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Abstract: Drugs are known to cause substantial liver injury, with hepatotoxicity ranging from asymptomatic
increase of liver enzymes to hepatic failure. HIV/AIDS patients, with compromised immune systems, are
especially vulnerable to opportunistic infections such as tuberculosis (TB). Patients with co-infection frequently
get combined antiretroviral (ART) and antitubercular (ATD) regimens, which can cause hepatotoxicity.
Hepatotoxicity has been linked to commonly administered antiretroviral drug regimens as well as first-line
antitubercular agents such isoniazid, rifampin, and pyrazinamide, which are required for the treatment of both
drug-sensitive and drug-resistant tuberculosis. As a result, there is an urgent need to investigate treatments
based from traditional herbs known for their hepatoprotective abilities against ART and ATD-induced liver
injury. Many researchers have investigated the effectiveness of medicinal plants in treating chemically caused
hepatotoxicity. Medicinal plants are high in phytochemicals and secondary metabolites, both of which have a
variety of medicinal benefits. Currently, there is a lack of specific therapeutic regimens to address this adverse
effect, and management often relies on symptomatic treatment or therapy withdrawal. Traditional medicinal
plants may have the potential to restore normal liver function, enzyme activity, and cellular structure in
response to ART and ATD-induced hepatotoxicity. This review aims to examine the scientific evidence
supporting the use of medicinal plants as hepatoprotective agents against liver damage induced by ART and
ATDs.

Keywords: medicinal plants; hepatoprotection; hepatotoxicity; ARV; ATD; drug-induced liver
toxicity

1. Introduction

The liver performs essential functions such as protein synthesis, glycogen storage, and
detoxification, making it susceptible to the harmful effects of foreign substances. Over 900 drugs and
chemicals have been identified as potential causes of liver damage due to their metabolism in the
liver [1]. This toxicity can result in acute, sub-acute, or chronic liver diseases, characterized by cellular
stress leading to cell death [2]. The "Hy’s rule" defines liver toxicity as a significant increase in serum
aminotransferases and bilirubin levels, causing hepatocellular injury and jaundice, with a mortality
rate of at least 10% [3,4]. Various substances, including Chinese herbal medicines,
immunosuppressive agents, and antibiotics, have been linked to liver toxicity in humans [5]. The
generation of free radicals and reactive oxygen species during xenobiotic metabolism is believed to
underlie hepatotoxicity, resulting in a range of liver conditions from degenerative changes to

hepatocellular carcinoma (HCC) [6].
Individuals with Human Immunodeficiency Virus (HIV) and acquired immunodeficiency

syndrome (AIDS) are at increased risk of contracting tuberculosis (TB) due to compromised
immunity. They are often prescribed treatment regimens containing the antiretroviral drug (ART)

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 April 2024 d0i:10.20944/preprints202404.0039.v1

and the antitubercular drug (ATDs). Globally, around 38 million people are expected to be living
with HIV by the end of 2019. People infected with HIV are 18 times more likely to acquire active
tuberculosis. Tuberculosis is the most common opportunistic illness in the world and the leading
cause of death among HIV-positive people [7-9]. While effective, the concurrent use of ART and
ATDs in HIV/AIDS patients with TB co-infection has been associated with adverse effects, including
fulminant and sub-hepatic failure, with reported occurrences ranging from 4.5% to 11.5% in Indian
and Western populations [10,11].

The ART regimen commonly known as highly active antiretroviral therapy (HAART), includes
drugs categorized into nucleoside reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse
transcriptase inhibitors (NNRTIs), and protease inhibitors (PIs). In the treatment of tuberculosis,
short-term and long-term chemotherapy often involves Isoniazid (INH) and Rifampicin (RIF),
sometimes combined with Pyrazinamide (PYR), Streptomycin, or Ethambutol, depending on the
severity of the disease [12]. TB remains a significant contributor to illness and death among
individuals living with HIV/AIDS. The emergence of multi-drug resistant TB has further complicated
this situation [10,13]. While the use of ART can slow down the advancement of HIV, it also triggers
liver damage in patients, resulting in fatalities attributed to lipid imbalance, liver enlargement, and
impaired liver function, as observed in both human and animal studies [14,15]. Similarly, extended
use of these ATDs can lead to liver damage, including necrosis, hepatitis, jaundice, and steatosis,
affecting 10 to 20% of recipients [16,17]. Similarly, the simultaneous use of Zidovudine (AZT) and
INH in HIV patients co-infected with TB has been shown to result in hepatotoxicity in both human
[18] and animal [11] studies. The first-line ART and ATD drugs commonly exhibit similar adverse
reactions, including skin rashes, gastrointestinal discomfort, liver toxicity, symptoms affecting the
central nervous system, peripheral neuropathy, and blood disorders [19].

As a result, hepatoprotective agents are being utilized to mitigate these adverse effects without
introducing further harm. HIV/AIDS patients co-infected with tuberculosis commonly receive a
treatment with a combination of antiretroviral and antitubercular drugs, which has been linked to
hepatotoxicity in certain instances. Nonetheless, there is a lack of well-defined solutions for
preventing or managing drug-induced liver toxicity in this scenario, with current treatment primarily
focused on symptomatic relief. The development of a standardized therapeutic agent to address this
issue is imperative. This review concentrates on the utilization of plant-derived medications to
combat the hepatotoxicity associated with ART and ATDs.

2. Antiretroviral (ARV) Drugs

HAART incorporates combination of reverse-transcriptase inhibitors i.e. lamivudine,
zidovudine and abacavir and protease inhibitors like indinavir and ritonavir, have been claimed to
be successful in reducing the mortality and morbidity of individuals infected with HIV [20]. HAART
has drastically altered the course of HIV infection by lowering the disease and death rates associated
with common opportunistic infections. However, the benefits of HAART are offset by its side effects,
which provide significant obstacles in managing HIV-positive persons. Liver toxicity, which is
especially common in patients co-infected with hepatitis C (HCV) and/or hepatitis B (HBV), is a major
issue since it commonly results in the termination of HAART. The particular processes causing
HAART-induced liver damage remains unknown, limiting treatment.

2.1. Nucleoside Analogues Reverse Transcriptase Inhibitors (NRTI)

2.1.1. Zidovudine (AZT)

Zidovudine (AZT), a nucleoside analogue, is frequently employed alongside other ARV
medications to prevent and treat HIV infection. It stands as the initial FDA approved drug for
HIV/AIDs treatment via antiretroviral therapy [21]. AZT is prescribed for HIV patients with CD4 cell
counts below 500 cells/mm3. To achieve its antiretroviral effects, the recommended daily dose of AZT
in humans is 600 mg, equivalent to approximately 10 mg/kg, with a target steady-state serum
concentration of 0.8uM [22]. It is also recommended for prophylaxis in HIV-exposed healthcare
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workers, during pregnancy and labor, and for infants (within 6 to 12 hours after birth). The dosage
varies, with options including 300 mg twice daily or 200 mg three times per day, typically continued
for the first few weeks of the infant's life to prevent mother-to-child transmission of HIV [23]. AZT is
available in various formulations such as tablets, capsules, and injections under trade names like apo-
zidovudine, retrovir, and zidosan, among others. AZT therapy for HIV has been associated with
various adverse effects. Among the major concerns are haematotoxicity, hepatotoxicity, myopathy,
and neurotoxicity. Common side effects experienced during AZT treatment include headaches,
anemia, granulocytopenia, fatigue, malaise, nausea, and gastrointestinal discomfort. Studies have
reported more severe complications such as pancytopenia, fatal lactic acidosis, peripheral
neuropathy, distal symmetrical neuropathy, carcinogenicity, and bone marrow suppression
[15,24,25].

2.1.2. Lamivudine (3TC)

Lamivudine (3TC), the negative (cis) enantiomer of 2'-deoxy-3'-thiacytidine, is a synthetic
cytidine 2', 3'-dideoxynucleoside analogue. Originally developed as a racemic mixture, the (-)
enantiomer exhibits lower cytotoxicity and higher antiretroviral activity. It demonstrates potent
inhibitory effects against both HIV-I and HIV-II viruses. Phase I and II clinical trials have indicated
that 3TC monotherapy, administered at doses ranging from 2 to 20 mg/kg body weight, can improve
both asymptomatic and symptomatic HIV infections in patients with CD4 counts < 400 cells/ml [26].
The recommended dosage for adults and adolescents (aged 12 to 16 years; weighing > 50 kg) is 150
mg taken twice daily. 3TC is typically administered in combination with zidovudine (AZT) and is
not recommended as a standalone treatment [27]. Clinical studies have generally found 3TC to be
well tolerated in both adults and children, although common side effects such as diarrhea, malaise,
fatigue, headache, nausea, vomiting, abdominal pain, and discomfort have been reported across
different dosage levels. Recent experimental research has revealed that prolonged administration of
3TC leads to increased levels of hepatotoxic and lipid marker enzymes in the plasma of rats.
Additionally, the animal study suggested that prolonged administration of 3TC caused
hepatotoxicity in rats [28].

2.1.3. Stavudine (d4T)

Stavudine, a thymidine analogue, is a widely recognized antiretroviral (ARV) medication
known for its propensity to induce hepatotoxicity and, in severe cases, acute liver failure. Treatment
with d4T can lead to mild to transient increases in liver marker enzymes, indicative of hepatotoxicity,
observed in up to 50% of patients. Lactic acidosis, often associated with high mortality rates, is
frequently reported in these patients [29,30]. Chronic exposure to d4T in primates has been
documented to cause mitochondrial toxicity, with significant damage to hepatocyte mitochondrial
DNA observed in the livers of d4T-exposed monkeys [29]. Similar to other ARV medications, d4T
disrupts mitochondrial catabolic 3-oxidation of free fatty acids, resulting in the accumulation of lipid
droplets in liver cells, leading to severe macrovesicular steatosis and hepatomegaly [31,32].

2.2. Non-Nucleoside Analogues Reverse Transcriptase Inhibitors (NNRTI)

2.2.1 Nevirapine (NVP)

NVP is not presently recommended as part of initial anti-HIV treatment regimens [33,34].
However, it remains in use among a subset of HIV-1 patients due to its notable effectiveness,
favorable metabolic characteristics, ease of use, and affordability, particularly in simplified combined
antiretroviral therapy (cART) approaches [35,36]. It is routinely recommended to HIV-positive
pregnant women in order to avoid transmission during pregnancy. Nevirapine-induced
hepatotoxicity manifests in a variety of ways, including increased serum enzyme markers, bile duct
obstruction, jaundice, hepatic necrosis, hepatitis, and hepatic failure [37]. A significant proportion of
people exposed to NVP develop early and short-term hypersensitivity reactions, which can lead to
hepatotoxicity and/or cutaneous side effects ranging from rashes to severe skin reactions [38,39].
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Symptomatic hepatitis is clinically recorded in approximately 4% of people taking nevirapine.
Hepatotoxicity development appears to be more common in females than in males. Chronic
nevirapine medication in children has resulted in elevated liver enzyme markers such as AST and
ALT. As a result, if patients exhibit any clinical hepatitis signs, they should discontinue their
nevirapine treatment. Nevirapine, like other antiretroviral medicines, should be discontinued if
serum aminotransferase levels rise, which is related with rashes [40]. Several in vivo investigations
have proposed probable pathways for NVP-induced hepatotoxicity. Female Sprague Dawley rats
treated with NVP at a dose of 150 mg/kg/day for 5 weeks via food treatment developed rash and liver
changes [41]. Another study found that NVP (200 mg/kg/day orally) generated subclinical liver injury
in rats, while plasma liver enzyme levels remained unchanged [42].

2.2.2. Efavirenz (EFV)

Efavirenz is thought to cause hepatotoxicity via interfering with bile acid transport. The liver's
ability to produce bile is critical, and any disturbance in this process, such as bile duct obstruction or
retention, can cause cholestasis. Retained bile in hepatocytes during cholestasis has been associated
to death in these cells [43]. Studies on human and rat hepatocytes have shown that efavirenz affects
bile acid transport [44]. When taken with Emtricitabine/Tenofovir, one of the principal HIV treatment
medicines, efavirenz might cause hepatotoxicity, as seen by increased levels of hepatic
aminotransferases [45].

Although the exact mechanisms causing Efavirenz-induced hepatotoxicity are unknown, new
study suggests that mitochondrial toxicity of the drug may cause endoplasmic reticulum (ER) stress
in human hepatocytes [46,47]. A recent study identified mitochondrial and ER stress as important
contributors in Efavirenz-induced hepatotoxicity [48]. However, when compared to Nevirapine, the
incidence of Efavirenz-induced hepatotoxicity appears to be minimal [49].

2.3. Protease Inhibitors (Pls)

PIs are an important component of HIV therapy, particularly for people who have previously
received treatment. Modern Pls, including as atazanavir, darunavir, and lopinavir, are frequently
coupled with low-dose ritonavir or cobicistat to improve their pharmacological effects [50]. However,
PIs are known to cause side effects such as dyslipidemia, hepatotoxicity, and lipodystrophy [51]. They
come with cautions for high ALT/AST values, acute hepatitis that can lead to hepatic failure, and
even death, especially in people with viral hepatitis or pre-existing liver disorders.

2.3.1. Ritonavir/Lopinavir

Ritonavir, a commonly used PI, is known for its hepatotoxicity. Ritonavir, which is typically
used in combination with other NRTIs or NNRTIs, has been demonstrated to reduce hepatocyte
growth and induce apoptosis by activating caspase 3. The mechanism of ritonavir-induced
hepatotoxicity is thought to be the stimulation of hepatocyte apoptosis via the caspase-cascade
system [52]. Previous studies have shown that ritonavir inhibits bile acid transport in both human
and rat hepatocytes [44]. HIV patients often suffer from numerous concurrent infections, including
tuberculosis. Treatment for these co-infections often includes a combination of antitubercular drugs
and antiretroviral (ARV) drugs [11,13,53]. Co-administration of ritonavir-based PIs such as
saquinavir/ritonavir and rifampin in HIV-negative volunteers has been demonstrated to rapidly
boost liver enzyme levels, indicating possible hepatotoxicity concerns. As a result, HIV patients
should exercise caution when taking saquinavir/ritonavir in combination with rifampicin [54].

3. ARV Induced Hepatotoxicity

Liver toxicity is a significant concern associated with ART, whether used alone or in combination
with other HAART drugs. Typically, these toxic effects become apparent within weeks to months
after initiating treatment. ART has been linked to a range of liver-related issues, including
hepatocellular necrosis, lipid droplet accumulation in liver cells, and an increase in the ratio of blood
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lactate to pyruvate. These adverse effects can manifest as lactic acidosis, often accompanied by
hepatic abnormalities such as elevated liver enzyme markers, hepatomegaly, or hepatic steatosis and
liver failure [55-57]. Studies have reported severity rates ranging from 5 to 10 per 100 patients, with
hepatotoxicity rates reaching up to 30% in some cases of AZT-containing antiretroviral regimens
[58,59]. Elevated levels of liver enzymes such as transaminases, alkaline phosphatases, bilirubin, and
gamma-glutamyl transpeptidase, as well as instances of mortality, have been observed in individuals
undergoing ART for HIV treatment. Liver biopsies of affected patients have shown significant micro
and macrovesicular steatosis, portal and periportal fibrosis, mild mononuclear inflammatory
changes, and minimal hepatocellular necrosis [60,61]. Liver abnormalities have been documented in
animal models, characterized by microvesicular steatosis and mitochondrial alterations observed
under electron microscopy [62]. Previous work from our lab has revealed the onset of AZT-induced
degenerative changes in hepatocytes in rats receiving doses equivalent to those used in human
therapy. These changes include parenchymal cell enlargement, sinusoidal space dilation, and
infiltration of inflammatory cells in the liver. Additionally, elevated levels of transaminases, alkaline
phosphatases, arginosuccinic acid lyase, bilirubin, and hyperlipidemia were detected in serum
samples. These alterations were associated with oxidative stress parameters, indicating an imbalance
in oxidative homeostasis [11,13,15]. These studies suggest that mitochondrial dysfunction or
disruption of oxidant-antioxidant homeostasis may contribute to this adverse effect [60].

4. Antitubercular (ATD) Drugs

The resurgence of tuberculosis peaked in the early 1990s, coinciding with the expansion of the
HIV epidemic. According to the World Health Organization, tuberculosis is the top cause of death
from infectious diseases worldwide, accounting for about 214,000 deaths among HIV-positive people
in 2020 [63]. Tuberculosis is still a major infectious illness, primarily affecting people in developing
nations. It is a prevalent problem in India and the world's second greatest cause of mortality, killing
around 1.8 million people each year [64]. The conventional treatment for tuberculosis is to deliver
"first-line" medications such as Isoniazid (INH) + Rifampicin (RIF), combined with Pyrazinamide
(PYR), Ethambutol, or Streptomycin, for a period of 2 to 6 months or longer, depending on disease
severity. The directly observed treatment short-course (DOTS) strategy is usually recognized as the
most cost-effective method of tuberculosis control [64]. However, using these medications for
tuberculosis treatment can result in side effects such as hepatotoxicity, skin responses, and
neurological issues. Hepatotoxicity is a major concern in chemotherapy, with reports indicating that
11.5% of the Indian population is at risk, compared to 4.3% in Western populations, and a quarter of
these patients may experience severe complications such as fulminant and sub-acute hepatic failure
[65,66]. Ironically, even four decades after its introduction, there is still debate about the use of INH
preventive therapy for tuberculosis and co-infection with HIV due to concerns about the
hepatotoxicity associated with the prescription of INH and other antitubercular drugs [67,68].

4.1. Isoniazid (INH)

Meyer and Mally produced isonicotinic acid hydrazide, often known as isoniazid (INH), in 1912,
but its therapeutic potential was not discovered until 40 years later. Initial experiments in mice [69],
guinea pigs, and rabbits [70] indicated bacteriostatic action against Mycobacterium tuberculosis,
shedding light on its efficacy against tuberculosis. Subsequent clinical trials showed its efficacy
against both pulmonary and non-pulmonary tuberculosis [71], cementing INH's position as the first
choice for tuberculosis chemotherapy. INH operates by blocking the manufacture of mycolic acid, a
critical component of bacterial cell walls, with the inhA gene serving as its major target [72].

INH is commonly supplied at a dose of 5 mg/kg in adults, and 10 to 20 mg/kg in children. Adult
dose typically consists of a 300 mg capsule taken once daily, either one hour before or two hours after
eating. Pyridoxine (15 to 50 mg/day) is used in conjunction with INH to reduce peripheral neuritis,
particularly in malnourished children, HIV patients, diabetics, alcoholics, and those with uremia.
Adverse responses to INH are thought to occur in 5.4% of patients, with rashes (2%), fever (1.2%),
jaundice (0.6%), and peripheral neuritis (0.2%). Hepatotoxicity is the most serious toxicity associated
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with INH, and it can manifest as hepatic necrosis, steatosis, or a combination of the two in both
humans and experimental animals [11,13,73,74].

4.2. Rifampicin (RIF)

In 1963, the Lepitet S.P.A. research laboratory in Milan, Italy, created rifampicin (RIF) [75]. It's a
zwitterion and a semi-synthetic derivative. The recommended dose of RIF for tuberculosis treatment
in adults is 600 mg/day orally, while children should get 10 mg/kg orally daily. RIF is available either
alone or in fixed-dose combinations with INH. RIF, like INH, should not be used alone since it can
cause Mycobacterium tuberculosis resistance. The occurrence of side effects with RIF is dependent
on the combination in which it is delivered, particularly INH+RIF. At standard doses, fewer than 4%
of tuberculosis patients experience significant adverse reactions, such as rashes (0.8%), fever (0.5%),
nausea and vomiting (1.5%), and a variety of other gastrointestinal and nervous system-related
symptoms such as epigastric distress, abdominal cramps, fatigue, drowsiness, headache, dizziness,
ataxia, confusion, muscular weakness, and hypersensitivity reactions such as pruritus, skin
eruptions, eosinophilia, and oral mucosal changes. Given the unknown potential teratogenicity of
RIF and its ability to cross the placenta, it's advisable to avoid using this drug during pregnancy [76].

4.3. Pyrazinamide (PYR)

Pyrazinamide, a synthetic pyrazine analog of nicotinamide and a pro-drug, is recommended by
the American Thoracic Society's Centers for Disease Control and Prevention (CDC) for preventative
treatment in conjunction with two months of RIF+PYR therapy. Recent studies have shown that a 2-
month regimen of PYR combined with RIF is as effective as 6 months of INH treatment in preventing
tuberculosis in HIV patients [77]. The most serious adverse effect of PYR is liver damage, with signs
and symptoms of hepatic disease developing in around 15% of patients receiving oral dosages of 40
to 50 mg of PYR, with necrosis leading to mortality in 2 to 3% of cases. Other side effects of PYR
include arthralgias, anorexia, nausea and vomiting, dysuria, and fever. Human investigations have
shown that administering RIF+PYR for two months might cause serious and deadly hepatotoxicity
[77]. Compared to a 6-month regimen of INH+RIF, RIF+PYR combination therapy is linked with a
higher frequency and severity of hepatotoxicity [78,79]. The reasons for the higher toxicity of
RIF+PYR combinations compared to INH+RIF+PYR remain unknown. The incidence of
hepatotoxicity caused by RIF+PYR therapy has been found to be between 5.3 and 13% in patients
receiving these medications [78-80].

5. ATDs Induced Hepatotoxicity

INH has been the recommended treatment for tuberculosis since 1952, whether administered
alone or in combination with other medications such as RIF, PYR, streptomycin, ethambutol, and
aminosalicylic acid. Despite its effectiveness, combining INH with other anti-tubercular medications
has been related to serious adverse effects such as jaundice, hepatitis, liver necrosis, hepatic coma,
and even mortality in multiple studies conducted over the last few decades [81,82]. Studies reported
asymptomatic liver disorders, with increased transaminase values occurring in around 10% of INH-
treated patients within the first month of therapy. Subsequent research found that the frequency of
INH-induced liver damage varies by individual, ranging from 8.7 to 23%, with mild or transient
increases in transaminase, alkaline phosphatase, and bilirubin levels in the blood, typically appearing
2 to 6 months after starting INH treatment [83,84]. Previous studies found hepatitis in 5 to 8% of
individuals receiving INH and RIF [85]. High rates of jaundice and fulminant hepatitis were recorded
in both adults and children after tuberculosis treatment with these medicines. Furthermore, the
combination of INH, RIF, and PYR in short-term tuberculosis treatment was related with hepatotoxic
symptoms in 15% of patients, with 2 to 3% developing jaundice [16,86]. Hepatotoxicity caused by
anti-tubercular medicines is now widely recognized as a serious and sometimes fatal adverse effect,
especially among patients receiving active tuberculosis treatment [82]. Toxic metabolites produced
by these medicines are thought to have an important role in hepatotoxicity development. RIF, for
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example, is hypothesized to worsen INH toxicity by boosting the synthesis of its poisonous
metabolite, hydrazine, and raising CYP450 isoenzymes [87,88]. PYR administration has also been
linked to antitubercular drug-induced hepatotoxicity [89].

6. HIV/AIDS Co-Infection with TB in Humans and Use of AZT and INH for Therapy

The first HAART medication sanctioned by the US FDA for managing HIV/AIDS patients is
AZT, which remains fundamental in HIV treatment protocols. AZT has demonstrated favorable
therapeutic outcomes in Phase-I and Phase-II clinical trials [21,90]. Tuberculosis (TB) poses a
widespread epidemic, particularly concerning its control. In the late 1990s, over 4 million individuals
worldwide were afflicted with acute or chronic TB, a figure that has since surged, particularly in
developing regions [91]. It is estimated that one-third of the global populace is infected with
Mycobacterium tuberculosis, with nearly nine million new cases and 2 million TB-related fatalities
annually [92]. INH continues to be the “drug of first choice” towards the therapy of TB even today.

HIV/AIDS patients exhibit compromised immune systems, rendering them susceptible to
opportunistic infections, including TB. Approximately 2.6 million HIV patients are co-infected with
TB, contributing to 1.8 million HIV-related deaths globally. TB stands as a leading cause of morbidity
and mortality among HIV/AIDS patients, with WHO projecting that one-third of HIV-positive
individuals will develop TB during their lifetime, exacerbated by the emergence of multi-drug
resistant TB strains [63]. While HAART drugs and AZT have effectively slowed HIV progression,
they have also induced hepatotoxic complications in recipients [93]. AZT treatment has been
associated with hepatotoxicity-related fatalities, characterized by lipid dysregulation, steatosis,
steatohepatitis, hepatomegaly, and abnormal liver function [14,94]. Despite INH's proven efficacy in
TB prevention, its administration has been linked to hepatic necrosis and steatosis, with
approximately 15% of TB patients undergoing INH therapy experiencing hepatotoxicity, including 2
to 3% developing jaundice [86]. Combined AZT and INH treatments in HIV patients co-infected with
TB have been shown to induce severe hepatotoxicity, for which remedial measures remain undefined
[11,13,18] (Figure 1). Treatment strategies for drug-induced liver damage are predominantly
symptomatic, lacking a standardized therapeutic regimen. The pharmacokinetics studies also affirms
that AZT treatment does not exhibit any drug interaction with INH and their respective metabolites,
HYD and ACHY [95]. This necessitates exploration of alternative remedies for alleviating ARV and
ATDs induced hepatotoxicity in HIV patients co-infected with TB.

do0i:10.20944/preprints202404.0039.v1
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Figure 1. Molecular mechanisms of hepatotoxicity by ARV and ATD drugs.

7. Herbal Medicine as Alternative for Drugs Induced Hepatotoxicity

Traditionally, herbal remedies have served as alternatives in healthcare systems worldwide,
generally perceived as non-toxic and benign due to their natural origins [96,97]. Ayurvedha and
Siddha medicinal practices, dating back over 5000 years, have been known to effectively treat a range
of ailments, including liver disorders and jaundice [98]. Medicinal plants continue to be regarded as
vast repositories of untapped therapeutic agents, with their molecular diversity offering promise for
discovering novel compounds against drugs and chemical-induced hepatotoxicity [99,100]. Recently,
there has been a resurgence in screening numerous medicinal plants to uncover pharmaceutical
compounds with hepatoprotective and antioxidant properties. Various traditional medicinal plants,
such as Solanum nigrum, Cichorium intybus, Picrorhiza kuroa, Curcuma longa, Camellia sinensis,
and Silybum marianum etc, have been investigated for their hepatoprotective, antioxidant, and free
radical scavenging abilities against drugs and chemicals that induce hepatotoxicity in experimental
animals. The concept of developing a herbal treatment to prevent the liver damage induced by ARV
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and ATD medications is very new, and there is only a limited amount of literature on this topic. This
review examines the effectiveness of herbal remedies as a possible alternative for protecting the liver
from the adverse effects of these medications which are listed in Table 1.

Table 1. List of Hepatoprotective medicinal plants used against drugs induced hepatotoxicity.

Medicinal
1 E
Plant/active Mode 3::3 xtract Study findings Impact on liver References
compound
ARV Drugs
. . Reduction of liver enzymes,
. Wistar albino rats; oxidative stress markers, Protects liver against AZT
Silibinin 100mg/kg b. w; h lividemi dli induced hepatotoxicit [15]
orally yperlipidemia and liver induced hepatotoxicity
histology
Male wistar rats;
Moringa Oleifera 100 and 300 mg/kg  Increased antioxidant Protects against HAART [101]
(MO) MO leaf extract; markers and liver function induced hepatotoxicity
orally
Male wistar rats: Reduction in triglycerides =~ Hepatoprotective activity
Piper Nierum 200, 400 and 60 0’ and alkaline phosphatase, against tenofovir/
Slzem (P%\I S) m /k, PNS extract: increase in antioxidant ~ lamivudine/efavirenz (TLE)- [102]
& gorall " enzymes and histological ~ induced hepatotoxicity and
Y improvement dyslipidemia
Wistar albino rats;
200, 400 and 800 - . .
Cvmbopogon me/k Improvement in liver Hepatoprotection activity
ycitrart)usg C mbgo g on architecture and liver serum against Nevirapine induced [103]
citra}ius oilfeftract' biochemistry. hepatotoxicity
oral intubation
Wistar albino rats;
100, 200, 400 and Improvement in liver Hepatoprotection activity
igell i igell
ngesjeiatlva Sizgi/igifjs a histology and liver against AZT, 3TC and EFV [104]
extrac’? oral biochemistry. induced hepatotoxicity
intubation
ATD Drugs
Oryctolagus . ..
. . .1 Hepatoprotection activity
. . cuniculus Rabbits; Improvement in liver . .
Nigella Sativa . . against INH induced [105]
500 and 1000 mg/kg biochemistry. ..
orally hepatotoxicity
Sprague Dawely - . .
Heptoplus rats: Improvement in liver Hepatoprotection activity
(Polyherbal 50 and 100 r,n ke b biochemistry, antioxidant against INH and RIF induced [106]
formulation) W orallg e and histology. hepatotoxicity
Male Wistar albino Improvement in liver Hepatoprotection activity
Fl(cl\l/l;:if;:)s a 3(r)e(1)trs;11;)1i), iO(l\jndo marker enzymes, against INH and RIF induced [107]
§X8 D W PO o htioxidant and histology. hepatotoxicity

extract

Kunming male
Malus hupehensis mice; 30, 60 and 120
(MHE) mg/kgb. w; p.o of
methanolic extract

Improvement in liver serum Hepatoprotection activity
markers, antioxidant and  against INH and RIF induced [108]
histology. hepatotoxicity

Phyllanthus niruri Sprague Dawley Improvement in liver serum Hepatoprotection activity
and Andrographis rats; 125 mg/kg b. markers, antioxidant and against INH and RIF induced [109]
paniculata w; p.o histology. hepatotoxicity

Swiss albino mice; Improvement in liver serum Hepatoprotection activity
200 and 400 mg/kg markers, antioxidant and against INH and RIF induced [110]
b.w; p.o histology. hepatotoxicity

Corn of Ensete
Ventricosum
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(Welw) cheesman
extract
Asparagus Male albino rats; 50 Improvement .in l.iver serum Hepat.oprotectif)n activity
markers, antioxidant and against INH induced [111]
racemosus extract mg/kgb. w; p.o . .
histology. hepatotoxicity
Male wistar rats; 50 Improvement in liver serum Hepatoprotection activity
Lawsonia inermis and 100 mg/kg b.  markers, antioxidant and against INH and RIF induced [112]
w; intraperitoneal histology. hepatotoxicity
Plantago maior Male wistar rats; Improvement in liver serum Hepatoprotection activity
ex?ract ) 20.3,40.5and 81  markers, antioxidant and against INH and RIF induced [113]
mg/kgb. w; p.o histology. hepatotoxicity
Glvevrrhiza labraWiStar rats; 100, 200Improvement in liver serum  Hepatoprotection activity
Y { Extraft and 400 mg/kg b.  markers, antioxidant and against INH and RIF induced [114]
] w; p.0 histology. hepatotoxicity
Wistar albino rats; Red1'.1ct1(')r1 of liver enzymes, ’ .
ey . oxidative stress markers,  Protects liver against INH +
Silibinin 100mg/kg b. w; . . . . . [11,13]
orall hyperlipidemia and liver =~ AZT induced hepatotoxicity
Y histology
le Wi Ibi
hf:t:}_ ’ Olg::r ﬁ(bf © Reduction of liver enzymes, Protects liver against INH +
Silymarin ! 8/%8 D+ xidative stress markers and RIF + PYR induced [115-117]
Wy intra-gastric liver histolo hepatotoxicit
administration 8y p Y
. . Reduction of liver enzymes,
o ... 1. Wistar albino rats; S . ;
Hibiscus Vitifolius oxidative stress markers,  Protects liver against INH +
, 400mg/kg b. w; o . . - (118]
(Linn.) root extract orall hyperlipidemia and liver ~AZT induced hepatotoxicity
Y histology
Male Wistar albino
Moringa Oleifera rats; 150, 200 and Reduction of liver enzymes, Protects liver against INH +
M C;g) extract 250mg/kg b. w; oxidative stress markers and RIF + PYR induced [119]
intra-gastric liver histology hepatotoxicity
administration

8. Conclusion

Liver cell damage is not determined solely by the kind and dosage of a given medication.
Multiple pathways contribute to the onset of liver damage and exacerbate existing injuries. Drug-
induced liver damage is primarily caused by increased ROS generation, oxidative stress, and reduced
immunological responses. Hepatotoxicity remains a significant cause for medications being
withdrawn from the market. Despite the various benefits of modern medicine, it is frequently limited
by the risk of side effects and costs, particularly in underdeveloped countries. As a result, a more
effective method to addressing ART and ATD-induced liver damage could include combining
traditional drugs with hepatoprotective herbs, thereby lowering the risk of hepatotoxicity while also
providing alternative treatments. This review aims to compile knowledge on hepatoprotective plants
in order to establish evidence-based alternative medicines to attenuate drug-induced liver damage,
notably in AIDS patients co-infected with TB.
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