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Abstract

Background: Idiopathic pulmonary fibrosis (IPF) is a fatal lung disease of unknown cause which disrupts the
normal lung architecture and functions by deregulating immune responses and ultimately leads to the death of the
individual. A number of factors can lead to its development and currently there is no cure for this disease.

Main text: There are synthetic drugs available to relieve the symptoms and decelerate its development by
targeting pathways involved in the development of IPF, but there had also been various side effects detected by
their usage. It is known since decades that medicinal plants and their compounds have been used all over the
world in natural medicines to cure various diseases. This review article is focused on the effects of various natural
bioactive compounds of 26 plant extracts that show prophylactic and therapeutic properties against the disease
and so can be used in treating IPF replacing synthetic drugs and reducing the side effects.

Short conclusion: This review includes different mechanisms that cause pulmonary fibrosis along with compounds
that can induce fibrosis, drugs used for the treatment of pulmonary fibrosis, diagnosis, the biochemical tests used
for the experimental study to determine the pathogenesis of disease with a special note on Isoquinoline alkaloids
and their role in reducing various factors leading to IPF thus providing promising therapeutic approach.
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Background

Fibrosis is the surplus development of fibrous connective
tissue in an organ that interferes or inhibits the normal
function and architecture of the underlying organ or tis-
sue. Fibrosis arises from a single cell line called fibromas
which are benign tumours and are composed of fibrous
or connective tissue. Rising from mesenchymal tissue,
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they can grow at any organ or tissue [1]. The formation
of fibromas in the lungs is termed pulmonary fibrosis,
which is also known as idiopathic pulmonary fibrosis
(IPF). IPF is a disease or condition which arises spontan-
eously for which the cause is unknown. IPF is a progres-
sive, age-related, devitalizing lung disorder that is fatal
with a high mortality rate. Different disorders can arise
during the wound healing process of the damaged or
scarred lung tissue which can be characterized as fibro-
blasts differentiation, infiltration of inflammatory cells,
extracellular matrix remodelling and collagen deposition
[2]. In general, the extracellular matrix (ECM) is mainly
constituted by collagens and it gives strength to the tis-
sues. Amino acids such as glycine, proline and lysine
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enable its formation. Non-elastin and proteoglycans like
glycosamino glycans are essential to matrix resiliency.
Enzymes and glycoproteins are useful to create tissue co-
hesiveness [3]. Epithelial mesenchymal transition (EMT)
is one of the factors that thicken the lung tissue making
it difficult to work properly and as fibrosis worsens, it
will ultimately lead to shortness of breathing. Various
additional conditions co-occurring with IPF are
pulmonary hypertension, gastro-oesophageal reflux, cor-
onary artery disease, malignancy, telomeropathy, pleuro-
parenchymal fibroelastosis and hypoxaemia [4]. There is
a higher chance of getting affected with lung cancer in
IPF because of mutation in the p53 tumour suppressor
gene, which is involved in DNA repair, apoptosis and
cell proliferation and differentiation [5].

IPF treatment remains unsatisfactory due to few treat-
ment options and therapeutic measures, whereas in crit-
ical cases, lung transplantation is the only cure. There is
no specific drug to cure IPF, but the drugs currently
available are used only to reduce the symptoms by tar-
geting specific pathways that led to IPF. Hence, there is
a substantial need to discover various novel means to
treat chronic lung diseases and at the same time reduce
the side effects caused by the use of available drugs.

Medicinal plants and their compounds have been used
all over the world in natural medicines to cure various
diseases. Moreover, their usage is increasing in modern
society as an alternative remedy for synthetic chemicals.
These are also being commercialized on a large scale in
various forms as medicines, cosmetics, ointments, essen-
tial oils in therapy etc., due to their useful properties. In
addition, treating diseases with medicinal plant extracts
is cost effective and has fewer side effects. Apart from
this, the biological activity of any plant, its compounds
and their effect on health can be known through re-
search. Many plants are used across the globe in trad-
itional medicine to cure various diseases and are also
used in various therapies related to lung diseases. Exam-
ples of some plants used in treating lung diseases are
Papaver somniferum for cough, cramps; Lobella spp for
asthma; Ephedra spp. in respiratory alignments; Coffea
arabica as a stimulant etc. Likewise, various plants and
their extracted oils and compounds are used in treating
various lung diseases [6]. Hence, this review focuses on
pulmonary fibrosis and its mechanisms, chemicals that
induce fibrosis, diagnosis, the synthetic treatment and
details of natural plants and its compounds used to treat
IPF with a special note on isoquinoline alkaloids.

Pulmonary fibrosis and mechanisms involved in
its development

Pulmonary diseases are caused due to an imbalance and
dysregulation of various immune response mechanisms
in the body, and if these disturbances persist for a long

(2021) 7:156

Page 2 of 20

time, these lead to pulmonary fibrosis. The mechanisms
leading to IPF include the following

Disturbances in the regular wound healing process
Wound healing is an essential process for the repair of
the skin and the tissues underlying it after injury. The
healing process undergoes four different stages: coagula-
tion/clotting phase, migratory phase of inflammatory
cells, proliferation/activation/migration phase of fibro-
blast, remodelling and resolution phase of tissue. Each
process is regulated by different growth factors and cyto-
kines. As the focus of the review is on pulmonary fibro-
sis, the wound healing mechanism with respect to lung
fibrosis is shown in Fig. 1 [7]. Injury to lung epithelial
cells enables the release of various inflammatory media-
tors which recruit an antifibrinolytic coagulation cas-
cade. Pro-fibrotic cytokines such as tumour necrosis
factor alpha (TNF-a), interleukins (IL) IL-1f, transform-
ing growth factor beta (TGE-p), IL-6, IL-8, IL-10, IL-13,
chemokines, MCP-1(monocyte chemo attractant pro-
tein) and IP-10 (interferon-gamma-inducible protein)
are secreted by leukocytes. The activated neutrophils
and macrophages remove dead cells thereby eliminating
invading organisms. In the consequent phase, ECM, a
three-dimensional network of extracellular macromole-
cules such as collagen, glycoproteins and enzymes, is re-
leased by the fibrocytes which proliferate by
differentiating into myofibroblasts. Fibroblasts and myo-
fibroblasts resulting from epithelial cells can undergo
epithelial mesenchymal transition (EMT). The activated
myofibroblasts may promote wound repair in the re-
modelling and resolution phase; it leads to the restor-
ation of blood vessels and wound contraction which is
the regular process occurring in wound healing, but if
the same process is dysregulated at any stage in the tis-
sue repair programming process, it leads to the occur-
rence of fibrosis and lung damage stimulus persists as
shown in Fig. 1 [8-13].

Effect of pro-inflammatory and pro-fibrotic mediators

Various pro-inflammatory and pro-fibrotic mediators
play a major role in immune responses. Irritants like as-
bestos, silica, carbon tetrachloride, bleomycin and uric
acid can induce fibrosis in pulmonary epithelial cells
which can be sensed in macrophages by the NALP3
inflammasome. The mediators like reactive oxygen spe-
cies (ROS), chemokines and cytokines produced during
this process, which are responsible for inflammation, in-
crease the accumulation and initiation of leukocytes at
the sites of wound or injury as shown in Fig. 2 [14].
Cytokine IL-1f allows the initiation of neutrophil-
expressing ROS and stimulates the production of pro-
fibrotic cytokine TGE-f, which may additionally lead to
epithelial cell damage. The TGF-f initiates fibroblast
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proliferation and activation. This aims epithelial cells to-
wards the formation of ECM by myofibroblasts as shown
in Fig. 2 [15]. Hence, TGF-f worsens the inflammatory re-
action by allowing a subset of pro-inflammatory T helper
cell differentiation to Th17 cells which leads to the pro-
duction of IL-17 which upon overactivation can also lead
to an inappropriate extent of inflammation [16].

Specific subsets of macrophages and T helper cells
Macrophages are involved in all stages of the fibrotic
process, and hence, these are key regulators in the

recruitment, proliferation and activation of fibroblasts.
Macrophages are classified as M1 and M2 based on dif-
ferences in their activation, stimuli and amount of pro-
inflammatory cytokines. The compounds produced and
their function are listed in Table 1 [17]. Macrophages
promote fibrosis by producing chemokines and matrix
metalloproteinases (MMP) which degrade ECM and fa-
cilitating the enrolment of inflammatory cells at the site
of injury [18]. The macrophages release TGF-B1 and
platelet-derived growth factor (PDGF) which are pro-
fibrotic mediators and also involves in the proliferation
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Table 1 Difference between M1 and M2 macrophages
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M1 macrophages

M2 macrophages

Activation Classically activated

Th cell involved Th1 cells

Subtypes -

Stimuli IFN-y or lipopolysaccharide (LPS)
Antigen presentation Yes

Proinflammatory cytokines High levels

Autophagy Induced

Nitric oxide production Yes

Phagocytosis Increases

Function

Protect against bacteria and viruses

Alternatively activated
Th2 Cells

M2a, M2b and M2c
IL-4, IL-10 or IL-13

No

Low Levels
Decreased

No

Decreases

Wound healing and tissue repair build extracellular matrix

and activation of myofibroblasts to secrete collagen [19—
21]. Macrophages can also inhibit fibrosis by releasing
mediators that allow apoptosis of myofibroblast and take
away cell debris and drive inflammation by digesting,
engulfing ECM components and collagen by degrading
matrix metallopeptidases in cells which includes neutro-
phils and myofibroblasts [22]. Epithelial cells when in-
jured release thymic stromal lymphopoietin, IL-25 and
IL-33 which enable the progress of pro-fibrotic T helper
type 2 (Th2) responses. Th2 differentiation is promoted
by T cells which release IL-25 and IL-21 [23]. Th2 cyto-
kines also amplify fibrotic responses by initiating chemo-
kines that enable the release of fibrocytes from the bone
marrow for collagen secretion [24]. The subsequent
myofibroblasts in this mechanism release ECM compo-
nents as shown in Fig. 3 obtained from Wynn [7]. M2

macrophages which constitute Th2 cytokines further in-
hibit IL-13 production and myofibroblast differentiation
by activating arginase-1 which also activates antifibrotic
feedback mechanisms, whereas Thl cells produce inter-
feron gamma (IFN-y), show strong antifibrotic activity
by reducing the synthesis of collagen in fibroblasts and
stimulate inflammatory M1 macrophages promoting
ECM degradation [25]. The entire mechanism of action
of macrophages and T helper cells in fibrosis is shown
in Fig. 3.

Intrinsic activation changes in fibroblasts and epithelial
cells

Fibroblasts and epithelial cells promote growth factor in-
dependent pulmonary fibrosis, EMT and synthesis of
ECM components. In this mechanism, Wnt-f3-catenin
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signalling triggered by WNT1-inducible signalling path-
way protein 1 (WISP-1) is significantly active in some al-
veolar type II epithelial cells which are responsible for
the regeneration of the alveolar epithelium [26, 27]. In
cardiac fibroblasts, collagen-mediated stimulation of 1
integrin upregulates phosphatase and tensin homologue
(PTEN) activity and prevents its proliferation. The
pathological pattern of 1 integrin expression and sig-
nalling displayed by fibroblasts can lead to declined
PTEN expression and abnormal phosphoinositide 3-
kinase (PI3K) activation and extreme proliferation [28].
Pro-fibrotic mediators are also responsible for epigenetic
changes in fibroblasts leading to fibrosis development
where the promoter regions of various genes encoding
differentiation factors and autocrine growth factors can
be demethylated for controlling heritable and sustained
activation. Moreover, methylation and further inactiva-
tion of tumour suppressor genes can lead to activation
of oncogenes and promotes proliferation of fibroblasts
which are independent of growth factors. In this, miRNA
may operate alike by obstructing translation or promot-
ing the degradation of tumour suppressor genes [29].
Dysfunction of any of these mechanisms mentioned
above can lead to the formation of fibrosis. Some plant
extracts and their bioactive compounds have the capabil-
ity to overcome the fibrotic process in any stage of the
mechanism and help to prevent the formation of
fibrosis.

Particles and chemical compounds which are
fibrinogenic to lungs

Various compounds which upon interaction induce pul-
monary fibrosis are listed below. These are also used in
particular to induce pulmonary fibrosis during experi-
mental studies. The most commonly used compounds
are bleomycin and carbon tetrachloride.

Bleomycin (BLM) is a glycopeptide antibiotic com-
monly used to induce pulmonary fibrosis in rats for
experimental studies [30]. It was first isolated from
Streptomyces verticillatus [31, 32]. Crystalline silica dusts
upon pulmonary exposure in humans cause silicosis
which is characterized by the occurrence of inflamma-
tion and fibrosis in lungs, weakening of lung functions
and premature death [33]. Paraquat (N, N-dimethyl-4,
4’-bipyridinium dichloride) is a herbicide and is a potent
toxin to the lungs which will cause intra-alveolar fibrosis
in epithelial cells and damage lung architecture [34].
Amioahrone, a cardiac anti arrhythmic agent, is linked
with the development of interstitial pulmonary fibrosis
upon prolonged therapy [35]. Cyclophosphamide is an
alkylating agent used as a drug which when adminis-
trated causes interstitial lung disease, which leads to pul-
monary fibrosis and lung abrasion [36]. Periostin is a
matrix cellular protein that shows a distinctive role like
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chemokine inducer in the recruitment of macrophages
and neutrophils which play a key role in causing pul-
monary fibrosis in bleomycin-administered mice [37].
Carbon tetrachloride (CCl,;) had been used to induce
pulmonary fibrosis in rats with increased volume dens-
ities of type III and type IV collagen, and laminin [38,
39]. Carbon tetrachloride is commonly used to induce
liver fibrosis [40]. Aerosol particle polyhexamethylene
guanidine phosphate induces pulmonary inflammatory
and fibrotic response although its mechanism to induce
fibrosis was unclear [41]. Irradiation can also induce pul-
monary fibrosis [42].

Diagnosis of pulmonary fibrosis

Pulmonary fibrosis is commonly diagnosed by chest X-
ray [43], computerized tomography (CT) scan [44],
echocardiogram [45, 46], pulmonary function testing
[47, 48], pulse oximetry [49], exercise stress test [50], ar-
terial blood gas test [51], bronchoscopy [52] and surgical
biopsy [53].

Treatment for pulmonary fibrosis with synthetic
drugs

Pulmonary fibrosis was currently treated with corticoste-
roids, endothelin receptor antagonists, tyrosine kinase
inhibitors glucocorticoids, colchicine, y-interferon, anti-
oxidants, cyclophosphamides and cyclosporin A which
are listed in Table 2. These drugs, even though are
therapeutic, have high side effects. The long-term effect
and safety of the new drugs like pirfenidone and ninte-
danib remain ambiguous. Therefore, it is essential to
screen drugs with progressive therapeutic effects to treat
pulmonary fibrosis [69, 70]. IPF in patients is frequently
identified late in the course of the disease and many die
before receiving a transplant. Therefore, initial diagnosis
is necessary for evaluation and transplantation.

Techniques and procedures used in experimental
studies to determine the extent and cure for
fibrosis
Before concluding on the activities of any drug which is
synthetic or natural in origin, experimental studies are
necessary and a must. The various techniques used in
experimental studies on pulmonary fibrosis are:
Microscopy techniques are used to count differential
alveolar cells by using the May-Grunwald-Giemsa stain.
Differential cell count from broncho alveolar lavage fluid
provides information regarding the total cell count and
percentage of lymphocytes, neutrophils, eosinophils and
macrophages. Biochemical analyses of proteins, hydroxy-
proline are needed to be assessed in order to measure
the amount of collagen deposited in the lung tissue.
Myeloperoxidase and malondialdehyde levels need to be
measured. Transcription of fibrotic genes is done by
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Table 2 Drug designed to treat idiopathic pulmonary fibrosis

S. no. Type/effect Drug used Reference
1 Corticosteroids Cochrane [54]

2 Immunomodulator agent Azathioprine [55]

3 Cytokine inhibitor Etanercept [56]

4 Cytokine Interferon-y [57]

5 Phosphodiesterase inhibitor Sildenafil [58]

6 Endothelin receptor antagonist Bosentan, macitentan and ambrisentan [59-61]

7 Anti-oxidant N-Acetylcysteine [62]

8 Anticoagulant Warfarin or heparin [63]

9 Tyrosine kinase inhibitor Imatinib [64]

10 Tyrosine kinase inhibitor Nintedanib [65]

11 anti-inflammatory, anti-oxidant and anti-fibrotic Pirfenidone [66]

12 Immunosuppressant Cyclosporine A [67]

13 Immunosuppressant Tacrolimus [68]

isolating RNA and reverse transcribed using RT PCR
with primers against TGF-B1 which is responsible for in-
ducing extreme production and deposition of collagen,
procollagen I«, tissue inhibitor of metalloproteinase
(TIMP-1) and matrix metallopeptidase 9 (MMP-9).
These are gelatinases, matrix metalloproteinases and tis-
sue inhibitors of metalloproteinases. Antioxidant assays
are carried out to determine the levels of catalase, super-
oxide dismutase, peroxidase, nitric oxide, glutathione re-
ductase,  glutathione  peroxidase,  glutathione-S-
transferase, y-glutamyl transpeptidase and quinone re-
ductase. Along with cell viability, IL-6, TNF-a, MCP-1
and endothelin-1 levels need to be determined.

Role of plants and their bioactive compounds that
can be used to treat pulmonary fibrosis

The name of the plant, its active compound and the ex-
perimental model that is used in treating pulmonary fi-
brosis are listed in Table 3. The mode of activity of
plants and their bioactive compounds are illustrated in
Fig. 4.

Nelumbo nucifera

Neferine, which is a bisbenzylisoquinline alkaloid, is
extracted from the embryo seed of the plant Nelumbo
nucifera gaertn and it attenuates bleomycin-induced
pulmonary fibrosis. Neferine was found to be more
effective in reversing the bleomycin-triggered activities
such as reduction of superoxide dismutase (SOD) in
the lungs, rise in myeloperoxidase (MPO) and malon-
dialdehyde (MDA) levels. Neferine additionally re-
lieved the bleomycin-induced rise of pro-inflammatory
cytokines like endothelin-1, TNF-a and IL-6 in tissue
or plasma. Neferine also obstructed the bleomycin-
induced rise of TGF-B1 and nuclear factor kappa-

light-chain-enhancer of activated B cells (NF-kB) in
total protein extracts and nuclear extracts respectively
[71].

Arenaria kansuensis

The PB-carboline alkaloids present in ethylacetate ex-
tract of Arenaria kansuensis showed an antifibrogenic
effect by suppressing inflammatory cytokines TNEF-q,
IL-1B, MCP-1 and IL-6. The p-carboline alkaloids of
this plant inhibited the initial inflammation by inhibit-
ing NF-kB/p65 pathway and backing the process of
EMT. The expression of indicators vimentin, alpha-
smooth muscle actin (a-SMA) and E-cadherin of
EMT was considerably amended after the administra-
tion of different P-carboline alkaloids [72, 73]. The
expression of TGF-B1, a-SMA, E-cadherin and colla-
gen deposition was significantly raised after the ad-
ministration of this plant extract. All the twelve
alkaloids isolated from this plant, monoacetylarenarine
B, 3-hydroxymethyl-p-carboline, arenarine A, glusodi-
chotomine AK, cordysinin C, arenarine D, 7-methoxy-
1-ox0-1,2,3,4-tetrahydro-B-carboline, 3-hydroxy-p-car-
boline, P-carbolinel-carboxylic acid, cordysinin E,
1,2,3,4-tetrahydro-1,3,4-trioxo-p-carboline and arenar-
ine B, are together used to treat IPF and found to re-
duce fibrotic activities [73].

Mahonia aquifolium

The bark of Mahonia aquifolium contains a lot of iso-
quinoline alkaloids like berberine, berbamine, palmatine,
magnoflorine and jatrorrhizine [74, 75]. The action of
isoquinoline alkaloids and their action on various factors
leading to pulmonary fibrosis are dealt with later in this
article.



Page 7 of 20

156

(2021) 7

Dudala et al. Future Journal of Pharmaceutical Sciences

uolssaldxa ged pue
| Ulpaq paseanul

uolissaldxa
UUSWIA Pasealoul

1yblom Apog  usbejjod ‘uoissaidxe UM SISe|qo.ql n DIj0JISNIGO DIUDYIM
[28-08] By Jod Bul 7z URUSWIA pPasealda JO SSOUIAISEAU] G70°0) UPAwoalg  Ajjesuoiuadeny) DIN SoARY] V ULIRJeUIA 2U01DB| [BPIOIANS 'SU8IS2I0QID SNISILDY 9
AjoAndadsal 1ybram
Apog By/6w 051
palenusie paseasnul yb1om
pioe oibej2 ale uononpoud uopdnpoud Apoq/by/N 01
40 1yblem ON "HSS'OdW ON 'HSD'Od  apiuweydsoydopAd
[6/] Apog By/bw G| aujjoid AxoIpAH auljoid AxoIpAH pue upAwos|g S1el JeISIAN
uonisodsp uole|yul
‘12e11X9 uabe|[od padnpal |92 Alojewuleyul siel
a1euesbawod pue uoljely|yul paseaIdul PIMOYS Aaimeq
JO asop |92 Alo1ewwepul 1ey1 Abojoasiy [ -anbeids 10eIIXD
[8/] B/6W 00t paonpay bun| Aq passassy /NI G/ UDAWO3|g  abenen duisen EIEN pa9s pioe di6e|3 auole|d wnibupib poUNd S
Kepaybram
Apoq 6/6w
0S pue Aep sasealdul A-4N| 59502109p A-4N| (aybram ERIIN}
/1ybram Apog $9583109p S95eaIDU| Apogq by/6wW g jJo oulge 10RIIX (9293)
[£2] 6%/ bw 57 O-4NL ‘0L-TI O-4NL ‘0L-11 1 0G) uPAwoalg obeneb |ein SSIMS 31 ye|g 21e||eb-¢-uyoaledo|ebidsy uiyoa1ed ea| SISUaUIS DifjawDD) ¥
paseasdap
paseasdul ale 3D e 3Dy
'V SUIWRIA HSD XdD  SUIWRIA 'HSD XdD
"1¥D ‘dOs ‘paseaid 1¥D ‘QOsS ‘paseald auiziyuoiel
-9p 24 DANL ‘@H-4N  -Ul 4B D NI ‘44N S1el IRISIMN pue aupoyoubew ‘sunewled splojex|e
(9/-v/] Aep/BY/BW 007 '1949L VAW 'OdW  ‘LE4OL VAW ‘OdW upAwoalg  jeauciuadenyl SleW  HEq WIS Sulwiequaq ‘Buiaqiag aufjounbos|  wnjjonbp buoypyy €
3 UluISApIod
‘g SuLieUSJE ‘DUl | OQUeI-g-0XOUL
-'¢'1-0IpAYeNR-H'E'T' | ‘pIoe
ol|Axoqued- | -auljogued-¢ ‘g aul
-JeuaJe ‘au1j0qled-g-AxoIpAY-¢
DU ‘dulj0qled-g-0IpAyenal-'e'c |
paseaidsp sabeyd Burwuny -0X0- | -AX0Y1aW-/ D UlUISApIOD
-0JoeW ‘paseanul s1es  gL-7| puelg-491 © Slewsy 'y SULIEUSJE 'SUILIOIOYDIPOS
950p BY  [PAIAINS ‘paseansp gL -4NL ‘sebeydoioew (6 pue ajew 1enxe  -N|6 ‘suljogued-g-|ALRwAxoIpAY splojeyje
[e/'z/]  /Bw0SL-00L -1 pue [g-491 o-4NL Ul aseadul /N §7) UpAwoalg  abeneb dlisen 1npy apniD -€ 'g 2UllBUSIR|A19DB0UON auljogued-g SISUaNSUDY bLUDUALY 7
paseasnul
pasealdsp 2l D-4NL ‘g
218 D-INL 'P-IN  -IN'LFIOLYAWOIW
'L949L 'VAW ‘OdN  ‘(uir0d /N 080C
‘uoud bwi/n v /e F 8C'S8 pue 68¢lL
+¢9¢0l —-aos +8l's/ —Ad0s
ut104d Bw 0oL u0id bw 001
/6d 1681 F86€zl  /Bd 0667 F L6781
— ‘L-ul]dylopuz — ‘L-utjsyropug
pun| bun|
/By F8010c /B ZE0Y F 12 69T
pue bun|/brl sg6¢ buny/br /1726
By/bw  F L0€E61 — SJUSUOD  F //'SGT — :JUSIU0D (6 201w okiqui
(1] 0¢ 2ind %86 aujjoadAxoipAH auljoadAxoipAH /Bw 07) UPAWOS|g |eayoeneny]  buiwuny| pa3s QUIRJAN  duluinbosiAzuagsig DIYIPNW 0qQUINjaN |
(punodwod
punodwod Apms /weld) pasn
BA110e01(]/10B11Xd dnoib 10y 4d| 9>npui 0} ybnoayy wsjuebio wouy adfy ‘ou
9dUI9jeY  9sop aAndaY3  1ueld jo uonedyddy  padsys ul sjpAs  pasn punodwod uoiasu| [9PON  paideanx3 punodwod jo swey  juaipalbul sAndY sweujueld S

s1s04qly Areuoud|nd 104 Jusuodulod SAIIDLOIG JIBY) pue Slue|d € ajqel



Page 8 of 20

156

(2021) 7

Dudala et al. Future Journal of Pharmaceutical Sciences

ON pue spixo
aujjoidAxolpAy -1adns pue ‘ases) ®o0l/Nn SEINENYY 10RIIXD
[06] By/6w 00€ padnpay  -a1 D-4NL S95ea.dul G/°0) UPAWO3|g [elo Bl apniD uiwn2Ind jouaydAjod pbuoj bwniny 4|
uyayped
-3 'dWW Ul sl UUSWIA
pue yINS 0 ‘UnusWIA YING D ‘uoisod
‘uonisodap uabe|  -ap uabe||0d ‘D-4NL saul|
-[02 "O-4NL p-1I ‘|leus =11 '11euS "gH-dN (ybrem Apoq 63 193 675V 10eAx9 QUOE|
[68] Bx/6w 05 ‘@H-4N ‘L g-4DL 1qiyy] '1g-49) saseadul /B ) upPAWoa|g olsebeny| DOIN apniD Spllousyued suadiaunbsas  wniuayupd wnjaopup] €|
pasealdul ale S|aAd|
doS pue pasnpal ale pasealou|
S|9A3] OdIN ‘passaidns s aujjoidAxolpAy pioe dijInpa
1ybrem Apog S| uonisodsp ‘OdW pue (N 500 40 01w pue apIsodn|b-O-¢-unedienb
[88] By/6w 00l aul|oIdAX0IpAH paseanap s1 oS T 0g) upAwoalg [eI0  19/14/5D [93d 'apIsodN|B-O-¢-uIpiueAD SplouoAe|4 sinpa piojjissod - L
S||92 Ul pasealdul S|
1USIUOD pIde A1ej sy} aos
SI9H "Pasies e S|aAY)| ‘LD Ul dseaisp
1¥D'd0S /80 + 61 Pue 850 + €€ 2103S
1ybBrom 2105 Alojewwejju| Kiorewiweul ‘60 1ybram Apoq B S1el JeISIAN
[£8]  Apog By/qw ¢ SOl + 0€ SIs0Iqld  + £'€ 1035 sisouqly /Bl g upAwoalg obenen) B HeEEN 9 ebawo pue ¢ ebawQ spioe A1e4 wnuwisspoysn wnury |
€C0 +
162 (,_6 Buw) 21035
_ 600 s1s0iqd 119-491
+ 9% (,_b bw) 21005 ‘opixosad usboipAy
s1s0iq14 ‘1 g-4D1 VAW 'YaW Ul asealdul (ybrom
Wbrem ‘d0S ‘a0d ‘LD Jo pue oS ‘d0d Apogq Byy/bul ey Je1sim
[98] Apoq ‘By/BE  S|9A3] 9y dzI|ewoN ‘1D paseanag 4o ros) upAwoa|g A|le10 Sl eEEN pioe dpiuwied pue dBjoUlT  SpIde A1ey [BlUSSST SN2sUal PDISI 0L
890 +.¢8'1 _
SIS0IqY 'S0 + 'L LC0 +. 881
2102s Alojewwepul sisoiql ‘680 + 8'€ (& S1el JeISIAN S|l0 dllewolse
[Z11 s8] Kep/By/wi | ‘uononpal g-4o) 21035 Alojewdudeyd]  /Bul 7) UIDAWOI|g abeneb |10 EIE HeEELY QUOUINDOWAY]  ‘SUlWRHA ‘SDWAZU] DADS DRBIN 6
2102S
11011} JIOMO| PIMOYS YAW pasealdul (& uopdaful - siel Jelsip pioe
8] By/BW G/ PUuP S|9AJ| PAZIPWION  PUB [SD ‘1D Jamo]  /Bult) upAwoalg  |esuoiadenul EIE S9NBT DISOUJeD PUB PIJB DIULBWISOY — SUSCULUP DIjoUsyd  S|DURLJO SNULDWSOY 8
uigo|bowaeH
‘sjpydonnau
'$91400%N3|
1S9 *dD "HSD 'd0d
L¥D Ul aseaidad
‘Ap1xo1 bunelsolpue 's91A00U0W
Ag [ewou ‘s91£00ydwA|
01 S|9A3| 3saY} ‘s|iydouisoa Aajmeq
1ybrem Apog  |je buibulq Aq 10949 ‘ON ‘apixosad -anbeids punodwod
(8] By/6w 00t aA1199104d Pamoys uaboIpAy Ul 3siy (%0€) "1DD Alleio Sy syeg unnJ ‘pe Jljlen  PIOUOAR| DI|OUYd SISUaUIYD DPDISIY  /
(punodwod
punodwod Apms /weld) pasn
BA110e01(]/10B11Xd dnoib 10y 4d| 9>npui 0} ybnoayy wsjuebio wouy adfy ‘ou
2DUIRPY 9sop dANSY3 ueld jo uonediddy  pedeyd ul sjPAd]  pasn punodwod uoluasu| |9PON  pa1denx3 punodwod jo aweN  juaipaibul dAIDY sweujueld S

(panunuod) sisoiqly Aleuownd 104 JusUOdWOD SAIIDROIG JIBY3 PUe Siue|d € djgel



Page 9 of 20

156

(2021) 7

Dudala et al. Future Journal of Pharmaceutical Sciences

ybram

paseaidap
sl ybem Apog ‘1vD

Apoq ‘1 yD ul 95l yum SeaIsyM pasead SpIoe 9|1ejon
paonpai st yblem  -ul ase 1yblam bun) ‘sapleyddesA|jod
bun| yaw ‘aujjoid  ‘yagw ‘aurjoidAxolp (@] S1el JRISIAN jued unni pue apisosadAy 'SploUOAe|y
[eol] 63/6 | -Ax0IpAY "0-4NL ‘A-NAI -AY 0-4NL ‘A-N4l /Bl G1) upAwoslg A|je10 EIEN] SJOYM ‘unIsnb ‘uned1snD 'SpIoe oulwy DIDPIOD DIUANIINOK €T
D-4NL siel
pue |-dNIL pa2Np  B-4NL puUe |-dAIL Ul (63 Asimeq
[101 '00l]  Aep/DBy/Bwi 7€ -2 pue 6-dWIN Ul 3SIY  3SI PUB 6-dNN MOT /Bl ) UpAWOoa|g Aelo  -enbeids diediad unnJ ‘unniueu ‘uipuadsay SplOUOAR|H a1pjnoNai SNy - 7T
sisoiqy
Kreuow|nd pue
1IN3 Y1 WBYMISAO
2ouanbas 01 uonejsues EOX04 NELEIRVE o))
4ONVA pausniRIUl-1 4NV £0X04 Ul a5l Aq
Huibexoed sassaiddns winy - uoissaiddns paonpul
pa1eosse Ul YoIym uolssaidxe -sisuauIs bojjRbuy s1el
-SnJIAouUIpe YONVYQ 3y 9npal sajeIpaw YONYJ (®] Kaymeq
[66]  yum By/Bw 07 sisuau|s boyabuy paseadul |g-4D]  /Bw G) upDAwWoalg  Ajeduisebenu)  -anbeids 100y sapleyddesAlodolaiay sapleyddesA|od sisuaujs boypbuy |7
|BWIOU 0) P3SIaA3]
SeMm uolle|yul
sapeydooew
0aAe pardnisip siel ojew
DY S]ond] 1D XdD 'HSD  1SD *XdD 'HSD ‘A0d Aspmeq o][efoiAd ‘|osejdwaey splouene|4
[86'/6]  /Bw 00F 00T ‘A0d ‘LyD uresly ‘LD JO uonaNpay (% 0€) "1DD Ao -enbeids Jen ‘pIoe D194ed ‘unni ‘pioe dijjen ‘soljouaydAjod L2UqUIS SNYIUDJIAYS 0T
1g-4o1 101 OUIqe
0-4NL pa3npas pue 1g-491 0-4NL (6 IRISIAN 100/ auiziyuoiel pue suuopoubew splojeye
[96 ‘9/] B%/6W 007 SON! ‘g¥-4N PauqgIyu]  ‘SONI ‘@¥-4N Ul asly /N §'7) upAwoalg  Ajjesuoiuadeny Sl Wals Jes ‘aunewed ‘suiaguag aujjouinbos| DIjojIpi03 piodsoul| 61
sisoiqly pue
SISOIQ)) puUe BUWSPS ewsps Areuownd siel
4O 92U21ND20 ON Jo AUIgISIA Aaimeq
WbIM Apog  SIPA3] 1SD XdD ‘HSD  “1SD XdD ‘HSD ‘A0d -onbeids 10B4IX9 UISIIaMS SPIOUOAR]}
[Z11'S6) By/6w 00z ‘d0d ‘LyD urasy  ‘1yD Jo uononpay (%02) "DD  Ajjediasebenul Slewa4 apniD PUB UIX8)AOS] ‘UNUSLOOS| [A502A16-D DIDINOIUIOD SIIDXO 8L
VAW ‘-1 '0-4NL  "HSD '1SD Jo uondnp
‘OdW paanpai pue -9l pue yaw o1l (63 EaIlY
[v6 ‘c6] B4/6w 00l HSD '1SD paanpul  O-4NL ‘OdW Ul sl /N S'L) upAwoalg  Ajlesuciuadenu 5/47ve SHNi4 uewA|is ueubijouone|4 wnupLpwW wngAs /1
1D
‘DOm ul osealdul pue 1vD
VAW JO uondnpal ‘A0S Ul asea1dsp
AQ pazijewou yum uabeyjod (6% Syl JRISIM SpIoe dIsouled pue spunodwod
[z6] By/6w 05| SI9M S|9A3| Y| VAW Ul 3s1y /Bw ) upAwoaslg  |esuoiuadenu| EIEIN] S9ABST  DlULeWSOl DIbe||2 DIjjeb dljjiuep Jljousyd SipUPO DINDS 9|
siel
padnpal SOy Kaimeq opoignue
2le SOY pue usb pue uabejjod '1g (6 -anbeids 10RIIXD pue a}|0geIRWIIUR
[16] B3/6 6L 20D ‘| g-4DL ‘I-dWIL  -4DL ‘L-dIL Ul 3ty /Bw §7) upAwoalg ousebenu| EIE apniD uidadApiod 9pISO3|PNU ulNg sisuauls sdasApiod S|
uononpoud
(punodwod
punodwod Apms /weld) pasn
BA110e01(]/10B11Xd dnoib 10y 4d| 9>npui 0} ybnoayy wsjuebio wouy adfy ‘ou
2DUIRPY 9sop dANSY3 ueld jo uonediddy  pedeyd ul sjPAd]  pasn punodwod uoluasu| |9PON  pa1denx3 punodwod jo aweN  juaipaibul dAIDY sweujueld S

(panunuod) sisoiqly Aleuownd 104 JusUOdWOD SAIIDROIG JIBY3 PUe Siue|d € djgel



Page 10 of 20

(2021) 7:156

Dudala et al. Future Journal of Pharmaceutical Sciences

obeuwlep aAepIXO

pue Od ‘41vg
ul 914500n3| pasnpal

‘OdW

(B%/6W o) pue suolyiein|b ‘sbewep aAnep (6 ujuodes
[SOL]  apisossedapely pue gOS paseanu|  -IXo ‘Lg-4ol urasly /Bl G) upAwoalg Alleio DN FENEY 9PISOSSEIAPRIN prouadiaiu DONDISD DJjpIU) 97
siel pioe
(@] Aajmeq 1j0sIn ‘pide diydedsna ‘pioe
/Bw 0sY) spioe |g-4o] pue 1g-491 (6 -anbeids o1unfie ‘pide dijouesjoAxoipAy
o1l auadiall  D-4NL JO uondnpay pue D-4NJ Ul asly  /Buw G) upAwoalg  Ajjeduisebenuyl EIE S9ARD -e ‘pIoe dijoues|o spioe auadian| pouodof pAoqoug St
‘4910 ‘aul|
Kep/by/bwi uononpoid  -01dAxoIpAY YINS-D ERI[IY
09 ¥ MOJj9A uabejjod paonp - ‘1g-49] ‘uonisodap (®x 9/19£5D Jued
[c0l]  JopyesAxoipAH -ul g-491 paugiyul  uabejjod paseanu] /B Gp) UPAWOIlg  A|lesuoiuadenu EIE 30U Y MOJ|2A IO} JesAXOIPAH PIOUOAB|4 T SNLOIDUIL SNLUDYUDD T
(punodwod
punodwod Apms /weld) pasn
BA110e01(]/10B11Xd dnoib 10y 4d| 9>npui 0} ybnoayy wsjuebio wouy adfy ‘ou
8>uUdIay9Y 9s0p aADaY3 jueld jo uonedyddy  padays ul sPART  pasn punodwo) uoasu| |SPON  papeiX] punodwod jo sawen  jualpaibul dAROY sweujueld S

(panunuod) sisoiqly Aleuownd 104 JusUOdWOD SAIIDROIG JIBY3 PUe Siue|d € djgel



Dudala et al. Future Journal of Pharmaceutical Sciences

INDUCED WITH FIBROSIS

o2 35‘3% T %‘a

PULMONARY
MODEL ORGANISM
35

FIBROSIS
o

PLANTS AND ITS BIOACTIVE COMPOUNDS

Fig. 4 Effect of plants and bioactive compounds in treating IPF

Camellia sinensis

The decreased a-SMA expression in bleomycin-induced
mice and downregulated TGF-f expression and upregu-
lated expression of IFN-y in experimental pulmonary fi-
brosis showed that black tea extract (Camellia sinensis)
can be effective for treating pulmonary fibrosis [77].
Epigallocatechin-3-gallate (EGCG), a bioactive com-
pound isolated from green tea extract, prevents pulmon-
ary fibrosis induced by irradiation and provides a strong,
persistent antioxidant capacity by preventing the synthe-
sis and emission of ROS/RNS free radicals which is re-
sponsible for oxidative damage in parenchymal cells; the
anti-inflammatory capacity is enhanced by suppressing
the expression of key inflammatory cytokines TNF-a,
TGEF-B1, IL-6 and IL-10, and the anti-proliferative activ-
ity is also enhanced to protect against irradiation-
induced pulmonary fibrosis in rats. EGCG inhibits myo-
fibroblast proliferation and (AE2) anion exchange pro-
tein 2-cell dysplasia by suppressing TGF-p1 [106].
Epigallocatechin-3-gallate is a tea catechin [107, 108].
EGCG binds directly to the proinflammatory chemo-
kines CXCL9, CXCL10 and CXCL11 and intensely in-
hibits their chemotactic capabilities. EGCG also reduced
Thl cell and other inflammatory cell recruitment and
inflammatory response in airways and lung tissues [109].

Nuts and fruits

Ellagic acid is the dilactone of hexahydroxydiphenic acid
present in many nuts and fruits such as black rasp-
berries, pomegranates, strawberries, raspberries, almonds
and walnuts attenuates cyclophosphamide and
bleomycin-induced pulmonary toxicity. Ellagic acid a
polyphenolic compound when given orally showed a sig-
nificant decrease in hydroxyproline, lipid peroxidation,
nitric oxide production, protein carbonyl level, myelo-
peroxidase activity and increase in glutathione levels and
antioxidant levels [78].
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Punica granatum

The Punica granatum (pomegranate) seed extract has
been shown to prevent pulmonary fibrosis induced by
bleomycin in rats. Low inflammatory cell infiltration and
reduced collagen deposition have been observed when
compared with that of bleomycin-induced rats. Overall,
the study showed the antioxidant effects of the pom-
egranate seed extract in a dose-dependent manner and
was also found to have the best antioxidant effect when
given in high dosages [79].

Pistacia chinensis

Pistacia chinensis bark (PCEB) is used as a potent ameli-
orator for carbon tetrachloride (CCly)-induced lung tox-
icity and found to possess antioxidant activity by free
radical-quenching components. The major constituents
of the plant are the phenolic compound gallic acid and
the flavonoid compound rutin. The other compounds
detected by thin-layer chromatography are ascorbic acid,
catechin, kaempferol and tannin. Toxicity of CCl, was
ameliorated with PCEB treatment which significantly
inhibited the increase of hydrogen peroxide, thiobarbitu-
ric acid-reactive substances, nitrite and protein content.
The activity levels of various antioxidant enzymes like
superoxide dismutase, peroxidase, catalase, glutathione
peroxidase, glutathione-S-transferase, y-glutamyl trans-
peptidase, glutathione reductase and quinone reductase
are restored in both thyroid and lung tissues in rats
treated with CCl,. It also increased the total leukocyte
count and neutrophil and haemoglobin levels. In
addition, it decreased the number of lymphocytes,
monocytes and eosinophils. These actions are reliant on
dosage. All the results presented show that this plant
can be used in the treatment of pulmonary fibrosis [83].

Rosmarinus officinalis L.

Rosmarinus officinalis L. (Lamiaceae) leaves extract
which contains a high amount of carnosic acid has a
protective effect against bleomycin-induced oxidative
stress and lung fibrosis. The effect of these leaf extracts
includes restored catalytic activity of the lung treated
with bleomycin. It has antioxidant activity. Lipid peroxi-
dation was assessed by malondialdehyde which is
produced due to oxidative breakdown of lipids. Polyun-
saturated fatty acids were deduced when compared with
that of the bleomycin group. Glutathione-S-transferase
which is essential for stimulation of antioxidant en-
zymes, ROS detoxification and thiol group levels in the
lungs were significantly increased by rosemary extract,
whereas in the bleomycin group, they are decreased giv-
ing us hope for using this plant for treating pulmonary
fibrosis [84].
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Nigella sativa

Nigella sativa (black cumin), which is used as a trad-
itional Tunisian herbal medicine, in which oil extracted
from seeds denoted by NSO, attenuates bleomycin-
induced pulmonary fibrosis. Immunohistochemical
studies determined that this extract reduced the concen-
tration of TGF-p in lung fibrocytes suggesting NSO can
be used as an effective anti-inflammatory and anti-
fibrotic agent. Carnosine present in this extract has been
shown to reduce lipoxidation products and inhibit pro-
tein crosslinking. High levels of histidine during the
NSO treatment could lead to the synthesis of carnosine,
which promotes glycation of proteins and oxidative
damage by its anti-inflammatory and antioxidant proper-
ties. Histological analysis determined that NSO-treated
ones showed a rise in choline which was accompanied
by extracellular matrix formation and structural disrup-
tion of the cell membrane in the alveoli [85].

Pistacia lentiscus

Pistacia lentiscus oil containing linoleic and palmitic
acid as major constituents showed a protective effect
against bleomycin-induced lung fibrosis by reversing all
bleomycin-induced oxidative stress parameters like
TGEF-B, lipid peroxidation, superoxide dismutase and
catalase disturbances by its antioxidant properties. The
polyunsaturated fatty acids present in the extract acts as
a major compound for exhibiting rich antioxidant prop-
erties [86].

Linum usitatissimum L.

The Linum usitatissimum L. herb is also known as flax-
seed or linseed. Bleomycin administration followed by
flaxseed oil treatment decreased the bleomycin-induced
increased level of glucose, proline and glyceride rates in
bronchoalveolar lavage fluid (BALF). The histological re-
sults showed a decline in inflammatory index and fibro-
sis score. This seed oil which constitutes linoleic,
arachidonic, dihomo-y-linoleic and docosapentaenoic
acids significantly decreased the levels of thiobarbitunic
acid reactive substance in the rat lungs and raised levels
of superoxide dismutase, catalase and fatty acids stimu-
lating anti-inflammatory reactions in erythrocytes which
showed that treatment with this oil significantly attenu-
ated pulmonary damage induced by bleomycin [87].

Passiflora edulis

Passiflora edulis a purple passion fruit contains three
major components quercetin-3-O-glucoside, cyanidin-3-
O-glucoside and edulilic acid. Peel extract of this passion
fruit attenuates bleomycin-induced pulmonary fibrosis.
It has anti-inflammatory activity as indicated by a de-
crease in neutrophil accumulation and MPO activity in
BALF and lung tissue respectively. Pre-treatment with
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this plant extract significantly restored bleomycin-
induced reduction of superoxide dismutase activity and
myeloperoxidase and increased hydroxyproline and col-
lagen formation to normal showing its curative effects in
treating pulmonary fibrosis [88].

Tanacetum parthenium

Parthenolide is a sesquiterpene lactone that can be ex-
tracted from feverfew (Tanacetum parthenium) shoots.
Parthenolide via the NF-«kB/Snail signalling pathway had
been shown to attenuate bleomycin-induced pulmonary
fibrosis. Parthenolide in a dose-dependent manner
abridged the viability of lung fibroblasts. Wound healing
assay determined its influence on the cellular migration
of lung fibroblasts. Parthenolide-treated cells exhibited a
delay in wound closure and inhibits the expression of
transcription factors. Reduced inspiratory and expiratory
resistance with a rise in dynamic compliance compared
to mice treated with bleomycin suggested that partheno-
lide attenuates bleomycin-induced pulmonary fibrosis.
The inflammatory cytokines like TNF-a, TGF-f and IL-
4 decreased significantly in mice treated with partheno-
lide in a dose-dependent manner compared to untreated
mice which showed that parthenolide inhibits the in-
flammatory responses which lead to pulmonary fibrosis.
The parthenolide-treated groups exhibited a substantial
reduction in collagen deposition. Parthenolide increased
matrix metalloproteinase MMP1 [110] levels and de-
creased Col-1 collagenase [89]. Parthenolide inhibits IkB
kinase which is an enzyme complex that is involved in
proliferating the cellular response to inflammation;
NEkB activation presents a vital part in regulating the
immune response during infection in cystic fibrosis cells
and mice [111].

Curcuma longa

Curcumin (diferuloylmethane), a polyphenol, is the
major active component of turmeric which is a rhizoma-
tous herbaceous perennial plant Curcuma longa that has
antioxidant, anti-cancer, anti-inflammatory properties
[112, 113]. Curcumin has the ability to suppress
pulmonary fibrosis induced by bleomycin. Bleomycin
causes a significant rise in total cell numbers, protein,
angiotensin-converting enzyme and alkaline phosphatase
activities in BALF and also increases TNF-a release by
alveolar macrophages. Bleomycin also showed an in-
crease in superoxide and nitric oxide in a cell culture
medium and an increase in the lung hydroxyproline
content. All the above-mentioned effects of bleomycin
were reduced by curcumin [90]. Moreover, it stops
proliferation of lung fibroblasts, myofibroblast differ-
entiation and collagen secretion by IPF fibroblasts.
Hence, these studies affirm that curcumin can be
used in IPF treatment [114].



Dudala et al. Future Journal of Pharmaceutical Sciences

Cordyceps sinensis

Cordyceps sinensis is a fungal species used in Chinese
medicine. It reduces TGF-B1-dependent EMT by the
presence of a soluble polysaccharide component in its
crude extract [115]. Cordycepin (3'-deoxyadenosin),
which is present in Cordyceps sinensis extract, is an ad-
enosine analogue and the active ingredient, responsible
for the reverse back mechanism of EMT [91, 116].

Salvia officinalis

Salvia officinalis is a well-reputed medicinal plant that
consists of good amounts of phenolic compounds. Leaf
extract of this plant was found to attenuate bleomycin-
induced pulmonary fibrosis and oxidative stress in rats.
The reduced catalase activity in bleomycin-induced rats
was restored when compared with that of the control
group with this treatment and also reported that it
showed an effect on superoxide dismutase, lipid peroxi-
dation, oxidative stress and fibrotic score which was de-
creased when given in specific content [92].

Silybum marianum L.

Silymarin extracted from Silybum marianum L., com-
monly known as milk thistle belongs to the family Aster-
aceae, alleviates bleomycin-induced lipid peroxidation
and pulmonary toxicity. Silymarin induction to
bleomycin-administered mice resulted in a significant re-
duction in thiobarbituric acid reacting substances, IL-6,
TNEF-a, myeloperoxidase activity. This treatment leads
to a substantial rise in catalase and pulmonary glutathi-
one, all favouring in reducing the impact of pulmonary
fibrosis [93].

Oxalis corniculata

Oxalis corniculata, also known as creeping wood be-
longs to the family Oxalidaceae. It is used in the ameli-
oration of CCl, induced pulmonary toxicity, and so, it
can also be used to treat pulmonary fibrosis. This extract
dose dependently prevented the alterations caused by
carbon tetrachloride like thickening of alveolar walls,
rupturing of the lung alveolar septa and causing damage
to cells with the subsequent collapse of blood vessels
due to the build up of degenerated blood cells [117]. It
is a rich source of C-glycosyl flavones which are isovi-
texin, swertisin and isoorientin [95].

Phyllanthus emblica

Phyllanthus emblica leaf extract, due to the presence of
polyphenolics and other active components, may have
an important role in repairing the damaged lungs insti-
gated with CCly that induced production of free radicals
and toxicity in the lungs in rats. The polyphenolic con-
stituents present in methanolic leaf extract are gallic
acid, kaempferol, caffeic acid and rutin. It constitutes
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pyrogallol as an antiproliferative compound [97]. Metha-
nolic extract of the plant (dried) solid extract which con-
stitutes total flavonoid and phenolic content is tested for
its antioxidant potential by 1-diphenyl-2-picryl-hydrazyl
(DPPH) radical scavenging activity, nitric oxide scaven-
ging assay and lipid peroxidation assay. Sprague-Dawley
male rats were taken to test the effect of plant extract on
pulmonary fibrosis and stated that this has a significant
role in repairing pulmonary fibrosis [98].

Angelica sinensis

Angelica Sinensis root extract which constitutes polysac-
charides when given intragastrically to Sprague-Dawley
rats that were previously treated with bleomycin to in-
duce pulmonary fibrosis showed suppressed fibrogenesis
and EMT [99].

Citrus reticulate

Citrus reticulate alkaline extract of pericarp given orally
to bleomycin-induced Sprague-Dawley male rats had
shown a preventive effect against pulmonary fibrosis by
upregulation of MMP-9 expression and inhibition of the
expressions of TNF-a and TIMP-1. Human embryonic
lung fibroblasts are used for evaluating the inhibitory ef-
fect in vitro [100]. Flavanone glycosides namely hesperi-
din, narirutin and rutin are present in relatively large
amounts in peel and rutin has antioxidant capabilities
[101].

Houttuynia cordata

Houttuynia cordata, a herbaceous perennial plant, ex-
hibits antiviral, anti-inflammatory, immunologic, anti-
bacterial, antimutagenic, anticancer and antioxidative
pharmaceutical activities. Various bioactive compounds
present include thirteen amino acids of which six are es-
sential amino acids, flavonoids, volatile oils and water-
soluble polysaccharides [118]. The aqueous extract of
this plant taken orally can have a protective effect on
bleomycin-induced pulmonary fibrosis. IFN-y and TNE-
a which are increased in bleomycin-induced models
were significantly suppressed after treatment with this
plant extract [102].

Carthamus tinctorius L.

Carthamus tinctorius L. is a bushy herbaceous annual or
winter annual widely known as safflower or false saffron
is used as a traditional medicine for various health con-
ditions [119]. Hydroxysafflor yellow A (HSYA) is an ac-
tive component extracted from aqueous extract of this
plant. In mice, it had been known to attenuate
bleomycin-induced pulmonary fibrosis. HSYA reduced
the lung consolidation area, collagen deposition, TGF-
B1, a-SMA and collagen I mRNA levels. It repressed the
increase of Smad3 phosphorylation, expression of a-
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SMA and expression of collagen I mRNA brought by
TGE-P1 that facilitate EMT [103].

Eriobotrya japonica

Eriobotrya japonica, a loquat, is a large evergreen shrub
which contains triterpene acids that can be used as a
prophylactic for treating pulmonary fibrosis due to its
antifibrosis effect. Triterpene acids present constitute
oleanolic acid, euscaphic acid, arjunic acid and ursolic
acid. The antifibrosis effect of these triterpene acids of
loquat was determined in bleomycin-treated rats. These
triterpene acids of loquat showed a reduction of col-
lagen content in the lung parenchyma and decreased
the number of cells. These decreased TNF-a mRNA
and TGF-P1 expression in the model group suggest
that these could downregulate TNF-a mRNA expres-
sion and TGF-B1 [104].

Centella asiatica

Centella asiatica herbs contain madecassoside, a triter-
penoid saponin which ameliorates bleomycin-induced
pulmonary fibrosis in mice by reducing the deposition of
collagen. It decreased TGFPl and a-smooth muscle-
acting expressions and also inhibited the Smad2 and
Smad3 phosphorylations in the lung tissues. It attenu-
ated oxidative damage and inflammation by reducing
total leukocytes in the BALF and also reducing malon-
dialdehyde level, myeloperoxidase activity and increasing
SOD activity and glutathione level in lung tissues. Thus,
madecassoside ameliorates pulmonary fibrosis by pre-
venting extracellular matrix deposition, which might be
achieved mainly through oxidative stress, attenuating in-
flammation and resultant overexpression of TGEFf1
[105]. In this way, plants can be used in treating IPF.
The therapeutic effect of plants on various factors and
pathways leading to IPF is tabulated in Table 4.

Isoquinoline alkaloids

Isoquinoline alkaloids are tyrosine-derived plant alka-
loids with an isoquinoline skeleton. Among them, benzy-
lisoquinoline alkaloids form an important group with
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potent pharmacological activity. Biosynthesis of isoqui-
noline alkaloids proceeds via decarboxylation of tyrosine
or DOPA to yield dopamine, which together with an al-
dehyde (4-hydroxyphenylacetaldehyde) derived from
tyrosine convert to reticuline, an important precursor of
various benzylisoquinoline alkaloids. Among various iso-
quinoline alkaloids like berberine, magnoflorine, tetrahy-
dropalmatine and jatrorrhizine are synthesized in plants
belonging to the families Papaveraceae, Berberidaceae,
Fumariaceae, Menispermaceae, Ranunculaceae and
Rutaceae, and Annonaceacan plays an important role to
treat pulmonary fibrosis by acting on specific inflamma-
tory factors and by acting on various metabolic pro-
cesses that commonly leads to pulmonary fibrosis.

Berberine

Berberine is an isoquinone plant alkaloid, which is a
quaternary ammonium salt formed from the protober-
berine group. Benzyl isoquinoline alkaloids found in
plants are known for their broad range of pharmaco-
logical activities to treat multiple diseases [120]. Berber-
ine can be used to treat idiopathic pulmonary fibrosis.
Administration of berberine significantly improved
bleomycin-induced histological alterations by decreasing
the inflammatory cell infiltrate in bronchoalveolar lavage
fluid (BALF). Berberine had significantly blocked the ac-
cumulation of collagen with an equivalent decline in the
level of hydroxyproline. Bleomycin induced activation of
nuclear factor kappa p (NF-) which controls the expres-
sion of IL-1p and TNF-a gene in monocytes and macro-
phages is inhibited by berberine. It repressed its
downstream target inducible nitric oxide synthase
(iNOS) [121]. Outstandingly, berberine showed target at-
tenuation of key pro-fibrotic mediator, TNF-a and TGF-
Blagainst bleomycin-induced fibrosis by activating Nrf2
and suppressing fibrotic events mediated by NF-p and
TGEF-B1 [76]. Various signals are carried by serine/threo-
nine kinase receptors through the cell surface towards
the intracellular mediators by the TGF-B superfamily
member known as Smads which upon initiation causes
their translocation from the cytoplasm towards the

Table 4 The therapeutic effect of plants on various factors and pathways leading to IPF

S. Pathway responsible for Compounds responsible and effect of plant extracts

no. IPF Increase Decrease

1. Oxidative stress regulations GSH, CAT, SOD, GPx ROS, MDA, NOS, NO, MPO

2. Autophagy inhibition LC3A, beclin

3. Signalling pathway regulation Nrf2-Keapl TGF-B1/Smads; ROS/MAPK; NF-kB
4. EMT reversion E-Cadherin Vimentin, a-SMA, Snail

5. Inflammation regulation TNF-q, IL-13,4,6,8,10,13,17,18

6. Fibrotic regulation MMP-2,9; collagen, Smad 2/3; TIMP
7. Other roles IFN-y PDGF, hydroxyproline
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nucleus to control gene expression [122, 123]. Non-
Smad and Smad signalling cascades, mediated by TGEF-
1, act as chief players in accelerating pulmonary fibrosis
of which berberine eased the raised expression of fibrotic
markers, fibronectin, a-smooth muscle actin (a-SMA)
and collagens I and III and reversed structural changes
induced by bleomycin in the lungs and inhibited the
bleomycin-induced increase in p-Smad 2/3 and enriched
Smad 7 expression. It obstructed the activation of focal
adhesion kinase (FAK) and phosphatidylinositol 3-
kinases (PI3K/Akt). Protein kinase B known as Akt is a
serine/threonine-specific protein kinase that plays a cru-
cial role in cell proliferation, apoptosis, transcription,
glucose metabolism and cell migration. Berberine tar-
geted inhibition of dysregulated Smad and FAK-
dependent PI3K/Akt mTOR signalling axis (mammalian
target of rapamycin) reduced the fibrotic effects of bleo-
mycin [124]. Berberine had been shown to act against
dysregulation induced by bleomycin with a successive
rise in phosphatase and tensin homologue (PTEN) ex-
pression. PTEN through the action of its protein product
phosphatase acts as a tumour suppressor gene where it
is involved in the regulation of the cell cycle by prevent-
ing cells from rapid growth and division. It plays a cru-
cial role in cell cycle arrest, apoptosis and possibly cell
migration [125]. Epithelial PTEN controls fibrosis and
acute lung injury by regulating the integrity of alveolar
epithelial cells. Inactivation of PTEN exacerbates the
TGFP1-induced interruption of tight junctions in epi-
thelial cells of the lungs [126, 127]. Berberine initiat-
ing autophagy is supported by the rise in Beclin-1
and LC3-II levels with enriched autophagosome for-
mation. In general, LC3-II and Beclin-1 expressions in
two major types of lung cancer which are adenocar-
cinoma and squamous cell carcinoma, in which both
mRNA and protein levels of LC3-II and Beclin-1
which are autophagy-related genes were considerably
reduced in lung cancer tissues suggesting autophagy
may be involved in the pathogenesis of lung cancer
[128]. Berberine through downregulation of matrix
metalloproteinases (MMP) will inhibit pulmonary me-
tastasis in B16F-10 melanoma cells. B16-F10 cells are
used to develop a primary tumour model [129].
MMPs produced by metastatic cells have a main role
in the degradation of the basement membrane, which
is crucial for the invasiveness of metastatic cells. Ber-
berine significantly suppressed tumour nodule forma-
tion induced by B16F-10 melanoma, boosted the
survival of tumour-bearing mice and decreased vari-
ous biochemical parameters associated with lung me-
tastasis [130]. Berberine shows protective effects on
lung injury induced by radiation means of intercellu-
lar adhesion molecular-1(ICAM-1) and TGFBlin pa-
tients with lung cancer [131].
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Azithromycin is an acid-stable macrolide antimicrobial
drug which can be orally administered [132]. It reduces
lung inflammation in mice suffering from cystic fibrosis
and increases its survival [133]. This antibiotic attenu-
ates the virulence of Pseudomonas aeruginosa, weakens
its capability to form biofilms of fully polymerized algin-
ate and upturns its sensitivity to complement and
stationary-phase killing [134]. P. aeruginosa is one of the
major opportunistic pathogens which can cause chronic
lung infection, cystic fibrosis. Cystic fibrosis is initiated
by a mutation in the conductance regulator gene in the
transmembrane which encrypts a cyclic AMP-regulated
chloride ion channel [135]. The formation of biofilm
promotes cystic fibrosis development and limits the anti-
microbial efficacies of current antibiotics. Berberine in a
gut-dependent manner with azithromycin shows syner-
gistic activity against P. Aeruginosa isolated from a pa-
tient’s lung with cystic fibrosis in vitro and in vivo [136].

Magnoflorine

Magnoflorine is a quaternary benzylisoquinoline alkaloid
of the aporphine structural subgroup which has been ex-
tracted from numerous species of the Menispermaceae
family. It is an aporphine alkaloid, i.e. (S)-corytuberine
in which the nitrogen has been quaternized by an add-
itional methyl group. It has a role as a plant metabolite.
It is an aporphine alkaloid and a quaternary ammonium
ion. It is derived from (S)-corytuberine [137]. Acute lung
injury (ALI) which is known worldwide as a severe re-
spiratory disease accompanied by symptoms which in-
clude sepsis, neutrophilia and lung inflammation
produced by bacteria, trauma, pneumonia and lipopoly-
saccharide. ALI is induced by various groups of stimu-
lants like an endotoxin released from Gram-negative
bacteria ~which cause intravascular coagulation,
leukocytosis and endotoxic shock in mice. The results of
histopathological changes and MPO activity showed that
magnoflorine considerably alleviated the lung injury in-
duced by lipopolysaccharides (LPS). Quantitative poly-
merase chain reaction (qPCR) analysis showed that this
alkaloid dose-dependently reduced the pro-inflammatory
cytokines IL-6, IL-1f and TNF-a expression. Immuno-
fluorescence assay showed that LPS-induced levels of
Toll-like receptor 4 (TLR4) were inhibited by magnoflor-
ine treatment. The Western blotting technique used in
order to detect the expression of MAPK and NF-kB sig-
nalling pathways exhibited that this alkaloid reduced the
levels of phosphorylated p38, p65, extracellular signal-
regulated kinase(ERK), c-Jun amino-terminal kinases
(JNK) and nuclear factor of kappa light polypeptide gene
enhancer in P cell inhibitor alpha (IkBa), which indicate
that magnoflorine could protect against LPS-induced in-
flammation in ALI at least partially by inhibiting TLR4
mediated MAPK and NF-kB signalling pathways. ERK’s
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role in cell division and of these enzyme inhibitors are be-
ing discovered as anticancer agents. The JNKs are critical
regulators of transcription and p38 MAPKs are initiated
by environmental stresses and inflammatory cytokines can
contribute to autoimmunity and asthma [138, 139].

Tetrahydropalmatine

Tetrahydropalmatine (THP), an isoquinoline alkaloid is
found in various plant species, significantly reduces the
harmful effects of radiation and oxidative modification
in the lungs. THP lessened the lung injury by inhibiting
lung inflammation, apoptosis, cell recruitment in BALF
and its protein levels, decreasing THP collagen content
of lung tissues thus showing the protective effect of THP
treatment for pulmonary fibrosis [140].

Jatrorrhizine

Jatrorrhizine is a protoberberine alkaloid [141]. Jatrorrhi-
zine in thioacetamide-traumatized rat liver has been
testified to have an anti-inflammatory effect and proven
to recover blood flow as well as inducing mitotic activity.
Jatrorrhizine has antifungal and antimicrobial activities.
This alkaloid noncompetitively binds to the active site
and inhibits monoamine oxidase [142]. It plays an acute
neuroprotective role in apoptosis brought by H,0,
through its anti-oxidative actions and can be used as a
novel therapeutic for its increased bioavailability to treat
Alzheimer’s disease [143, 144].

Thus, Isoquinoline alkaloids enable the reduction of
pulmonary fibrosis by acting on various mechanisms
that lead to the development of the disease. As a result,
isoquinoline alkaloids can be used in prophylactic or
therapeutic treatment for pulmonary fibrosis.

Conclusion

This review emphasizes on the beneficial effects of
plants and their bioactive compounds that can be used
for treating IPF where these plants’ bioactive compounds
exhibit prophylactic or therapeutic properties providing
us a natural source to treat pulmonary fibrosis, replacing
the use of synthetic drugs that cause side effects. To de-
termine the effects of various bioactive compounds for
treating pulmonary fibrosis, In vitro studies were per-
formed on model organisms (mice, rat) which are in-
duced with pulmonary fibrosis. Effects of plants and the
bioactive compounds on pulmonary fibrosis were deter-
mined by measuring the extent of inflammation, colla-
gen formation and oxidative stress. A wide range of
factors which regulates pulmonary fibrosis such as
hydroxyproline, collagen-I, NF-kB, PDGF, MMP-9,
MCP-1, TIMPs, iNOS, a-SMA, IkB, MAPK, PTEN,
ICAM-1, TGF-B, TNF-a, IFN and interleukins; SOD,
catalase and glutathione-S-transferase; and MPO, MDA,
ROS and RNS levels in pulmonary fibrosis-induced
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model organisms before and after administration of
plant extract were measured. Bioactive compounds
present in various plants which include isoquinoline
alkaloids like berberine, magnoflorine, tetrahydropalma-
tine and jatrorrhizine present in plants Mahonia
aquifolium, Tinospora cordifolia; B-caboline alkaloids
present in Arenaria kansuensis; polysaccharides in
Angelica Sinensis; lactones like ellagic acid present in
Punica granatum; flavonoids in Passiflora edulis,
Silybum  marianum, Oxalis corniculata, Phyllanthus
emblica, Citrus reticulate, Carthamus tinctorius L; triter-
pene acids in Eriobotrya japonica, Centella asiatica; fatty
acids in Pistacia lentiscus, Linum usitatissimum; and cat-
echins like epigallocatechin-3-gallate (EGCG) in Camel-
lia sinensis possesses beneficial properties in treating
IPF. Hence, the plants and their bioactive compounds
mentioned above provide a promising therapeutic ap-
proach for IPF treatment.
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