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The effectiveness of herbs for the management of chemically induced hepatotoxicity has been discussed
by many researchers. However, there is a paucity of compressive literature on the significance of hep-
atoprotective plants for the management of anti-TB drug induced toxicity. Anti-TB drugs have been re-
ported to causes hepatic damage, due to which, many patients across the globe discontinued the
treatment. Medicinal plants have multiple therapeutic effects. The assessment of biological activity of
plants against Mycobacterium and its use for hepatic recovery provides an effective treatment approach.
Traditionally used medicinal plants are the rich source of phytochemicals and secondary metabolites.
These compounds can restore normal function, enzymatic activity and structure of hepatic cells against
anti-TB drug induced hepatotoxicity. The present review covers comprehensive details on different
hepatoprotective and antimycobacterial plants studied during past few decades so that potential adju-
vants can be studied for Tuberculosis chemotherapy.
© 2019 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tuberculosis (TB) is one of the leading causes of mortality
worldwide. According to World Health Organization (WHO), 10.4
million TB patients were reported in 2016, with annual death of 1.7
million. Of global total, India had 26% of reported TB death in the
same year [1]. Mycobacterium tuberculosis complex (MTC) includes
related Mycobacterium strains i.e. M. tuberculosis, Mycobacterium
bovis, M. africanum and other which cause TB disease [2]. Existing
strategies to treat TB are for active tuberculosis and does not
address associated side effects. Over the past few years, worldwide
search for new anti-TB drug has increased due to emergence of
MDR-TB and extensively-drug resistant (XDR) TB. The key objective
is to discover and develop new drugs that can improve treatment
strategy, enhance safety and address both infection and side effects
[3]. In absence of effective therapeutic drugs for TB, hope is built on
plant based natural products due to their chemical diversity and
important role as phyto-drugs [4]. Medicinal plants are undying gift
of nature that is used for the treatment of numerous diseases in
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human beings since time immemorial. According to an estimate of
WHO, 80% population in developing countries rely on traditional
medicines for the primary health care [5]. The use of medicinal
plants extract and phytochemicals is of great significance for the
treatment of various ailments including TB. Traditionally used
medicinal plants and its parts i.e. root of Calpurnia aurea, seeds of
Ocimum basilicum, leaves of Artemisia abyssinica, Croton macro-
stachyus, Artemisia afra and Eucalyptus camaldulensis possess anti-
TB potential under in vitro conditions [2,3].

The side effects of anti-TB drugs are GIT manifestations, hepa-
totoxicity, ototoxicity, nephrotoxicity, skin rashes, fever, peripheral
neuritis and rarely psychotic changes [6]. The first line anti-TB
drugs; rifampicin (RIF), isoniazid (INH) and pyrazinamide (PZA)
are linked with toxicological responses inside tissues, predomi-
nantly in the liver, which lead to hepatitis [7]. Hepatotoxicity
caused by anti-TB drugs is one of the major reason for the with-
drawal of treatment by patients as well as development of Multi
Drug Resistance (MDR) TB [8]. Management of patients with TB/
MDR-TB necessitates multi-chemotherapy, which further have
toxic and adverse effects on individual's health [9]. Anti-TB drugs
such as RIF can cause hyperbilirubinemia by inhibiting bile salt
export pump [10]. Moreover, it also affects the activity of key en-
zymes such as alkaline phosphatase (ALP), serum glutamic
isciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
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oxaloacetic transaminase (SGOT or AST), serum glutamic pyruvic
transaminase (SGPT or ALT), and g-Glutamyl transpeptidase (g-GT)
[11]. In case of any hepatic anomalies, the plant extract prevents
cellular damage and can significantly restore normal level of he-
patic enzymes. Many studies support hepatoprotective activities of
glycosides, flavonoids, triterpenes and phenolic group of com-
pounds extracted from plants [12e14]. These phytochemicals
possess antioxidants and free radical scavenging properties which,
prevent excessive lipid peroxidation in liver, decrease catalase,
superoxide dismutase and glutathione [12]. The hepatoprotective
activity of plant derived chemically defined molecules paved the
way for the exploration of new effective hepatoprotective agents.
The current review covers the use of such different hep-
atoprotective herbs which has a potential to be as anti-TB drugs.

2. Anti-TB drugs and hepatic damage

In a study, about 5e20% of individuals, under anti-TBmedication
were reported with hepatic complications. It also gets aggravated
by drug combinations regime [13]. RIF, INH, PZA, ethionamide
(EMB) and para-aminosalicylic acid (PAS) are reported to cause
hepatitis anomalies [10]. Anti-TB drugs are one of the common
causes for hepatotoxicity worldwide [12]. Clinical symptoms
include jaundice, nausea, vomiting and abdominal pain along with
elevated levels of bilirubin and hepatic transaminases [14]. The
morbidity and mortality in TB increases due to anti-TB drug related
hepatotoxicity. Under such condition, the mortality rate after onset
of liver disease in TB patient is 6e12% if the use of drug is continued
[15].

Liver is an important organs regulates various physiological
processes. It contributes towards synthesis of vital molecules such
as albumin, fibrinogen, cholesterol and bile acid. It is a source of
enzymes proficient in transforming foreignmolecules. As a result, it
metabolizes and detoxifies numerous heterochthonous (drugs, in-
secticides, etc.) or autochthonous chemicals (steroids, fatty acids
etc.) [16]. Using Cytochrome P450, detoxification of drug in the
body ensues three phases i.e. transformation, conjugation and
transportation into bile. Any deformity in either of the phases can
be the basis of hepatotoxicity. The covalent binding of the drug or
its metabolite with host proteins and the consequential oxidative
stress, is foremost cause of hepatic injury [8,10]. Oxidative stress
could damage intracellular macromolecules such as glutathione,
RNA, DNA, lipids, proteins and ATP [17]. Hepatotoxins also induces
an inflammatory response in liver along with activation of MAPKs,
NFkB and STAT3 signaling pathways [18].

The metabolism of a drug produces many intermediates which
cause hepatic damage. For instance, metabolism of INH forms
acetyl diazine. This further produces acetyl onium ion, acetyl
radical and ketene (Fig. 1). An enzyme, N-acetyltransferase 2
(NAT2) through acetylation, converts acetyl hydrazine to diacetyl
hydrazine (DAH). DAH is not toxic to cells. In presence of INH,
acetylation process is suppressed. As a result, non-acetylated hy-
drazines are produced, which can be toxic and cause liver injury
[8,19]. Similarly, PZA induces oxidative stress and hepatotoxicity via
5-hydroxypyrazinoic acid. PZA forms pyrazinoic acid by the acti-
vation of amidase. Pyrazinoic acid is then hydroxylated to 5-
hydroxypyrazinoic acid through xanthine oxidase and cause he-
patic distress [20]. RIF also cause toxicity in combinationwith other
drugs. RIF is an inducer of enzymatic pathways such as Cytochrome
P450 (CYP3A4) via hepatocyte Xeno Sensing Pregnane X Receptor
(PXR). During anti-TB drug combination regime, RIF could increase
the metabolism of INH leading to the generation of toxic in-
termediates. It also increases hydrazine production by inducing
isoniazid hydrolases. Hydrazine in turn altered the expression of
proteins related to lipid metabolism [21]. Prolong exposure to RIF
can distress membrane permeability and considerably reduces the
activity of glucose-6-phosphate. This could be one of the cause for
the high lipid peroxidation in liver [22e25]. Thus, collectively anti-
TB drugs produce toxic metabolites, reactive oxygen species (ROS)
and free radicals, the major sources of liver injury. Anti-TB drug also
interferes with lipid deposition, induced by activating CYP2E1, fatty
acid accumulation and LDL uptake [11,25,26].
3. Antimycobacterial and hepatoprotective activity of plants

Since ancient time, ethnobotanical knowledge subsists in India
and people use herbs as a source of medicines, especially for pri-
mary healthcare. The country has about 45,000 plant species and
many of them have been studied for their medicinal properties [16].
As mentioned above, due to acute toxicity and associated side ef-
fects of existing chemical medications there is an increase in
inclination towards traditional source of medicines. Although the
synthetic drugs are effective for the prevention, cure and man-
agement of countless diseases, but their use can cause surplus
health vulnerabilities [27]. Plants are rich source of biologically
active compounds, proven to be effective antimicrobial agents.
Traditionally, many plants are used to treat Mycobacterium in-
fections. Phytochemicals present in plants are reported to inhibits
multidrug efflux system of microbes. In a study by Sharma et al.
[28] piperine was reported to inhibit a putative multidrug efflux
pump (Rv1258c) of M. tuberculosis. Another important phyto-
chemical with anti-bacterial properties is Berberine. This com-
pound has potential for the treatment of bacterial infection.
Berberine can interrupt bacterial colonization or biofilm formation
by binding with amyloid proteins. Berberine also competes with
lipopolysaccharides for binding with TLR4/MD-2. This competence
can result in an inhibition of inflammation during infection [29].
Saritha et al. [30] also reported mechanisms responsible for anti-
bacterial activity of phytochemicals, which includes disruption of
bacterial cell membrane, permeabilization and leakage of cellular
contents. Thus, comparable to synthetic drug, phytochemicals also
interfere with various cellular mechanisms to inhibit the growth of
bacteria. Coumarin, allicin, andrographolide, glabridin and vasicine
acetate are some examples of phytochemicals studied in recent
years for their anti-mycobacterial properties [31e34]. Plants are
also effective against MDR-TB. Plant such as Acalypha indica,
Adhatoda vasica, Allium sativum Andrographis paniculata and Cassia
sophera had shown significant antimycobacterial activity against
MDR-TB in vitro [35].

Traditional plants used for the treatment of TB are also a rich
source of phytochemicals, which have several health benefits
including on liver. Phytochemicals are well established hep-
atoprotective agents which can restore normal function, enzymatic
activity and histology of hepatic cells against anti-TB drugs or
chemical induced hepatotoxicity. The herbs can lower the elevated
levels of serum enzymes, total bilirubin and protein. They can also
restore the anomalous activity of enzymatic antioxidants and liver
damage caused by anti-TB drugs [12,24,36]. For example, With-
anolide from the plant Withania somnifera has anti-oxidant prop-
erties and reduces hepatocyte necrosis, serum ALT levels, and
intrahepatic hemorrhage in vitro [37]. Apium graveolens, A. indica, A.
paniculata, Ficus religiosa, Fumaria indica, Glycyrrhiza glabra, Syzy-
gium aromaticum, W. somnifera, Tinospora cordifolia etc. are tradi-
tionally used plants for the treatment of TB which also possess
hepatoprotective properties. These plants are rich source of alka-
loids, flavonoids, diterpenoid, tannins, lipids, sterols etc. with anti-
microbial and hepatic protective effects. Several traditionally used
anti-TB plants possess anti-microbial activity against MTB-H37RV
[31,34,37]. Supplementary Table S1 summarizes list of plant



Fig. 1. Anti-TB drug toxic metabolic intermediates and protective effect of phytochemicals (adapted from Sharma and Sharma [14]).
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traditionally used for the treatment of TB and have antimicrobial,
antitubercular and hepatoprotective activity.

4. Herbs: as an adjunct to tuberculosis chemotherapy to
prevent hepatotoxicity

WHO recommended 6e9 months Directly Observed Therapy
Short (DOTs) course for the treatment of TB. Many times, drugs may
induce hepatic damage with DOTs combination regime. The prime
cause of anti-TB drug hepatic induced damage is distinct metabolic
reactions [38,39]. At present, to decrease the thereafter effects and
upsurge efficacy of medications is the basic constraint. Single or in
combination, herbs are efficient in minimizing the side effects
associated with drugs. The ethnomedicinal uses of plants against
liver disease are well documented but its awareness is also
important for the treatment [40]. Plants are rich source of broad
spectrum secondary metabolites which can contribute towards the
discovery of novel drug moiety for the target diseases [41].

The hepatoprotective activity of many plants against anti-TB
drug induced hepatic damage studied in different animal models.
Moringa oleifera leaf is rich source of phytochemicals such as al-
kaloids, flavonoids, carbohydrates, glycosides, saponins, tannins,
and terpenoids. Pari and Kumar [42] reported that oral adminis-
tration of M. oleifera leaf extract can repair normal liver activity in
rat against INH, PZA and RIF induced hepatic damage. Leaf extract
appears to improve the recovery from hepatic damage and restore
regular functioning of enzymes ALS, AST, alkaline phosphatase,
lipid peroxidation and bilirubin in the serum. Cassia auriculata root
extract can significantly lower the elevated serum ALP, AST, ALT,
total bilirubin, cholesterol and protein in anti-TB drug induced
hepatotoxicity. It also maintains normal levels of enzymatic anti-
oxidants and Malondialdehyde (MDA); a marker of oxidative stress
[43]. Terminalia chebula a highly valued medicinal plant in Ayur-
vedic pharmacopeia has antioxidant and cell membrane stabilizing
activities. It's fruits can prevent hepatotoxicity caused by the
administration of anti-TB drug combination regime [7]. Herbal
formulations containing T. chebula are also hepatoprotective. In a
study, Sankar et al. [44] reported that polyherbal formulation of
Eclipta alba, Tephrosia purpurea, Curcuma longa, Picrrohiza kurooa,
W. somnifera, Phyllanthus amarus, Pinius succinifera, Pistacia lentis-
cus, Orchis mascula, and Cycas circinalis is effective against oxidative
hepatic injury caused by RIF and INH in rats. Medicinal plants and
TB drug combination regime to enhance the treatment efficacy is
also supported by many clinical trials. In a study by Sharma et al.
[12] three groups of patients receiving anti-TB drug were studied
for 12 weeks. First group of patients received capsule containing
extract of Aloe vera whole plant, Berberis aristata root and Solanum
nigrumwhole plant. Second and third groups were given decoction
of Phyllanthus fraternus and placebo starch capsule respectively. At
the end of trial, liver enzyme activity and level were at normal
range in first and second group. However, in third group, a rise in
ALT and AST was observed. Both ALT and ATS were used as marker
enzymes for hepatotoxicity study. B. aristata is an active source of
both antitubercular and hepatoprotective phytochemicals [45e47].
Whereas, S. nigrum is a potent antioxidant plant which can
modulate the function of enzymes involved in the detoxification of
chemicals and exhibits free radical scavenging properties [48].
Similar kind of hepatoprotective properties possessed by Phyllan-
thus fraternu [49]. In another study, Debnath et al. [50] used adjunct
Ayurvedic therapy with Aswagandha for the management of pul-
monary tuberculosis in patient receiving anti-TB drugs. The study
claimed that Aswagandha can modulate immune system, restore
normal SGPT and SGOT level, and also increase bioavailability of
PYZ and INHwithin 28 days of treatment. Number of in vitro studies
conducted on animal models using plant such as C. auriculata, F.
religiosa, Lawsonia inermis, M. oleifera, T. chebula, T. cordifolia, W.
somnifera etc. also supports the benefits of medicinal plants in
reducing hepatic damage caused by anti-TB drugs (Table S1). Anti-
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TB and Ayurvedic drug combination regime can increase the sur-
vival rate in pulmonary TB patients. Some clinical study revealed
that patients when received treatment with TB drugs, the cure and
death rates of 11.42 % and 40.9 % respectively was observed.
However, when the patients received TB drug and Ayurvedic drug
combination regime the respective cure and death rate was 41.3%
and 3.8% [50]. Few systematic studies also support effective use of
Ayurveda for the management of pulmonary tuberculosis [51]. The
herbal preparations can considerably avert hepatotoxicity, increase
treatment outcome and its use is deprived of any toxicity or side
effects [52].

5. Hepatoprotective phytochemicals and mode of action

Phytochemicals are effective in management of anti-TB drugs
induced toxicity in many ways. Mainly they act on some major
processes which are responsible for toxicity of drug.
Table 1
List of Hepatoprotective phytochemicals sources, structure and mode of action.

Phytochemical Structure Source Mode o

Andrographolide Andrographis paniculata � Inter
CYP1

Berberine Berberis aristata � Inhib
drug

� Decr

Curcumin Curcuma longa � Redu
by re

Piperine Piper longum, Piper nigrum,
Acalypha indica etc.

� Decr
� Incre

Quercetin Vitis vinefera, Allium cepa,
Camellia sinensis etc.

� Activ
� expre

Resveratrol Paeonia lactiflora, Vitis vinifera,
Arachis hypogaea etc.

� Modu

Silymarin Silybum marianum � Antio
� Anti-
� Dow

expre

Thymoquinone Nidorella anomala � Inhib
� Redu

Ursolic acid Bouvardia ternifolia, Byrsonima
crassa, Calendula officinalis, etc.

� Antio
� Supp
Phytochemicals act on Cytochrome P450, free radicals or reactive
oxygen species (Fig. 1). These molecules are involved in the
process of lipid peroxidation, oxidative stress and loss of mem-
brane integrity which collectively are basis of liver injury [53].
For example; flavanoids, tannins and carotenoids act on reactive
oxygen species. Phenolics, organosulphur compounds and elec-
trophilic constituents such as picroside II and kurtkoside possess
free radical scavenging properties. Organosulphur compounds
and flavanoids also act on Cytochrome P450 activity there by
affecting metabolism of drugs [12,25,39]. In this context phyto-
chemicals from several plants can reduce hepatotoxicity
(Table 1). Detail studies on blood components, liver function,
histopathological and cellular machinery reveals the hep-
atoprotective activity of herbal extracts through different
mechanism [16]. Curcumin, silymarin, stilbenes, quercetin,
berberine and ursolic acid are some hepatoprotective natural
products.
f action References

act with GSH and
A1 mRNA expression

Chen et al. [86]

its microsomal
-metabolizing enzymes
ease in oxidative stress

Domitrovic and Iva
Potocnjak [63]
Potdar et al. [46]

ce oxidative stress
ducing CYP2E1 and Prx1 expression

Zhang et al. [79]
Payton et al. [87]

eases TNF-a and lipid peroxidation
ase in antioxidant

Sabina et al. [88]

ation of Nrf2/HO-1 pathway
ssion of oxidative stress-related genes

Liu et al. [27]
Nam et al. [55]

lation of SIRT1 mRNA expression Nicoletti et al. [85]

xidant properties and
inflammatory activities
n regulate the
ssion of NF-kB, ICAM-1 and IL-6 ().

Abouzid et al. [89]
Zhang et al. [66]

ition of NF-kB activity
ce oxidative stress

Raschi et al. [90] Mollazadeh and
Hosseinzadeh [91]

xidant and inhibit ROS production
resses MAPKs, CYP2E1 and NF-kB activation

Liu et al. [56]
Ma et al. [58]
Singh et al. [24]
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Quercetin, a polyphenolic flavonol occurs in fruits and vegeta-
bles. It interact with various interacellar signaling cascades to
provide protection from oxidative damages [54]. This compound
activates Nrf2/HO-1 pathway and expression of oxidative stress-
related genes. Thus helpful in overcoming oxidative hepatic dam-
age [27,54,55].

Ursolic acid, a triterpenoid extracted from in plants Hedyotis
corymbosa, Bouvardia ternifolia, Byrsonima crassa, Calendula offici-
nalis, Mirabilis jalapa etc. It is a potent antioxidant and inhibitor of
ROS production in mice. It suppresses MAPKs, CYP2E1 and NF-kB
activation thereby protecting liver from stress [56e59].

Berberine, an alkaloid possesses antioxidant properties and
ameliorative effect on liver. It is found in plants such as B. aristata,
Hydrastis canadensis, Coptis chinensis, Berberis aquifolium, Berberis
vulgaris and Hydrastis Canadensis [60]. In vitro, berberine exhibits
hepatoprotective action in experimental model partly through in-
hibition of microsomal drug-metabolizing enzymes and inhibitory
action K/Ca currents [61,62]. It also decreases oxidative stress by
repressing TNF-a, COX-2 and iNOS expression [63].

Silymarin, is a flavonoid-complex containing silybin, silydianin
and silychristin [24]. It is one among the extensively studied hep-
atoprotective natural product. Seeds of Silybum marianum are
source of Silymarin, which in turn is very effective against anti-TB
drug induced toxicity and used as hepatoprotective reference
compound in many experimental studies [64,65]. It has cell pro-
tective properties due to its antioxidant potential and interactions
with cell membrane components. This compound exhibits anti-
inflammatory activities by down-regulating the expression of in-
flammatory genes; NF-kB, ICAM-1 and IL-6 [66].

Thymoquinone(TQ) is a monoterpenoid found in the seeds of
Nigella sativa. It improves hepatic antioxidant level thereby pre-
venting oxidative stress in liver. In experimental model, it increases
the synthesis of chemoprotective enzyme glutathione peroxidase
and superoxide dismutase. During drug induced inflammation,
TNF-a, iNOS, COX2 and IL-1b gets activated. TQ can inactivate their
activity, thereby minimizing hepatic damage. TQ interact with
oxidative stress induced factors (e.g. glutathione S-transferase) and
fix oxidative damage [67e73].

Curcumin is a polyphenolic compound obtained from rhizomes
of Curcuma species. It exhibits hepatoprotection by activation of
Keap1/Nrf2 pathway. The pathway regulates cellular protection
under oxidative stress. Curcumin can also downregulates expres-
sion of NADPH oxidase in liver (NOX). This enzyme generates ROS,
which in turn cause hepatic damage [74,75]. Curcumin also induces
enzymes such as heme oxygenase-1 and NAD(P)H quinone dehy-
drogenase 1. Both are phase II detoxification and antioxidant en-
zymes, which are involved in drug metabolism and detoxification
[75e77]. Curcumin also reduces oxidative stress by reducing
CYP2E1 as well as Prx1 expression. In vitro, attenuation of inflam-
matory responses in liver by curcumin is by down regulating the
expression of NF-kB, TLR2 and TLR4 has been reported. This
phytochemical also activates AMP-activated protein kinase (AMPK)
pathway in liver cells [77e80].

Andrographolide is a diterpenoid with antioxidant properties
obtained from A. paniculata. It up-regulates the expression of
hypoxia-inducible factor-1 alpha (HIF-1a), SOD-1, HO-1 and GST
under oxidative stress [24,81,82]. Interaction of this diterpenoid
with Glutathione (GSH) significantly induces CYP1A1 expression in
experimental models. The expression of CYP1A1 play important
role in drug metabolism, whereas GSH is an important defensive
compound against oxidative stress in liver. Andrographolide syn-
ergistically induces CYP1A1 expression [83,84].

Stilbenes are widely documented phytochemicals whose hep-
atoprotective mechanism is studied in vitro. Each of them keeps
different machinery to protect hepatic cells from damage. Stilbenes
such as trans-resveratrol and its glucoside are found in variety of
plants such as Paeonia lactiflora, Vitis vinifera and Arachis hypogaea.
Resveratrol (trans-3,5,40-trihydroxystilbene,1) is most studied
hepatoprotective phytochemical. Resveratrol prevents ISH and RIF
induced hepatic damage in mice. The defensive effect of this
phytochemical is due to modulation of SIRT1, PPAR-g and PGC-1a
mRNA expression in hepatic cells. SIRT1 is involved in the liver lipid
metabolism pathways thereby by protecting liver from oxidative
stress [63,85].

6. Conclusion

Nature ensures a widespread stock of plants used to cure illness
of mankind. As a primogenital and major framework of traditional
medical systems, herbs have made a myriad impact to maintain the
human health. The efficacy of chemically distinct molecules and
plants as potential antimycobacterial and hepatoprotective agent
exemplify progress in the search for epitome medicines. Thus,
combining target specific properties of anti-TB drugs with multiple
health benefits of medicinal plants could be a positive way out for
the management of tuberculosis and associated side effects. In
developing countries, many patients concurrently take prescribed
drugs as well as herbal supplements. Consequently, this predomi-
nant prevalence need to be counterbalanced with relevant
research. The underlying mechanism behind anti-TB drug and
herbal constituent interaction has not been addressed widely.
There exist huge knowledge gap regarding medical use of herbal
adjuvant by the attending physician. The plants with inherited anti-
oxidant and anti-tubercular properties may be explored for their
active biomolecules and used for developing modern formulations
forms, accepted to wider group of clinicians. Thus, to ensure safety
and efficacy of such combinations there is need to precisely study
herbedrug interaction in different standard experimental set-ups,
before large scale human use.
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