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Abstract
Background and objectives: Tuberculosis remains a global health concern, and its treatment usually involves potent first-line 
antitubercular drugs which are tempered by the risk of associated hepatotoxicity leading to noncompliance and drug resist-
ance. In this review, medicinal plants with the potential of protection against antitubercular drug-induced hepatotoxicity in 
animal models were explored from scientific literature.

Methods: From literature published between 1999 and 2022, this review systematically extracted 68 studies that reported on 
medicinal plants with protection against antitubercular drug-induced liver toxicity in animal models.

Results: Isoniazid, pyrazinamide, rifampicin, and ethambutol were the first-line drugs reported in the reviewed studies. The liver 
enzymes, antioxidant status, inflammatory markers, and improvement in the liver architecture were the criteria most frequently used 
by the reported studies to access hepatoprotection. These plants are rich in bioactive phytochemicals which exhibit their hepatopro-
tective properties via mechanisms such as antioxidant activity, anti-inflammatory effects, and detoxification enhancement.

Conclusions: This review provides the hepatoprotective properties and mode of action of medicinal plants and encourages 
future perspectives marked by rigorous scientific research, 
clinical trials, and integrative medicine approaches. Albeit 
the challenges of standardization of herbal formulation, 
safety concerns and hurdles of the regulatory framework 
must be addressed as traditional medicinal plants offer a 
promise to mitigate antitubercular drug hepatotoxicity.
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Introduction
Tuberculosis (TB) remains a lethal communicable ailment of 
global public health concern despite the intensified research to un-
derstand and eradicate it.1–3 In 2021, about 10.6 million people 
were estimated to fall ill with TB worldwide with the incident rate 
rising by 3.6% between 2020 and 2021 with eight countries having 
two-thirds of the disease’s global burden.4,5 The emergence of drug 
resistant TB continues to undermine the gains of global eradica-
tion efforts and as such TB has remained a public health scourge. 
This scenario is worsened by the reliance on a limited number of 
antitubercular drugs (ATDs) for decades, though there are about 
26 drugs that are in various phases of trials as of September 2022.4 
In order to curtail the emergence of ATD resistance, modern TB 
control strategy relies mainly on the use of combination therapy. 
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Thus, the World Health Organization recommends that effective 
standard treatment of TB should go with a combination therapy of 
some of the first-line ATDs.6 The first-line drugs of choice include 
isoniazid (INH), pyrazinamide (PZA), rifampicin (RIF), ethambu-
tol, and streptomycin. These first-line medications are documented 
to induce mild to severe liver injury leading to the discontinuance 
of treatment that give rise to drug resistance and a cure not be-
ing achieved.7 For instance, RIF causes thrombocytopenia, pain, 
nausea, and hepatitis in combination with other drugs; PZA leads 
to oxidative stress, arthralgia, and hepatitis through the 5-hy-
droxypyrazinoic acid; neuritis and color blindness are linked to 
ethambutol toxicity; while ethionamide leads to diarrhea and hepa-
totoxicity.8,9 Collectively, these ATDs elicit toxic metabolites, free 
radicals and reactive oxygen species (ROS) to become the main 
cause of injury to the liver.10 Studies are in progress to find alter-
nate medications from plant sources to avoid such side effects.9 
The use of combination therapy can cause drug-drug interactions 
that affect metabolism, treatment, and toxicity in the individual.11 
More so, factors such as acetylator status, drug-drug interactions, 
body mass index, sex, age, and alcohol consumption have made it 
difficult to foretell the event of drug-induced liver injury due to the 
administration of ATD.12

The incidence of drug-induced hepatotoxicity varies among 
the different regions of the world while the bulk of epidemiologi-
cal studies were reported in Europe, Asia, and the USA.13 The 
percentage is greater in developing countries compared with the 
developed ones. The mixture of RIF/ INH/PZA has been reported 
to cause up to 30% of hepatotoxicity in India, while this per-
centage is 23% in other countries.13 In Sub-Saharan Africa, the 
incidence of hepatotoxicity has not been reported but this type 
of study has also been conducted.7,14 Yearly, the incidence rate 
of drug-induced liver damage is increasing.15,16 In China, among 
the drugs that cause liver injury, 21.99% of incidences are from 
antituberculosis drugs.17 The combined or single administration 
of INH and RIF can lead to liver damage, causing liver failure, 
resulting in 5%–22% of acute liver failure cases.18 In a study, the 
combination of INH and RIF therapy for TB treatment was as-
sociated with 2–6% hepatotoxicity.19

The liver is continuously exposed to diverse toxic and chemo-
therapeutic agents due to its key role in xenobiotic metabolism. 
This chronic exposure damages liver cells and impairs their ability 
to function.13,20 Collectively, these ATDs produce toxic metabo-
lites, free radicals, and ROS, which are the main causes of liver 
injury.10 The mechanism of ATD-induced hepatotoxicity is not yet 
clearly understood but is believed to result from the initial events 
of phase I or phase II metabolism.10 The initial event is typically 
the generation of a reactive drug metabolite. The buildup of toxic 
metabolites causes an excessive amount of ROS and metabolite-
protein adducts, which causes lipid peroxidation, a stress response 
in the mitochondria and endoplasmic reticulum, and the activation 
of stress-kinases. The loss of hepatocyte membrane integrity and 
depletion of antioxidant status leaves the hepatocytes vulnerable 
to ATD-induced hepatic damage.14,21,22 These events eventually 
cause cellular damage and apoptotic cell death.23

The risk of patients developing drug-induced liver injury is 
of primary concern in the treatment of TB,24 which also leads to 
nonadherence to the treatment regimen and the attendant drug 
resistance. In order to mitigate these arrays of adverse effects of 
ATDs, plant-derived phytochemicals are being explored to deter-
mine their hepatoprotective potentials without interfering with 
the action of these ATDs. More so, studies are in progress to find 
alternate medications from plant sources without significant side 
effects.9 Plant-derived phytochemicals have unique benefits in im-

proving patient symptoms, lowering the risk of liver injury, delay-
ing the progression of liver injury, and enhancing the body’s ability 
to repair itself.25 They likewise possess the features of multilevel, 
multitarget, and broad regulation.16 Plant extracts containing bio-
active compounds have demonstrated a protective effect against 
liver damage caused by INH and RIF.

Because of the threat that TB poses to public health, a lot of 
emphasis has been placed on developing complementary tradi-
tional herbal treatments that are effective against Mycobacterium 
TB. Prior to this review, some publications recapped the role of 
medicinal plants as a source of ATDs and ATD-induced hepato-
toxicity.10,26–30 Among the several studies on the protective effects 
of crude extracts and bioactive compounds isolated from plants 
against hepatotoxicants (acetaminophen, ethanol, carbon tetra-
chloride, methotrexate and valproate), only a fraction of these 
studies focus on the protective role of traditional medicinal plants 
(TMPs) against ATD-induced liver toxicity. In this present review, 
the primary focus is the use of TMPs with reported hepatoprotec-
tive potential against ATD-induced toxicity in animal models. Also 
included is a brief description of the botanical classification, the 
plant component used, the method of extraction, and the tradition-
al and pharmacological properties. Next, in vivo studies on these 
reported hepatoprotective plants are described with the follow-
ing headings: the extract dose/mode of administration, the animal 
model, the ATD combinations, the mode of action of the plant ex-
tracts, and the reported phyto-active components. The hepatopro-
tective mechanisms of the plant extract reviewed were highlighted. 
Finally, we discussed the role of phytochemicals in the hepatopro-
tective properties of TMPs and future research trends. With the 
large number of reported medicinal plants with hepatoprotective 
potentials, this review will generate interest in the identification 
and development of new compounds derived from plants that may 
have clinical significance.

Methods
The information presented was derived from scientific papers 
published in English or French that were obtained from the In-
ternet search engines Google, Google Scholar, PubMed/Medline, 
and Scopus. An in-depth search was undertaken on the hepatopro-
tective effect of extracts and/or compounds obtained from TMPs 
against liver injury induced by ATDs (RIF/INH/PZA/ethambutol 
(ETM) or combinations) in experimental animal models. We used 
the following keywords: medicinal plant, protective effect, hepato-
protective effect, ATD toxicity, RIF/INH/PZA/ETM-induced liver/
hepatotoxicity and phytochemical compounds. To obtain a higher 
quality of screening literatures, we further searched each keyword 
with one drug and with their different combinations. For inclusive 
search, the search employed the terms including “herbal plant ex-
tract AND antituberculosis drugs” or “antituberculosis drugs AND 
liver damage,” or “RIF/INH/PZA/ETM AND plant extract” or 
“hepatoprotection/ plant extract AND antitubercular drug-induced 
liver damage” in rat from 1990 to 2023. After excluding duplicate 
and unrelated studies, the articles identified from search engines 
were reviewed by two persons and a decision was taken. The ar-
ticles were screened for studies on paracetamol, carbon tetrachlo-
ride, or any other hepatotoxic substance–induced liver damage and 
these were excluded. Poly herbal formulations, in vitro studies, 
studies not mentioning the animal model and nephrotoxic stud-
ies were further excluded. The screening processes for inclusion 
included only studies on single plant extract with reported hepato-
protection against ATD-induced liver damage. Also, the inclusion 
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criteria included botanical name, plant family, experimental de-
sign, animal model, extraction method, mode of administration of 
extract, and results clearly stated. Finally, a total of 68 scientific 
publications were included and used in the review. The PRISMA 
flow diagram on the process of exclusion, inclusion, and search 
strategy is presented in Figure 1.

Results

Hepatoprotective medicinal plants
The classification of the traditional hepatoprotective medicinal 

plants against anti-TB drugs in this study belongs to 48 families 
and 67 species. The top eight families with at least three plant spe-
cies include Asteraceae (three species), Curcurbitaceae (three spe-
cies), Euphorbiaceae (five species), Nyctaginaceae (four species), 
Ranunculaceae (three species), and Zigiberaceae (three species). 
Thirty-three plant families were reported once in this study while 
5 plant families were reported twice (Table 1).31–96 The hepato-
protective TMP species were reported from different parts of the 
plants including leaves, stem, root, aerial, fruits, bulbs, rhizomes, 
dry peel, seeds, root, tuber, whole plant, flower (petals), shoot and 
stem bark. From Table 1 the major parts of the plants that were 
studied were leaves (19 studies), root (9), fruit (8), whole plant (5), 

Fig. 1. PRISMA flow diagram. 
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seeds, stem (3 each), and rhizome and bulbs (2 studies each), etc. 
The folkloric and pharmacological uses of the plants reported in 
the literature cited are also summarized in this review.

Among the extraction mediums, ethanol, methanol and water 
were the most frequently used (Table 1). In the reported studies 
one or more of these reagents were adopted in the extraction of 
the crude extracts from the medicinal plants: ethanol (31 stud-
ies), methanol (12 studies), aqueous extraction (15 studies), while 
chloroform/methanol, acetone, aqueous sodium carbonate were 
used only once. It has been reported that the extraction method 
and medium influence the isolation of the active components and 
antibacterial activity of the extracts.14 There are difficulties regard-
ing the screening of medicinal plant extracts and the challenge of 
not having a single standard extraction method for extracting the 
active components from the plant.14,15 As evidenced in this report 
(Table 1) some of the studies did not report the part of the plant and 
extraction methods adopted in their studies.

In vivo studies on the hepatoprotective TMPs
As noted in this report (Table 2) and observed in many animal 
studies,31–96 the animal model most frequently used was the Wistar 
albino rats (47 studies) and followed by the Sprague-Dawley rats 
(13 studies). The Duncan Hartley guinea pig (four studies), and 
BLAB/c mice models (three studies) were the next frequently used 
animal models while the Kumming mice and rabbit models were 
seldom used. The use of different animal studies may have affected 
the results and route of administration of extracts. The oral and 
intraperitoneal routes were the principal routes of administration 
of the crude extracts as reported in this review.

As noted and seen in this report, many of the reports lacked 
adequate standard control for comparing the hepatoprotective 
activities of the medicinal plants. The standard hepatoprotective 
drugs used in the reviewed studies were silymarin and Liv 52. 
Silymarin is a known hepatoprotective drug from the plant Si-
lybum marianum and is used in the treatment of liver diseases.9 
The first-line drug combinations used and reported by the stud-
ies are INH, RIF, PZA, and ethambutol. From this review, 41 
studies used the RIF/INH combination while 15 studies used the 
RIF/INH/PZA combination in their reports (Table 2). Only seven 
studies used all four drugs in combination with RIF/INH/PZA/
ETM while five studies used only INH as the test drug. It is clear 
from this report that most of the studies did not adopt a single 
standard drug combination during the course of their studies. The 
major criteria used in accessing the hepatoprotective properties 
of the medicinal plants against the hepatotoxicity induced by 
the antituberculosis drugs were mostly on the liver enzymes and 
antioxidant indices (Table 2) while most of the studies reported 
on the histoarchitecture of the liver (not shown). Some of the 
reported studies also evaluated the inflammatory markers as an 
index of protection.

Summary of traditional plants with hepatoprotective activity 
against ATDs

Acanthospermum hispidum
Ethanolic whole plant extract of A. hispidum was reported to offer 
protection against RIF/INH/PZA/ETM (40/27/66/53 mg/kg bw)-
induced hepatotoxicity in Wistar rats.31 The extract improved liver 
enzyme and protein recovery and the results were comparable to 
those of the silymarin. These observed hepatoprotective effect is 
evidently corroborated by histological examination of the liver 
which showed fewer hemorrhage and hepatocellular necrosis.31 

The plant is rich in flavonoid content and may contribute to the 
beneficial effect via antioxidant mechanism.

Alchornea cordifolia
Methanolic extract of A. cordifolia leaf (800 mg/kg/day, oral) 
was shown to protect against hepatotoxicity caused by a mixture 
of INH/RIF/PZA (100 mg each, oral) in Wistar rats.31 The study 
showed that the extract restored plasma levels of liver enzymes, 
alanine transaminase (ALT) and aspartate transaminase (AST), 
similar to those obtained with silymarin.32 The presence of phyto-
chemicals such as flavonoids, polyphenols, and saponosides may 
have contributed to the observed hepatoprotective effect.

Allium sativum
Allium sativum has been used in folk medicine to treat colds, dia-
betes, asthma, and other diseases.33–35 Oral administration of A. 
sativum has been found to restore plasma levels of liver enzymes 
and prevent lipid peroxidation induced by ATDs such as INH/
RIF.33–35 The observed hepatoprotective benefits of A. sativum are 
attributable to its high concentration of bioactive phytochemicals, 
including allicin,33–35 phenols, and flavonoids. These phytochemi-
cals have antioxidant properties and are known to modulate cyto-
chrome P450.98

Anacyclus pyrethrum
The ethanolic root extract of A. pyrethrum (400 mg/kg bw) has 
been shown to elicit hepatoprotective effects against ATD-induced 
liver injury in Sprague-Dawley rats. The root extract considerably 
reduced serum levels of hepatic enzymes AST, ALT, and alkaline 
phosphatase (ALP) resulting from ATD toxicity.38 Furthermore, 
the extract enhanced glutathione (GSH), superoxide dismutase 
(SOD), and catalase (CAT) levels while lowering malondialde-
hyde (MDA), suggesting an antioxidant mechanism of hepato-
protection. Furthermore, histopathological findings aptly cor-
roborated the serum biochemical restoration, evidently confirming 
the hepatoprotective benefits of the extract. These findings were 
comparable to those of silymarin. Anacyclus pyrethrum contains 
levulinic acid, catechins, flavonoids, coumarin, and gallic acid, 
which are natural constituents capable of scavenging free radicals 
and hepatoprotection.38

Annona squamosal Linn
Methanolic leaf extract of A. squamosal L has been shown to ex-
hibit hepatoprotective effects against RIF/INH-induced hepatotox-
icity in rats and mice. At an oral dosage of 500 mg/kg, the extract 
considerably lowers the heightened plasma levels of ALP, AST, 
ALT, gamma glutamyl transpeptidase (GGT), and thiobarbituric 
acid reactive substance (TBARS) resulting from RIF/INH-induced 
hepatotoxicity. The extract additionally enhanced serum levels of 
total protein and GSH. These findings were comparable to that of 
silymarin, and histological findings confirmed the reported bio-
chemical changes.39

Artemisia vulgaris
The aqueous leaf extract of A. vulgaris has been found to exhibit 
hepatoprotective properties against RIF/INH/PZA (54/27/135 mg/
kg)-induced liver damage in rats. The leaf extract, given orally at a 
dose of 1 mL/kg, proved to be effective by restoring serum ALT and 
bilirubin levels while improving protein concentration.40 Quercetin, 
a polyphenolic flavonol present in the extract, has been shown to 
elicit hepatoprotective effects through its interaction with various 
intracellular signaling cascades to prevent oxidative damage.101
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Asparagus racemosis
Hydromethanolic root extract of A. racemosis has been shown to 
protect the liver against INH-induced hepatotoxicity.41 Pretreat-
ment with the root extract, at a dose of 100 mg/kg bw, protected 
the liver against oxidative injury by improving the INH-induced 
depletion of serum antioxidant capacity with an attendant reduc-
tion in elevated serum levels of AST, ALT, ALP, and GGT. The 
plant contains quercetin, which is known to protect against oxida-
tive liver damage.102

Asteracantha longifolia
Oral administration of hydroethanolic extract of A. longifolia at 
a concentration of 50 mg/kg has been proven to protect the liver 
against RIF/INH-induced hepatotoxicity in Sprague-Dawley rats. 
The extract was able to lower serum levels of ALT, AST, ALP, and 
bilirubin while increasing albumin levels.42 The extract contains 
many beneficial phytochemicals, including β-sitosterol, lupeol, 
flavonoid, and stigmasterol.42

Azadirachta indica
A study examined the effects of an aqueous leaf extract of A. indica 
(1 mL/kg) on the toxicological and histological alterations caused 
by ATDs in Wistar rats. The investigators observed that the extract 
provided hepatoprotection by significantly lowering the levels of 
ALT, AST, ALP, and total bilirubin while increasing the total protein 
level. The extract treatment maintained the histological structure of 
the liver by significantly reducing ATD-induced degeneration, ne-
crosis, and fibrosis score with signs of considerable regeneration.43

Bacopa monnieri
Bacopa monnieri (Brahmi) has been shown to protect against 
RIF/INH-induced hepatotoxicity (50 mg/kg bw each) in Wistar 
rats. The plant extracts reduced serum levels of AST, ALT, and 
ALP as well as serum MDA, an indicator of lipid peroxidation. 
Furthermore, the extract was able to enhance GSH, SOD, CAT, 
glutathione s-transferase (GST), glutathione peroxidase (GPx), 
and interleukin (IL)-10 levels, indicating an improvement in an-
tioxidant status.44 Bacoside-A is a bioactive compound present in 
the plant and has been proven to protect against D-GaIN-induced 
hepatotoxicity in rats.103

Bombax ceiba
Methanolic extract of B. ceiba (450 mg/kg bw) was reported to 
prevent RIF/INH-induced hepatotoxicity by boosting GSH levels, 
and preventing lipid peroxidation as evident in decreased hepatic 
TBARS in Wistar rats.45 Furthermore, the hepatoprotection was 
evident in reduced serum levels of AST, ALT, ALP, and total bili-
rubin. The presence of flavonoids (kaempferol, quercetin, vitexin, 
and rutin) and terpenoids (sesquiterpenoids) that are known to be 
potent free radical scavengers are believed to be responsible for the 
hepatoprotective capacity of B. ceiba extract.46

Cassia auriculata Linn
The hepatoprotective effects of methanolic root extract of C. au-
riculata against liver damage caused by a combination therapy of 
RIF, INH, and PZA were investigated in Wistar rats. The extract 
(600 mg/kg bw po) lowered serum levels of ALT, AST, ALP, to-
tal bilirubin, cholesterol, and the lipid peroxidation index (MDA) 
while increasing the activity of endogenous antioxidant systems 
(CAT, SOD, and GSH).47 Histopathological findings corroborated 
the aforementioned results.

Cassia fistula
Ethanolic leaf extract of C. fistula (400 mg/kg po) was reported to 
protect Wistar albino rats against liver damage caused by RIF and 
INH (50 mg/kg bw each). The elevated serum levels of hepatic 
enzymes (AST, ALT, and ALP) and bilirubin caused by the ATDs 
were remarkably reduced by the extract treatment. Substantial he-
patic recovery was also evidenced from histological assessment. 
The presence of flavonoids and anthraquinones, which have anti-
oxidant capabilities, have been implicated in hepatoprotection.48

Centella asiatica
The hepatoprotective potential of C. asiatica leaf extract (40 mg/
kg bw) was studied in Wistar rats challenged with RIF and INH (50 
mg/kg bw each). Relative to silymarin (50 mg/kg bw), C. asiatica 
leaf extract (40 mg/kg bw) restored normal serum levels of hepatic 
enzymes (ALP, AST, and ALT) and markedly improved the anti-
oxidant capacity (CAT, GSH, and SOD) of the liver. These positive 
effects were attributed to the presence of flavonoids (quercetin and 
kaempferol derivatives), which are known to mitigate oxidative 
stress in hepatocytes.49

Cissampelos pareira Linn
Ethanolic extract of C. pareira was studied for its ability to protect 
against hepatotoxicity caused by ATDs (RIF/INH, 50 mg/kg bw, 
po each) in Sprague-Dawley rats.50 The extract (400 mg/kg bw, 
po) effectively restored the serum levels of hepatic enzymes (ALT, 
AST, and ALP). The total protein and albumin levels increased as 
well. These findings were similar to that of silymarin.50

Citrus sinensis L. Osbeck
The ethanolic dried peel extract of Citrus sinensis L. Osbeck was 
found to provide hepatoprotection against liver injury induced by 
a combination of RIF and INH (50 mg/kg bw) in Wistar rats. The 
extract (600 mg/kg po) restored serum levels of hepatic enzymes 
(ALT and AST). Phytochemical analysis revealed the presence of 
several beneficial bioactive components in the extract (phenols, 
coumarin, flavonoids, and kaempferol), which may help to mini-
mize oxidative stress.51

Cnidoscolus chayamansa
Two studies reported hepatoprotective effects of C. chayamansa 
against ATD-induced liver injury in mice and rats. The first study 
demonstrated a dose-dependent alleviation of hepatotoxicity in 
male BALB/c mice using chloroform-methanol extract (200 or 400 
mg/kg bw) of C. chayamansa leaves/stems.52 Histological assess-
ments showed fewer amounts of steatosis present within diseased 
liver regions exhibiting lower levels of inflammation. The second 
study showed that ethanolic leaf extract of C. chayamansa pro-
tected Wistar rats from hepatic injury caused by RIF/INH.53 The 
extract reduced the serum levels of AST, ALT, and ALP while in-
creasing the levels of total protein and albumin. The hepatoprotec-
tive effects in both studies have been attributed to the presence of 
high concentrations of flavonoids and derivatives (amentoflavone, 
astragalin, and kaempferol-3-O-rutinoside), which are known to 
exhibit antioxidant properties.

Crocus sativus Linn
Ethanolic extract of C. sativus L. petals exhibited hepatoprotective 
effects against RIF/INH drug-induced liver injury in Wistar rats.54 
The extract significantly modulates biochemical hepatic damage 
indices, including decreased ALT, AST, ALP, MDA, and tumor 
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necrosis factor-alpha (TNF-α), while increasing the antioxidant 
enzyme (CAT and SOD). Flavonoids and fatty acids were found to 
be components present in the plant.54

Cucumis trigonus Roxb
The ethanolic fruit extract of C. trigonus Roxb (50 mg/kg ip) dem-
onstrated hepatoprotective properties against ATD-induced hepa-
totoxicity in rats. The hepatoprotective effects were evident by 
decreased serum levels of ALT, AST, ALP, GGT, total bilirubin, 
and MDA. Interestingly, the extract treatment causes a significant 
increase in indices of antioxidant systems (GSH, GPx, glutathione 
reductase [GR], SOD, and CAT), which contributed to the overall 
favorable benefits. Cucurbitacin, phenolic chemicals, and vitamins 
were present in the plant extract.55

Curcuma longa
Two studies evaluated the hepatoprotective properties of C. longa 
extract. The first study looked at the hepatoprotective effects of 
C. longa extract (200 mg/kg bw) in Duncan Hartley Guinea pigs 
treated with a combination of RIF (50 mg/kg bw), INH (100 mg/
kg bw), and PZA (300 mg/kg bw). The extract effectively restored 
serum levels of liver enzymes following an increase caused by the 
ATDs.56 The second study examined the hepatoprotective effects 
of C. longa extract in Sprague-Dawley rats that had liver damage 
caused by a combination of RIF (100 mg/kg) and INH (50 mg/kg). 
Serum levels of AST, ALT, ALP, total bilirubin, lipid peroxidation 
index (MDA), TNF-α, and caspase were reduced by the extract. 
In addition, the extract improved the levels of various antioxidant 
components, including GSH, SOD, and GPx.57 Curcumin, the 
main component of C. longa, has been shown to lower oxidative 
stress.104–106

Embelia tsjeriam-cottam
A study evaluated the hepatoprotective effect of both aqueous and 
alcoholic extracts of E. tsjeriam-cottam against INH-induced liv-
er damage in Wistar rats.58 The liver damage caused by INH (50 
mg/kg bw, po) was reversed by administration of 200 mg/kg bw 
extract and 5 mL/kg bw drug Liv-52. The serum levels of liver 
marker enzymes (ALT and AST) were found to be lower, whereas 
antioxidant systems (GSH, SOD, and CAT) were enhanced there-
by resulting in lipid peroxidation reduction. The histology result 
revealed the restoration of normal liver architecture by the extract 
treatment.58 Quercetin, rutin, and hyperin are prominent among the 
several antioxidant phytochemicals identified in the plant extract.

Emlica officinalis
The extract of E. officinalis has been shown to have hepatopro-
tective properties against ATD-induced liver damage. The extract 
(50 mg/kg bw) was found to restore the plasma levels of various 
liver enzymes, including AST, ALT, ALP, and bilirubin, which 
had been raised by the drugs. There was also an improvement in 
antioxidant status (GSH, GPx and CAT) and a reduction in lipid 
peroxidation.59

Erythrina indica Lam
The methanolic leaf extract of E. indica (200 mg/kg bw, po) was 
reported to exhibit hepatoprotective properties against liver dam-
age caused by RIF/INH (50 mg/kg each) in Sprague-Dawley rats. 
Relative to silymarin, the extract showed comparable levels of de-
crease in serum levels of liver function indicators, AST, ALT, ALP, 
lactate dehydrogenase (LDH), and total bilirubin, while improving 
antioxidant status (GSH, SOD, and CAT) with an attendant de-

crease in lipid peroxide.60 Furthermore, histological data revealed 
a reduction in hepatocellular necrosis, repairs, and improved cell 
regeneration. Isoflavones (indicanines D and E) and flavonoids (api-
genin, genkwanin, isovitexin, swertisin, and saponarin) are the key 
phytochemicals present in the plant that could provide protection.

Euclea natalensis ADC
Ethanolic (95%) shoot extract of E. natalensis was reported to elic-
it hepatoprotective effects against liver injury caused by a combi-
nation of RIF and INH (50 mg/kg bw) in Sprague-Dawley rats.61 
The extract has been shown to protect the liver by lowering serum 
ALT and IL-10 levels while elevating TNF-α, IL-12, and IL-2 lev-
els. Silymarin was utilized as a reference drug in the study.61 The 
presence of lupeol 2 and β-sitosterol in the plant may contribute to 
the reported hepatoprotection.

Fiscus religiosa
The methanolic leaf extract of F. religiosa considerably reduced 
the elevated levels of serum ALT, AST, and total bilirubin caused 
by ATD-induced hepatotoxicity in Wistar rats. In addition, the 
extract enhanced serum levels of GSH and lowered TBARS to 
normal levels when compared to the positive control group that 
received Liv 52 (100 mg/kg bw, po). The histological pattern was 
consistent with the observed biochemical changes.62 The hepato-
protective benefits of F. religiosa have been attributed to the high 
flavonoid and phenolic content of the plant.

Hibiscus vitifolius Linn
Hibiscus vitifolius Linn root extracts in methanol, chloroform, pe-
troleum, and water were reported to elicit hepatoprotective effect 
against RIF/INH/PZA (10/7.5/35mg/kg bw)-induced liver damage 
in Wistar rats.64 The extracts were able to reduce TBARS levels, 
implying decreased lipid peroxidation while strengthening the 
antioxidant system. The hepatoprotective effect was found to be 
similar to that of silymarin. The plant phytochemicals that are be-
lieved to elicit hepatoprotective action include gossypin, hibifolin, 
and vitiquinolone.

Lasianthera Africana
The study assessed the hepatoprotective effects of a hot aqueous 
leaf extract of L. africana against hepatic oxidative damage caused 
by RIF and INH (100 mg/kg bw each) in the Wistar rat model. 
The aqueous leaf extract restored the elevated serum levels of 
AST, ALT, ALP, and total bilirubin to normal serum levels. The 
extract also enhanced GSH, GPx, CAT, and SOD with a resultant 
decrease in MDA level. The antioxidant activity of the plant may 
be attributed to the presence of quercetin, gallic acid, kaempferol, 
and isoquercitrin.65 The findings were comparable to those of the 
standard, silymarin.

Lawsonia inermis
The study investigated the hepatoprotective effect of aqueous Na-
2CO3 leaf extract of L. inermis (lawsone) against RIF/INH-induced 
hepatotoxicity in Wistar rats. The extract significantly reduced the 
RIF/INH-induced increase in serum ALP, ALT, AST, LDH, total 
bilirubin, and MDA levels. The extract also reversed the severe 
centrilobular necrosis, hepatocyte ballooning, and inflammatory 
tissue infiltration caused by RIF/INH administration. The findings 
were comparable to those obtained with silymarin. The plant con-
tains flavonoids and phenolic substances such as apigenin, kaem-
perol, and quercetin, which may be responsible for the hepatopro-
tective effects of the leaf extract.66
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Leucas cephalotes
The study examined the hepatoprotective effects of methanolic 
whole plant extract (400 mg/kg bw) of L. cephalotes against RIF-
induced hepatotoxicity in Wistar rats. The hepatoprotective efficacy 
was evident from restored serum levels of AST, ALT, ALP, bilirubin, 
and MDA. Furthermore, the extract improved the antioxidant status 
of rats challenged with RIF. However, the hepatoprotective efficacy 
of the extract was lower when compared with silymarin.67

Luffa acutangula
The study assessed the hepatoprotective efficacy of the hydroal-
coholic fruit extract of L. acutangula (400 mg/kg bw, po) against 
RIF-induced hepatotoxicity in Wistar rats.68 The extract exhibited 
considerable hepatoprotection by reducing serum levels of marker 
enzymes (ALT, AST, ALP, and LDH) and increasing total protein 
concentration. The extract enhanced the enzymatic antioxidant ac-
tivity (CAT and SOD) with an attendant significant reduction in 
MDA and restored liver histoarchitecture. The observed hepato-
protective capability of the extract was attributable to its flavonoid 
content, which is known to increase endogenous antioxidants and 
mitigate lipid peroxidation.68

Maytenus royleans
The hydromethanolic leaf extract of Maytenus royleans (400 mg/
kg bw) was investigated for its hepatoprotective potential against 
RIF/INH/PZA/ETM-induced liver injury in BALB/c mice.69 The 
extract offered protection by restoring serum levels of AST, ALT, 
ALP, and LDH to normal levels. Antioxidant status (CAT, SOD, 
POD, GPx, GST, GSH reductase, GGT, and GSH) was significant-
ly enhanced and lipid peroxidation alleviated. The biochemical 
findings were corroborated by restored histology. The plant extract 
is rich in flavonoids and phenolics (quercetin, gallic acid, luteolin, 
vitextin, apigenin, kaempferol, and myricetin), which have been 
implicated in the enhancement of antioxidant defense system.69

Mentha piperita
The hepatoprotective potential of ethanolic leaf extract of M. 
piperita (100 mg/kg bw) on ATD-induced liver damage in 
Sprague-Dawley rats was investigated. The extract reduced the se-
rum levels of hepatic enzymes, total bilirubin, and MDA while im-
proving total antioxidant capacity and GSH levels. These observed 
hepatoprotective benefits of the extract were comparable to that of 
silymarin (100 mg/kg bw).70

Millettia pulchra (Benth.) Kurz var Laxior (Dunn) Z. Wei
Dong et al. studied the hepatoprotective efficacy of aqueous root 
extract (400 mg/kg bw) of M. pulchra (Yulangsan) against ATD-
induced liver injury in Kunming mice.71 The extract reduced se-
rum levels of ALT and AST that were elevated by the ATD. The ex-
tract improved the mice’s antioxidant system by augmenting SOD, 
CAT, GPx, and GSH levels while decreasing MDA levels. The re-
sults were compared to a positive control of dimethyl bicarbonate.

Mirabilis jalopa Linn
The study investigated the hepatoprotective effect of the ethanolic 
leaf extract (500 mg/kg bw) of M. jalopa L against ATDs-induced 
liver toxicity in Wistar rats.72 The extract displayed hepatoprotec-
tive effects by decreasing serum levels of liver enzymes (AST, 
ALT, and ALP), augmenting antioxidant levels, and minimizing 
hepatocellular necrosis. Flavonoids are present in the extract and 
substantially contribute to its antioxidant properties.

Monotheca buxifolia
Two studies reported on the hepatoprotective effects of M. buxifo-
lia against ATD-induced hepatotoxicity. Ullah et al.73 assessed the 
hepatoprotective effects of hydroethanolic fruit extract (300 mg/kg 
bw) of M. buxifolia in Sprague-Dawley rats while Javed et al.107 
examined the hepatoprotective effects of the methanolic aerial 
parts (stem and leaf) extract (500 mg/kg bw) in albino mice. The 
extract used in both studies significantly reversed the ATD-induced 
increase in the serum levels of AST, ALT, ALP, and total bilirubin. 
This hepatoprotection was evident in the restored hepatic histo-
logical architecture. Based on their experimental findings, Javed et 
al.107 reported a high free radical scavenging activity of the extract 
and concluded that the hepatoprotective effect of the extract is not 
unconnected with the presence of bioactive phytochemicals (total 
phenolics and flavonoids; isoquercetin, and oleanolic acid).

Moringa oleifera
The hepatoprotective effect of hydroethanolic leaf extract (250 
mg/kg bw po) of M. oleifera against ATD-induced hepatotoxicity 
was assessed in Wistar rats. Evidently, the extract caused a de-
crease in the serum levels of AST, ALT, ALP, and bilirubin. Addi-
tionally, indices of antioxidant status (SOD, CAT, GPx, GST, and 
GSH) increased significantly with a considerable decrease in lipid 
peroxidation. The histological findings in the liver supported the 
observed recovery from ATD-induced liver injury.74 The leaves of 
M. oleifera contain antioxidative substances (gallic acid, myrice-
tin, kaempferol, lutein, rutin, and beta carotene), which strengthen 
its hepatoprotective activity. The leaves of M. oleifera are rich in 
beta carotene, which is more effective than silymarin against liver 
injury caused by ATDs.

Mucuna pruriens
In a comparative study with silymarin (50 mg/kg bw), the hepato-
protective potential of hydroethanolic leaf extract of M. pruriens 
(400 mg/kg bw, po) against RIF/INH-induced liver injury in Wistar 
rats was evaluated. The extract significantly reversed the increase 
in ALT, AST, ALP, and bilirubin levels in serum caused by the 
ATD. The extract markedly enhanced the antioxidant status (SOD, 
CAT, GPx, and GSH) with a resultant decrease in lipid peroxida-
tion. The authors reported the presence of gallic acid, β-sitosterol 
and phenols in the plant, which have been shown to contribute to 
hepatoprotection.75

Nigella sativa
The aqueous extract of N. sativa (black seeds) was studied in rab-
bits for its hepatoprotective efficacy against INH-induced hepa-
totoxicity. The extract caused a decrease in serum levels of AST, 
ALT, ALP, and MDA. Another study that utilized hydroethanolic 
extract at a concentration of 500 mg/kg bw found that it suppressed 
ATD injury. Furthermore, a study on Sprague-Dawley rats discov-
ered that a dose of 200 mg/kg bw of the extract protected the liver 
from RIF/INH injury.57,76,77

Nymphae alba Linn
Nasiruddin et al.78 investigated the hepatoprotective effect of hy-
droethanolic flower extract of N. alba (400 mg/kg bw) on liver en-
zymes, antioxidants, and histology following INH administration 
(50 mg/kg bw) in Wistar rats. The extract significantly reduced 
the INH-induced elevated serum levels of liver marker enzymes 
(AST, ALT, and ALP). The extract also ameliorated antioxidant 
biomarkers (CAT and GSH) and suppressed lipid peroxidation. 
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These findings were corroborated by histological restoration of the 
liver and were comparable to silymarin. The presence of flavo-
noids and phenolic compounds in the plant may be responsible for 
the observed antioxidant activity.78

Ocimum sanctum
A study on Duncan Hartlay guinea pigs examined the use of O. 
sanctum extract (200 mg/kg bw) for the management of ATD-in-
duced liver damage. The extract was found to restore serum nor-
mal levels of hepatic enzymes (AST, ALT, and ALP) in the study. 
Phytochemicals found in the plant included eugenol, linalool, ciru-
maritin, apigenin, rosameric acid, and orientin.56

Origanum vulgare
The hepatoprotective efficacy of hydroethanolic leaf extract of O. 
vulgare (100 mg/kg bw po) against ATD-induced liver injury was 
examined in Sprague-Dawley rats. The extract protected the liver 
from the detrimental effects of the RIF/INH/PZA/ETM combi-
nation by considerably lowering the serum levels of AST, ALT, 
ALP, total bilirubin, and MDA. Also, the extract augmented the 
antioxidant status (total antioxidant capacity and reduced GSH). 
The observed hepatoprotection of the extract was attributed to 
the presence of polyphenols, rutin, quercetin, and quercitrin.70

Pergularia daemia
The hepatoprotective effect of hydroethanolic extract of P. daemia 
against liver damage caused by ATDs (RIF/INH/PZA/ETM)-in-
duced liver damage in Wistar rats was investigated and reported.79 
The extract of P. daemia restored the elevated serum biochemical 
parameters (AST, ALT, ALP, bilirubin, cholesterol, triacylglycerol) 
as well as improved serum antioxidant biomarkers (GSH, SOD, 
CAT, and glucose-6- phosphate dehydrogenase) while reducing 
TBARS. These findings were confirmed by histological evidence. 
The plant contains phytochemicals (quercetin, β-sitosterol, isor-
hamnetin, betaine, and naringenin), which may contribute to the 
extract’s mechanism of hepatoprotection.79

Phyllanthus debilis
The study examined the hepatoprotective effect of hydroethanolic 
whole plant extract of P. debilis (400 mg/kg bw, po) against ATD-
induced hepatotoxicity in Wistar rats. The extract exerted a modest 
hepatoprotective effect with no appreciable restoration in serum 
levels of hepatic MDA and thiols.80

Picrorrhiza kurroa
The authors investigated the hepatoprotective effect of ethanolic 
roots and rhizome extract of P. kurroa (50 mg/kg bw) against RIF/
INH (200 mg/kg bw) induced liver damage in Wistar rats. The 
study showed that P. Kurroa significantly augmented the antioxi-
dant status (GSH, SOD, CAT, GPx, and GST) and thus suppressed 
ATD-induced changes.81

Pimpinella anisum
The study examined the hepatoprotective potential of hydroetha-
nolic leaf extract of P. anisum (100 mg/kg bw, po) against ATDs 
(RIF/INH/PAZ/ETM)-induced liver damage in Sprague-Dawley 
rats. The extract was found to be beneficial in preventing liver 
damage by increasing LDH, total protein, total antioxidant capac-
ity, and GSH levels. Furthermore, the extract restored serum levels 
of AST, ALT, ALP, total bilirubin, and diminished lipid peroxida-
tion. The plant extract was reported to contain quercetin-3-glucu-

ronide, rutin, isovitexin, and isoorientin.70

Pisonia aculeate
Anbarasu et al.82 demonstrated the hepatoprotective potential of P. 
aculeate against hepatotoxicity caused by RIF/INH in Wistar rats. 
The administration of P. aculeate extract reduced liver injury by 
lowering serum levels of AST, ALT, ALP, MDA, cytochrome P450, 
and nicotinamide adenine dinucleotide phosphate cytochrome C 
reductase. Furthermore, the extract enhanced antioxidant systems 
(GSH, GPx, GR, GST, SOD, and CAT), thereby providing protec-
tion. The authors suggested that the hepatoprotective properties of 
the extract were due to the major flavonoids present.82

Punica granatum
The protective potential of hydroacetone fruit extract of P. grana-
tum (400 mg/kg bw, po) against RIF/INH (50 mg/kg bw, ip each)-
induced liver damage was investigated in Wistar rats. The fruit 
extract considerably reduced the elevated serum levels of hepatic 
enzymes (AST, ALT, ALP, LDH) and histological abnormalities. 
The extract augmented the antioxidant defense (SOD, CAT, GSH, 
GPx, GST, vitamins C, and E and decreased lipid peroxides. The 
plant contains antioxidant phytochemicals, which may have anti-
oxidant effects.83

Saccharum officinarum
The stem juice extract (15 mL/kg/day) of S. officinarum L has 
been shown to protect mice against INH-induced liver injury.84 
The hepatoprotective effect of the extract was evidenced by lower 
serum levels of AST, ALT, ALP, and total bilirubin. Furthermore, 
the histological investigation revealed significant improvement 
in histological structure. The plant phytochemicals, particularly 
flavonoids, caffeic acid, coumaric acid, and luteolin derivatives, 
are known to have high antioxidant capacity, thereby providing 
hepatoprotection against oxidative liver damage caused by INH 
co-administration.84

Sagittaria sagittifolia
Aqueous root tuber extract of S. sagittifolia L polysaccharide 
(80 mg/kg bw) has been shown to elicit hepatoprotective effect 
against RIF/INH (100 mg/kg/day each)-induced liver injury in 
BALB/c mice. The extract considerably reduced liver damage, 
evidenced by decreased serum levels of ALT, AST, and LDH, 
and a lower concentration of MDA in the liver. In addition, there 
was an increase in GSH content and activity of SOD and CAT in 
the liver.85 The extract reduced pathological tissue damage and 
inhibited the gene expression of cytochrome P450 (CYP2E1 and 
CYP3A4), while inducing the gene expression of nuclear factor 
erythroid 2-related factor 2 (Nrf2), heme oxygenase-1, and glu-
tamate-cysteine ligase. The presence of chrysin, quercetin, rutin, 
and catechol could be responsible for the enhanced antioxidant 
activities of the extract.85

Solanum xanthocarpum
Ethanolic fruit extract of S. xanthocarpum (400 mg/kg bw po) was 
evaluated for its hepatoprotective potential in Wistar rats against 
RIF/INH/PZA-induced hepatotoxicity. The extract elicited its 
hepatoprotective effects by lowering serum levels of ALT, AST, 
and ALP. The extract treatment augmented the levels of antioxi-
dant status (SOD, CAT, and GSH) while diminishing lipid peroxi-
dation. The protection was comparable to that of silymarin. Phy-
tochemical investigation revealed the presence of solanacarpine, 
solanacarpidine, aesculentin, diosgenin, and campesterol.86
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Spirulina fusiformis
Oral administration of saline solution of commercially available 
S. fusiformis (800 mg/kg bw) reduced liver damage caused by 
RIF/INH (50 mg/kg bw, each) in Wistar rats. The extract caused 
a reduction in serum levels of ALT, AST, ALP, and total bilirubin 
while augmenting reduced GSH, SOD, CAT, GPx, and GST. His-
tological findings confirmed this hepatoprotective function. These 
findings were similar to those of silymarin.87 The extract has been 
shown to contain a variety of antioxidant chemicals, including vi-
tamins E and C, phenols, beta carotene, phycocyanin, and aocya-
nin.87

Spirulina maxima
The hepatoprotective potential of S. maxima whole plant extract 
(500 mg/kg bw, po) against RIF/INH-induced liver damage in 
Wistar rats was investigated in this study. Pretreatment with the 
extract significantly reduced the serum levels of hepatic enzymes 
(ALT, AST, and ALP) and oxidative stress marker TBARS, while 
increasing the levels of the antioxidant enzymes (SOD and CAT), 
nonenzymatic protein (reduced GSH), and other protective factors. 
The results were comparable to those from the silymarin. The plant 
is reported to contain beta carotene, vitamin E, and lutein.88

Tamarindus indica Linn
The hepatoprotective activity of aqueous fruit extract of T. indica 
(500 mg/kg bw, po) against liver damage caused by INH (100 mg/
kg bw ip) and RIF (50 mg/kg bw ip) was evaluated in Wistar rats. 
The extract reduced the serum levels of hepatic enzymes (ALT, 
AST, and ALP) and bilirubin. Additionally, the extract reduced 
lipid peroxidation (TBARS) and enhanced antioxidant defense 
systems (SOD, CAT, and GSH). The histology outcomes were 
comparable to those of the silymarin standard. In another inves-
tigation, hydroethanolic stem bark extract of T. indica (200 mg/
kg bw) protected Sprague-Dawley rats from hepatotoxicity insti-
gated by RIF/INH (50 mg/kg bw po, each). The extract reduced 
bilirubin, cholesterol, LDH, and serum levels of hepatic enzymes 
(ALP, ALT, and AST) that were elevated by ATDs. Serum levels of 
total protein and albumin were also elevated. The authors identi-
fied some of the phytochemicals in T. indica; lupeol, apigenin, and 
procyanidin.89,90

Tamarix gallica
According to Amir et al.,89 aqueous fruit extract of T. gallica (200 
mg/kg bw) had a significant hepatoprotective effect against liver 
damage caused by RIF (100 mg/kg bw, ip.) and INH (50 mg/kg bw, 
ip.) in rats. The fruit extract decreased serum levels of ALT, AST, 
ALP, cholesterol, and TBARS while enhancing antioxidant status 
(SOD, CAT, and GSH). The observed histological changes paral-
leled these biochemical changes.89 Another study by Meena et al. 
investigated the hepatoprotective potential of ethanolic stem bark 
extract of T. gallica (200 mg/kg bw) against hepatotoxicity caused 
by RIF/INH (50 mg/kg bw po, each) in Sprague-Dawley rats. The 
stem bark extract reduced the serum levels of ALP, ALT, AST, and 
LDH that were elevated by ATDs.90

Telfairia occidentalis
The hepatoprotective activity of aqueous fruit pulp extract of T. 
occidentalis (500 mg/kg bw) against RIF/INH (100 mg/kg bw, 
po, each) was investigated in Wistar rats. Liver damage caused by 
oral administration was restored by the extract. This was evident 
in the serum level of hepatic enzymes (AST, ALT, and ALP) and 

bilirubin. Furthermore, the RIF/INH-induced depletion of SOD, 
CAT, GPx, and GR levels was significantly improved with a con-
comitant reduction in MDA. The authors identified bioactive phy-
tochemicals (coumarins, kaempferol, flavonoids, and phenols) that 
are known to elicit antioxidant effects.92

Terminalia chebula
Ethanolic fruit extract of T. chebula (200 mg/kg bw, po) showed 
a significant hepatoprotective effect against liver damage caused 
by a combined administration of (RIF 250 mg/kg/INH 50 mg/kg 
/PZA 100 mg/kg, po) in Wistar rats. Serum levels of AST, ALT, 
ALP, bilirubin, and lipid peroxide were reduced after treatment 
with extract. More so, the extract elicited a considerable increase 
in the antioxidant parameters (GSH, GPx, and CAT). The presence 
of phytochemicals such as gallic acid, chebulic acid, terflavin, ru-
tin, quercetin, luteolin, β-sitosterol, and daucosterol was also re-
ported in the study.93

Tinospora cordifolia
A study showed that a combination of RIF (100 mg/kg bw), INH 
(50 mg/kg bw), and PZA (300 mg/kg bw) produced liver dam-
age in Dunkin-Hartley guinea pigs. However, T. cordifolia extract 
(200 mg/kg, bw) reversed the hepatotoxic damage evident in the 
restored serum level of ALT, AST, and ALP. The histology results 
revealed that the extract-treated group recovered from necrosis, 
steatosis, and inflammation caused by ATDs.56

Trapa natans
According to one study, hydroethanolic fruit peel extract of T. 
natans (400 mg/kg bw, po) exhibited hepatoprotective potential 
against liver damage caused by ATDs in Wistar rats.79 The extract 
reduced serum levels of cholesterol, bilirubin, and liver enzymes 
(ALT, AST, ALP, and LDH). The extract also reduced lipid per-
oxidation while increasing antioxidant enzyme activities (CAT and 
SOD) and GSH levels. The observed effect was comparable to that 
of silymarin.94

Vitex negundo
The hepatoprotective effect of hydroethanolic leaf extract of V. 
negundo (500 mg/kg bw, po) against liver injury caused by RIF/
INH/PZA treatment was investigated in Wistar rats.95 By lowering 
serum levels of ALT, AST, ALP, and bilirubin, the extract demon-
strated its hepatoprotective potential against liver damage caused 
by ATDs. This report was comparable to an Lv 52-positive stand-
ard. The plant was shown to contain important phytochemicals 
such as vitexin, viridifol, luteolin, caffeic acid, and β-sitosterol.95

Ziziphus mauritiana
The hepatoprotective potential of Z. mauritiana extract (200 mg/
kg bw) against hepatotoxicity caused by a combination of RIF (100 
mg/kg bw), INH (50 mg/kg bw), and PZA (300 mg/kg bw) was in-
vestigated in Dunkin-Hartley guinea pigs.43 The extract treatment 
restored AST, ALT, and ALP levels to normal levels.56

Ziziphus oenoplia
The hepatoprotective effect of methanolic (50%) root extract of Z. 
oenoplia (L.) Mill (30 mg/kg bw, po) against liver damage caused by 
ATD (RIF/INH, 50 mg/kg bw each, po) was investigated in Wistar 
rats.96 The extract reduced serum levels of liver enzymes (ALT, 
AST, ALP), as well as bilirubin, like silymarin (100 mg/kg bw, po). 
The plant extract was found to contain ziziphine and phenols.
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Discussion

Summary of hepatoprotective mechanisms of plant extract
The exact hepatoprotective mechanism of plant extracts against liver 
damage caused by ATDs is not well known but it is thought to be 
multifactorial. The multifactorial mechanism reflects the complex 
nature of hepatotoxicity which may have emanated from the liver’s 
susceptibility to various mechanisms of toxicity. Hence, the need 
for a comprehensive approach and understanding. The presence of 
antioxidant and antiinflammatory phytochemicals in these studied 
plants is thought to have a role in this multifactorial mechanism of 
hepatoprotection. Thus, there is a generally acceptable mechanism 
that the hepatoprotective properties involve (1) the upregulation of 
the endogenous antioxidant defense system and its ability to repair 
liver cell membrane integrity, consequently lowering hepatocellu-
lar enzyme leakage into the bloodstream; (2) Some of the phyto-
chemicals present in the studied plant extracts have the capacity to 
scavenge free radicals, protect the liver from oxidative insults and 
in effect spare the depletion of endogenous antioxidant compounds. 
Based on the findings of the studies taken into account in this review, 
the following are some potential mechanisms (Fig. 1).

Antioxidant activity and/or anti-inflammatory activity
ATD metabolism produces a buildup of ROS, which can lead to 
oxidative stress in the liver. Antioxidants phytochemicals present in 
plant extracts can scavenge ROS and protect the liver from oxidative 
insults. In this instance, the antioxidant phytochemicals play the cru-
cial role of trapping ROS and preventing lipid peroxidation as well 
as sparing the consumption of endogenous antioxidant compounds. 
For instance, Trapa natans fruit peel extract was discovered to less-
en the rat hepatotoxicity caused by INH/RIF.94,108 Based on phyto-
chemical screening, T. natans has been shown to contain flavonoids, 
steroidal alkaloids, triterpenes, and glycosides. It is recognized that 
these phytochemical molecules have inherent antioxidant proper-
ties.95 Similarly, the hydroalcoholic extract of Maytenus royleanus 
leaves was found to protect against antituberculosis drug-induced 
liver injury in mice by reducing oxidative stress.69 The protection 
provided by the extract may be due to the presence of quercetin and 
luteolin.109 Evidently, quercetin employs multiple pathways to elicit 
its hepatoprotective effect against ATD-induced liver damage. These 
include modulating oxidative stress which involves the inhibition of 
ROS released and subsequent ROS-mediated mitochondrial dam-
age, improvement of mitochondrial function via modulation of Nrf2/
antioxidant response element signaling pathway. More so, it lowers 
apoptosis and enhances cell survival by blocking ROS/Caspase-3, 
ROS/ C-jun N-terminal kinase, and silent information regulator 1/
extracellular kinase apoptosis pathways. Additionally, quercetin can 
also inhibit NLRP3 inflammatory bodies and decrease the inflam-
matory response.110–114

Beside the aforementioned, some phytochemicals are capable of 
inducing antioxidant defense systems while others may inhibit path-
ways that generate free radicals. A typical example is a polysaccha-
ride present in the aqueous extract of Sagittaria sagittifolia L. The 
hepatoprotective ability of S. sagittifolia against ATD-induced liver 
damage is largely dependent on its polysaccharide ability to boost 
the body’s antioxidant capacity by actuating the compensatory Nrf2/
antioxidant response element antioxidant stress system, inhibiting 
CYP2E1 and CYP3A4, reducing hepatotoxicity, inhibiting hepato-
cyte apoptosis (with attendant increase in cell survival rate), regulate 
metabolic pathway, and restore homeostasis.85,115,116 The authors 
proposed that the activation of Nrf2 and its target antioxidant en-
zymes, as well as suppression of cytochrome P450 production, could 

partly explain the mechanism of hepatoprotection.
Another noteworthy example is sulfated polysaccharides derived 

from Prunella vulgaris. Sulfated polysaccharides from P. vulgaris 
have been reported to exhibit hepatoprotective properties against 
ATD-induced liver damage.117 The plant’s hepatoprotective ability 
is achieved via the enhancement of the antioxidant system (espe-
cially SOD) and inhibition of the expression (genes and proteins) of 
inflammatory factors (IL-6 and TNF-α), culminating in a decrease 
in inflammatory cell infiltration and the regeneration of hepatocytes. 
Also, Yulangsan polysaccharide from Millettia pulchra has been 
shown to elicit hepatoprotective effects against ATD-induced tox-
icity in the liver. The hepatoprotection is mediated via free radical 
scavenging action and enhanced antioxidant status.71

Antiinflammatory properties
Inflammation is one of the mechanisms by which drugs can cause 
liver damage. Antiinflammatory plant extracts help lower inflam-
mation and protect the liver from injury. For instance, polyphe-
nols extracted from Crocus sativus L. have been shown to offer 
hepatoprotection against ATD-induced toxicity via a decrease 
in the serum levels of hepatic enzyme and proinflammatory cy-
tokines markers.54 Different bioactive phytochemicals belonging 
mainly to flavonol, a derivative of flavonoids have been found to 
be present in C. sativus. Fisetin, morin, quercetin, and rutin are the 
predominant component present in this extract that has been shown 
to mitigate hepatotoxic damage caused by INH-RIF. Flavonoid 
compounds are extremely important plant metabolites because of 
their free radical scavenging ability due to their hydroxyl groups. 
Therefore, the flavonoid content of plants may directly contribute 
specifically to their antioxidant and hepatoprotective activity.118

Total flavonoids from Polygonum perfoliatum L have been re-
ported to elicit hepatoprotection against ATD-induced liver injury 
via modulation of antioxidant system (increased SOD activity), 
inflammatory response (inhibition of nuclear factor-κB signaling 
pathway) and apoptotic pathway (inhibition of the C-jun N-termi-
nal kinase/bcl-2-associated X protein pathway).119 Thus, it relieves 
ATD-induced oxidative stress and apoptosis via the activation of 
the compensatory Nrf2/ARE signaling pathway and inhibition of 
bcl-2-associated X protein expression.120

Depletion of protoporphyrin IX (PPIX)
The accumulation of PPIX, an endogenous hepatotoxin, has been 
reported to be involved in ATD-induced liver toxicity. Ferroche-
latase and breast cancer resistance protein have been reported to 
play crucial roles in the metabolism and transport of PPIX respec-
tively. He et al. revealed that curcumin, a bioactive polyphenolic 
component of Curcuma longa, relieved INH/RIF-induced liver 
injury by causing depletion of PPIX levels via induction of Ferro-
chelatase and breast cancer resistance protein expression resulting 
in accelerated efflux of PPIX from hepatocytes.121 Thus the deple-
tion of PPIX accumulation is involved in the protective effect of 
curcumin on INH/RIF-induced liver injury.

Future perspective
The utilization of traditional medicinal herbs has the potential to 
significantly improve treatment outcomes. The future holds prom-
ising prospects as hepatoprotective potentials of TMP against the 
ravages of ATDs are being assessed using contemporary scientific 
research. Below are some potential future scenarios that could in-
fluence how this dynamic field unfolds.
1. Advanced Research and Discovery: Future research using 
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genomics, metabolomics, and proteomics can uncover novel 
bioactive compounds in TMP, aiding in the development of tar-
geted therapies.

2. Precision Medicine: Precision medicine focuses on personal-
ized treatments based on genetic, environmental, and lifestyle 
factors, using TMP to address unique drug-induced liver injury 
susceptibility.

3. Herbal Combinations: Synergistic herbal combinations guided 
by both traditional knowledge and scientific evidence, com-
bining complementary medicinal plants with hepatoprotective 
properties, could be a key component in tuberculosis treatment.

4. Standardization and Quality Control: Rigorous standards for 
medicinal plant cultivation, processing, and quality control are 
crucial for ensuring consistent potency and safety across herbal 
products, making them more reliable for clinical use.

5. Clinical Validation: Clinical trials are crucial for scientific pro-
gress in herbal interventions, requiring large-scale, multicenter 
studies to investigate efficacy and safety in diverse patient pop-
ulations.

6. Pharmacovigilance: The utilization of TMP in clinical practice 
necessitates robust pharmacovigilance systems for monitoring 
adverse events, and ensuring safety for healthcare providers, 
regulators, and patients.

Conclusions
The use of TMP in the protection against ATD-induced liver injury 
represents a fascinating journey connecting the wisdom of folk-
loric medicine with the exactness of modern medicine. There is a 
wealth of botanical remedies that have gained popularity as promi-
nent hepatoprotectors. This review has uncovered both amazing 
potential and remarkable challenges in the search for hepatopro-
tective herbs against ATD-induced liver injury. Several extracts 
of some of these botanical remedies have been assessed for their 
hepatoprotective potentials and, they no doubt contain bioactive 
phytochemicals that are capable of protecting the liver against 
hepatotoxicity caused by ATDs.
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