
© 2024 Rajiv Jash, et al. This is an open access article distributed under the terms of the Creative Commons Attribution License -NonCommercial-ShareAlike 
Unported License (http://creativecommons.org/licenses/by-nc-sa/3.0/). 

Phytomolecules against inflammation and fibrosis in immunoglobulin 
A nephropathy

Rajiv Jash1,2 , Kousik Maparu1 , Sanket Seksaria1, Sujan Banerjee1, D. S. N. B. K. Prasanth3, Himangshu Sekhar Maji2*
1Department of Pharmacy, Sanaka Educational Trust’s Group of Institutions, Durgapur, West Bengal, India.
2Department of Pharmacy, JIS University, Kolkata, West Bengal, India.
3Department of Pharmacy, KVSR Siddhartha College of Pharmaceutical Sciences, Vijayawada, Andhra Pradesh, India.

ABSTRACT

Out of diseases affecting kidney functions in humans, immunoglobulin A (IgA) nephropathy is the most common. 
Available treatments are mainly targeted to reduce proteinuria and creatinine levels and corticosteroids are the 
mainstay therapy to delay the end-stage renal disease (ESRD). However, corticosteroids are associated with dire 
adverse effects in 55% of the patients receiving the treatment consisting of metabolic disorders, osteoporosis, and 
others which drive the idea for the search for anti-inflammatory drugs which alleviate inflammation and fibrosis in the 
kidneys of the patients resulting in either cure or at least delay the ESRD. Phytomolecules have long been associated 
with the effective treatment of various disorders since ages. This study focuses on identifying the immunomodulatory 
pure molecules isolated from plants which can be studied for their effect in alleviating IgA nephropathy. All the 
phytomolecules mentioned in this study have inflammation-reducing properties as is evident from many studies 
mentioned here and IgA nephropathy, being an autoimmune disease, can be a good target of these phytomolecules. 
Various pathological pathways of IgA nephropathy can be targeted with these phytomolecules and this study is an 
effort to find out the rationale behind the choice of the molecules based on their ability to target the effector molecules 
of those pathological pathways.

ARTICLE HIGHLIGHTS

IgA nephropathy, being the most common cause of glomerular 
nephritis, is a significant concern to the human population. In this 
study, we have tried to comprehend the phytomolecules and also can 
provide sufficient insights into the molecular pathways which can be 
utilized in the treatment of IgA nephropathy. Conventional treatment 
of IgA nephropathy includes the use of corticosteroids which have 
lots of adverse effects such as abnormal metabolism, gastrointestinal 
disturbances, and compromise of the immune system. About 55% of 
the patient undergoes these adverse effects and the therapy needs to be 
discontinued. These phytomolecules based on extensive surveys can 
definitely be an alternative to the treatment with corticosteroids.

1. INTRODUCTION

Introduction immunoglobulin A nephropathy (IgAN), commonly 
known as Bergers disease, is the most commonly occurring primary 
glomerulonephritis in the world [1]. 1500,000–2000,000 new 
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cases of IgA nephropathy get diagnosed globally per year [2]. Life 
expectancy is reduced between 6 and 10 years after its diagnosis [3]. 
Studies have reflected the probable indulgence of parasitic infections 
locally, mainly the helminthes [4,5]. Symptoms of the patient vary 
from asymptomatic to aggravating, with up to 25% of the patient 
suffering from end-stage renal disease (ESRD) within 20 years from 
diagnosis, requiring renal replacement therapy [6,7]. Proteinuria 
is a common outcome of IgAN and in a retrospective study, it was 
found that in patients with average proteinuria >0.5–1  g/day was 
connected with a poor outcome [8]. In patients with IgA nephropathy, 
aberrant glycosylation of IgA occurs due to which galactose deficient 
IgA is produced from the B-cells which can be attributed to the 
lack of the enzyme β-1,3 galactosyltransferase and thus attaching 
only a monosaccharide N acetyl galactosamine [9]. This aberrant 
glycosylation exposes the N acetylgalactosamine to the IgG or 
the IgA1 autoantibodies which induce the formation of immune 
complexes. These immune complexes after getting circulated in 
the blood ultimately get deposited in the subepithelial region of the 
glomerular cells of the kidney. This deposition triggers inflammation 
and fibrosis and ultimately damages the mesangial cells of the kidney 
producing IgA nephropathy [10]. This inflammation and fibrosis 
impact the mesangial cells of the kidney to lose its function due to 
heavy damage to its architecture leading to proteinuria and elevation 
of blood creatinine with or without hematuria.
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2. INFLAMMATION IN IGA NEPHROPATHY

2.1. Toll-like Receptor (TLR)
The expression of TLR-4 protein in mucosal cells and B-cells is 
upregulated in IgA nephropathy which correlates with increased 
proteinuria in IgAN patients [11]. It was also found that TLR-4 
activates nuclear factor κβ (NF-κB), a proinflammatory protein which 
migrates to the nucleus and increases the production of cytokines and 
chemokines perpetuating inflammation [12]. These cytokines and 
chemokines attract macrophage cells to the kidney cells and ultimately 
damage them after chronic inflammation.

2.2. Complement System
The complement system is an integral part of the innate immunity 
directed toward the elimination of the non-innate antigens. About 90% 

of the patient with IgA nephropathy were found to have C3 deposition in 
the mesangium following severe activation of the alternative and lectin 
pathways of the complement system [13]. The terminal pathway of the 
complement system which comprises membrane attack complex is also 
activated in IgAN which is understood by the fact that C9 neo antigen 
was present as a part of the membrane attack complex [14]. C3a and C5a 
activate the mesangial cell to produce B-cell activating factor (BAFF) 
which is a modulator of alternative complement pathway. An increase in 
mesangial C3 is directly associated with increased proteinuria which is the 
cause of fibrosis in mesangial cells. Thus, the overactivated complement 
system actually damages the kidney cells, leading to severe inflammation.

2.3. T-cells
In patients of IgAN, it was found that Th1 and Th2 balance shifts 
toward the latter which contributes to the progression of the 

Figure 1: Phytomolecules affecting inflammation in IgA nephropathy. Deposit immune complex increases the expression of TLR4 which further regulates 
MCP-1 secretion, MAPK activation, and NFκB activation. Naive T-cells convert into CD4+T-cells, and macrophage comes here through neutrophil. T-cells release 

various cytokines and chemokines (IL10, TGFβ, IL17, IL22, IL4, IL5, IL3, TNFα, and IL21) from Tfh, Th2, Th1, Th17, and Treg also activate complimentary 
system. Activated complimentary system and macrophage release lysozyme which also causes glomerular cell disruption and leads to glomerulus inflammation. 

Class-1 phytomolecules inhibited the release of cytokines and chemokines, Class-2 phytomolecules inhibited to activate the complimentary system, Class-3 
phytomolecues inhibited T lymphocytes proliferation, and Class-4 phytomolecules helped to inactivate the macrophages. AgMHC: Antigen-presenting major 

histocompatibility complex, CCL: Chemokine (C-C motif) ligand, CXCL: Chemokine (C-X-C motif) ligand, LPS: Lipopolysaccharides, MAC: Membrane attack 
complex, MAPK: Mitogen-activated protein kinase, MBL: Mannose-binding lectin, MCP-1: Monocyte chemoattractant protein 1, Tfh: Follicular helper T-cells, 

Th: Helper T-cells, Treg: Regulatory T-cells.
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disease [15]. Regulatory T-cells were reduced whereas T17 cells along 
with its cytokines like interleukin (IL)-17A correlated positively with 
increased proteinuria [16]. Th2  cells actually produce varieties of 
cytokines and chemokines which precipitate inflammation.

2.4. B-cells
Myeloid cells present in the mucosa secrete IL-12 and IL-8 and 
increase the release of interferon (IFN)-γ from the natural killer cells. 
An increase in the expression of BAFF is directly responsible for 
the production of aberrant IgA1 in patients with IgA nephropathy. 
It was found that the upregulation of BAFF and TLR is associated 
with increased production of autoantibodies-producing plasma cells 
in patients with IgAN [17]. Thus, the B-cells initiate the production 

of autoantibodies and trigger the inflammation process in IgA 
nephropathy.

2.5. Cytokines and Chemokines
IL-6 and tumor necrosis factor (TNF)-α are the cytokines responsible 
for the pathogenesis of IgAN and elevated IL-6 levels in urine are 
related to the aggressiveness of the disease [18]. Chemokines 
such as chemokine (C-C motif) ligand (CCL)2, CCL3, CCL4, and 
CCL5 are responsible for chemoattraction and proliferation of 
monocytes [19]. Transformation of acute to chronic inflammation 
is associated with the switching of chemokine (C-X-C motif) ligand 
(CXCL)8 chemokines to CCL2 chemokines [20]. It was also found 
that the presence of CXCL8 levels in the urine was high in the early 

Figure 2: Phytomolecules affecting chronic inflammation and fibrosis. First active TGF-β binds to TGF-β type TBRII receptor and forms TBRI-TBRII 
heteromeric complex and leads to Smad-2,3 phosphorylation, and then, it binds to Smad-4 then whole phosphorylation complex translocation into gene and 

transcription of ECM genes and produces various types of collagen which leads to fibrosis. Smad-7 is an inhibitory Smad and its acts in a negative mechanism 
with ubiquitin. TGF-β also activate through ERK pathway, TARF6-TAK1-MKK3/6-P38 pathway, TARF6-MKK4-JNK pathway, and TARF6-TAB1-NFκB 

pathway. NFκB -P50-P65 pathway is activated by IL-1 and TNF-α and gives a profibrotic response. Class-1 phytomolecules inhibited ERK pathway, Class-2 
phytomolecules inhibited the expression of TGF-β, Class-3 phytomolecules reduced the expression of IL-1β pathway, Class-4 phytomolecules were inhibited the 
TNF-α, Class-5 phytomolecules were inhibited NF-κB pathway, Class-6 phytomolecules downregulate Tarf-6, and Class-7 phytomolecules P38 –MAPK Pathway. 

AGEs: Advanced glycation end products, AgII: Angiotensin II, AT1/2: Angiotensin II type 1/2 receptor, BMP: Bone morphogenetic protein, CD38: Cluster of 
differentiation, CoSmad: Common suppressor of mothers against decapentaplegic, ECM: Extracellular matrix, ERK: Extracellular signal-regulated kinase, GDF: 

Growth and differentiation factor, IkBa: Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor alpha, I-Smad: Inhibitory suppressor of 
mothers against decapentaplegic, JNK: Janus kinase, LAP: Latency associated peptide, LLC: Large latent complex, LTBP: Latent TGFβ binding protein, MEK: 
Mitogen-activated protein kinase, NF-κβ: Nuclear factor κβ, RAGE: Receptor for advanced glycation end products, ROS: Reactive oxygen spices, SLC: Small 
latent complex, Smurf: Smad ubiquitination regulatory factor, TBRII: Transforming growth factor-β receptor II, TBRI: Transforming growth factor-β receptor I, 

TFR: Transferrin receptor, TGF: Transforming growth factor, Tnf: Tumor necrosis factor, and Ub: Ubiquitin.
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phase of inflammation, whereas CCL2/monocyte chemoattractant 
protein 1 (MCP-1) levels were higher in chronic inflammation [21]. 
It has been observed that locally produced chemokines in mesangial 
cells of the kidney had an abundant amount of MCP-1/CCL2 which 
was present in patient with crescentic glomerulonephritis in advanced 
stages [20]. MCP-1/CCL2 upregulation in chronic inflammation is 
associated with transforming growth factor (TGF)-β pathway activation 
[22]. Cytokines such as IL-2, IL-4, IL-6, IL-12, IL-13, and IL-21 play 
a crucial role in aggravating renal inflammation [23]. TNF proteins are 
potent activators of NF-κB pathways mediated by Traf intracellular 
protein [24]. A summary of molecules how effect in inflammation that 
is present in Figure 1. Phytomolecules affecting inflammation in IgA 
nephropathy.

3. FIBROSIS IN IGA NEPHROPATHY

As the inflammation continues to the chronic phase from the acute 
phase in renal mesangial cells, fibrosis becomes extremely essential 
as a tissue repair process. TGF-β is an inflammatory cytokine 
which regulates the process of fibrosis. It acts through TGF-β RI 
and RII receptors to mediate the process of fibrosis [25]. TGF-β 
interacts with transforming growth factor-β receptor II (TBRII) and 
transforming growth factor-β receptor I (TBRI) which activates the 
transducer protein Smad2 and Smad3. Smad 2 and Smad3 form a 
complex with Smad 4 [26] and are responsible for the production 
of fibrotic proteins such as collagen, integrins, connective tissue 
growth factors, and proteoglycans [27]. TGF-β1 can exert its effect 
through mitogen-activated protein kinases (MAPKs) including MEK 
and extracellular signal-regulated kinase (ERK) pathways [28,29]. 
Although TGF-β1 is not the only factor which influences the MAPK 
and ERK pathways, it is the most important one which causes 
massive fibrosis in patient with IgA nephropathy [30]. Along with it, 
TGF-β1 also exerts its action through P38, Janus kinase (JNK), and 
PI3K/AKT pathways to activate fibrotic proteins [31-33]. MAPK, 
P38, ERK/2, and PI3K/AKT are the pathways triggered by chronic 
inflammation and fibrosis-causing biomolecules such as TGF-β and 
bone morphogenetic protein. The process of fibrosis in the kidney 
cells actually damages the basement membrane of the glomerular 
cells, leading to the loss of kidney functions permanently. Such 
pathways when inhibited can reduce chronic inflammation followed 
by fibrosis. Phytomolecules inhibiting such pathways mentioned in 
this study in later sections can be very useful in reducing the later 
stages of inflammation associated with fibrosis such phytomolecules 
can be studied for the lookout whether it reduces fibrosis in IgA 
nephropathy. Gene expression studies or western blotting to 
estimate the proteins of these pathways can throw light on their 
antifibrotic activity in IgAN. A summary of molecules how effect in 
inflammation that is present in Figure 2. Phytomolecules affecting 
chronic inflammation and fibrosis.

4. EXISTING MEDICAL MANAGEMENT FOR IGA 
NEPHROPATHY

There is still no treatment known to modify the mesangial deposition 
of IgA. Available treatment options are mostly directed at downstream 
immune and inflammatory events in the glomerulus and the 
tubulointerstitial, which may lead to renal scarring. It is therefore 
likely that these are generic treatments with potential benefit in other 
chronic glomerular diseases [6].

There is no cure for IgA nephropathy and no sure way of knowing 
what course the disease will take. Some people need only monitoring Ta
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to determine whether the disease is getting worse [34]. Some of the 
treatment includes [35].

4.1. High Blood Pressure Medications
Taking angiotensin-converting enzyme inhibitors or angiotensin 
receptor blockers can lower blood pressure and reduce protein 
loss.

4.2. Corticosteroids
In some cases, corticosteroid medications, such as prednisone, and other 
potent drugs that suppress the immune response (immunosuppressant) 
might keep the immune system from attacking the glomeruli. These 
drugs can cause serious side effects, such as high blood pressure, high 
blood sugar, and increased risk of infection.

4.3. Diuretics
These drugs help to remove extra fluid from the blood. Removing the 
extra fluid can help improve blood pressure control.

Although the treatment is very essential, it is primarily aimed at 
delaying the progression of the disease, doubling creatinine levels, and 
increasing life expectancy [36]. However, the prognosis of the disease 
is still very poor, and new molecules are under study aiming for a 
better alternative to a steroid with low side effect [6].

5. NATURAL DRUG REMEDIES FOR IGA NEPHROPATHY

Corticosteroids and immunosuppressive medications are cornerstone 
therapies for glomerular diseases. However, these medications are 
associated with serious side effects [37]. Steroid therapy was associated 
with a 55% higher risk for adverse events [38]. Furthermore, resistance 
to therapy and relapse of disease after discontinuation of medication are 
common [6]. This triggers the thought of the search for a drug which 
is a better alternative to steroids aimed at total cure or at least with no 
significant adverse effect. Natural immunomodulatory drugs can be 
a significant alternative to corticosteroids which can be used in IgA 
nephropathy. A  few phytomolecules with proven immunosuppressant 
activities have been researched and presented in the study in the quest for 
a better alternative to the patients with IgAN. Various phytomolecules 
discussed under this section were found to reduce cytokines such as 
IL-6, IL-2, IL-4, and TNFs, and also, chemokines such as CCL2/MCP-1 
and CCL4 were also found to get reduced by various phytomolecules. 
Such cytokines are directly responsible for the activation of NF-kB 
pathway causing widespread inflammation by altering the production 
of various chemokines. Chemokines is responsible for the production 
of macrophage responsible for mesangial cell destruction in kidneys. 
Phytomolecules reducing the level of such cytokines and chemokines 
are thought to have an important role also in reducing inflammation-
related destruction of kidney cells. Studies can definitely be designed 
with these phytomolecules in inducing inflammation in various IgA 
nephropathy model. Cytokine and chemokines are marker molecules of 
IgA nephropathy and if they are downregulated, they can be correlated 
with clinical markers such as albumin and creatinine levels in urine and 
can definitely suggest their IgA nephropathy-alleviating properties [39].

5.1. Phytomolecules with Possible Effect on Inflammation in 
IgA Nephropathy
•	 Capsaicin is isolated from the plant Capsicum species. When 

capsaicin was studied in a model of lipopolysaccharide (LPS)-
induced inflammation in non-differentiated intestinal porcine 

epithelial cell line-J2, it reduces the expression of TLR-4/NF-κB 
proteins [40,41].

•	 Leonurine, an alkaloid isolated from the plant Herba leonuri, was 
found to have anti-inflammatory properties in human umbilical 
vein endothelial cells cell lines by inhibiting the NF-κB signaling 
pathway and thereby reduction of reactive oxygen species 
production [42,43].

•	 Licochalcone E, a flavonoid isolated from Glycyrrhiza inflate, 
was found to inhibit the NF-κB pathway when it was studied 
for its anti-inflammatory effects in LPSs stimulated RAW 264.7 
murine macrophage models [44].

•	 Daidzein, an isoflavonoid isolated from Pueraria mirifica, 
possesses an anti-inflammatory effect and was found out when 
daidzein was studied on human macrophage cell lines stimulated 
by LPS causing inflammation. It was found to inhibit the 
activation of NF-κ bathway in those cells [45,46].

•	 11-keto-β-boswellic acid is a phytomolecule isolated from the 
plant Boswellia carteri. The complement pathway and various 
cytokines such as TNF α and ILs were found to be inhibited 
when boswellic acid was studied in the endothelial cell line to 
demonstrate its anti-inflammatory activities. Boswellic acid is 
also studied clinically at pilot levels to demonstrate its activity 
against rheumatoid arthritis [47].

•	 Oleanolic acid is isolated from the plant Luffa cylindrical which 
inhibits the complement pathway by downregulating C3 proteins 
and expression of proinflammatory genes such as IL-2, TNF-α, 
and IFN-gamma are also inhibited when they were studied in 
human clinical trials [48].

•	 Gelselegine and koumine are two alkaloids isolated from the plant 
Gelsemium elegans which was found to possess anti-inflammatory 
activity by the inhibition of T lymphocyte proliferation in mice 
models [49,50]. As T lymphocyte proliferation is directly related 
to the production of T17  cells along with the production of 
IL17A and is responsible for the aggravation of proteinuria in 
IgAN, gelselegine and koumine are positive candidates to reduce 
inflammation and proteinuria in IgA nephropathy.

•	 Triptolide is isolated from the herb Tripterygium wilfordii and 
was studied against various autoimmune and inflammatory 
conditions. It inhibits IL12, TNF-α, and IFN-γ in human clinical 
trials [48,51]. IL-12 and IFN-γ are directly responsible for the 
increase in macrophage production which causes destruction of 
podocyte and mesangial cells of the kidney. Thus, triptolide can 
definitely have a chance to neutralize the podocyte and mesangial 
cell destruction in IgA nephropathy kidney cells.

•	 Piperine, isolated from the plant Piper longum, can be beneficial 
in alleviating IgA nephropathy as it was found to reduce the level 
of proinflammatory cytokines IL-1β, IL-6, and TNF-α when it 
was studied for cerebral ischemia in Wistar rat [52,53].

•	 Being a natural isoquinoline alkaloid, berberine was studied 
for gene expression of cytokines in the spleen for Wistar rat 
models using the inducing agent LPS. It was found that berberine 
downregulated the genes for the production of IL-2. Such an 
outcome suggests the antiinflammatory activity of berberine by 
shifting the Th1/Th2 balance toward Th2 [54].

•	 An alkaloid separated from the plant Uncaria rhynchophylla 
known as rhynchophylline was studied for its activity against 
neurodegeneration in microglial cell lines model using LPS as 
the inducing agent. MCP-1, IL-1β, and TNF-α all were found to 
get reduced resulting in a decrease of inflammation [55].

•	 Matrine is an alkaloid isolated from the herb Sophora flavescens 
was investigated against LPSs induced lung injury in mice. It was 
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found that matrine inhibited inflammatory mediators including 
TNF-α and IL-6. Thus, it can be a potential anti-inflammatory 
compound in any type of inflammation [56].

•	 Butein can be isolated from various plants such as Semecarpus 
anacardium, Dalbergia odorifera, and Toxicodendron 
vernicifluum. Butein was found to inhibit the expression of genes 
responsible for the production of inflammatory chemokines 
such as TNF-α and IFN-gamma when studied in RAW 264.7 
macrophage cells. All these studies were done to check its 
anti-inflammatory activity in adipose tissue in obesity-linked 
insulin resistance [57].

•	 Mallotophillipens C, D, and E are three compounds isolated 
from Mallotus philippensis that were studied for IL-6 and IL-1 
in murine macrophage cell lines using LPS as an inducing agent. 
It was found that it downregulated IL-6 and IL-1, and thus, it 
possessed anti-inflammatory effects [58].

•	 Luteolin is a flavonoid isolated from the herb Lonicera japonica 
was found to possess anti-inflammatory properties by inhibition 
of the expression of TNF-α and IL-6 gene and studied in cell lines 
of mouse alveolar macrophage [59,60].

•	 Apigenin is a compound which can be isolated from Cynodon 
dactylon and Salvia officinalis and possesses anti-inflammatory 
properties by inhibiting IL-1β, IL-8, and TNF-α when studied 
in LPS-stimulated human monocytic cell lines. Apigenin is also 
found to inhibit the transcription of NF-kB [61]. Apigenin when 
studied in SNF-1 mice against lupus was found to suppress the 
autoantibodies and also found to delay the development of severe 
glomerulonephritis [62].

•	 Chrysin is a natural flavonoids isolated from Picea crassifolia 
which was studied for alleviation of dextran sodium sulfate-
induced colitis in mice. It was observed that chrysin decreases 
the production of TNFα leading to a decrease in inflammation, 
and thus, disruption of colonic architecture in mice was 
reversed [63,64]. Furthermore, inhibition of TNF-α-induced 
activation of NF-kβ was found when chrysin was studied in IEC-
6 cell lines. Chrysin was also found to possess anti-inflammatory 
activity by decreasing the expression of proinflammatory 
cytokines such as TNFα, IL-4, and IL-6 in mast cells [65].

•	 Baicalein is isolated from the plant Scutellaria altissima, which 
was found to reduce the protein expression of cytokines such 
as TNF-α and IL-1β when they were studied in benzopyrene-
induced pulmonary carcinogenesis in Swiss albino mice [66]. 
When baicalein was studied for anti-inflammatory effect in RAW 
264.7 cells, it was found to inhibit the TNF-alpha expression along 
with IL-1β. It also inhibited transcription factor NF-κB activation 
in RAW264.7  cells [67]. Baicalein when studied again with 
LPS-induced hyperpermeability and leukocyte migration, it was 
found to suppress TNF-α, IL-6, and NF-κB in cell lines [68-70].

•	 Quercetin is a polyphenol isolated from grapes, onions, and 
apples which decrease MCP 1 and IL6 mRNA which can be a 
very important factor in alleviating inflammation in human 
cell lines [71]. When quercetin was studied in histological 
and microarray analysis in the aortas, it was found to reduce 
the levels of IL-1R and CCL8 which are the important factor 
of inflammation. Quercetin when studied in LPS-stimulated 
RAW264.7 cells, it was found to attenuate the NF-κB activation, 
and thus, it further proves its anti-inflammatory activities [72,73].

•	 Curcumin is a diarylheptanoid isolated from Curcuma longa and 
has shown promising effect in several diseases such as type-II 
diabetes, arthritis, pancreatitis, neurodegenerative, and various 
other metabolic disorders [74]. It has anti-inflammatory effects 

such as a decrease in the expression of IL-1β, IL-6 was found 
against LPS-induced BV2 cells [75]. It was also found that the 
expression of TNF-α, IL-1, IL-6, and IL-12 levels was reduced 
by the treatment of curcumin in LPS-stimulated monocytes [76].

•	 Genestein is a compound isolated from Genista tinctoria. When 
human astrocytes, cell lines were cultured and treated with 
amyloid protein to induce inflammation, genistein reduced 
the inflammation by inhibiting cytokines such as IL-1β and 
TNF-α [77].

•	 Apocynin is an inhibitor of the NF-κB pathway by blocking the 
effect of TNF-α and IL-6 [78]. In lung inflammation induced in 
Wistar rats, apocynin reduced inflammation by inhibiting the 
cytokines IL-4, IL-13, and TNF-α [79].

•	 Kaempferol is a polyphenol that is isolated from tomato, apple, 
etc., suppress the signaling of NF-κB and decrease the expression 
of MCP1 genes which were found out when kaempferol was 
studied in LPS-induced macrophage cells [45]. Kaemeferol 
reduces the levels of TNF-alpha, IL 1β, and also protein 
expression of MCP 1 in the aorta of rabbits when it was studied 
for high cholesterol diet-induced atherosclerosis [80].

•	 Puerarin is an iso-flavonoid isolated from the plant Pueraria 
montana var. lobata and has been found to inhibit inflammation 
in cerebral ischaemia model rats. IL1-b and TNF-α in brain tissue 
were decreased when the rats pretreated with puerarin were 
subjected to inflammatory ischemia. It was also found to inhibit 
NF-κB activation and rat brain cells [81].

•	 Madecassoside is isolated from the plant Centella asiatica. 
It has antiinflammatory effects as was found out against 
collagen-induced arthritis in mice. It was also found that TNF 
α, IL-6, and IL-10 levels were reduced in mice following the 
treatment of Madecassoside [82].

•	 Asiaticoside is isolated from the plant Centella asiatica and 
reduces inflammation when studied in osteoarthritic models 
which emphasize that asiaticoside inhibits zymosan-induced 
cartilage degradation by the reduction in IL1β-induced PG 
synthesis [83].

•	 Rutin is an active flavonoid compound isolated from Ruta 
graveolens and was found to inhibit TNF-α and IL-6 and thus 
possess anti-inflammatory properties when they were studied in 
human umbilical vein endothelial cell lines in which inflammation 
was induced by HMG b1 [84].

•	 Xanthohumol is a flavonoid isolated from Humulus lupulus and 
was studied for its inhibitory effect on inflammation induced by 
LPSs and INF-γ in cell culture using mouse macrophagic RAW 
264.7 cell lines. It was found that the expression of iNOS was 
decreased which suggests its potential as an anti-inflammatory 
compound [85].

From the above segments, it is evident that these phytomolecules 
have the ability to influence various proteins of the inflammatory 
pathways leading to various inflammatory diseases. However, these 
phytomolecules whether can influence the inflammatory proteins in 
the kidney leading to a decrease in IgA-related inflammation or not are 
yet to be tested. A summary of all these molecules is presented in Table 
1. Phytomolecules affecting inflammation .

5.2. Phytomolecules with Possible Effect on Fibrosis in IgA 
Nephropathy
•	 Oxymatrine is an alkaloid isolated from Sophora flavescens; it 

was found to show antifibrotic effect on liver, pulmonary, and 
myocardial tissues through inhibition of TGF-β Smad signaling 
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cascade [86]. Moreover, studies have shown that oxymatrine 
exhibits a protective effect by interacting with SIRT1/Nrf2/TGF-β 
signaling pathway in STZ-nicotinamide-induced diabetic 
cardiomyopathy rats [87]. Thus, oxymatrine is a promising 
molecule against IgA nephropathy-induced fibrosis which can be 
used to study its possible reduction of fibrosis in IgA nephropathy.

•	 Shikonin, a naturally occurring naphthoquinone, is found in 
the root of the plant Lithospermum erythrorhizon. Studies have 
shown that shikonin has a significant effect in reducing ear 
edema induced by 12-  o-  tetradecanoylphorbol-  13-  acetate in 
macrophage 264.7 cell lines. It was also found from the same 
study that shikonin decreased the activation of ERK and NF-κB 
pathways of inflammation and fibrosis [88].

•	 Pseudocoptisine is a quaternary alkaloid isolated from the plant 
Corydalis turtschaninovii. It was studied that pseudocoptisine 
suppressed the cytokines such as TNFα and IL-6 when the 
murine macrophage RAW264.7 cells line was stimulated by LPS. 
It was also found that pseudocoptisine inhibited the activity of 
NF-κB by suppression of ERK and p38 pathways [89].

•	 Z-ligustilide is an essential oil obtained from the plant Angelica 
sinensis. When LPS-stimulated RAW264.7 macrophages was 
used to study the anti-inflammatory activities, Z-ligustilide 
reduced the level of NF-κB and also inhibited the activation 
of p38 MAPK, ERK, and pathway which can be interpreted as 
Z-ligustilide can be an important phytomolecule against chronic 
inflammation and fibrosis [90].

•	 Tetramethylpyrazine is isolated from the plant Ligusticum 
chuanxiong. When N9 cells were treated with tetramethylpyrazine 
and then inflammation was induced by LPS, it was found that 
p38 MAPK, ERK, and JNK pathways were inhibited. Thus, these 
molecules can be also promising one against chronic inflammation 
and fibrosis [91]. When tetramethylpyrazine was studied in rat 
models of spinal cord injury it was found that reduced expression 
of NF-κB, IL-18 was an important factor in the recovery of the 
rats following its treatment with tetramethylpyrazine [92].

•	 Tetrandrine is a bisbenzylisoquinoline alkaloid isolated from 
Stephania tetrandra. Tetrandrine when studied in primary rat 
mesangial cells in the glomerulo nephritis model, it was found 
to inhibit the activation of ERK/NF-κB pathways suggesting 
that tetrandrine can be useful against chronic inflammation and 
fibrosis [93].

•	 Sinomenine is the plant herb separated from the plant Sinomenium 
acutum. Sinomenine when studied in human cell lines against 
rheumatoid arthritis, it was found to reduce inflammation by 
inhibiting the release of inflammatory chemokines such s CCL2 
and CXCL8 [94]. When it was studied in the human mast cell 
line, it was found to inhibit the activation of effector molecules 
of ERK, P38, and MAPK pathways. These results can be 
encouraging considering the fact that cinomenine can also be 
active in alleviating fibrosis [95].

•	 Epigallocatechin-3-gallate is isolated from the plant Camellia 
sinensis. When epigallocatechin-3-  gallate where studied 
for antiinflammatory effect in human pulmonary alveolar 
epithelial cell lines, it was found that epigallocatechin-3- gallate 
reduced the MAPK activation along with reduced formation of 
TRAF-2 complex. Thus, it can be an important phytomolecule 
against inflammation and fibrosis [96].

•	 Resveratrol is isolated from the herb japonica, grape, and nuts. 
When resveratrol was studied in mouse colonic mucosa where 
dextran sulfate sodium was used to induce inflammation, 
it reduced inflammation by deactivating NF-κB and ERK 

pathways [97]. Several studies of resveratrol have been made to 
alleviate inflammation including clinical trials, but the existing 
data recommends more research on resveratrol before it can be 
used at higher doses beyond the dietary sources [98].

•	 Thymoquinone is a monoterpene obtained from the plant Nigella 
sativa has shown several promising effects in a number of 
diseases including asthma, hypertension, and influenza through 
its anti-inflammatory and antioxidant properties. Studies have 
shown that thymoquinone interacts with numerous molecular 
pathways such as p38 MAPK, NF-κB, PI3K/AKT, and Nrf2 to 
exert its anti-inflammatory and antioxidant activities. In a study 
involving human RA fibroblast-like synoviocytes where LPS was 
used to induce inflammation, it was found that thymoquinone 
significantly reduced the serum levels of IL-1β, TNF-α through 
downregulation of MAPK p38, ERK1/2, and NF-kB, respectively. 
When thymoquinone was studied in rats in experimental models 
of rheumatoid arthritis, such an outcome was also observed [99].

•	 Celastrol is a triterpenoid isolated from the root extract of 
Tripterygium wilfordii. Studies have revealed that it has 
significantly decreased interstitial fibrosis, collagen deposition, 
and mesangial matrix expansion through a decrease in the 
expression of TGF-β, PI3K/AKT, and mTOR pathway in HFD/
STZ-induced diabetic nephropathy in rats [100,101]. Nobiletin is 
a flavonoid obtained in abundant amounts from the citrus fruits 
such as orange and grapefruits. It was found to inhibit cytokines 
such as NF-κB and MAPK against LPS-induced inflammation 
and fibrosis against RAW264.7 macrophages [102].

•	 Sophocarpine is isolated from the plant Sophora alopecuroides 
L. When sophocarpine was studied for its affectivity against 
cachexia on RAW264.7  cells and murine primary macrophage, 
it was found that both TNFα and IL-6 production was reduced 
in the cells [103]. It was also found that sophocarpine attenuated 
the activation of p35 MAP kinase when it was studied for its 
anti-inflammatory effect in LPS induced RAW264.7  cells. It 
suggests that it may have activity against fibrosis [104].

•	 Lycorine is isolated from the herb Lycoris radiata when studied in 
tumor 264.7 cell lines, it was found that lycorine inhibited TNFα and 
IL-1 released from the cells. It was also observed that LPS-induced 
activation of p38 pathways was also inhibited by lycorine which 
suggests that it can also be studied for anti-fibrotic activities [105].

The above-mentioned phytomolecules have a promising effect in 
reducing IgA nephropathy-related fibrosis. We already know that fibrosis 
in the mesangial cells of the kidney makes it lose its normal architecture 
leading to a decrease in kidney function permanently. Prevention of 
fibrosis in IgA nephropathy is a very important aspect relating to slowing 
the progression of the disease to the end stage. A summary of all these 
molecules is presented in Table 2. Phytomolecules affecting in fibrosis.

6. CONCLUSION

In this study, we tried to highlight the molecules which inhibit 
inflammation and fibrosis in various types of cells when studied in vivo 
or in vitro. Suppression of proteins such as IL1 and TNF-alpha by 
many of the phytomolecules can be of great interest with the possibility 
of reducing the inflammation in mesangial and podocyte cells of the 
kidney of IgA nephropathy subjects. However, few phytomolecules 
with their ability to affect the expression of p38, MAPK, ERK 1/2, 
and TGF-β pathways along with MCP-1/CCL2 cytokines can be 
very effective in reducing the chronic inflammation and fibrosis in 
the inflamed kidney, leading to the reversal of inflammation-related 
proteinuria and creatinine levels in subjects of IgA nephropathy. Thus, 
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the search for novel molecules which can reverse the inflammation-
related elevation of proteinuria can be addressed from this study with the 
possibility of alleviation of symptoms of IgA nephropathy. Oleanolic 
acid, berberine, apegenine, rutin, diadzein, epigallocatechin-3- gallate, 
oxymatrine, sinomenine, and celastrol are more effective in alleviating 
symptoms of IgA nephropathy at least in in vitro and animal studies. 
Quercetin, curcumin, genistein, and resveratrol have already been 
tested in human clinical trials with a satisfactory result in alleviating 
symptoms of IgA nephropathy.
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