
Journal of Global Oral Health • Volume 7 • Issue 1 • January-June 2024 | 57

Review Article

Role of Solanum nigrum in the apoptotic and 
proliferative mechanism – Novel insights in therapeutic 
strategy of oral cancer
Shalini Shanmugavelu Gnanasekar1, Thamizhchelvan Harikrishnan1, Suganya Ramalingam1, Srikanth Jeyabalan2,  
Logeshwari. B2

1Department of Oral and Maxillofacial Pathology, Sri Ramachandra Dental College, 2Pharmacy Department, Faculty of Pharmacy, Sri Ramachandra Institute 
of Higher Education and Research, Chennai, Tamil Nadu, India.

 *Corresponding author: 
Thamizhchelvan Harikrishnan, 
Dean - Sri Ramachandra 
Dental college, Professor & 
Head, Department of Oral 
and Maxillofacial Pathology,  
Chennai, Tamil Nadu, India.

hod.oralpathology@
sriramachandra.edu.in

Received: 24 January 2024 
Accepted: 15 April 2024 
EPub Ahead of Print: 19 June 2024 
Published: 18 July 2024

DOI 
10.25259/JGOH_6_2024

Quick Response Code:

INTRODUCTION

Solanum nigrum (SN) belongs to the family Solanaceae. It is a branching annual herb that 
grows at a height of 90 cm[1] also known as black nightshade, Manathakkalikeerai in Tamil, and 
Makoya in Hindi.[2] It is composed of alkaloids, steroidal saponins, glycoproteins, antioxidants, 
flavonoids, etc. It has abundant anticancer and antioxidant properties. The fruits of this plant are 
rich in solasodine. In ancient days, the leaves of this plant were traditionally used to treat mouth 
ulcers and tuberculosis.[3] This review will highlight the properties and mechanism of SN and its 
role in cancer.

The term cancer is a name derived from the Greek word “karkinos”, meaning carcinoma.[4] Breast 
cancer stands at the top with the highest global mortality rate, which has a prevalence rate of 
15.2%. Among the different types, with an incidence of 14.7% worldwide, prostate cancer ranks 
as the second most frequent type of cancer. In 7.8% of cases, colorectal cancer is the third most 
frequent type of cancer. Pancreatic cancer accounts for the 12th  most common cancer, with a 
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hike in new cases by 3.3% and accounts for 8.3% of cancer 
deaths.[5] 

The sixth most frequent malignancy worldwide is oral 
squamous cell carcinoma (OSCC) or oral cancer (OC), which 
is considered a serious health issue in developing countries.[6] 
About one-fourth of all cases worldwide are reported from 
India, where there are about 52,000 reported deaths and 
77,000 new cases each year.[7] When compared to Western 
countries, the growing incidence of OC is the most significant 
public health concern. Concern about OC is particularly high 
in India, where approximately 70% of cases are reported to be 
advanced.[8] Squamous cell carcinoma of the lips, oral cavity, 
and oropharynx is typically the primary cause of OC.[9] The 
etiology of OC is multifactorial: smoking, tobacco chewing, 
and alcohol consumption. The treatment of OC is a multi-
phased approach, which includes surgery, chemotherapy, and 
radiotherapy, which have many side effects. The acute side 
effects include oral mucositis, oral candidiasis or oral thrush, 
and xerostomia (dry mouth).[9] The long-term complications 
include trismus (difficulty in mouth opening), radiation 
caries, osteoradionecrosis, and necrosis. One of the major 
side effects of chemotherapy is that it acts on rapidly dividing 
tumor cells and normal cells,[10] Herbal drugs play a key role in 
saving normal cells. For their medical needs, most people on 
the planet still rely on herbal remedies using plants or herbs to 
treat diseases called phytotherapy.[11] Phytotherapy, also called 
phytomedicaments, is a therapeutic plant-based drug therapy 
associated with cancer.[12] The phototherapeutic medicine 
explained in this article is SN. This review will highlight the 
components, properties, and role of SN in various cancers.

Solanum nigrum contains rich natural components. There 
are a total of 188 phytoconstituents, which include steroidal 
components such as steroidal saponins, steroidal alkaloids, 
glycoproteins, polysaccharides, benzoic acids, and naturally 
occurring compounds.[13] Steroidal saponins are secondary 
metabolites that are more commonly found in plants and 
marine organisms. These are the major constituents present 
in SN. In the year 2006, a study was conducted, that identified 
six steroidal saponins, solanigrosides, and degalactotigonin 
from SN. These compounds were investigated for cytotoxicity 
on human tumor cell lines. They found that the component 
degalactotigonin was cytotoxic with inhibitory concentration 
(IC50) (0.25 ± 4.49 μM).[14]

Glycoalkaloids are abundantly present in fruits, stems, 
and leaves of the plant. The immature fruits of SN are 
rich in steroidal alkaloids (4.2%). In 2017, a study was 
conducted, and they isolated four steroidal components, 
namely, solanine, khasianine, and solamargine. Chemical 
techniques and spectroscopic data analysis were used to elicit 
these structures. They discovered that, with an IC50 of 3.85 
± 0.71 μM, the solanine component (solanine A) had the 
strongest inhibitory efficacy. Moreover, it showed notable 

cytotoxicity towards the human hepatoma (HepG2), primary 
adenocarcinoma of the colon (SW480), and human gastric 
carcinoma (MGC803) cell lines.[15] The polysaccharides 
have abundant antioxidant, antitumor, and hepatoprotective 
properties. The polysaccharides present in SN include 
vitamins, minerals, pigments, and amino acids.[16] The 
properties of SN are depicted in [Figure 1].

Cell cycle refers to the sequence of processes that occur in a 
cell that will eventually lead to its division and replication. 
There are three stages and five phases; the stages include 
the quiescent stage or the senescent stage, interphase, and 
mitosis. The phases include G0 (resting phase), G1 (Gap 1), 
S (Synthesis), Gap 2 (G2), and mitosis.[16] In the year 2020, a 
study was conducted to determine the effects of SN ethanolic 
extract on human breast cancer cell lines (MCF-7) in terms of 
cytotoxicity, cell cycle arrest, and apoptotic induction. They 
discovered that the extract stopped the tumor cells’ growth 
in the S phase and allowed them to proceed to the G2/M 
phase at half of the IC50. In addition, they discovered that 
solamargine, a component, demonstrated strong anticancer 
activity.[17] A study was carried out in 2022 to investigate the 
cytotoxic activity and cell cycle arrest of degalactotigonin 
(steroidal saponin) in triple-negative breast cancer cells 
(MDA MB231). They discovered that the component extract 
affected the cell accretion in the G2/M phase, which was 
concomitant with the cell cycle arrest.[18]

The anticancer efficacy of SN (Aqueous extracts of Solanum 
nigrum [AESN]) on breast cancer cell lines (MCF-7) was 
investigated in 2016. A  12-hour treatment with AESN 
resulted in the arrest of breast cancer cells in the G2/M 
phase. In addition, they discovered that ZEB1, N-cadherin, 
and vimentin were downregulated and that E-cadherin was 
elevated. Accordingly, they deduced that in breast cancer cell 
lines, these findings might prevent epithelial-mesenchymal 
transition (EMT).[19]

A study in 2017 examined the growth-inhibiting effects of 
the glycoalkaloid solamargine on non small cell lung cancer 
(NSCLC) cells. Solamargine was discovered to greatly raise 
the fraction of cells at the G0/G1 phase and prevent the 
proliferation of lung cancer cells. Thus, it was demonstrated 
that solamargine inhibited tumor cell growth.[20] The 
mechanism of cell death mediated by the chloroform fraction 
of the methanolic extract of SN on cervical cancer cell 
lines was investigated in research in 2017. The extract was 
observed to suppress the G1/S phase.[21] Hepatic carcinoma 
HepG2 and cervical cancer Hela cell line were the human 
cancer cell lines studied in 2021 to determine the in vitro 
cytotoxic potential of SN. The compound’s cytotoxic action 
was verified by high-performance liquid chromatography 
analysis. They discovered that the extracts of SN caused the 
animals to experience minute toxicity and cell cycle arrest 
in the G0 and G1 phases.[22]
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In 2019, a study was conducted to determine the apoptotic 
activity of CM-319 (human chondroma cells) using the 
phytocomponent solamargine (steroidal glycoalkaloid). 
They found that solamargine controlled the proliferation 
of tumor cells and upregulated caspases 3, 8, and 9. 
Therefore, the results concluded that solamargine might 
be a novel therapeutic agent in treating chondroma.[23] The 
antiproliferative effect of SN ethyl acetate extracts on three 
cell lines – human colorectal adenocarcinoma (HT-29), 
ovarian cancer cell lines (A2780), and breast cancer cell lines 
(MCF-7) – was investigated in Sudan in 2014. The researchers 
discovered that SN ethyl acetate extracts suppressed the cell 
cycle in the S phase and caused early apoptosis. Therefore, the 
findings are consistent with the historic use of SN in several 
Sudanese regions for the treatment of cancer.[24]

In 2011, a study was conducted to study the effects of SN 
extracts high in polyphenols on PZ-HPV-7 human prostate 
cancer cell lines. They discovered that there was a dose-
dependent arrest in the G2/M phase following treatment 
with SN extracts rich in polyphenols. Thus, they deduced 
that the extracts can accelerate apoptosis and specifically 
limit cellular proliferation in prostate cancer.[25] In 2018, a 
study was conducted in OC lines (SCC-4) to ascertain the 
anticancer properties of an AESN. In the cancer mechanism, 
cyclin B1 leads to the uncontrolled growth of tumor cells and 
is responsible for G2 to M phase transition. They found that 
cyclin-dependent kinase 1 and cyclin B1 were suppressed by 
treating AESN extracts. Further, AESN extracts promoted 
caspase 9 and 3, resulting in a mitochondrial apoptotic 
pathway. Thus, the findings indicated that by inhibiting 
mitochondrial activity, SN is useful in the treatment of OC.[26] 

The role of SN in cell cycle is depicted in Figure 2 and Table 1.

Apoptosis (from root words meaning falling away from) 
is the programmed cell death in several important 

physiological and pathological processes.[27] In breast 
cancer, SN blocks the G2/M phase in the cell cycle and 
apoptosis pathway, which, in turn, activates caspase 3 
and further inhibits EMT. The mature fruits of SN inhibit 
cell growth, which, in turn, promotes apoptosis in breast 
cancer cells.[20] Zinc oxide nanoparticles from SN were 
used in a study in 2021 to induce apoptosis in cervical 
cancer cell lines. Ultraviolet visual spectroscopy was used 
to create the nanoparticles. The researchers discovered 
that upregulating β catenin and elevating p53, caspase 3 
and 9 levels. Therefore, they deduced that cervical cancer 
cell lines activation of apoptosis.[28] In 2017, a study was 
conducted in a panel of cervical cancer cell lines to ascertain 
the mechanism of the apoptosis-inducing pathway of the 
chloroform fraction of the methanolic extract of SN. They 
discovered that proapoptotic BAX, p53, and p21 expression 
rose while antiapoptotic BCL-2 expression reduced when 
cells were stopped in the G1/S phase. Thus, they concluded 
that when applied to cervical cancer cell lines, extracts from 
SN may have anticancer properties.[21]

In 2018 a study was demonstrated using solamargine, which 
is a phytocomponent present in SN. They found that the 
component solamargine significantly induced apoptosis by 
promoting Bax, caspase 3, and 7. Hence, they concluded that 
solamargine induced apoptosis and altered the mitochondrial 
membrane potential of cells.[29] In the year 2020, a study was 
conducted to determine the antitumor activity of solasonine 
on acute monocytic leukemia cell lines. They found that the 
component solasonine promoted the expression of Bax and 
cleaved caspase 3 and 9, inhibiting the anti-apoptotic protein 
BCL-2. Thus, they concluded that it has a positive effect on 
apoptosis in acute monocytic leukemia.[30]

In 2019, research was performed to investigate the 
component solamargine, a natural glycoalkaloid present in 

Figure 1: Properties of Solanum nigrum (SN). 

Figure 2: Role of Solanum nigrum (SN) in cell cycle regression in 
various cancers. A phytocomponent called degalactotigonin inhibits 
the G1 phase in the cell cycle in pancreatic cancers. A glycoalkaloid 
called solamargine inhibits the G1 phase in breast and cervical 
cancers and also the G2 phase in breast cancer. SN inhibits the S 
phase in lung cancer.[17-22]
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CONCLUSION AND FUTURE PERSPECTIVE

From this review, we can summarize that the pathways that 
are aberrantly active in other cancers are known to be active 
in the case of OC. Phytotherapy using solanum can also be 
used to treat OC since it could act on similar pathways to 
other various cancers. It could probably have the same effect 
of eradicating the tumor by initiating apoptosis and blocking 
the cell cycle through the same mechanism explained in 
this review. Numerous investigations have been carried out 
to assess SN anti-cancer potential in breast cancer, prostate 
cancer, hepatocellular carcinoma, and osteosarcoma. The 
use of SN could be a cost-effective drug and also a drug with 
not many complications in treating OC patients and patients 
undergoing chemotherapy. OC has the disadvantage of 
diagnosing it during the later stages, for which chemotherapy 
and radiotherapy are needed for a longer duration and 
can be reduced by the use of phytotherapy. The research 
on phytotherapy has only been in its early stages. Several 
challenges, such as the stage of diagnosis, metastatic tumor, 
nodal involvement, and recurrence of tumor, need to be 
considered. In the near future, it could be used as a major 
therapeutic strategy to eradicate OC with no complications 
for the patients.

Table 1 : Summary of Role of SN in cell cycle.

S. No. Extract/
phytocomponent used

Type of cancer Cell cycle arrest Property Year of study References

1. Ethanolic extract of 
SN-Solamargine

Breast cancer S phase Anticancer property Churiyah et al. 2020 [17]

2. Degalactotigonin 
extracts-Degalactotigonin

Breast cancer G2/M phase Anticancer property Hamsa et al. 2022 [18]

3. AESN Breast cancer G2/M phase Anticancer, EMT 
inhibition

Lai et al. 2016 [19]

4. Extract of SN 
Solamargine

Lung cancer G0/G1 phase Anticancer property Chen et al. 2017 [20]

5. Methanolic extracts of 
SN

Cervical cancer G1/S phase Apoptosis and 
anticancer property

Paul and Kundu, 2017 [21]

6. Extracts of SN Hepatic cancer, 
cervical cancer cell 
lines

G0 and G1 phase In vitro cytotoxic 
property

Nawaz et al. 2021 [22]

7. Extracts of solamargine Chondroma G1 phase 
Apoptosis: 
caspase 3,8,9

Anticancer and 
apoptotic property

Liu et al. 2019 [23]

8. Ethyl acetate extracts 
of SN

Colorectal, ovarian 
and breast cancer

S phase Apoptotic induction 
Anticancer property

Moglad et al. 2014 [24]

9. Poly phenol-rich extracts 
of SN

Prostate cancer G2/M phase Anticancer property, 
inhibiting cellular 
proliferation

Akbar et al. 2012 [25]

10. AESN OSCC CDK1 and 
Cyclin B1

Anticancer property Uen et al. 2018 [26]

SN: Solanum nigrum, AESN: Aqueous extracts of Solanum nigrum, OSCC: Oral squamous cell carcinoma, CDK1: Cyclin-dependant kinase 1, S: Synthesis 
phase, G1: Gap 1 phase, G2: Gap 2 phase, M: Mitotic phase, EMT: Epithelial-mesenchymal transition

SN. They found that the level of cyclin D1 was significantly 
higher after treatment with solamargine. The expression 
of caspase 3, 8, and 9 and cyclin D1 was upregulated, and 
Ki -67 expression was downregulated. Therefore, the results 
suggested that solamargine might be a novel therapeutic 
agent in treating chondroma.[23] In 2017, a study was 
conducted to determine the anticancer activity of SN 
(AESN) extracts on OC. They found that AESN extracts 
markedly increased reactive oxygen species production. 
Furthermore, it also promoted caspase 3 and 9 activation 
and subsequent triggering of the mitotic apoptotic pathway. 
Hence, the results suggested that AESN extracts have the 
potential to be used as adjuvant chemotherapy in treating 
OC.[26] The role of SN in apoptosis is depicted in Figure 3 
and Table 2.

There are many studies conducted on SN in various types 
of cancer. However, the research for OC is still in the early 
stages. The limitations of SN include a lack of understanding 
in human trials. The toxicity levels of the plant also need 
to be assessed. Furthermore, studies have been conducted 
to assess the molecular mechanism of SN, but the results 
are not strong enough to develop a treatment modality. 
Therefore, further studies on SN are needed for approval 
before widespread use.
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