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Abstract

Cancer is the second most common cause of death 
globally. Common modalities of treatment include 
surgery, chemotherapy, radiotherapy and lately 
immunotherapy. Different steroidal agents have also been 
identified as therapeutics for solid cancers, often as part 
of chemotherapy regimens. This review will specifically 
focus on steroidal alkaloids and ecdysteroids, which are 
different types of steroids originating from plants and 
arthropods respectively. These have been proven to show 
anti-cancer effects through several methods, including 

Review Article 

Therapeutic Potential of Ecdysteroids and 
Steroidal Alkaloids on Solid Cancers

Catriona Cutajar, Mariah Farrugia, Jean-Calleja Agius, Pierre Schembri Wismayer

Department of Anatomy, Faculty of Medicine and Surgery, University of Malta, Msida, MSD2080, Malta

Corresponding author: Pierre Schembri Wismayer, 
Department of Anatomy, Faculty of Medicine and 

Surgery, University of Malta, Msida, MSD2080, Malta, 
Email: pierre.schembri-wismayer@um.edu.mt

inhibition of proliferation and increasing apoptosis 
in cancer cells. Synthetic steroids are also used as 
chemotherapy adjuvants. By increasing our knowledge 
and understanding of these compounds, further studies 
can be carried out which may lead to clinical trials. This 
may enable a potential alternative to current therapies 
used as cancer treatment today, and may help improve 
the standard of care.

Keywords: ecdysteroids, therapeutic, cancer, steroidal 
alkaloids, steroids, treatment.

Introduction
The use of steroids in cancer treatment have been 

widely investigated, with specific focus on steroidal 
alkaloids(1), natural glucocorticoids (GCs)(2) and cytotoxic 
synthetic steroid hormones(3). The use of steroidal 
alkaloids has been linked to other biological effects, 
namely antimicrobial, anti-inflammatory, antinociceptive, 
anti-oestrogenic, antiandrogenic, antithrombotic and 
antiarrhythmic effects(1). Certain steroidal glycoalkaloids 
were also found to be hepatotoxic(4). 

Systemically, actions of natural GCs include, but 
are not limited to, effects on the immune system and 
metabolism, which are particularly of interest for certain 
cancers(2). Immunosuppressive effects are produced 
through the tethering of the GR (Glucocorticoid Receptor)
(5). Another mode of action of GCs is the way they regulate 
gene transcription non-genomically, without the need 
of nuclear translocation(6,7). Furthermore, the GR was 
found to influence several cellular kinases, providing 
immunosuppressive effects. Through these findings, 
understanding GCs was a major breakthrough in medicine, 
leading to their use for anti-inflammatory effects by Philip 
Hench(8), for which he shared a Nobel Prize in 1950. In 
fact, glucocorticoids are nowadays widely used as anti-
inflammatory agents. 

Although the decrease in inflammation is due to 
the tethering effect of the GR, the development of 

Glucocorticoid response elements (GREs) also proved 
useful in the anti-inflammatory effects discussed. 
Nowadays, GCs are used as concomitant treatments 
with radiotherapy and chemotherapy to help reduce their 
adverse effects. Such effects include weight loss, fatigue, 
loss of appetite and nausea(2). Moreover, synthetic GCs 
are used for the induction of cell apoptosis in both solid 
and haematologic cancers. However certain studies(9-13) 
showed that glucocorticoid use can also promote 
resistance to cancer cell death, which is a negative 
adverse effect that may hinder the use of glucocorticoids 
as anti-cancer treatments.

Steroidal Alkaloids
Steroidal alkaloids are described as “a class of 

secondary metabolites isolated from plants, amphibians 
and marine invertebrates”(1). These and their derivatives 
have several desirable effects, such as being anti-
microbial and anti-inflammatory agents, as well as having 
anti-cancer effects. Several plant steroidal alkaloids are 
already in use as anti-cancer therapies for their cytotoxic 
effects(14). There are several classes of such alkaloids. One 
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group of interest are the solanidanes, from the class of 
cholestane alkaloids, which originate from potato sprouts. 
These compounds bring about several anti-cancer 
effects, such as inhibiting proliferation and metastasis, 
whilst increasing apoptosis in cancerous cells. These 
effects were identified to be carried out through inhibition 
of matrix metalloproteinases (MMPs) which are required 
by cancer cells for metastasis. Therefore by inhibiting 
MMPs, solanidanes have been proven to be effective in 
inhibiting cancer spread. It is known that MMP-2 and 
MMP-9 are both regulated through a specialized pathway 
involving P13K/Akt(15). Solanidanes have also been found 
to have suppressive effects on this pathway, thus limiting 
the actions of MMPs. Another encouraging factor for the 
use of such compounds as anti-cancer therapy was 
that treatment with solanidanes inhibits the effects of 
microRNA 21, which is involved in tumour growth. Other 
cholestane alkaloids such as spirosolanes and tomatidine 
also have anti-cancer effects(16,17). 

Steroidal alkaloids from Bulbus Fritillariae ussuriensis 
(BFU) have similarly showed cytotoxic anti-tumour 
effects, eliciting apoptosis after testing in vitro. One of 
these alkaloids Peimisine, was also found to induce 
arrest in the G0/G1 phase in the cell cycle, thus reducing 
cell division(18). This can be used to target fast growing 
solid cancers. Cyclopamine, a C-nor-D-Homosteroidal 
Alkaloid, reduced proliferation in prostate cancer cells(1). 
Proliferation was also inhibiting epithelial tumors, lung 
cancers, breast cancers, prostate cancers, and digestive 
tract cancers, amongst others. These effects may be 
brought about through increased COX-2, cyclooxygenase 
activity inducing apoptosis(19). Cyclopamine, can also be 
useful as an adjuvant in chemotherapy against MDR 
cancer, through blocking of the P-gp transporter.

Nonetheless, unfavourable effects were reported with 
such steroidal alkaloids; including reports of toxicity and 
teratogenicity in mammals such as cleft lip and palate 
defects in mice(20). Further research into steroidal alkaloids’ 
pharmacokinetics would be useful in determining the 
potency of such chemicals and optimising dosage regimes 
for future safe steroidal therapeutics against cancer. 

Synthetic Steroids
Synthetic steroids are of interest as treatment 

options for cancer, in particular, those controlled through 
hormonal regulation, such as breast, prostate and 
endometrial cancers(3). Several such agents have been 
produced, one of which is Estramustine. This steroid 
binds tubulin leading to the breakdown of microtubules, 
and causes cell death(21,22). It also inhibited prostate 
cancer cell lines altering gene expression(23). This led 
to the use of estramustine as a cytotoxic steroid for its 

chemotherapeutic effects, used individually and as an 
adjuvant. 

Synthetic steroids, namely heterosteroids, derived 
from pyrimidine and dihydrotriazine, were used against 
hormone-responsive breast and prostate cancers 
and showed positive effects through inhibition of E2-
mediated ERα activity and its downregulation(24). Hybrid 
molecules of steroid alkylating agents, such as steroid-
nitrogen mustard conjugates have also been identified as 
antineoplastic agents. One such compound phenesterin 
was proven effective against several solid cancers such 
as Walker carcinoma and brain tumours(25). Synthetic 
steroidal compounds have been found to be effective in 
the use of cancer treatment due to three factors; their 
specificity of the target cells, tissue-specificity and as an 
alternative treatment in inoperable cancers(3).

Ecdysteroids 
Ecdysteroids are being considered as alternatives to 

synthetic steroids(26). These secondary metabolites are 
found across plant and animal species, showing several 
beneficial effects which make them of interest for use in 
humans in the pharmaceutical industry. Ecdysteroids have 
been found to be hypoglycaemic, anabolic, adaptogenic 
and antimicrobial agents(26). Plant cultures have proven 
useful to produce larger amounts of active ecdysteroids 
than found naturally, and this production is a means of 
providing a substantial amount of such a compound. This 
is already in use nowadays as ecdysteroids are used as an 
active ingredient in supplements used by bodybuilders(26). 

More importantly, certain ecdysteroids have been found 
to sensitize non-multi drug resistant (MDR) human cell 
lines to chemotherapeutics(27) as well as showing a high 
chemo-sensitizing activity on neuroblastoma cancer cell 
line SH-SY5Y to vincristine, another chemotherapeutic(28). 
The latter opens many options for research for the 
potential development of ecdysteroids as adjuvants to 
chemotherapy for tumours originating from the central 
nervous system. 

ATP binding cassette subfamily B member 1, also 
known as the ABCB1 gene, is one of the ATP/MDR group, 
which is responsible for multidrug resistance. This 
overexpression of gene thus contributes to resistance 
to anticancer treatments. This particular protein is also 
known to be a transporter in the blood brain barrier(29). 
Ecdysteroids derived from 20-hydroxyecdysone were 
proven to be effective for the sensitization of MDR cancer 
cell lines through the inhibition of the ABCB1 transporter. 
Moreover, ecdysteroids were found to sensitize both 
MDR and non-MDR cancer cell lines towards several 
chemotherapeutics(27). Ecdysteroids also work on cancer 
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cell lines that do not express the ABCB1 transporter, 
proving that they do not only work as ABCB1 inhibitors. 
Through testing on breast, prostate and epidermal 
carcinoma human cell lines, as well as two other lymphoma 
cell lines derived from mice, 20-hydroxyecdysone 
2,3;20,22-diacetonide was found to be the most potent 
ecdysteroid producing the most effective sensitisation to 
doxorubicin, vincristine and paclitaxel. It also sensitized a 
human breast cancer cell line which is a non-MDR cell 
line with no detected ABCB1 transporter gene expression 
together with one of the drug-sensitive mouse lymphoma 
cell lines. 

Ecdysteroids derived from poststerone proved useful 
in controlling P-gp (P-glycoprotein) overexpression 
by inhibiting P-gp, another main cause of the MDR 
phenotype(30). These results show that the use of 
these ecdysteroids may be used for potential chemo-
sensitizing agents as adjuvants to chemotherapy in the 
treatment of cancer. Ecdysteroids may also be used on 
nervous system tumours, as shown on neuroblastoma 
cell lines(28). Neuroblastoma is a cancer in the early 
neuroblasts of the sympathetic nervous system, which 
is usually discovered in childhood(31). Ecdysteroids 
derived from plants, both natural or semi-synthetic were 
tested. 5 most potently sensitized neuroblastoma cells 
to vincristine. This effect was dose-dependent, allowing 
better development of drugs. Further research is required 
to gain a better understanding of their mechanisms of 
actions and optimise potential treatments especially 
since neuroblastoma is one of the commonest cancers 
in childhood(32).

Ecdysteroids from the Helleborus species have also 
been proven useful(33). GRP78 is an endoplasmic reticulum 
(ER) chaperone that enables protein homeostasis and 
coordinates protein response(34). By identifying GRP78 and 
testing the use of ecdysteroids against this endoplasmic 
reticulum chaperone which is also known to be an eR-
stress marker, the ecdysteroids from this plant species 
were proven useful in limiting its protein expression, 
and by doing so, implying pro-apoptotic properties. A 
decreased level of GRP78 was also produced through the 
use of ecdysteroids derived from Bufadienolides, which 
are steroidal compounds that can be derived from both 
plants and animal species. Interestingly, ecdysteroids 
from these species also showed other favourable effects; 
20-Hydroxyecdysone was reported to inhibit reactive 
oxygen species (ROS) production to protect against 
cerebral ischaemia injury(35). 

Ecdysteroids from Laurencia alfrendesis, a red algal 
species found in South Africa(36), were tested against 
two cancer cell lines, human breast and cervical cancer. 
Eleven compounds tested produced a decrease in 

proliferation in both cell lines. One compound in particular, 
alfrendensterol 8, showed a high level of antiproliferative 
activity against the cervical cancer cell line. Another 
compound, 14α-hydroxyl derivative 9, showed high 
antiproliferative activity against the human breast cancer 
cell line.

Commiphora mukul is a shrub from the family 
Burseraceae, found in Asia and northern Africa was studied 
since its extract has antiproliferative effects on prostate 
cancer(37). From its resin two steroidal compounds were 
isolated, together with another eight compounds which 
were previously known. Both steroidal agents have a 
strong antiproliferative effect on tested cancer cell lines 
with one in particular, stigmasta-5,22E-diene-3B,11a-
diol, which arrested PC3 prostate carcinoma cells in 
the G0/G1 phase of the cell cycle(37). No apoptosis was 
detected with the first steroid.

The second steroid stigmasta-522E-diene-
3B7a,11a-triol showed antiproliferative on PC3 cells, as 
well as on DU145 (another prostate cancer cell line) and 
MCF-7, a human breast cancer cell line. These effects 
were similar to those induced by doxorubicin; arresting 
the cell cycle at the G2/M transition. This second steroid 
also had apoptotic effects on the tested cancer cell lines, 
making it a potential treatment option both as an adjuvant 
to other chemotherapeutic agents, as well by itself(37).

Brassinosteroids, another type of ecdysteroids, 
showed the following properties: antifungal, antibacterial, 
neuroprotective, antiviral and immunomodulatory(38). 
Anti-cancerous properties were also noted, possibly 
through reactive oxygen species (ROS) production in a 
lung adenocarcinoma cell line. ROS levels were shown to 
increase in both a time and dose-dependent way. High 
levels of ROS are commonly found in cancerous cells and 
are normally toxic to living organisms. Therefore, eliciting 
an even higher level of ROS may also be damaging to 
the cancerous cells. They may be more harmful to the 
cancerous cells in comparison to normal cells due to 
their altered metabolism. The use of brassinosteroids is 
already being investigated with different compounds such 
as doxorubicin and cisplatin(38). 

Steroidal alkaloids from Bulbus Fritillariae ussuriensis 
(BFU) were researched for their anti-tumour effects 
on ovarian cancer, hepatocellular carcinoma and lung 
carcinoma human cell lines(18). The active extracts 
were then further evaluated in vivo using mice. The 
total alkaloids of BFU (TAFU) showed antitumor activity 
including apoptosis. Four selected steroidal alkaloids from 
this demonstrated cytotoxic activities with verticinone 
and peimisine showing a higher rate of inhibitory activity. 
Specifically, peimisine induced cell cycle arrest in G0/G1, 
together with increased apoptosis in a time-dependent 



70

Potential of Novel Steroids on Solid Cancers, Catriona Cutajar, et. al.

manner. These findings identify the antitumor activity of 
TAFU, which was evident with low toxicity in vivo as with 
the use of these natural products, low clinical toxicity is 
often reported(39). This is an encouraging factor for the use 
of ecdysteroids as solid cancer therapeutics, and further 
research is encouraged for better knowledge on their 
mechanism of action. 

Conclusion
Through the above mentioned studies, it can be 

concluded that both synthetic steroids as well as 
ecdysteroids can potentially be used as treatments for 
solid cancers. Further research is required to evaluate 
the exact mechanisms of action of such steroidal 
compounds to optimise them and decrease chances of 
unexpected side effects. Steroids are already used as 
common practice in hospitals for the treatment/control of 
chemotherapeutics’ side effects. Therefore, the discussed 
results are promising, and with further research in this 
area, with specific focus on new ecdysteroids, this may 
indeed be the answer to cancer therapy with less side-
effects than current chemotherapeutics used today. 

Therefore, steroidal derivatives, be they natural, 
GCs, synthetic cytotoxic steroids ecdysteroids may be 
useful for the treatment of patients presenting with solid 
cancers. They may limit cancer metastasis, arrest the cell 
cycle, induce apoptosis of cancer cells and sensitize MDR 
cancer cell lines to other chemotherapeutic agents. They 
may be further developed as effective treatments for the 
elimination of solid cancers.
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