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colon cancer, and breast cancer (Han et�al.  2020 ). PTP1B 
inhibition has been shown to substantially decrease the pro-
gression of glioblastoma (BartolomØ et�al.  2020 ), ovarian 
cancer (Wang et�al.  2021 ), and myeloma (Wang et�al.  2021 ). 
One study suggested that PTP1B inhibition in the breast 
cancer cell lines D492 and HMLE a� ects cell-cell adhesion 
and produces anoikis-like e� ects (Hilmarsdottir et�al.  2017 ). 
The approved target agent for colon cancer regorafenib has 
an inhibitory e� ect on PTP1B (Teng  2016 ). 

 PTP1B inhibition is predicted to reduce the severity of 
pancreatic cancer through the regulation of PKM2/AMPK/
MTOC1 pathway (Xu et�al.  2019 ). PTP1B overexpression 
can promote cancer development by reducing the level of 
tyrosine phosphorylation in the PI3K/ATK, Ras-Raf-Mek-
ERK, JAK/STAT, and FAK/Src signaling pathways, which 
leads to cell cycle arrest or apoptosis (Sivaganesh et�al. 
 2021 ). This can result in increased cell proliferation and 
survival, contributing to the cancer progression. PTP1B 
can a� ect aforementioned signaling pathways involved in 
cancer cell migration and invasion, potentially promoting 
metastasis and the spread of cancer to other parts of the body 
(Pan et�al.  2020 ). PTP1B has been shown to regulate insulin 
signaling, which can a� ect glucose uptake and metabolism 
in cancer cells (Li et�al.  2021 ). 

  p- Propoxybenzoic acid ( p -PBA) is an active phytocon-
stituent of the plants including  Euonymus alatus � (Zhai 
et�al.  2016 ),� Trianthema decandra �L. (Rajarathinam  2018 ), 
and� Trienthema portulacastrum  (Das et�al.  2022 ), which 
have a wide spectrum of medicinal properties including 
anti-cancer activity. In our previous study, we assessed the 
protective activity of p PBA in streptozotocin-nicotinamide-
induced type-II diabetic rats (Raval et�al.  2022 ).�  p -PBA 
reportedly inhibits the PTP1B enzyme with a sub-maximal 
inhibitory concentration  (IC 50 ) of 14.8 – 0.9 µM according 
to an in-vitro study (Jiang et�al.  2012 ). 

 In this study, we hypothesized that  p- PBA may exhibit 
protective e� ects against cancer through the inhibition of 
PTP1B. The study aimed to provide the primary insight into 
the probable anticancer potential of  p- PBA through in-silico 
molecular docking along with  invitro  studies, including cell 
viability assay,  Allium Cepa  assay, and brine shrimp lethality 
assay (BSLA).  

    Methods 

   Materials 

 The investigational compound,  p- propoxybenzoic acid 
[5438-19-7] was obtained from Thermo Fisher Scienti� c. 
Methotrexate [59-05-2] and dimethyl sulfoxide (DMSO) 
[67-68-5] were obtained from SRL Chemicals. Reagents 
including Dulbecco�s minimum essential medium (DMEM), 

fetal bovine serum (FBS), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) dye, Tris-hydro-
chloric acid (Tris-HCl), ethylenediaminetetraacetic acid 
(EDTA), Triton X-114 and protease inhibitor were obtained 
from SRL Chem. An enzyme-linked immunosorbent assay 
(ELISA) reader kit and brine shrimp eggs were purchased 
from Flinn Scienti� c. A Kern Analytical weighing balance 
was obtained from Sigma Aldrich. A Silverlite counting 
chamber BS 784 hemocytometer was utilized for the cell 
viability assay. 

    Molecular docking 

 The methodology for molecular docking using Auto Dock 
4 was performed according to the standard protocol (Forli 
et� al.  2016 ). The protein structure PTP1B (PDB code: 
1KAV) was initially prepared by removing any non-essen-
tial regions and adding missing atoms using Auto Dock 
4 (Tahara et�al.  2020 ). The protein was then subjected to 
energy minimization to ensure stability, and a � exible dock-
ing protocol was applied in the study (Forli et�al.  2016 ). 
The ligand structure was prepared using ChemDraw 12.0.2 
(Khan et�al.  2022 )and converted to mol2 by Open Babel 
GUI (Kabier et�al.  2024 ). The protein and ligand structures 
were then docked together using the Auto Dock algorithm 
(Forli et�al.  2016 ). This algorithm uses a genetic algorithm 
to search for the lowest energy binding conformation of the 
ligand within the binding site of the protein. The docked 
complexes were then scored to evaluate their binding a�  n-
ity. This was done by calculating the binding energy of 
the complex using a force � eld. The top-scoring docked 
complexes were then analyzed to determine the force � eld 
parameters representing the interatomic interactions includ-
ing interactions between the protein and ligand along with 
binding regions and length of hydrogen bonds using UCSF 
Chimera (Pettersen et�al.  2021 ). 

    Cell viability assay 

 Cell viability was measured following the standard proce-
dure described by Abdelrahim et�al., ( 2023 ). The MCF-7, 
human breast cancer cell line was acquired from the National 
Centre for Cell Science Pune, Maharashtra, India in the form 
of 80% con� uent cells. The cells were detached from the 
Corning � ask using a trypsin solution. MCF-7 cells were 
cultivated in DMEM and supplemented with 10% FBS. 
Subsequently, the cells were incubated at 37° C in the pres-
ence of 5%  CO 2 . The cells were resuspended in DMEM and 
counted using a hemocytometer. The density of the cells was 
adjusted to 1 ×  10 5  cells/mL. A suspension of cells (1000 
µL) was seeded into a pre-labelled 12-well plate and incu-
bated for 24�h at 37  in the presence of 5%  CO 2 . Thereaf-
ter, the incubated cells were exposed to DMEM containing 
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di� erent concentrations of  p -PBA ranging from 0�µg/mL to 
300�µg/mL for 24, 48, and 72�h. Cells exposed to 0�µg/mL 
 p -PBA were considered as the control group. Thereafter, 
100 µL of 5�mg/mL MTT solution was added to the wells 
and incubated for 1�h at 37�°C in the presence of 5%  CO 2 . 
Subsequently, the medium was removed from the well plate 
followed by the removal of excess dye through two washes 
of saline water. Each well of the plate was treated with 200 
µL of lysing bu� er prepared with Tris-HCl (pH 7.5), 1 mM 
EDTA, 2% Triton X-114, and 1% protease inhibitor mix-
ture (10�mg/mL). The 12-well plate was read by an ELISA 
reader at 562�nm, and the absorbance optical density was 
measured to determine the number of viable cells. The per-
centage of viable cells was calculated using the following 
formula: percentage viability (%) = (100 × [absorbance of 
test/absorbance of control)]. The  IC 50  values were calculated 
for 24, 48 and 72�h. 

     Allium cepa  model 

 The antimitotic activity of the compound  p- PBA was evalu-
ated as per the standard protocol by using  Allium cepa �roots 
(Patil et� al.  2004 ). Onion bulbs ( Allium cepa  L . ) were 
obtained from a local store and placed in a beaker to grow 
in room-temperature tap water. The bulbs were allowed to 
grow under standard conditions. Three di� erent concentra-
tions of  p- PBA (100, 200, and 300�µg/mL) and methotrexate 
(300�µg/mL) were prepared 10% 1 DMSO. To assess the 
e� ect of  p -PBA on root growth, onion bulbs were placed on 
top beakers containing the  p -PBA solution, with the roots 
barely submerged in the drug-containing water. The sprout-
ing roots were also given DMSO and the standard medica-
tion methotrexate (300�µg/mL) as a control and standard, 
respectively. The length and number of roots were measured 
and observed on multiple days, including Day 0, Day 1, Day 
2, Day 3, and Day 4. This allowed for the assessment of any 
changes in root growth over time in response to the di� erent 
treatments. 

    Brine shrimp lethality assay 

 The BSLA was performed as suggested by Subramanian 
et�al. ( 2022 ). Brine shrimp eggs were obtained and hatched 
in arti� cial seawater. Three solutions of p- PBA (100�µg/mL, 
200�µg/mL, and 300�µg/mL) and a solution of methotrexate 
(300�µg/mL) were prepared in 10% DMSO. Brine shrimp 
nauplii were added to petri-plates containing  p PBA (100, 
200, and 300�µg/mL) and methotrexate (300�µg/mL) as a 
standard drug. The normal control (NC) group was also 
established with a petri-plate containing DMSO and arti� -
cial seawater. The petri-plates were incubated and the num-
ber of dead and alive nauplii in each petri-plate was counted 
and recorded at 2, 4, 6, and 8�h. The percentage of lethality 
was calculated by dividing the number of dead nauplli by the 
total number of nauplii in each petri-plate. The results were 
replicated 5 times to determine the statistical signi� cance. 

    Statistical analysis 

 The results are presented in the form of mean – the stand-
ard error of mean (SEM). A di� erent statistical approach 
was applied for non-parametric data (Mann�Whitney test, 
Friedman test, and Dunn�s multiple comparison test) and 
parametric data (two-way analysis of variance followed by 
Tukey�s test). A  P -value < 0.05 was considered statistically 
signi� cant. Results were analyzed using GraphPad Prism 10. 

     Results 

   Molecular docking 

 The median binding a�  nity of  p- PBA and trodusquem-
ine with PTP1B was � 6.635� kcal/mol and 7.330� kcal/
mol respectively. A signi� cant correlation between  p -PBA 
and trodusquemine was obtained with a  P -value = 0.0011 
(Table� 1 ).   

  Table 1       Binding a�  nity from molecular docking study  

  a    Data are represented as the median of 10 values 
  b     p -propoxybenzoic acid 
  c    Protein tyrosine phosphatase 1B 
 *Indicates the statistical correlation of  p -PBA with trodusquemine with  P -value = 0.0011 

  Ligand 
 (PTP1B) c   

  Binding a�  nity (kcal/mol)    Median 
binding 
a�  nity 
 (kcal/mol)a  

  1    2    3    4    5    6    7    8    9    10  

   p -PBA b     ��7.01    ��6.94    ��6.91    ��6.94    ��6.78    ��6.47    ��6.47    ��6.39    ��6.28    ��6.31    ��6.625*  
  Trodusquemine    ��8.02    ��7.83    ��7.45    ��7.43    ��7.23    ��7.46    ��7.10    ��6.94    ��6.78    ��6.92    ��7.330  
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 Table� 2  elucidates the different binding probabilities 
of  p -PBA with PTP1B in different regions along with the 
length of the hydrogen bonds. Docking of  p PBA with 
PTP1B demonstrated in Fig.�  1 A shows the binding of 
propoxy group and the carbox ylic acid group of  p PBA 
with the ARG 79, which is present in the A, B, and C 
subunits of PTP1B, and the propoxy group also shows 
binding with SER 80. Figure� 1 B shows the binding of 
the carboxylic acid group with PHE 7, LYS 5, and GLU 
6. Similarly, Fig.� 1 C shows the binding of the carboxylic 
acid group with GLY 259 which is part of the A region of 
PRP1B. Figure� 1 D shows the binding of carboxylic acid 
with the GLU 76 amino acid sequence of PTP1B.        

    Cell viability assay 

  p -PBA (10�µg/mL) signi� cantly ( P -value < 0.05) reduced 
the cell viability (%) after 72�h of exposure. MCF-7 cells 
treated with  p -PBA (15�µg/mL) showed a statistically sig-
ni� cant ( P- value < 0.05) reduction in cell viability (%) after 
48�h and 72�h of treatment exposure.  p -PBA (25�µg/mL) 
treated MCF-7 cells exhibited a statistically significant 
reduction in cell viability (%) after the treatment expo-
sure of 24�h ( P- value < 0.05), 48�h ( P- value < 0.05), and 
72�h ( P- value < 0.001). MCF-7 cells treated with  p- PBA 
(50� µg/mL) exhibited a statistically significant reduc-
tion in cell viability (%) after the treatment exposure of 
24� h ( P- value < 0.05), 48� h ( P- value < 0.001) and 72� h 
( P- value < 0.05). Higher concentrations of  p -PBA includ-
ing 75� µg/mL, 100� µg/mL, 150� µg/mL and 300� µg/mL 

  Table 2       Molecular bonding of 
drug with amino acid sequence  

  a     p -propoxybenzoic acid 
  b    Protein tyrosine phosphatase 1B 

  Functional group of  pPBA a     Amino acid sequence of 
PTP1B  

  Hydrogen bond 
length (¯)  

  Region of enzyme  

  Oxygen of propoxy group    ARG 79    3.25    A, B, C  
  SER 80    2.76    B  

  Carboxylic acid group    ARG 79    3.12    A, B, C  
  PHE 7    2.75    A  
  LYS 5    3.12    D  
  GLU 6    2.93    D  
  GLY 259    3.09    B  
  ASP 245    3.19    A, B  
  GLU 76    2.81    D  

  Fig. 1       Binding probabilities of 
 p -PBA with PTP1B.  A �Bind-
ing of the propoxy group with 
ARG 79 of PTP1B and binding 
of the carboxylic acid with 
ARG 79 of PTP1B.� B �Binding 
of the carboxylic acid group 
with PHE 7, LYS 5 and GLU 
6 of PTP1B.  C �Binding of the 
carboxylic acid group with GLY 
259 of PTP1B.� D �Binding of the 
carboxylic acid group with GLU 
76 of PTP1B  







282 Proceedings of the Indian National Science Academy (2025) 91:276…284

(French et�al.  1949 ). As there is no evidence present on the 
in-silico binding ability of p- PBA with PTP1B, this study 
was designed to establish the possibility of  p- PBA to bind 
with PTP1B through molecular docking followed by in-vitro 
analysis to emphasize the anti-cancer potential of  p- PBA. 

 The results of molecular docking suggested the bind-
ing ability of  p- PBA with PTP1B. The binding a�  nities 
of  p- PBA were compared with trodusquemine, which is 
reported as a selective inhibitor of PTP1B used against meta-
static breast cancer (Qin et�al.  2015 ). A negative binding 
a�  nity in molecular docking results typically indicates the 
attraction of the forces involved in the binding between p-
 PBA and the PTP1B (Altaf et�al.  2022 ). This suggests that p -
PBA is likely to bind tightly to PTP1B and form a stable 
complex. Both functional groups of  p- PBA: propoxy and 
carboxylic acid group showed a strong binding a�  nity with 
ARG 79 which is a common residue of three regions (A, B, 
C) of PTP1B (Choy et�al.  2017 ). ARG 79 and SER 80 are 
part of the allosteric site of the enzyme (Choy et�al.  2017 ). 
Therefore, p- PBA can be termed as an allosteric inhibitor of 
PTP1B. Allosteric inhibitors provide increased speci� city, 
reduced adverse e� ects, and limited toxicity. Additionally, 
the carboxylic acid group of  p- PBA showed binding with 
GLY 259 residue present in the B-site of PTP1B (Choy et�al. 
 2017 ). The use of compounds with the ability to bind speci� -
cally to sites A and B is considered as a good strategy for 
identifying selective inhibitors of PTP1B. In-vitro assays 
conducted to establish anti-cancer potential also showed sig-
ni� cant di� erences from normal conditions. Studies have 
reported the pivotal role of PTP1B inhibition in reducing the 
progression of breast cancer (Przychodzen et�al.  2019 ). We 
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  Fig. 4       Graphical reorientation of reduction in length of  Allium cepa  
Roots. (* Indicates a statistically signi� cant decrease in root length 
between the treatment group and the normal control [NC] group 
 P -value < 0.05, ** Indicates a statistically signi� cant decrease in 
root length between the treatment group and the NC group with 
 P- value < 0.001, # Indicates a statistically signi� cant decrease in 
the root length between the NC group and the standard group with 
 P -value < 0.0001)  
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  Fig. 5       Graphical representation of the reduction in the number of 
alive nauplii (* indicates a statistically signi� cant decrease in the 
number of alive nauplii in the treatment group compared with the 
normal control [NC] with  P -value < 0.05, # indicates a statistically 
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group compared with the NC group with a  P -value < 0.001)  
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  Fig. 6       Graphical representation in trend of percentage lethality over 
study period (* indicates a statistically signi� cant increase in per-
centage lethality between the treatment group and the normal control 
group with a  P- value < 0.05)  
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