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ABSTRACT 
Background: Sida cordifolia (SC) also known as "Bala" is an Ayurvedic Rasayana which is used for the 
treatment of several brain related conditions. Disruption of calcium signalling is one of the risk factors of 
neurodegenerative diseases. Aim of the study was to assess the effect of Sida cordifolia on disruption of calcium 
signaling pathway using thapsigargin. 
Methods: Mouse neuroblastoma cells (N2a) were used for this study. Thapsigargin, a blocker of endoplasmic 
reticulum Calcium ATPase, increases Ca2+ concentration in cell which is seen as stress by cell. Methanolic root 
extract of Sida cordifolia (SC) was used to assess its effect on thapsigargin induced stress response by using 
molecular biology tools. 
Results: The gene expression analysis showed Sida cordifolia reduces the thapsigargin induced stress response. 
The levels of XBP1s, ATF4, CHOP and GADD34 were significantly subdued in SC treated N2a cells. 
Conclusion: The modulation of key proteotoxic stress related genes clearly shows the SC treatment is reducing 
the integrated stress response. This is one of the most likely reasons why this ayurvedic plant is being used as a 
neuroprotective agent. 
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INTRODUCTION 
Sida cordifolia Linn. (Family: Malvaceae) is 
commonly known as Bala or Country Mallow. It is 
a perennial subshrub extensively utilized in 
traditional medicine systems, most notably 
Ayurveda and Unani. It is distributed throughout the 
tropical and subtropical regions of the world. As per 
Ayurveda this plant is historically recognized for its 
"Rasayana" (rejuvenating) properties. Sida 
cordifolia is also known as "Bala" which translates 
to "strength" (Ashwini Kumar Sharma, 2015). It is 
traditionally indicated for the treatment of various 
ailments, ranging from neurological disorders like 
sciatica and facial paralysis to respiratory conditions 
such as bronchial asthma (Hosne Jahan Shetu et al., 
2019). Sida cordifolia is known to have analgesic, 
anti-inflammatory and hepatoprotective properties 
(Franzotti et al., 2000; Rejitha et al., 2012). 
 
Neurodegenerative diseases are among the top life 
threating diseases worldwide. These involve 

progressive loss of neurons from specific areas of 
the brain, leading to both motor and cognitive 
decline (McIsaac et al., 2018). Alzheimer’s, 
Parkinson’s, Huntington’s and Amyotrophic lateral 
sclerosis are some of the common 
neurodegenerative diseases. Though they share 
different physiological symptoms but they share a 
common pathological hallmark, aggregation of 
misfolded proteins(Hetz & Saxena, 2017). There are 
various risk factors which are associated with these 
diseases such as ageing, calcium signalling 
dysfunction, genetic mutation and 
neuroinflammation (Hetz & Saxena, 2017). 
Aggregation of misfolded proteins leads to 
disturbance in proteostasis which can lead to cell 
death under chronic conditions (Hetz et al., 2015).   

Thapsigargin (Tg) is a guaianolide-type 
sesquiterpene lactone originally isolated from the 
Mediterranean plant Thapsia garganica (Jaskulska 
et al., 2020). It is widely used to induce stress 
response pathways in cellular conditions which 
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mimics the pathological insults during disease 
conditions. It is a potent inhibitor of the 
sarco/endoplasmic reticulum Calcium ATPase 
(SERCA) pump. Inhibition of SERCA pump leads 
to increase in cytosolic calcium levels while, 
decrease in ER lumen. Disruption of calcium 
homeostasis in ER leads to altered calcium 
dependent chaperone functioning and consequently 
misfolding of proteins. In response to this cellular 
insult, ER activates an integrated stress response 
known as unfolded protein response (UPR). This 
UPR initially aims to restore the cellular 
homeostasis by its three arms: IRE1a (Inositol-
Requiring Enzyme 1), PERK (Protein kinase R-like 
ER kinase) and ATF6 (Activating transcription 
factor 6). But prolonged UPR activates the cell death 
mechanisms via its downstream pathways 
(Marciniak et al., 2004). 
This study reports the protective effect of Sida 
cordifolia against thapsigargin induced cellular 
stress response using neuronal cell line model. 
 
MATERIALS AND METHODS: 
Preparation of methanolic extract of Sida 
cordifolia: 
Sida cordifolia (Bala) roots were collected from 
local farmers in Tamil Nadu, India, and subsequently 
authenticated at the herbarium of MSU Baroda. The 
roots were washed and dried. The dried roots were 
ground as course powder. This powder was extracted 
in methanol at a 1:10 (w/v) ratio where it was kept 
in a shaker incubator at 37°C for 72 hours. This was 
followed by filtration of methanol and it was dried 
using rotary evaporator. The dried extract was stored 
in freezer and dissolved in DMSO when required. 
 
Cell Culture 
N2a (mouse neuroblastoma) cells were grown in 
DMEM media with fetal bovine serum (10%) and 
antibiotic (1% Pen-strep) at 370C under 5% CO2 

environment. 300,000 Cells were plated per well in 
a 6-well plate. Sida cordifolia (1ug/ml) treatment 
was given after 24 hrs of plating to allow cells to 
adhere well to the plate. Thapsigargin (30nM) was 
added to the plate one hour after SC treatment. Cells 
were harvested after 24 hours for further 
experiments. 
 
RT-PCR 
After treatment as mentioned above cells were 
harvested in Trizol. Phenol-chloroform method was 
used to isolate total RNA from cells. 1μg RNA was 

used for cDNA synthesis using thermo cDNA 
synthesis kit. Q-PCR was done using Biorad 
SYBRgreen following manufacturer’s protocol. 
Actin was used as housekeeping internal control 
gene. Relative gene expression was calculated using 
2^-ddct method. Primer sequences are listed in Table 
1 
 
Table 1: Sequence of primers used in this study 

Gen
e 

Forward 
Sequence (5’-3’) 

Reverse 
sequence(5’-3’) 

Acti
n 

GCAGGAGTAC
GATGAGTCCG 

ACGCAGCTCAG
TAACAGTCC 

XBP
1T 

CTCTGCTTCCC
AGGTTTCGT 

TCACAGAACAG
GACGCTGTG 

XBP
1s 

CTGAGTCCGCA
GCAGGTG 

TTCCAGCTTGG
CTGATGAGG 

Bip ACTTGGGGACC
ACCTATTCCT 

ATCGCCAATCA
GACGCTCC 

ATF
4 

GTGCACTTTTC
TCTCATGGGG 

GCCCTAAACCG
CCCTTTAT 

CH
OP 

CTGGAAGCCTG
GTATGAGGAT 

CAGGTCAAGAG
TAGTGAAGGT 

GA
DD3
4 

GAGGGAGCCC
CACAATTC 

TTACCAGAGAC
AGGGGTAGGT 

 
Statistical Analysis 
All the experiments were done at least 3 times. p-
value was calculated using Student’s T-test, where 
*p<0.05,**<0.01. 
 
RESULTS 
Generation of time specific thapsigargin induced 
stress model in N2a cells  
To generate a robust thapsigargin induced stress 
model, experiments were done at two different time 
points - 4 and 24 hours. Relative gene expression of 
spliced XBP1 (XBP1s) and Chop genes was 
checked (Figure 1A and B respectively). The change 
in expression of these two genes were much higher 
at 24hrs time point. We selected this time point for 
our further experiments as this will give larger 
window to assess the effects of SC.  
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Figure 1: Thapsigargin induced cellular stress 
model. A) XBP1s and B) CHOP gene expression 
checked using RTPCR at two different time 
points. Data- Mean±SD(n=3). p-value (T-test, two 
tailed), *<0.05; **<0.01. 
 

 
Figure 2: Effect of SC on thapsigargin induced 
cellular stress. A) XBPT, B) XBP1s, C) Bip, D) 
ATF4, E) CHOP and F) GADD34 gene expression 
checked using RTPCR. Data- Mean±SD(n=3). p-
value (T-test, two tailed), *<0.05; **<0.01. 
 
Sida cordifolia reduces thapsigargin induced gene 
expression changes in N2a cells: 
Effect of methanolic root extract was assessed in 
thapsigargin induced stress in N2a cells. Transcript 
level of XBP1s (X-box binding protein 1 spliced) 
was checked after SC treatment. It showed 
significant decrease suggesting reduction in XBP1 
splicing (Fig 1B). Reduction of XBP1 is known to 
have protective effect against ischemia reperfusion 
injury (Jiang et al., 2017). Next Bip expression level 
was checked and SC treatment reduced its level 
significantly which suggests reduction in 
thapsigargin induced molecular chaperone induction 
(Fig 1C). ATF4 (Activating Transcription Factor 4) 
level was significantly reduced after SC treatment 
(Fig 1D). It has been reported in previous studies 
that ATF4 upregulation leads to cardiomyocytes 
death (Jeong et al., 2019). ATF4 upregulation leads 
to activation of proapoptotic pathway. One of the 

downstream molecules of ATF4 is CHOP, which is 
known to be involved in cell death under chronic 
conditions (Oyadomari & Mori, 2004). Treatment 
with SC shows reduction of CHOP expression (Fig 
1E). GADD34 is an another proapoptotic protein 
involved in cell death. Significant decrease in 
GADD34 transcript level was observed after SC 
treatment (Fig 1F). Reduction in GADD34 level is 
known to be protective against traumatic brain 
injury induced cell death (Farook et al., 2013). Taken 
together methanolic root extract of SC is reducing 
thapsigargin induced integrated stress response via 
lowering the signalling cascade of both IRE1 and 
PERK arm. Reduction in ATF4 and CHOP shows 
SC is showing cellular protection by rescuing cells 
from apoptotic pathways. 
 
DISCUSSION 
Our study reports a possible mechanism of action of 
Sida cordifolia as neuroprotective agent, a finding 
with significant implications to usage in 
neurodegeneration. Our data indicate that Sida 
cordifolia effectively preserves proteostasis 
regulating machinery in N2a cells by counteracting 
thapsigargin-mediated ER dysfunction. The 
significant downregulation of Bip, ATF4, and CHOP 
suggests that the extract does not merely mask the 
stress, but likely intervenes in the PERK-eIF2α 
signaling cascade to prevent the switch from an 
adaptive to a pro-apoptotic UPR. This 
neuroprotective effect is critical, as the suppression 
of CHOP (a major driver of ER-related cell death) 
indicates that the bioactive compounds in Sida 
cordifolia may fortify the ER’s buffering capacity 
against calcium flux. These findings position the SC 
extract as a viable modulator of the ER stress 
response, particularly in neuronal models where 
calcium-dependent proteotoxicity is a primary 
driver of degeneration (Berridge, 2011). These 
observations are consistent with a growing body of 
evidence suggesting that plant extract can 
selectively modulate ER stress pathways to favour 
cytoprotection (Zheng et al., 2019). 
Although these findings are encouraging, further 
studies are needed to isolate the active constituents, 
identify their molecular targets, and test their 
efficacy in vivo. Establishing dose–response 
relationships, pharmacokinetics, and long-term 
safety will be essential before considering 
translation into therapeutic applications. 
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