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ABSTRACT 
The current study focused on the pharmacological assessment and phytochemical profiling of two medicinal plants: 
Dalbergia oojeinensis (stem bark) and Sauropus androgynus (whole plant). To extract S. androgynus, higher polarity 
solvents such as hexane, ethyl acetate, methanol, and 70% methanol were utilised sequentially. The methanol and 
ethyl acetate fractions were chosen for further analysis based on their extraction yields and TLC results. Based on 
extraction yield and TLC results, the ethyl acetate and methanol fractions were selected for further investigation. The 
ethyl acetate extract contained Rutin, Kaempferol-3-O-rutinoside, Quercetin, and Naringin, while the methanol extract 
contained Rutin, Kaempferol, and Gardenin, according to LC-MS analysis. The in vitro cytotoxic and anti-rheumatoid 
effects of both fractions were evaluated utilising the A549, HeLa, HCT-116, and SW982 cell lines. The methanol 
extract exhibited superior bioactivity and reduced IC50 values (A549: 87.49 µg/mL, HeLa: 54.44 µg/mL, HCT-116: 
253.49 µg/mL, SW982: 74.14 µg/mL) compared to the ethyl acetate extract, indicating enhanced anticancer and anti-
inflammatory properties. The presence of flavonoids and polyphenols is responsible for these effects. The study of D. 
oojeinensis showed that its physicochemical properties met pharmacopoeial requirements, which led to the discovery 
of four triterpenoids: betulin, betulinic acid, 16-hydroxybetulinic acid, and lupeol. The ethanolic extract showed 
moderate cytotoxic activity against A549 cells, likely due to betulin and betulinic acid. In total, both plants showed 
high pharmacological potential, indicating that they are viable natural sources of bioactive chemicals for the 
development of anticancer and anti-inflammatory drugs. 
Keywords: Sauropus anhydrogynus, Dalbergia oojeinensis, LC-MS, flavonoids, anticancer activity, anti-rheumatoid 
activity, bioactive compounds 
How to cite this article: Thakare TY, Agarwal DK, Rakte AS, Srinivas GR. Evaluation of Anti-Cancer and Anti-
Rheumatic Properties of Medicinal Plant Sauropus Androgynous. Int J Drug Deliv Technol. 2026;16(20s): 950-957. 
DOI: 10.25258/ijddt.16.20s.96 
Source of support: Nil. 
Conflict of interest: None 
 
Introduction 
Cancer refers to any of a number of diseases marked by 
the uncontrollable proliferation of abnormal cells with 
the ability to invade and destroy healthy human 
components. Cancer is the world's second most common 
cause of death. In 2022, 9.7 million cancer-related deaths 
occurred worldwide, with roughly 20 million new cases. 
 By 2040, it is expected that 15.3 million people would 
die from cancer and 29.9 million new cases will be 
diagnosed. Cancer rates are generally higher in countries 
with the highest life expectancy, educational attainment, 
and standard of living. However, cervical cancer 

incidence is the highest in countries with low population 
rankings [1]. 
Cervical cancer is the fourth most frequent cancer in 
women, behind breast, colorectal, and lung cancers. Lung 
cancer was the most frequent cancer in the world, with 
2.5 million new cases (12.4%). Female breast cancer 
came in second with 2.3 million cases (11.6%), followed 
by colorectal (9.6%), prostate (7.3%), and stomach 
(4.9%). Cervical cancer is the fourth most frequent 
cancer among women, following breast, colorectal, and 
lung cancer. After breast, colorectal, and lung cancer, 
cervical cancer is the fourth most common cancer in 
women. Lung and colorectal cancer were the second and 
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third leading causes of new cases and deaths among 
women, respectively. Cervical cancer was the eighth 
most frequent malignancy and the ninth greatest cause of 
death worldwide, accounting for 6,61,044 new cases and 
3,48,186 fatalities. The biggest number of cancer deaths 
was from lung cancer (1.8 million, 18.7%), followed by 
colorectal (9,00,000, 9.3%), liver (7,600,000, 7.8%), 
breast (6,70,000, 6.9%), and stomach (6,60,000, 
6.8%)[2]. The comeback of lung cancer as Asia's most 
frequent malignancy could be attributed to tobacco 
smoking. 
Rheumatoid arthritis is a chronic inflammatory disease 
that affects more than just your joints and has varying 
degrees of complexity in joint, extra-articular, and 
systemic symptoms [3-5]. Rheumatoid arthritis is an 
autoimmune illness that occurs when your immune 
system mistakenly targets your own tissues. In contrast 
to osteoarthritis, rheumatoid arthritis destroys the lining 
of your joints, causing painful swelling that can lead to 
bone erosion and joint deformity over time. 
According to recent studies, people with rheumatoid 
arthritis are still 20% more likely to develop any cancer 
than the general population. These cancers, which are 
predominantly caused by tobacco smoking, include lung, 
bladder, ear, nose, and throat cancers, cervical and 
prostate cancers, melanoma, and haematological 
malignancies. [Beydon, Maxime]. These findings are 
consistent with existing hypotheses on the immune 
system, infection susceptibility, and chronic 
inflammation[6]. 
 
For generations, traditional medicine has used medicinal 
plants to treat a wide range of ailments. More lately, 
natural active compounds discovered in plant products 
have gained interest. While there may be insufficient 
scientific data (double-blind trials, for example) to prove 
their efficacy, some appear to work. 
 
The most often utilised cancer chemotherapeutic agents 
today are alkylating medications, antimetabolites, 
antitumor antibiotics, platinum analogues, and natural 
anticancer therapies. On the other hand, due to the rising 
cancer death rate and the damaging or toxic side effects 
of radiation therapy and chemotherapy, researchers are 
currently looking for novel anticancer drugs derived from 
nature, specifically plants.  
The screening of medicinal plants as a source of 
anticancer medications began in the 1950s, with the 
discovery and development of vinca alkaloids, 

vinblastine and vincristine, as well as the detection of the 
lethal podophyllotoxins [7]. 
 
Sauropus androgynus (Phyllanthaceae) is a perennial 
shrub that grows extensively in Southeast and South 
Asia. It is also known as Daun Katuk, sweet shoot leaves, 
Chakrmanis, and Phak wan ban. In Malaysia, it is known 
as a "multigreen" and "multivitamin" vegetable that can 
be stir-fried, cooked in a curry, or served as a salad [8]. 
In addition to its high nutritional value, which the locals 
recognise, this plant is often utilised 
ethnopharmacologically to cure eye diseases [9], obesity 
[10], gastrointestinal issues [11], diabetes [12], and 
lactation [13]. 
 
Furthermore, various studies have found that the leaves 
of this plant contain a high concentration of bioactive 
phytochemicals such as terpenoids, steroids, tannins, 
phenols, alkaloids, flavonoids, fatty acids, and volatile 
oils [14-15]. With over 100 English-language 
publications on it, S. androgynus has attracted the most 
attention of any species in its genus. Nevertheless, no 
thorough phytochemical evaluations of this significant 
species have been published recently. Only a small 
amount of research has been done on Sauropus 
androgynus leaves for their in-vivo anti-cancer and anti-
rheumatoid properties. To far, however, no study has 
been conducted to examine the effects of the entire 
Sauropus androgynus native plant. The purpose of this 
study is to assess the anti-rheumatoid and anti-cancer 
properties of the entire Sauropus androgynus plant. 
Material and Methods 
The extraction process and TLC were carried out using 
HPLC-quality solvents, such as glacial acetic acid, 
acetonitrile, methanol for HPLC, and LR grade hexane, 
ethyl acetate, methanol, and deminaralized water, which 
were acquired from a local vendor. The solvents' purities 
were 99%. 
Cell lines include the human cervical adenocarcinoma 
cell line (NCCS, Pune), the human alveolar lung 
adenocarcinoma cell line (A549), and the human 
colorectal cancer cell line (HCT-116). Cell line SW-982-
Huamn synovial sarcoma (NCCS, Pune). Medium for 
cell culture: .DMEM with high glucose medium - (Cat 
No: 11965-084, Gibco)-Hela and HCT-116 
cells.,DMEM/F12 culture medium – (Cat No: 11320033, 
Gibco)-A549,Leibovitz’s L-15 medium –(Cat No: 
11415064, Gibco)-for SW982,Fetal Bovine Serum 
(#10270-106, Gibco) ,MTT Reagent (#M2128, Sigma 
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aldrich) ‘DMSO (#276855, Sigma) ,D-PBS (Cat No: 
D8537-500ml, Sigma aldrich),Camptothecin (Cat No: 
C9911, Sigma),5-fluorouracil (Cat No: F6627, 
Sigma),Doxorubicin (Cat No: D1515, Sigma),Cisplatin 
(Cat No: PHR1624, Sigma) ,96-well plate for culturing 
the cells (130188, BioLite, Thermo) ,T25 flask (# 
12556009, Biolite - Thermo) ,50 ml centrifuge tubes (# 
339652, Thermo Scientific) ,1.5 ml centrifuge tubes 
(500010,TARSONS) ,200 to 1000ul microtips 
(521020X, TARSONS) ,2-200ul microtips (521010, 
TARSONS) 
 
Preparation of Raw material: 
The entire plant of Sauropus androgynus was gathered 
from Waynad, Kerala, and verified by a certified botanist. 
The plant sample was properly cleaned two or three times 
under running water and rinsed with sterile distilled water 
to get rid of dust and soil particles. To make sure the 
moisture content was less than 10%, the cleaned raw 
materials were dried in the shade for three days until the 
leaves were completely dry. 
 
Successive Extraction of  Sauropusandrogynus whole 
plant 
Hexane, ethyl acetate, methanol, and 70% methanol were 
the solvents used to concentrate 50 g of dried leaves of 
the entire plant to a thick paste, which was then dried in 
a vacuum oven to obtain the corresponding extracts. The 
plant was powdered to 10-30 # and extracted three times 
using a 1:5 volume of LR grade solvents, each time by 
luxing on a water bath at 50-700C for three hours each 
time. 3.253 g of methanolic extract, 1.75 g of hexane 
extract, 2.256 g of ethyl acetate extract, and 3.532 g of 
70% methanolic excess. 
Thin Layer Chromatography (TLC): 
Thin layer chromatography (TLC) was performed on 
successive extracts using a 3 cm by 10 cm precoated plate 
(silica gel on aluminium) with a thickness of 0.1 mm. On 
the plate, the extract was visible 1 cm above the bottom. 
As stated below, the plate was thereafter put in a saturated 
developing tank filled with a solvent mixture.  
Chloroform: Methanol (9:1) was used as the mobile 
phase for TLC on the obtained extract, which was then 
examined under a UV lamp at 254 nm and sprayed with 
anisaldihyde sulphuric acid as a spray reagent. As shown 
in Fig :1 
Track-1 Hexane extract, Track-2 Ethyl acetate extract, 
Track-3 Methanol extract, Track-4 70% Methanol 
extract. 

Fig: 1 
Sauropusandrogynous – TLC plate 
UV 254 nm 
Spraying reagent: Anisaldihyde Sulfuric acid 

  
        1        2       3      4 
Without Spraying 
reagent 

     1       2         3      4 
With spraying reagent 

 
Based on the yield and TLC profile Ethyl acetate extract 
and Methanolic extract were subjected for Anti-cancer 
activity and anti-arthritis activity using appropriate cell 
lines  
Liquid Chromatography –Mass Spectroscopy 
(LCMS) 
Ethyl acetate and methanolic extracts were subjected to 
LCMS using the gradient method. As stated below, 
samples were dissolved in HPLC-grade methanol and 
then injected into a solvent system.  
Mobile Phases A and B are 0.1% formic acid and 100% 
acetonitrile, respectively.  
 
Column dimensions: 50 x 4.6 mm, 18 µm, C18, CTO: 
35°C  
Λmax: 254 nm; flow rate: 0.8 ml/min 
 

Time Mobile Phase 
A: 

Mobile Phase 
B 

0.01 85 15 
6.00 35 65 
8.00 35 65 
11 85 15 
15 85 15 
15 Controller Stop 

 
LCMS data showed that Rutin, Kaempferol-3-O-
rutinoside, Quercetin & Naringin were available in Ethyl 
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acetate extract  and Rutin , Kaempferol, Gardenin were 
available in methanol extract. 
 
Anti cancer and Anti rheumatoidActivity 
Anti- Cancer study was carried out using A549, HCT-
116, HeLa and SW-982 cell lines for ethyl acetate and 
Methanol extract.[16-19] 
The National Centre for Cell Sciences in Pune, India, 
provided the A549 cells. The cells were kept in 
DMEM/F12 mixture media supplemented with 10% FBS 
and 1% antibiotic-antimycotic solution in a CO2 
incubator set at 370C with 5% CO2 and 18–20% O2. 
They were then subcultured every three days. For the 
current investigation, 45 A549 cell passage numbers 
were used. 
The National Centre for Cell Sciences in Pune, India, 
provided the HeLa and HCT-116 cells. The cells were 
kept in DMEM with high glucose media supplemented 
with 10% FBS and 1% antibiotic-antimycotic solution in 
a CO2 incubator set at 370C with 5% CO2 and 18–20% 
O2. They were then subcultured every three days. For the 
current investigation, HeLa and HCT-116 cells with 
passage numbers of 29 and 58 were utilised. 
The National Centre for Cell Sciences in Pune, India, 
provided the SW-982 cells. The cultures were incubated 
in Leibovitz's L15 media supplemented with 10% FBS 
and a 1% antibiotic-antimycotic solution in a CO2 
incubator at 370°C in an atmosphere of 5% CO2, 18-20% 
O2, and subcultured every three days. The SW982 cell 
passage number used in the current study was 21. 
 
Steps followed: 
In a 96-well plate, seed 200μl of cell suspension at the 
desired cell density (20,000 cells per well) and let the 
cells grow for approximately 24 hours. After adding the 
proper amounts of the test compounds, the plate was 
incubated for 24 hours at 37°C with 5% CO2. Following 
the incubation period, plates were removed from the 
incubator, spent media were disposed of, and reagent was 
added until the final concentration was 0.5 mg/ml of total 
volume. To protect the plates from light exposure, 
aluminium foil was used to wrap them. After that, the 
plates were put back in the incubator to incubate for three 
hours. After removing the MTT reagent, 100μl of DMSO 
(dissolving solution) was added. To improve dissolution, 
a gyratory shaker was gently stirred. Pipetting up and 
down was occasionally used to guarantee that MTT 
formazan crystals were completely dissolved, 
particularly in dense cultures. Using an ELISA reader set 

to 570 nm, absorbance was measured. Percentage Cell 
viability was calculated using below formula: 
 
Percentage Cell Viability = [Mean abs of treated 
cells/Mean abs of Untreated cells] x 100. 
 
The IC50 value was determined by using linear 
regression equation i.e.  
Y =Mx+C.  
Here, Y = 50, M and C values were derived from the 
viability graph. 
 
Observation of Anti-cancer and anti-rheumatoid 
Activity 
The cytotoxicity study conducted using the MTT assay 
revealed that the test compounds, SA ethyl acetate extract 
and SA methanol extract, exhibited significant toxicity 
across all human cancer cell lines, as evidenced by low 
IC50 values after 24 hours. 
The MTT assay results indicate that the test compounds, 
Sauropus androgynus ethyl acetate extract and Sauropus 
androgynus methanol extract, exhibited significant 
toxicity with low IC50 values of 161.73 µg/ml and 87.49 
µg/ml, respectively, against A549 cells after 24 hours of 
treatment. The current study used 10uM cisplatin as a 
standard control. 
The MTT assay results show that the test compounds, 
Sauropus androgynus ethyl acetate extract and Sauropus 
androgynus methanol extract, exhibited significant 
toxicity against HeLa cells with low IC50 values of 85.7 
µg/ml and 54.44 µg/ml, respectively, after 24 hours of 
treatment. The current study used a standard control of 
20uM camptothecin. 
After 24 hours of treatment, the MTT assay results show 
that the Sauropus androgynus ethyl acetate and methanol 
extracts were significantly toxic to HCT-116 cells, with 
low IC50 values of 314.13 µg/ml and 253.49 µg/ml, 
respectively. 5-fluorouracil at 50 µM was used as a 
standard control in this investigation.  
After 24 hours of treatment, the test compounds, 
Sauropus androgynus ethyl acetate extract and Sauropus 
androgynus methanol extract, showed low IC50 values of 
95.41 µg/ml and 74.14 µg/ml, respectively, against SW-
982 cells, according to the results of the MTT assay. 
Doxorubicin was used as a standard control in this 
investigation at a concentration of 1 µg/ml. 
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Sample code 
A5
49 

He
La 

HC
T-
116 

SW
982 

Sauropusandrogynus 
ethyl acetate extract 

161
.73 

85.
7 

314
.13 

95.4
1 

Sauropusandrogynus 
methanol extract 

87.
49 

54.
44 

253
.49 

74.1
4 

 
Comparative IC50 values of Test compounds against 
the A549, HeLa, HCT-116 and SW982 cells after the 
treatment period of 24 hrs 
In-vitro Anti-inflammatory Activity (Protein 
Denaturation Method) 
The anti-inflammatory activity of the ethyl acetate and 
methanolic extracts of Sauropus androgynus was 
evaluated by inhibition of protein denaturation. 
A reaction mixture containing 0.5 mL of 1% bovine 
serum albumin (BSA) and 0.5 mL of plant extract at 
different concentrations (50, 100, 200, 300 and 500 
µg/mL) was prepared. The pH was adjusted to 6.3 using 
1N HCl. 
The samples were incubated at 37°C for 20 min, 
followed by heating at 70°C for 5 min. After cooling to 
room temperature, the turbidity was measured at 660 nm 
using a UV–Visible spectrophotometer. 
Diclofenac sodium was used as the standard drug. 

% Inhibition =
𝐴!"#$%"& − 𝐴'()*&+

𝐴!"#$%"&
× 100	

 
Hemolysis Assay (Biocompatibility Study) 
Fresh human blood was collected from healthy 
volunteers in EDTA tubes. The blood was centrifuged at 
3000 rpm for 10 min, and the packed red blood cells 
(RBCs) were washed three times with sterile phosphate-
buffered saline (PBS, pH 7.4). 
A 2% RBC suspension was prepared in PBS. 
Equal volumes of RBC suspension and plant extract at 
different concentrations (50–500 µg/mL) were mixed 
and incubated at 37°C for 1 h. 
Controls: 

• Negative control: PBS 
• Positive control: 1% Triton X-100 

After incubation, samples were centrifuged at 3000 rpm 
for 5 min and the absorbance of the supernatant was 
measured at 540 nm. 

% Hemolysis =
𝐴'()*&+ − 𝐴#+,($-.+
𝐴*"'-$-.+ − 𝐴#+,($-.+

× 100 
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Fig 1: % Hemolysis of test samples 

G1 

 
 

y = 0.0063x + 0.1144
R² = 0.9973

0

0.5

1

1.5

2

2.5

0 50 100 150 200 250 300 350

OD
 @

 58
0 n

m

NaNo2 concentra2on (uM/ml)

Total NO Std Curve

Total NO std
Linear (Total NO std)



Evaluation of Anti-Cancer and Anti-Rheumatic Properties of Medicinal Plant Sauropus Androgynous 
 

IJDDT, Volume 16 Issue 20s, 2026 Page 955 

 

 
G2 

 

 
G3 

 

 
G4 

 

 
G5 

 

 
Summary of Research Work 
1. Study on Sauropus androgynus (Whole Plant) 
The current research work on the whole plant of Sauropus 
androgynus was successfully carried out through 
successive extraction using solvents of increasing 
polarity—hexane, ethyl acetate, methanol, and 70% 
methanol. Based on extraction yield and TLC profiling, 
the ethyl acetate and methanol fractions were selected for 
further studies, including LC–MS analysis and in vitro 
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evaluation of anticancer and anti-rheumatoid activities on 
various cell lines. 
Phytochemical Profiling (LC–MS Analysis) 
• Ethyl acetate extract: Rutin, Kaempferol-3-O-
rutinoside, Quercetin, and Naringin. 
• Methanol extract: Rutin, Kaempferol, and Gardenin. 
In Vitro Cytotoxic and Anti-Rheumatoid Activity 
The cytotoxic and anti-rheumatoid activities of the S. 
androgynus extracts were evaluated against A549 (lung 
carcinoma), HeLa (cervical carcinoma), HCT-116 (colon 
carcinoma), and SW982 (rheumatoid synovial sarcoma) 
cell lines using standard in vitro assays. The results, 
expressed as IC50 values (µg/mL), are summarized 
below. 

Sample 
Code 

A549 HeLa HCT-
116 

SW982 

S. 
androgynus 
Ethyl 
Acetate 
Extract 

161.73 85.70 314.13 95.41 

S. 
androgynus 
Methanol 
Extract 

87.49 54.44 253.49 74.14 

 
Observation: The methanol extract exhibited 
comparatively higher cytotoxic and anti-rheumatoid 
activity than the ethyl acetate extract across all tested cell 
lines, as elected by lower IC50 values. 
Inference: LC-MS analysis revealed the presence of 
polyphenolic and flavonoid compounds like Rutin, 
Kaempferol, and Gardenin, which are responsible for the 
methanol fraction's strong bioactivity. 
2. Study on Dalbergia oojeinensis (Stem Bark) 
The investigation of Dalbergia oojeinensis stem bark 
was accomplished with success. Pharmacopoeial limits 
were found for the determined physicochemical 
parameters. Four triterpenoids were identified through 
phytochemical analysis of the extract: lupeol, betulin, 
betulinic acid, and 16-hydroxybetulinic acid.  
Betulin and betulinic acid are known to have strong 
cytotoxic effects, based on reports in the literature. 
These results were supported by the moderate cytotoxic 
activity of D. oojeinensis's ethanolic extract against the 
A-549 cell line. The presence of betulin and betulinic 
acid, which were separated from the extract, is probably 

what caused the observed activity. 
 
Conclusion 
Both Sauropus androgynus and Dalbergia oojeinensis 
demonstrated significant pharmacological potential. The 
S. androgynus extracts showed potent in vitro anticancer 
and anti-rheumatoid activity, mainly due to their rich 
content of polyphenols and flavonoids. The D. 
oojeinensis extract revealed the presence of triterpenoids 
contributing to its cytotoxic properties" These findings 
suggest that these plants may be good natural sources of 
active ingredients that could be used to create anti-
inflammatory and anti-cancer medications. \ 
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