: Acetaminophen administration induced a significant ( P < 0.05) mean (SEM) body weight loss 

(–14.45% [5.92%]), a significant elevation of alanine aminotransferase activity (15.08%), total protein and 

bilirubin levels (25.80%), and a significant ( P < 0.05) increase in liver superoxide dismutase (67.71%), 

catalase (63.00%), glutathione (40.29%), malondialdehyde (30.67%), and nitrite levels compared with the 

control group. In curative treatment, C quadrangularis and J gossypiifolia (50 and 100 mg/kg) significantly 

( P < 0.05) reduced mean (SEM) body weight loss (16.67% [7.16%] and 1.25% [0.51%], respectively), serum 

alanine aminotransferase activity (17.62% and 11.14%, respectively), bilirubin level (29.62% and 49.14%, re- 

spectively) compared with acetaminophen group, and J gossypiifolia normalized serum total protein level. 

Both extracts significantly ( P < 0.05) reduced the levels of glutathione and malondialdehyde and nor- 

malized that of nitrite, superoxide dismutase, and catalase compared with the acetaminophen group. 

Hepatocyte necrosis and inflammatory cell infiltration were remarkably reduced by the plant extracts. 

Conclusions: The results obtained are evidence in favor of the development of a formulation based on 

the extracts of these plants against liver diseases. 

© 2023 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The liver is a vital organ that plays a key role in the biotrans- 

ormation and detoxification of xenobiotics. This specific activity is 

ue to the abundance of cytochrome-P450-enzymes, which pro- 

ote the formation of reactive metabolites from the initial drug 

uring phase I reactions, and then to conjugation enzymes, which 

ncrease the hydrophilicity of these metabolites, contributing to 

heir excretion in the urine. 1 However, some hazardous interme- 

iates or the prodrug itself can directly interact with cell macro- 

olecules such as lipids, proteins, or DNA during this process, 

ausing cellular toxicity via oxidative stress pathways. 2 Anesthet- 

cs, antibiotics, analgesics, antiretrovirals, antituberculosis agents, 

ardiac medications, anticancer therapies, and even herbal treat- 

ents have all been linked to liver damage. 3 Among pain relievers- 

nduced toxic effects, acetaminophen (APAP) hepatotoxicity comes 

n the first position. 4 , 5 In the United States, 46% of acute liver fail- 

re cases are due to APAP toxicity. 6 Data on APAP hepatoxicity are 

carce in Africa, despite prior findings in Nigeria that found a fre- 

uency of 28% in children younger than age of 5 years. 4 , 5 , 7 

APAP toxicity is caused by the massive accumulation of its reac- 

ive metabolite, N-acetyl-pbenzoquinone imine (NAPQI) after prior 

ctivation by CYP 2E1 and following a drug overdose. This causes a 

epletion of glutathione contents leading to oxidative, nitrosative 

tress, 8–10 and then to an inflammatory reaction. 11 , 12 Studies on 

revention and protection against liver damage are being con- 

ucted to improve the daily life of patients. The development of 

epatoprotective formulations based on plant extracts is encour- 

ged. 4 

Cissus quadrangularis Linn. (syn: Vitis quadrangularis (L) Wall 

x Wight) is an edible plant with a thick quadrangular fleshy 

tem. Widely known in many African and Asian countries, 13–15 this 

lant has been strongly claimed for its numerous medicinal prop- 

rties for decades. Several authors have reported that it is used 

or gout, backache, earache, eyeache, allergies, hemorrhoids, skin 

iseases, leucorrhoea, and gastrointestinal tract disorders, among 

thers. 13–21 The presence of asymmetric tetracyclic triterpenoids, 

amma-amyrin, anabolic steroids, gamma-amyrone, beta-sitosterol, 

nd flavonoids (quercetin) as well as vitamin C has been reported 

y qualitative phytochemical analyses 14 , 17 , 19 and iridoids, carotene, 

tilbenes, phytoestrogenic steroids, glycerolipids, phytols, linoleic 

cid, stigmasterol, sterols, and cerebrosides were isolated from the 

xtracts of C quadrangularis 21 , 22 as well as minerals (potassium, 

inc, calcium, sodium, iron, copper, lead, cadmium, and magne- 

ium). 15 Anti-inflammatory, 14 antiglucocorticoid, antidiabetic, an- 

iosteoporotic, 13 , 15 , 18 antioxidant, 14 , 18 , 20 anticonvulsant and seda- 

ive, 15 apoptotic and anticancer 15 , 19 effects of C quadrangularis 

ave been demonstrated. Alone or in combination with other plant 

xtracts, C quadrangularis normalizes blood levels of cholesterol, 

lucose, and triglycerides and promotes weight loss. 18 Subchronic 

nd mutagenic toxic effects of C quadrangularis were not observed 

t the doses of 2500 mg/kg body weight/day. 15 , 18 

Commonly known as black physicnut or bellyache grove, Jat- 

opha gossypiifolia L. is a Euphorbiaceae of tropical, subtropical, and 

ry tropical climates of the semiarid tropical regions of Africa and 

merica. 23 The leaves, roots, and latex of J gossypiifolia are used 

edicinally in both humans and animals. These plant’s prepara- 

ions (decoction, maceration, or infusion) can be used orally or 

opically for conditions such as hepatitis, inflammation and dis- 

omfort, rheumatism, wounds, toothache, swelling, 23–25 stomach 

che, colon problems, fever, and cancer. 26 Terpenoids, lignoids, 

ugars, alkaloids, amino acids, coumarins, steroids, flavonoids, lig- 

ans (eg, gossypifan, gossypilin gossypidian, gadain, jatroiden, 

atrodian, and arylnaphthalene), proteins, saponins, and tannins 

ere found in J gossypiifolia extracts. 23 , 25 Venkatasin, coumarino- 

ignoid, phenolic acids (eg, gallic, vanilic, syringic, 2,5-dihydroxy 
2

enzoic, caffeic, rosmarinic, and p-coumaric) were isolated from 

his plant. 23 , 25 Pharmacological studies have demonstrated in vitro 

nd in vivo antioxidant, immunomodulatory, anti-inflammatory, 

nalgesic, antipyretic, antianemic, antineoplastic, antimicrobial, 

ntiophidic, hemostatic, antidiabetic, contraceptive, antihemor- 

hagic, antidiarrheal, neuropharmacological, local anesthetic, anti- 

holinesterase, and antihypertensive activities of J gossypiifolia . 23 , 25 

Aside from the work by Swamy et al, 17 which showed that 

he methanol extract of C quadrangularis stem protects against 

ifampicin-induced hepatotoxicity owing to antioxidant activities, 

nd although Panda et al 27 established a hepatoprotective antioxi- 

ant effect of methanol and water extracts from the aerial portions 

f J gossypiifolia on carbon tetrachloride-induced liver damage, re- 

earch on these 2 plants’ hepatoprotective potential is limited. This 

tudy aimed to investigate the curative effect of aqueous extracts 

f J. gossypiifolia and C. quadrangularis on APAP-induced liver injury 

n mice. 

aterial and Methods 

xperimental animals 

The animals were mice from the animal house of the Univer- 

ity of Ngaoundere, Cameroon. Their body weight was 22 ±4 g. 

he mice were adults of both sexes, aged 2 months. They were 

eared under natural light conditions (12/12 hour light/dark cycle, 

5.6 ±8 °C temperature, 77% ±10% humidity). They were fed with 

 standard rodent diet and had access to drinking water. The tests 

ere carried out following laboratory animal care norms and with 

he permission of Cameroon’s National Ethics Committee (FWAIRD 

 0 01954). 

lant harvesting and conservation 

C quadrangularis (Vitaceae) tuberous stem with leaves was ob- 

ained during November 2019 in the village of Tchontchi-golombé, 

epartment of Mayo-louti, North-Cameroon. J gossypiifolia (Euphor- 

iaceae) leaves were collected in Maroua-Domayo, Cameroon’s Far 

orth region, from August 25 to September 15, 2018. Professor 

apongmetsem, a senior botanist of the University of Ngaoundere- 

ameroon identified the 2 plants. Samples of the 2 collected plants 

ere cut into small pieces, air-dried in the shade for a week, and 

round into powder using an electric grinder. The resulting pow- 

ers were stored in hermetically sealed bottles for the preparation 

f the different extracts. 

xtracts preparation 

C quadrangularis leafy stem powder (100 g) or J gossypiifolia leaf 

owder was infused (40 °C) in an adiabatic vessel with 1.2 or 0.9 L 

istilled water, respectively. 28 The preparations were then shaken 

rom time to time for 24 hours. The mixtures were filtered and 10 

L each filtrate was evaporated at 45 °C in an oven to determine 

he extraction yields (18.52% or 8.25%, respectively). The remaining 

ltrates were stored in a freezer (–20 °C) for later use. 

harmacological study 

llocation and administration of substances 

Forty-two mice, 20 of each sex, were divided into 7 groups of 

 mice each. Group 1 (control group) and group 2 (APAP group) 

eceived distilled water; group 3 was given silymarin (50 mg/kg), 

 widely used hepatoprotective agent for treating liver injuries of 

arious origins 12 ; groups 4 and 5 were given an aqueous extract 

f the leafy stem of C quadrangularis (50 and 100 mg/kg, respec- 

ively); and groups 6 and 7 were given an aqueous extract of 
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he leaves of J gossypiifolia (50 and 100 mg/kg, respectively). Liver 

amage was induced in all mice except those in the control group 

y an intraperitoneal injection of 300 mg/kg APAP (Shijiazhuang 

o. 4Pharmaceutical Co, Ltd, China) 4 hours before administration 

f the first dose of plant extracts. 12 Different aqueous plant ex- 

racts and the vehicle (distilled water) were administered to the 

nimals as a single daily dose for 2 days. Mice were given free ac- 

ess to food and water 1 hour after induction of liver injury by 

PAP. Animals were weighed on the first day and the third day of 

he experiment before they were put to death under anaesthesia 

ethyl ether) on the third day of the experiment. Blood was col- 

ected in dry test tubes, the liver was dissected immediately, rinsed 

n cold saline (0.9%), and then weighed. The percentage of body 

eight growth (%bwg) and the relative liver weight (rlw) were es- 

imated as follows: 

bwg = 

(
final body weight − initial body weight 

)

× 100 / initial body weight . 

lw = 

(
weight of the liver / weight of the mouse 

)
× 100 

iochemical testing 

Blood was used for serum preparation and liver samples were 

aken for preparation of 20% homogenate (w/v) in Tris-HCl buffer 

50 mM; pH 7.4) and for histopathological analysis. Serum and su- 

ernatant collected after centrifugation of blood and homogenate 

40 0 0 rpm for 10 minutes) at low temperature were stored at –

0 °C for biochemical analysis. 

nalysis of liver functional activity of the liver 

Biomarkers of liver function such as alanine aminotransferase 

ALT), aspartate aminotransferase (AST), total protein, and total 

ilirubin were determined according to the kit manufacturer’s in- 

tructions (Biomaghreb and Labcare, India). 

For each test, 1.0 mL of the appropriate working reagent was 

eated for 3 minutes at 37 °C. Then 100 μL supernatant was added. 

fter 1, 2, and 3 minutes, absorbance was measured at 340 nm 

gainst a blank. The ALT and AST activities were then calculated. 

The amount of total bilirubin was determined by mixing 10 0 0 

L total bilirubin reagent with 50 μL distilled water or sodium ni- 

rite (blank). Then, 100 μL supernatant was added and absorbance 

as read at 550 nm following 3-minute incubation at 37 °C. 

The amount of total protein was determined by adding 1 mL 

odium chloride reagent and 1 mL Biuret reagent to 20 μL super- 

atant. The mixture was left to rest for 10 minutes at 25 °C and the 

bsorbance was read at 550 nm. 

ssessment of oxidative stress 

To quantify oxidative stress in the liver, measurements of mal- 

ndialdehyde (MDA), nitrite, and reduced glutathione, as well as 

atalase (CAT) and superoxide dismutase (SOD) activity, have been 

tilized. 29 

The Griess reagent was prepared by adding sulphanilamide (1%) 

nd naphthylethylenediamide (0.1%) to phosphoric acid (2.5%). A 

issue supernatant (100 μL) was added to the Griess reagent (100 

L). The resulting mixture was kept at 25 °C for 5 minutes and the 

bsorbance was measured at 570 nm. The nitrite level was deter- 

ined using a standardized sodium nitrite curve. 

Ellman’s reagent was made by dissolving 5 mg of 2-dithio bis- 

itrobenzene acid in phosphate buffer (0.1 M; pH = 6.5) to deter- 

ine the level of reduced glutathione (GSH) in liver supernatant. 

llman’s reagent (3 mL) was mixed with tissue supernatant (20 μL) 

nd stored at 25 °C for an hour. The absorbance was read at 412 
m. p

3 
The liver supernatant (500 μL) was added to a solution that 

ontained trichloroacetic acid (20%; 250 μL) and thiobarbituric acid 

0.67%; 500 μL). The mixture was incubated at 90 °C for 1 hour be- 

ore being cooled and centrifuged. The amount of MDA was evalu- 

ted by measuring the absorbance of the supernatant at 530 nm. 

The SOD activity was determined by mixing 134 μL hepatic su- 

ernatant and 16 6 6 μL carbonate buffer (0.05 M; pH 10.2). 200 μL 

.3 mM adrenaline solution was added and the absorbance at 480 

m was measured at 20 and 80 seconds after homogenization. 

The supernatant (50 μL) was added to 750 μL phosphate buffer 

0.1 mM; pH 7.5) and 200 μL hydrogen peroxide (50 mM). The mix- 

ure was left to incubate for a minute at 25 °C. The mixture was 

eated at 100 °C for 10 minutes after potassium dichromate/glacial 

cetic acid (20 0 0 μL) was added. The specific activity of catalase 

as determined by determining its absorbance at 570 nm after 

ooling. 

istological investigation 

Liver histology was done on liver samples that were previously 

xed in 4% buffered formaldehyde. The blocks were formed by de- 

ydrating and embedding the samples in paraffin (56 ±2 °C). Sec- 

ions 5-μm thick from each sample were obtained and three sec- 

ions per mouse were stained with hematoxylin and eosin. Under 

ight microscope (Olympus, GHBS, Japan), hematoxylin and eosin 

tained sections were evaluated at 100 × magnification. 30 

tatistical Analysis 

The acquired findings were provided as mean (SEM). ANOVA 

nd Dunnett’s multiple comparison tests were used to find signifi- 

ant differences using GraphPad InStat 3 software (La Jolla, Califor- 

ia). The P < 0.05 level of statistical significance was used. 

esults 

ffect of the plant extracts on body weight and relative liver weight 

f APAP-injured mice 

The administration of APAP resulted in a significant ( P < 0.01) 

ecrease in the mean (SEM) body weight growth of the animals 

 –14.45% [5.92%]) compared with the control (16.45% [7.11%]) an- 

mals. Treatment of the animals with 50 mg/kg silymarin (2.38% 

0.97%]) and both plant extracts improved the body weight growth 

f the mice only at the doses of 50 mk/kg body weight (16.67% 

7.16%]) compared with the APAP group. No significant changes in 

elative liver weight were observed ( Table 1 ). 

ffect of the plant extracts on biomarkers of liver function of 

PAP-injured mice 

Administration of APAP resulted in a significant ( P < 0.05) in- 

rease in ALT activity (15.08%) compared with the control. Treat- 

ent of animals with silymarin (50 mk/kg body weight) reduced 

he increase in ALT activity by 4.82% compared with the APAP 

roup. Aqueous leafy stem extract of C quadrangularis (50 mg/kg) 

nd aqueous leaves extract of J gossypiifolia (50 mg/kg) signifi- 

antly ( P < 0.05) inhibited the increase in ALT activity by 17.62% 

nd 11.14%, respectively, compared with the APAP group. Treatment 

ith silymarin and both plant extracts did not significantly modify 

ST activity ( Table 2 ). 

Treatment of animals with silymarin and aqueous leafy stem 

xtract of C quadrangularis (50 mg/kg) and aqueous leaf extract 

f J gossypiifolia (100 mg/kg) reduced significantly ( P < 0.05) the 

erum total bilirubin level (29.62% and 49.14%, respectively) com- 

ared with the APAP group. 
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Table 1 

Change in body mass and relative mass of injured mice in response to the treatment with the plant aqueous extracts (N = 6). ∗

Treatment Dose (mg/kg) Initial body mass (g) Final body mass (g) Liver mass (g) Body mass gain or loss (%) Liver relative mass (%) 

Control 0 19.75 (1.50) 23.00 (1.41) 1.40 (0.19) 16.45 (7.11) || 5.00 (2.04) 

H 2 O + APAP 0 20.75 (3.59) 17.75 (3.20) 1.20 (0.29) –14.45 (5.92) § 6.76 (2.77) 

Sily 50 + APAP 50 20.75 (0.50) 21.25 (0.95) 0.96 (0.37) 2.38 (0.97) § , † 4.51 (1.85) 

ALSE Cq 50 + APAP 50 18.00 (0.01) 21.00 (1.29) 1.09 (0.09) 16.67 (7.16) § , || 5.06 (2.07) 

ALSE Cq 100 + APAP 100 23.20 (2.16) 20.40 (1.14) 1.13 (0.31) –9.93 (4.33) ‡ 5.53 (2.26) 

ALE Jg 50 + APAP 50 20.00 (5.35) 20.25 (5.25) 0.99 (0.43) 1.25 (0.51) § , † 5.50 (2.25) 

ALE Jg 100 + APAP 100 20.75 (1.70) 18.25 (0.95) 1.20 (0.51) –12.04 (4.93) § 5.95 (2.43) 

ALE Jg 100 or 50: aqueous leaves extract of Jatropha gossypiifolia at the dose of 100 or 50 mg/kg; ALSE Cq 100 or 50 = aqueous leafy stem extract of Cissus quadrangularis 

at the dose of 100 or 50 mg/kg; APAP = acetaminophen at the dose of 300 mg/kg; Sily 50 = silymarin at the dose of 50 mg/kg. 
∗ The values represent the mean (SEM). 
† P < 0.05, compared with acetaminophen group. 
‡ P < 0.05, compared with control. 
§ P < 0.01, compared with control. 
|| P < 0.01, compared with APAP group. 

Table 2 

Variation in biomarkers of liver function of injured mice in response to treatment with the plant aqueous extracts (N = 6). ∗

Treatment Dose (mg/kg) Liver total bilirubin (mg/dL) Serum total bilirubin (mg/dL) ALT (U/mL) AST (U/mL) Total protein (mg/mL) 

Control 0 4.58 (0.30) 6.01 (0.20) † 110.10 (2.67) † 141.97 (6.55) 1.59 (0.20) † 

H 2 O + APAP 0 3.64 (0.06) 8.10 (0.50) ‡ 126.64 (2.15) ‡ 163.44 (7.24) 2.48 (0.22) ‡ 

Sily 50 + APAP 50 5.38 (0.27) † 5.81 (1.00) † 120.53 (5.55) 154.66 (10.39) 2.37 (0.24) 

ALSE Cq 50 + APAP 50 4.68 (0.32) 5.70 (0.38) † 104.32 (2.18) § , || 155.30 (4.73) 2.44 (0.09) ‡ 

ALSE Cq 100 + APAP 100 4.05 (0.33) 7.62 (0.43) 117.36 (3.92) 164.96 (6.85) 2.50 (0.21) ‡ 

ALE Jg 50 + APAP 50 4.62 (0.83) 6.90 (0.60) 112.53 (3.10) † 147.52 (5.55) 1.28 (0.14) || 

ALE Jg 100 + APAP 100 5.40 (0.43) † 4.12 (0.13) || 118.80 (4.08) 140.64 (6.31) 1.80 (0.25) 

ALE Jg 100 or 50 = aqueous leaves extract of Jatropha gossypiifolia at the dose of 100 or 50 mg/kg; ALSE Cq 100 or 50 = aqueous leafy stem extract of Cissus quadrangularis 

at the dose of 100 or 50 mg/kg; APAP = acetaminophen at the dose of 300 mg/kg. 
∗ The values represent the averages (SEM). 
† P < 0.05, compared with APAP group. 
‡ P < 0.05, compared with control. 
§ P < 0.01, compared with control. 
|| P < 0.01, compared with APAP group. 

Table 3 

Evolution of oxidative stress in injured mice in response to treatment with the plant aqueous extracts (N = 6). ∗

Treatment Dose (mg/kg) Superoxide dismutase 

(U/mg protein) 

Catalase (mM/min/mg 

protein) 

Glutathione 

(μmol/mg protein) 

Nitrite (μmol/mg 

protein) 

Malondialdehyde 

(μmol/ mg protein) 

Control 0 14.04 (3.92) † 12.61 (3.40) || 63.25 (8.69) † 0.13 (0 .01) || 34.04 (5.64) † 

H 2 O + APAP 0 43.49 (8.71) ‡ 34.08 (5.71) § 102.45 (18.31) ‡ 0.32 (0.02) § 48.82 (3.99) ‡ 

Sily 50 + APAP 50 20.87 (6.73) 31.55 (6.55) ‡ 85.31 (4.09) 0.15 (0.01) || 47.26 (2.35) † , ‡ 

ALSE Cq 50 + APAP 50 8.73 (3.45) || 21.57 (3.47) 77.39 (5.64) 0.19 (0.02) † 45.29 (4.85) 

ALSE Cq 100 + APAP 100 24.92 (5.12) 34.02 (5.57) § 84.72 (7.28) 0.21 (0.05) † 25.39 (1.70) || 

ALE Jg 50 + APAP 50 23.04 (10.57) 26.29 (3.10) 71.57 (4.10) 0.14 (0.02) || 27.50 (1.40) || 

ALE Jg 100 + APAP 100 13.73 (2.71) † 11.28 (1.14) || 45.85 (5.11) || 0.14 (0.01) || 21.63 (2.31) || 

ALE Jg 100 or 50 = aqueous leaves extract of Jatropha gossypiifolia at the dose of 100 or 50 mg/kg; ALSE Cq 100 or 50 = aqueous leafy stem extract of Cissus quadrangularis 

at the dose of 100 or 50 mg/kg; APAP = acetaminophen at the dose of 300 mg/kg; Sily 50 = silymarin at the dose of 50 mg/kg. 
∗ Values are presented as mean (SEM). 
† P < 0.05, compared with acetaminophen group. 
‡ P < 0.05, compared with control. 
§ P < 0.01, compared with control. 
|| P < 0.01, compared with acetaminophen group. 
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The administration of APAP resulted in a significant ( P < 0.05) 

ncrease in total protein level (55.97%) compared with the con- 

rol. Treatment with aqueous leafy stem extract of C quadrangularis 

50 or 100 mg/kg) did not significantly influence the total protein 

evel compared with the APAP group. Aqueous leaves extract of J 

ossypiifolia (50 mg/kg) inhibited the rise in plasma protein levels 

y 48.39% compared with the APAP group. 

ffect of plant extracts on oxidative stress in APAP-injured mice 

Administration of APAP resulted in a significant increase in SOD 

nd CAT activity (67.71% and 63.00%, respectively) in the animals 

ompared with control. Treatment with silymarin, or aqueous leafy 
4

tem extract of C quadrangularis and aqueous leaves extract of J 

ossypiifolia maintained SOD and CAT activity at levels comparable 

o those of the control animals. 

The results showed that the treatment of the animals with sily- 

arin and the different plant extracts reduced the levels of glu- 

athione and nitrites and kept them more or less close to the levels 

ecorded in the control animals ( Table 3 ). 

The administration of APAP resulted in a significant ( P < 0.01) 

ncrease in MDA levels (43.37%) in mice compared with the control 

roup. Treatment with aqueous extracts of the leaves of J gossypi- 

folia (50 or 100 mg/kg) and leafy stem of C quadrangularis (100 

g/kg) resulted in a significant ( P < 0.01) decrease in the level of 

DA compared with the APAP group, with a maximum percentage 

f 55.69%. 
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Figure. Microphotography of liver tissue of acetaminophen-injured mice treated with plant aqueous extracts. Histological sections stained with hematoxylin and eosin ( ×
100). (A) Histological section of mice treated with distilled water. (B) Histological section of acetaminophen-injured mice. (C, D, E, F and G) Histological liver sections of 

acetaminophen-injured mice treated with aqueous leafy stem extract of Cissus quadrangularis (100 and 50 mg/kg), aqueous leaves extract of Jatropha gossypiifolia (100 and 

50 mg/kg), or silymarin (50 mg/kg), respectively. HN = hepatocytes necrosis. White arrow indicates hepatocyte, blue arrow indicates the hepatic portal vein, green arrow 

indicates the hepatic sinusoid, black arrow indicates the hepatic artery, and yellow arrow indicates infiltration of inflammatory cells. 
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ffect of the plant extracts on the liver inflammatory lesions of 

PAP-injured mice 

The cross-section of the liver from healthy mice showed a clas- 

ical architecture with normal cells uniform in size and staining 

ppearance. The portal space showed ordinary hepatic vessels (see 

anel A of the Figure ). Microphotography of the livers of APAP- 

reated mice showed an irregular liver parenchyma that is par- 
5 
ially destroyed due to cellular necrosis and the entire tissue is 

nvaded by inflammatory cells (see panel B of the Figure ). Treat- 

ent of APAP-injured mice with aqueous extract leafy stem of C 

uadrangularis , aqueous leaves extract of J gossypiifolia (100 or 50 

g/kg) and silymarin (50 mg/kg) reduced APAP-induced hepatho- 

ellular necrosis, they reduced mobilization of inflammatory cells, 

nd attempted to preserved the classical architecture of liver tissue 

See panels C–G of the Figure ). 
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iscussion 

We have provided evidence that curative administration of 

queous leafy stem extract of C quadrangularis and aqueous leaf 

xtract of J gossypiifolia significantly attenuated APAP-induced liver 

njury. The main objective of this study was to evaluate the po- 

ential curative effect of aqueous leafy stem extract of C quadran- 

ularis and aqueous leaf extract of J gossypiifolia on APAP-induced 

iver injury in mice. We evaluated the effect of these plant extracts 

n different aspects of APAP-induced liver injury, including hepato- 

oxicity, oxidative stress, and inflammation. We have demonstrated 

hat the curative protective effect of C quadrangularis and J gossypi- 

folia extracts consists in inhibiting the pathological mechanisms 

ollowing APAP overdose by reducing hepatocyte necrosis, decreas- 

ng oxidative stress, and inflammatory processes. 

APAP, a popular and widely used conventional analgesic, is a 

roduct that is primarily metabolized by the liver. Thus, < 2% of 

his product is eliminated unchanged. A fraction of about 90% un- 

ergoes conjugation reactions to be eliminated, whereas the re- 

ainder of APAP (about 10%) undergoes phase I oxidation reac- 

ions, catalysed by cytochromes P450, to produce NAPQI, a highly 

eactive metabolite. 31 

The hepatotoxicity of APAP results from the accumulation in the 

ody of large quantities of NAPQI, a harmful metabolite responsi- 

le for many dysfunctions in the body. APAP-induced liver injury 

s currently a popular pathophysiological model for the evaluation 

f phytotherapeutic preparations and other formulations with hep- 

toprotective potential. 12 

The assessment of the severity of pathologies and the normal 

unctioning of an organism can be done by examining the varia- 

ion in body weight. Normal body weight growth is also an indi- 

ation of the absence of physiological dysfunction. 32 A significant 

ecrease in body mass was recorded in the APAP group of mice in 

his study compared with the control group. This reduction in body 

eight growth is indicative of a proven dysfunctional state caused 

y APAP administration. The aqueous extracts of C quadrangularis 

nd J gossypiifolia resulted in a significant improvement in weight 

rowth compared with the APAP group, suggesting a beneficial ef- 

ect of the extract against APAP-induced liver injury in mice. 

APAP hepatotoxicity results in liver failure due to hepatocyte 

eath by apoptosis and necrosis. The pathophysiology leading to 

his severe liver dysfunction involves the pro-oxidative (oxidative 

nd nitrosative stress) and proinflammatory processes triggered 

y NAPQI. 12 Regarding the proinflammatory process, it has been 

hown that the recruitment of inflammatory cells has been ob- 

erved in animals after induction of liver injury by APAP. 12 , 33 These 

nflammatory cells invade the liver parenchyma where they per- 

orm several activities such as increasing the expression of inflam- 

atory markers (proinflammatory cytokines such as tumor necro- 

is factor alpha, interleukin 1B, and adhesion molecules), clearing 

f debris, recruitment of activated monocytes (which starts 6 hours 

fter APAP administration and continues as long as tissue damage 

xists), and the massive production of reactive species following 

he activation of inducible nitric oxide synthase in macrophages 

nd infiltrating neutrophils. Inducible nitric oxide synthase is re- 

ponsible for the excessive production of nitric oxide. 12 The most 

ignificant increase in the expression of inflammatory markers cor- 

elates with the onset of necrotic lesions and their extent. Necrotic 

ells lead to sterile inflammation through the release of lesion- 

ssociated molecular patterns. Decreased cell necrosis leads to re- 

uced release of lesion-associated molecular patterns and there- 

ore prevents the production of proinflammatory cytokines and 

eukocyte infiltration. 12 The results of this study show that aque- 

us extracts of C quadrangularis and J gossypiifolia drastically re- 

uced APAP-induced liver lesions. Liver sections from mice treated 

ith the plant extracts showed less necrosis and almost no leuko- 
6

yte infiltration compared with those from the APAP group, sug- 

esting anti-inflammatory effects of these plant extracts. Indeed, if 

he inflammatory response is maintained then hepatocyte necro- 

is will be more extensive, as observed in APAP mice. The results 

lso show a significant decrease in the activity of ALT, an intra- 

ellular enzyme whose elevated serum activity is a sign of cellu- 

ar and specifically hepatocyte necrosis. Krithika and Verma, 34 re- 

orted that serum transaminase levels, especially that of ALT, is an 

ppropriate way to estimate the extent of hepatocyte lysis. These 

bservations corroborate those on weight growth and the state of 

epatic parenchyma. 

Several pro-oxidative mechanisms are known and all contribute 

o the creation of a state of oxidative and nitrosative stress, 

hrough the massive production of highly reactive by-products and 

he inhibition of the body’s antioxidant defense. GSH depletion is 

he initial step in APAP hepatotoxicity as it is GSH that neutralizes 

APQI, which is a highly reactive compound responsible for the 

oxic effects of APAP. NAPQI forms covalent bonds with sulfhydryl 

roups of cysteine, lysine of GSH, or other cellular proteins to form 

PAP protein adducts. 10 Once GSH is depleted, any NAPQI formed 

hen reacts with other targets. NAPQI interacts with certain cellular 

roteins such as mitochondrial proteins and induces the formation 

f free radicals that cause oxidative stress. Another mechanism of 

epatotoxicity is the reaction of superoxide anion and nitric oxide 

o form peroxynitrite, which plays a critical role in the mechanisms 

f APAP-induced hepatotoxicity. Peroxynitrite forms nitrotyrosine 

dducts within the mitochondria that cause its dysfunction, leading 

o the shutdown of ATP synthesis and subsequent cell death. 12 Ox- 

dative stress associated with lysosomal iron uptake into mitochon- 

ria leads to mitochondrial membrane dysfunction, similarly, the 

elease of mitochondrial apoptosis-inducing factor and endonucle- 

se G, following mitochondrial lysis, leads to cellular DNA fragmen- 

ation. Both mechanisms result in cellular necrosis. 35 , 36 The pro- 

ein adducts formed, particularly those of mitochondrial proteins, 

ead to oxidative damage and hepatocellular necrosis. 12 Overall, 

hese data indicate that the organs, especially the liver, of APAP- 

reated animals are highly exposed to reactive nitrogen and oxy- 

en species, resulting in nitrosative and oxidative stress. Experi- 

ental data indicate that oxidative and nitrosative stress results 

rom an imbalance between antioxidants and oxidants. 10 , 12 , 33 Pro- 

eins, DNA, and lipids are the cellular targets affected by reactive 

itrogen and oxygen species. 37 Reactive free radicals interact with 

ellular lipids to form MDA, the end product of lipid peroxida- 

ion. 10 , 38 Our results showed that the levels of SOD, GSH, and CAT 

n mice treated with aqueous leafy stem extract of C quadrangu- 

aris , aqueous leaf extract of J gossypiifolia remained significantly 

lose to those of the controls, whereas those of mice treated with 

PAP differed significantly. These results suggest that APAP treat- 

ent does not appear to affect mice treated with plant extracts. 

nduction of liver injury by APAP caused a significant elevation of 

itrite levels in the liver compared with the control. However, ad- 

inistration of the aqueous extract of the leafy stem of C quad- 

angularis and the aqueous extract of the leaves of J gossypiifolia to 

he mice kept their levels similar to that of the control. In an ox- 

dative environment, high levels of nitric oxide react with superox- 

de to form peroxynitrite, which plays a crucial role in the mech- 

nisms of APAP-induced liver injury. 12 These results suggest that 

he aqueous extract leafy stem of C quadrangularis , and aqueous 

eaves extract of J gossypiifolia would offer tissues better protection 

y neutralizing the mechanism allowing nitrosative stress. Further- 

ore, we observed a significant increase in MDA levels in the liver 

t the end of the study. However, this increase was significantly 

ess pronounced in the mice treated with the plant extracts and 

omehow reflects the intensity of lipid peroxidation. Overall, these 

esults support the hypothesis that in mice treated with plant ex- 

racts, fewer reactive nitrogen and oxygen species are produced to 
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eact with biomolecules and cause damage. Furthermore, Papack- 

va et al 12 showed that lipids are not the more important targets 

f oxidative stress than proteins and DNA in APAP-induced liver 

njury. This constitutes a weakness of this work. We then plan to 

valuate the effects of extracts from these plants on proteins and 

NA. 

Phenolic compounds (ie, polyphenols, flavonoids, coumarins, 

annins, and anthraquinones), terpenes (especially saponins), and 

itrogenous compounds such as alkaloids have been reported in 

queous extracts of C quadragularis and J gossypiifolia (data not 

hown). These effects are attributable to the bioactive metabo- 

ites of these extracts because saponins have immunomodulatory 

roperties. 39 Terpenes have anti-inflammatory and neuroprotective 

roperties, 40 and sometimes could exhibit hepatotoxic effects. 41 

henolic compounds have antioxidant properties. 42–44 

onclusions 

In our study, we demonstrated that aqueous extracts of J 

ossypiifolia and C quadrangularis significantly reduced APAP- 

nduced liver injury in mice. These extracts were found to be ef- 

ective in limiting oxidative and nitrosative stress, and inflamma- 

ion due to the toxic metabolite of APAP that causes liver dam- 

ge. These results provide a basis for further work to evaluate the 

otential use of these plants in the management of APAP-induced 

oxic hepatitis. 

eclaration of Competing Interest 

The authors have indicated that they have no conflicts of inter- 

st regarding the content of this article. 

cknowledgements 

The authors thank the University of Ngaoundere and the Uni- 

ersity of Yaounde I (Cameroon) for use of the facilities. 

Dr Chiogo Vouffo contributed to this publication in her personal 

apacity. The views expressed in this publication are her own and 

o not represent the views of the US Food and Drug Administra- 

ion or the US Government. 

All authors designed the study, experimented, prepared, and re- 

ised the manuscript. They have read and approved the manuscript 

efore submission. 

eferences 

1. Duclos-Vallée J-C et Mony C. Les Fonctions du Foie. https://www. 
centre-hepato-biliaire.org/maladies-foie/fonctions-h%C3%A9patiques.html . 

Consulté le 20 mai 2023. 2014. 
2. Pelletier G. Consulté le 20 mai 2023 . Les hépatites médica- 

menteuses; 2016 . https://www.centre-hepato-biliaire.org/maladies-foie/ 

hepatite-medicamenteuse.html 
3. David S, Hamilton PJ. Drug-induced Liver Injury. US Gastroenterology and Hepa- 

tology Review . 2010;1(6):73–80 . 
4. Freitag AF, Cardia GFE, da Rocha BA, Aguiar RP, Silva-Comar FM, de S, 

Spironello RA, Cuman RKN. Hepatoprotective Effect of Silymarin ( Silybum mar- 
ianum ) on Hepatotoxicity Induced by Acetaminophen in Spontaneously Hyper- 

tensive Rats. Evidence-Based Complementary and Alternative Medicine . 2015:1–8. 

doi: 10.1155/2015/538317 . 
5. Abdel EA, Heba ASEN, Omayma AE, Abdel NBS. GC-MS analysis and hepatopro- 

tective activity of the n-hexane extract of Acrocarpus fraxinifolius leaves against 
paracetamol-induced hepatotoxicity in male albino rats. Pharmaceutical Biology . 

2017;55:4 41–4 49 . 
6. Ramachandran A, Jaeschke H. Acetaminophen Hepatotoxicity. Seminars in Liver 

Disease . 2019. doi: 10.1055/s- 0039- 1679919 . 

7. Obu HA, Chinawa JM, Ubesie AC, Eke CB, Ndu IK. Paracetamol use (and/or 
misuse) in children in Enugu, South-East, Nigeria. BMC Pediatrics . 2012;12(1). 

doi: 10.1186/1471- 2431- 12- 103 . 
8. McGill MR, Jaeschke H. Metabolism and disposition of acetaminophen: recent 

advances in relation to hepatotoxicity and diagnosis. Pharmaceutical Research . 
2013;30:2174–2187. doi: 10.1007/s11095- 013- 1007- 6 . 
7 
9. Jaeschke H, McGill MR. Cytochrome P450-derived versus mitochondrial oxi- 
dant stress in acetaminophen hepatotoxicity. Toxicology Letters . 2015;235:216–

217. doi: 10.1016/j.toxlet.2015.04.002 . 
10. Eric Yoon, Arooj Babar, Moaz Choudhary, Matthew Kutner, Nikolaos Pyrsopou- 

los. Acetaminophen-Induced Hepatotoxicity: a Comprehensive Update. Journal 
of Clinical and Translational Hepatology . 2016;4(2):131–142 2016. doi: 10.14218/ 

JCTH.2015.0 0 052 . 
11. Zhang L, Gavin T, BCGeohagen QLiu, Downey KJ, LoPachin RM. Pro- 

tective properties of 2-acetylcyclopentanone in a mouse model of ac- 

etaminophen hepatotoxicity. Journal of Pharmacology and Experimental Therapeu- 
tics . 2013;346(2):259–269 . 

12. Papackova Z, Heczkova M, Dankova H, Sticova E, Lodererova A, Bartonova L, 
et al. Silymarin prevents acetaminophen-induced hepatotoxicity in mice. PLoS 

ONE . 2018;13(1):1–20 e0191353. doi: 10.1371/journal . 
13. Annie Shirwaikar, Saleemulla Khan, Malini S. Antiosteoporotic effect of ethanol 

extract of Cissus quadrangularis Linn. on ovariectomized rat . 2003;89(2-3):0–250. 

doi: 10.1016/j.jep.20 03.08.0 04 . 
14. Panthong Ampai; Supraditaporn Wanicha; Kanjanapothi Duangta; Taesotikul 

Tawat; Reutrakul Vichai. Analgesic, anti-inflammatory and venotonic effects of 
Cissus quadrangularis Linn. (2007; 110(2), 0–270. doi: 10.1016/j.jep.2006.09.018 . 

15. Bharathi Avula, Ji-Yeong Bae, Jianping Zhao, Yan-Hong Wang, Mei Wang, Zhi- 
hao Zhang, Zulfiqar Ali, Chittiboyina Amar G, Khan Ikhlas A. Quantitative de- 

termination and characterization of polyphenols from Cissus quadrangularis L. 

and dietary supplements using UHPLC-PDA-MS, LC-QToF and HPTLC. Journal of 
Pharmaceutical and Biomedical Analysis . 2021. doi: 10.1016/j.jpba.2021.114036 . 

16. Fernandes G, Banu J. Medicinal properties of plants from the genus Cissus: a 
review. J. Med. Plant Res. . 2012;6:3080–3086 . 

17. Swamy AHM, Viswanatha Kulkarni, Rucha V, Koti BC, Gadad PC, 
Thippeswamy AHM, Aparna Gore. Hepatoprotective effect of Cissus quad- 

rangularis stem extract against rifampicin-induced hepatotoxicity in rats. Indian 

Journal of Pharmaceutical Sciences . 2012;74(2):183–187. doi: 10.4103/0250-474X. 
103859 . 

18. Lekshmi RK, Rajesh R, Mini S. Ethyl acetate fraction of Cissus quadrangularis 
stem ameliorates hyperglycaemia-mediated oxidative stress and suppresses in- 

flammatory response in nicotinamide/streptozotocin induced type 2 diabetic 
rats. Phytomedicine . 2015 S0944711315002147–.. doi: 10.1016/j.phymed.2015.06. 

014 . 

19. Sheikh S, Siddiqui S, Dhasmana A, Safia Haque E, Kamil M, et al. Cissus 
quadrangularis Linn. Stem ethanolic extract liberates reactive oxygen species 

and induces mitochondria mediated apoptosis in KB cells. Phcog Mag Journal . 
2015;11:S365–S374 . 

0. Muthusami Sridhar, Gopalakrishnan Vasudevan, Stanley Jone A, Krishnamoor- 
thy Senthilkumar, Ilangovan Ramachandran, Gopalakrishnan Velliyur K, Srini- 

vasan Narasimhan. Cissus quadrangularis prevented the ovariectomy induced ox- 

idative stress in the femur of adult albino rats. Biomedicine & Pharmacotherapy . 
2016;81:416–423. doi: 10.1016/j.biopha.2016.04.021 . 

21. Toor Rabail H, Malik Shabana, Qamar Haleema, Batool Faiza, Tariq Maira, 
Nasir Zainab, Tassaduq Raazia, Lian Jane B, Stein Janet L, Stein Gary S, 

Shakoori Abdul R. Osteogenic potential of hexane and dichloromethane fraction 
of Cissus quadrangularis on murine preosteoblast cell line MC3T3-E1 (subclone 

4). Journal of Cellular Physiology . 2019 jcp.28869–. doi: 10.1002/jcp.28869 . 
2. Siddiqui S, Ahmad E, Gupta M, Rawat V, Shivnath N, Banerjee M, Khan MS, 

Arshad M. Cissus quadrangularis Linn exerts dose-dependent biphasic effects: 

osteogenic and anti-proliferative, through modulating ROS, cell cycle and Runx2 
gene expression in primary rat osteoblasts. Cell Proliferation . 2015;48(4):443–

454. doi: 10.1111/cpr.12195 . 
3. Félix-Silva Juliana, Giordani Raquel Brandt, Silva-Jr Arnóbio Antonio da, Zu- 

colotto Silvana Maria, Fernandes-Pedrosa Matheus de Freitas. Jatropha gossypi- 
ifolia L. (Euphorbiaceae): A review of traditional uses, phytochemistry, pharma- 

cology, and toxicology of this medicinal plant. Evidence-Based Complementary 

and Alternative Medicine . 2014;2014:1–32. doi: 10.1155/2014/369204 . 
4. Albuquerque UP, JMMonteiro MARamos, de Amorim ELC. Medicinal and magic 

plants from a public market in northeastern Brazil. Journal of Ethnopharmacol- 
ogy . 2007;110(1):76–91 . 

5. Wu Qinghua, Patocka Jiri, Nepovimova Eugenie, Kuca Kamil. Jatropha Gossypi- 
ifolia L. and Its Biologically Active Metabolites: A Mini Review. Journal of 

Ethnopharmacology . 2019:S0378874118319780. doi: 10.1016/j.jep.2019.01.022 . 

6. Kawanga V, Schmelzer GH, Gurib-Fakim A. PROTA (Plant Resources of Trop- 
ical Africa /Ressources végét ales de l’Afrique tropicale) . Jatropha gossypiifo- 

lia L. Wageningen, Netherlands: Consulté le 27 avril 2023; 2007 . https: 
//uses.plantnet-project.org/f/index.php?title=Jatropha _ gossypiifolia _ (PROTA) 

&mobileaction=toggle _ view _ desktop 
27. Panda BB, Gaur K, Nema RK, Sharma CS, Jain AK, Jain CP. Hepatoprotec- 

tive activity of Jatropha gossypiifolia against carbon tetrachloride- induced 

hepatic injury in rats. Asian Journal of Pharmaceutical and Clinical Research . 
2009;2(1):50–54 . 

8. Temdie RJ, Minoue MG, Djasrane AD, Fotio AL, Jidibe P, Boumzina EL, 
Dimo Theophile. Influence of aqueous leafy stem extract of Cochlospermum tinc- 

torium A. Rich. (Cochlospermaceae) on liver injury induced by subacute expo- 
sure of rats to carbon tetrachloride. American Journal of Biopharmacy and Phar- 

maceutical Sciences . 2022;2(7):1–14 . 

9. Fotio Agathe L, Dimo Theophile, Nguelefack Telesphore B, Dzeufiet Paul DD, 
Lemba Esther Ngo, Temdie Romeo J, Ngueguim Florence, Olleros Maria L, 

Vesin Dominique, Dongo Etienne, Kamtchouing Pierre, Garcia Irene. Acute 
and chronic anti-inflammatory properties of the stem bark aqueous and 

methanol extracts of Sclerocarya birrea (Anacardiaceae)”. Inflammopharmacology . 
2009;17:229–237 . 

https://www.centre-hepato-biliaire.org/maladies-foie/fonctions-h%C3%A9patiques.html
https://www.centre-hepato-biliaire.org/maladies-foie/hepatite-medicamenteuse.html
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0003
https://doi.org/10.1155/2015/538317
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0005
https://doi.org/10.1055/s-0039-1679919
https://doi.org/10.1186/1471-2431-12-103
https://doi.org/10.1007/s11095-013-1007-6
https://doi.org/10.1016/j.toxlet.2015.04.002
https://doi.org/10.14218/JCTH.2015.00052
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0011
https://doi.org/10.1371/journal
https://doi.org/10.1016/j.jep.2003.08.004
https://doi.org/10.1016/j.jep.2006.09.018
https://doi.org/10.1016/j.jpba.2021.114036
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0016
https://doi.org/10.4103/0250-474X.penalty -@M 103859
https://doi.org/10.1016/j.phymed.2015.06.014
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0019
https://doi.org/10.1016/j.biopha.2016.04.021
https://doi.org/10.1002/jcp.28869
https://doi.org/10.1111/cpr.12195
https://doi.org/10.1155/2014/369204
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0024
https://doi.org/10.1016/j.jep.2019.01.022
https://uses.plantnet-project.org/f/index.php?title=Jatropha_gossypiifolia_(PROTA)&mobileaction=toggle_view_desktop
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0027
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0028
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0029


R.J. Guemmogne Temdie, E. Ymele Chiogo Vouffo, B.R. Tietcheu Galani et al. Current Therapeutic Research 99 (2023) 100716 

3  

3

3

3

3

3

3

3

4

4

4

4

0. Fotio AL, Olleros ML, Vesin D, Tauzin S, Bisig R, Dimo T, Nguelefack TB, Dongo E,
Kamtchouing P, Garcia I. In Vitro Inhibition of Lipopolysaccharide and Mycobac- 

terium Bovis Bacillus Calmette Guérin-Induced Inflammatory Cytokines and in 
Vivo Protection from D-Galactosamine/Lps -Mediated Liver Injury by the Medic- 

inal Plant Sclerocarya Birrea. International Journal of Immunopathology and Phar- 
macology . 2010;23(1):61–72. doi: 10.1177/0394632010 0230 0106 . 

31. Kuriakose GC, Kurup MG. Antioxidant and hepatoprotective activity of Aphani- 
zomenon flosaquae Linn against paracetamol intoxication in rats. Indian Journal 

of Experimental Biology . 2010;48(11) 1123 ±30. PMID:21117453 . 

2. Temdie GRJ, Kamdem GB, Minoue MGK, et al. Safety assessment of Markhamia 
tomentosa (Benth.) K. Schum. (Bignoniaceae) leaves extracts, highlight the psy- 

chostimulant effect of the methanol extract. Journal of Experimental and Applied 
Tropical Biology . 2021;1:37–47 . 

3. Fotio AL, Nguepi MSD, Tonfack LB, Temdie RJG, Nguelefack TB. Acetaminophen 
induces liver injury and depletes glutathione in mice brain: Prevention by 

Moringa oleifera extract. South African Journal of Botany . 2020;129:317–323. 

doi: 10.1016/j.sajb.2019.08.037 . 
4. Krithika R, Verma RJ. Solanumnigrumconfers protection against CCl4-induced 

experimental hepatotoxicity by increasing hepatic protein synthesis and regula- 
tion of energy metabolism. Clinical. Phytoscience. . 2019;5:1–8 . 

5. Jaeschke H, McGill MR, Ramachandran A. Oxidant stress, mitochondria, and 
cell death mechanisms in drug-induced liver injury: lessons learned from ac- 

etaminophen hepatotoxicity. Drug Metabolism Reviews . 2012;44:88–106. doi: 10. 

3109/03602532.2011.602688 . 
6. Koksal E, Gulcin I, Beyza S, Sarikaya O, Bursal E. In vitro antioxidant activ- 

ity of silymarin. Journal Enzyme Inhibition and Medicinal Chemistry . 2009;24(2) 
395 ±405PMID: 18830883. doi: 10.1080/14756360802188081 . 
8 
37. Hinson JA, Roberts DW, James LP. Mechanisms of acetaminophen-induced liver 
necrosis. Handbook of Experimental Pharmacology . 2010;196:369–405 . 

8. Cicho ̇z-Lach H, Michalak A. Oxidative stress as a crucial factor in liver diseases. 
World Journal of Gastroenterology . 2014;20:8082–8091 . 

9. Lorent JH, Quetin-Leclercq J, Mingeot-Leclercq MP. The amphiphilic nature of 
saponins and their effects on artificial and biological membranes and potential 

consequences for red blood and cancer cells. Organic and Biomolecular Chemistry 
journal . 2014;28(44):8803–8822 12PMID 25295776. doi: 10.1039/c4ob01652a . 

0. Cho KS, Lim YR, Lee K, Lee J, Lee JH, Lee IS. Terpenes from Forests 

and Human Health and Toxicology Research. 2017;33(2):97-106. doi: 
10.5487/TR.2017.33.2.097. PMID 28443180 

41. Zárybnický T, Boušová I, Ambrož M, Skálová L. Hepatotoxicity of monoter- 
penes and sesquiterpenes. Archives Toxicology . 2018;92(1):1–13 PMID 28905185. 

doi: 10.10 07/s0 0204- 017- 2062- 2 . 
2. Velioglu YS, Mazza G, Gao L, et al. Antioxidant activity and total phenolics in se- 

lected fruits, vegetables and grain product. Journal Agricultural and Food Chem- 

istry . 1998;46:4113–4117 . 
3. Kahkonen MP, Hopia A I, Vuorela HJ, Rauha J P, Pihlaja K, Kujala T S, 

Heinonen M. Antioxidant activity of plant extracts containing phenolic com- 
pounds. Journal of Agricultural and Food Chemistry. 1999 Oct;47(10):3954–

3962. doi: 10.1021/jf990146l . 
4. Javanmardi J, Stushnff C, Locke E, et al. Antioxidant activity and total phenolic 

content of Iranian Ocimum accessions. Food Chemistry . 2003;83:547–550 . 

https://doi.org/10.1177/039463201002300106
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0031
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0032
https://doi.org/10.1016/j.sajb.2019.08.037
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0034
https://doi.org/10.3109/03602532.2011.602688
https://doi.org/10.1080/14756360802188081
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0037
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0038
https://doi.org/10.1039/c4ob01652a
https://doi.org/10.1007/s00204-017-2062-2
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0042
https://doi.org/10.1021/jf990146l
http://refhub.elsevier.com/S0011-393X(23)00025-5/sbref0044

	Potential Curative Effects of Aqueous Extracts of Cissus quadrangularis (Vitaceae) and Jatropha gossypiifolia (Euphorbiaceae) on Acetaminophen-Induced Liver Injury in Mice
	Introduction
	Material and Methods
	Experimental animals
	Plant harvesting and conservation
	Extracts preparation
	Pharmacological study
	Allocation and administration of substances
	Biochemical testing
	Analysis of liver functional activity of the liver
	Assessment of oxidative stress

	Histological investigation

	Statistical Analysis
	Results
	Effect of the plant extracts on body weight and relative liver weight of APAP-injured mice
	Effect of the plant extracts on biomarkers of liver function of APAP-injured mice
	Effect of plant extracts on oxidative stress in APAP-injured mice
	Effect of the plant extracts on the liver inflammatory lesions of APAP-injured mice

	Discussion
	Conclusions
	Declaration of Competing Interest
	Acknowledgements
	References


