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Abstract

Cancer remains a major cause of mortality worldwide. Progresses have been
made in the understanding of the molecular basis of cancer, cancer detection,
and cancer treatment. Important strides by treating early-stage cancers have
resulted in improved outcomes. Despite these achievements, mortality of
cancer patients is high and still there is no cure. Some oncologists remain op-
timistic that cytotoxic chemotherapy will significantly improve cancer sur-
vival. However, notwithstanding the use of new and expensive single and
more recently, combination drugs, the improvement of the response rates re-
mains very low. In the United States, cancer death rates decreased by a mere
1.4% to 1.8% from 2004 to 2013. Compared to other serious diseases, the im-
provement of the cancer patient has been disappointingly lagging, and by far,
most patients with advanced cancer eventually die of their disease. The need
for improved cancer therapies is self-evident. This communication gives an
overview of the overwhelming resurgence of solasodine and its glycosides in
cancer therapy.
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1. Introduction
1.1. Cytotoxic Chemotherapy

Cytotoxic chemotherapy refers to agents whose mechanisms of action cause cell
death or prevents cell growth and, to date remains one of the premier treatment
options to combat cancer. However, the efficacy of chemotherapy is limited by

the fact that not all tumors respond optimally. Single and combination modali-

DOI: 10.4236/ijcm.2017.812064 Dec. 29, 2017 692 International Journal of Clinical Medicine


http://www.scirp.org/journal/ijcm
https://doi.org/10.4236/ijcm.2017.812064
http://www.scirp.org
https://doi.org/10.4236/ijcm.2017.812064
http://creativecommons.org/licenses/by/4.0/

B. E. Cham

ties chemotherapy with existing drugs are rarely curative. Drug-resistant tumor
cells often emerge when using such therapies. Most standard chemotherapies act
on all rapidly dividing normal and cancer cells and were originally identified
because they kill cells in general by a process known as indiscriminate cytotoxic-
ity. Consequently, standard chemotherapies are indiscriminate and have low

safety profiles.

1.2. Apoptosis

Apoptosis is a form of cell death in which a programmed sequence of events
leads to the elimination of cells without releasing harmful substances into the
surrounding area. Apoptosis eliminates old cells, unnecessary cells, and un-
healthy cells. Roughly 50 billion cells undergo apoptosis each day in humans.
For every normal cell, there is a time to live and a time to die. When apoptosis
does not work correctly, cells that should be eliminated may persist and become
immortal, for example in cancer. Cancer can start at any place in the body. It
starts when cells grow out of control and crowd out normal cells. In cancer cells,
the process of apoptosis is defunct but cell division is intact resulting in excessive
numbers of cancer cells, which are prone to spreading to other parts of the body
(metastasis). Many cancers develop resistance to chemotherapy drugs and are a
major factor in the failure of many forms of chemotherapy. Substances either
singly or by combination that can induce cell death in cancer cells, prevent me-
tastasis and do not become resistant to cancer cells are being pursued to treat
cancer. Unfortunately, to date, these substances have been elusive. This overview
describes solasodine glycosides, used singly or in combination with other drugs,

may be the discovery of a truly effective chemotherapy for cancer.

1.3. The Discovery and Consequences Thereof

In 1987 we were the first to report that the plant-derived glycoalkaloids solaso-
dine glycosides (SGs), including solamargine (SM), solasonine (SS), mono- and
diglycosides of solasodine, known as BEC [1], induced anticancer effects in cell
culture [2], animals [3] and humans [4].

More specifically, it was shown that these SGs and in particular SM, induced
apoptosis in cancer cells but not normal cells [2] [5]. BEC consists of 33% of so-
lasonine, (22R, 25R)-spiro-5-ene-3p-yl-a-L-rhamnopyranosyl-(l->2gal)-O-4-D-
glucopyranosyl-(1->3gal)- -D-galactopyranose], 33% solamargine (22R, 25R)-
spiro-5-ene-3-yl-a-L-rhamnopyranosyl-(1->2glu)-O-a-L-rhamnopyranosyl- (1- >
4glu)-B-D-glucopyranose and 34% mono- and diglycosides of solasodine.

Figure 1 illustrates the structures of the BEC components.

The sugar moiety of the triglycoside solasonine is:

Rhamnose a (122)

Galactose § (1 23) -R
Glucose B (1 >3) -

One of the precursor diglycoside molecules is:

DOI: 10.4236/ijcm.2017.812064

693 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2017.812064

B. E. Cham

Rhamnose a (1 2 2) === Galactose p (1 2 3) -R

Another diglycoside precursor is:

Glucose B (1 23)

Galactose § (1> 3) -R

Its monoglycoside precursor is:

Galactose B (1> 3) —

CH,OH

a OH
OH
o~
OH &,
solasonine

CH,OH
0]
o B
HO
H,C a o
HO N
- OH
OH OH
OH o-
OH
CH,
solamargine

Figure 1. BEC is a standardized mixture of sugar-bound solasodine. The two main glycoalkaloids are solasonine and solamargine.
All of the glycoalkaloids are made up of the steroid solasodine and one or more of the sugars rhamnose, glucose or galactose.
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The sugar moiety of the triglycoside solamargine is:

Rhamnose a (1= 2)
Glucose f (1 2 3) -R
Rhamnose a (1 2 4)

One of its precursor molecules diglycoside is:

Rhamnose a (1 = 2) === Glucose (1 2 3) -R

Another is:

Rhamnose a (1 2 4) == Glucose p (1 2 3) -R

Its precursor molecule monoglycoside is:

Glucose (1 >3)-R

R = Solasodine

Figure 2 shows the chemical structure of Solasodine.

In the early studies the microscopic morphological features of cancer cell
death e.g. membrane blebbing, cell shrinkage, chromatin condensation, DNA
fragmentation and apoptotic bodies determined that cell death was by apoptosis
(Figure 3) [2] [6].

Newer techniques which are currently commercially available such as Tunel
and DNA damage assays, Caspase detection assays, Mitochondrial permeability
assays, Annexin V detection assays, Life/death stains and Cytotoxicity test kits
have confirmed the earlier studies of 1990 [6]-[27].

Figure 4 illustrates an example of the analysis by Annexin V/PI assay and flow
cytometry, indicating the cellular death events. This figure shows that SM in-

creased apoptosis over tenfold more in malignant to normal cells [7].

H,C
Z  HN
- i
e_' ‘.::; [} CH3
CH, %,
(o}

CH

HO

Figure 2. The chemical structure of the steroidal alkaloid solasodine.
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Figure 3. Untreated ovarian cancer cells, the cells are all viable (a). BEC causes the cyto-
plasm of the cancer cells to undergo dissolution, the nuclei contract and become dark
staining (b), nuclei then enlarge (c), the chromatin (contents of nucleus) clumps (d) and
finally the nuclei disintegrate (e). Only cellular debris is left after the interaction of the
cancer cells with BEC (f). This cell death is characteristic of apoptosis, which is also
known as programmed cancer cell death. The cells were fixed and examined microscopi-
cally (x1000) by the Papanicolaou method [2].

Melanoma Cells

Control 10 yM SM

109

PE-A
10° 10*
PE-A

102

PE-A
PE-A

10° 10
FITC-A

10°

Figure 4. Flow cytometry analysis show that solamargine increased apoptosis over ten-
fold more in malignant to normal cells. 10 uM solamargine treatment for 2 h selectively
caused massive cellular death of primary melanoma cells, which was over tenfold more,
than that detected in normal cells [7].
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A large number of investigators have now reported that these SGs induce cell
cycle arrest and apoptosis in a wide variety of cancer cells, such as, ovarian can-
cer, basal cell carcinoma, squamous cell carcinoma, melanoma, colorectal can-
cer, bladder cancer, oral epidermoid carcinoma, breast cancer, myelogenous
leukemia, prostate cancer, liver cancer, lung cancer, endometrial cancer, pancre-
atic cancer, gastric carcinoma, renal cancer, uterine cancer, mesothelioma,
glioblastoma and osteosarcoma [6]-[27].

Compared with many existing clinically used cytotoxic drugs, SGs have inter-
esting superior properties, which have been elucidated by understanding their

modes of actions.

2. Pharmacodynamics
Specificity

Rhamnose conjugated to the aglycone solasodine, plays a key role in recognizing
and binding to specific endogenous endocytic lectins (EELs) rhamnose binding
protein (RBP) receptors. Rhamnose is a plant sugar and is normally not present
in the human body [2]. The RBP receptors have been identified and character-
ized [28]. The abundance of these receptors is much higher in cancer cells as
opposed to normal noncancerous cells [2] [6] [7] [9] [28] [29] [30].

With lectins, the recognition of rhamnose is highly specific and is comparable
to the antigen-specificity of antibodies or the substrate-specificity of enzymes [6]
[9].

The numbers of RBP receptors on the various cell types range from 500 -
10,000 per cell with an affinity constant of 1.5 x 10°° M and a molecular weight
of 67 kDa. Different cell populations of specific cancers express a single type of
receptor in a wide variety of cancer cell lines.

Figure 5 shows that there are two types of binding of BEC, related to receptor
affinity and numbers of receptors per cell, on cancer cells [28].

Competitive inhibition studies of BEC with rhamnose in cancer cells have re-
vealed the importance of the presence of unbound rhamnose in formulations.
For example, Figure 6 shows that increasing concentrations of BEC resulted in
decreasing melanoma cell survival, with ED,; of 12 microgram/mL of BEC and
LD,y of approximately 20 microgram/mL of BEC. When 5 mM rhamnose is
co-administered with the BEC to the melanoma cancer cells, virtually all the
melanoma cells survived [6] [9] [28].

These observations were confirmed in whole animal studies shown in Figure
7. Mice inoculated with the cancer S180 died in 2 - 3 weeks. Four doses of BEC
at 8 mg/kg resulted in 100% survival of S180 inoculated mice. Increasing con-
centrations of free rhamnose, administered intraperiotoneally into BEC-treated
mice inoculated with S180 cells reduced the efficacy of BEC [6] [29].

Fluorescence imaging analysis of a synthesized biotinylated-rhamnose probe
has visualized the expression of RBP receptors on cancer cells. Using this tech-

nique it was shown that 100 micro Molar of free rhamnose completely blocked
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Figure 5. BEC dose/cell at ED; vs. cell density of 16 different cell
lines. Two distinct regions are discernable. Cell densities of 1500
cells and less show that receptor affinity is a major determinant
of cytotoxicity. Cell density above 1500 cells denotes a lower
number of receptors per cell or slower toxicity [28].
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Figure 6. Effect of solasodine glycosides (BEC) and rhamnose on
in Vitro A2058 melanoma cells [9].
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Figure 7. Effect of solasodine glycosides (BEC) and rhamnose on
mouse survival with S180. -o- Untreated S180; -A- 4 doses BEC 8
mg/kg + rhamnose 15 mg/kg; -e- 4 doses BEC 8 mg/kg + rham-
nose 10 mg/kg; -0- 4 doses BEC 8 mg/kg + rhamnose 5 mg/kg;
- A - 4 doses BEC 8 mg/kg [6].

the binding of the probes to cancer cells (Figure 8) [28] [29] [30].
At a clinical level the presence of very low concentrations of rhamnose imparts
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L)

QD Nucleus Merged
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+7-QD

Figure 8. Confocal microscopic view of rhamnose-QD probe
(representing SM) localized on the cell surface of human
squamous cell carcinoma (KB) cells. The binding of the probe
was blocked by rhamnose. Confocal microscope image of KB
cells labelled by probe (red) and Hoechst stain (blue) [30].

inhibitory properties to the efficacy of BEC or SM formulations when treating
terminal tumors and skin cancers [29] [31].

Unconjugated solasodine and solasodine conjugated with glucose did not bind
to cancer cells on their RBP receptors and consequently, at equimolar concen-
trations, had no significant anticancer effects. On the other hand, SM and so-
lasodine mono-rhamnoside expressed strong anticancer activities [29] [30], in-
dicating the importance of rhamnose in the pharmacodynamics of SM and BEC.

Different cancer cells expressed different levels of RBP receptors. Higher
numbers of rhamnose moieties in the structure of rhamnosides or increased RBP
receptor expression on cell surfaces mediate more effective cancer cell elimina-
tion [30]. These observations support the data in Figure 5 showing that there are
two types of binding of SM and BEC, related to receptor affinity and numbers of
receptors, per cell.

SM contains two molecules of rhamnose, whereas, SS contains one molecule
of rhamnose. At equimolar concentrations, on average, SM is 9 times more po-
tent than SS and 19 times more potent than the mono-and-di glycosides of so-
lasodine [32]. When calculated, the contribution of anticancer activities in BEC
is 86% for SM, 9% for SS and 5% for mono- and diglycosides of solasodine. Al-
though the aglycone solasodine does not bind to the RBP receptor on the cancer
cells, solasodine can also penetrate cancer cells by diffusion causing apoptosis [2]
[6] [9] [26] [33] [34] [35] [36] [37]. The observed anticancer activities of solaso-
dine are less than those observed with equivalent concentrations of solasodine
rhamnosides [2] [6] [9] [26] [30].

After binding of the solasodine rhamnosides to their specific RBP receptors,
the solasodine rhamnosides are internalized into the cancer cell by recep-
tor-mediated endocytosis through endosomes and ultimately in the lysosomes.
SM then induces an early lysosomal rupture, subsequently mitochondrial dam-
age including mitochondrial permeabilization occurs. Consequently, the

pro-apoptotic Bax and Bak proteins are increased, but the anti-apoptotic Bcl-2
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and Bcl-x proteins are decreased at the transcriptional and translational phases.
Caspase-9 and Caspase-3 are activated during these processes, resulting in
apoptosis [7] [11] [14] [15] [16] [17] [18] [38] [39] [40] [41] [42]. It is important
to note that the ratio rather than the amount of pro-apoptotic versus
anti-apoptotic proteins determine whether apoptosis proceeds.

Studies have also shown that SM and BEC affect the extrinsic death pathway
in cancer cells by up-regulating the expressions of external death receptors such
as tumor necrosis factor receptor 1 (TNFR-1) and 6 (TNFRSF6 or Fas receptor),
TNFR-1-associated death domain (TRADD) and Fas-associated death domain
(FADD) [6] [9] [16] [41].

At a clinical level compelling evidence of specificity of BEC towards cancer
cells was shown with skin cancer treatments [4] [5] [43]-[64].

The BEC-containing cream formulation Curaderm®*®

seeks and destroys skin
cancer cells whilst normal skin cells replace the dead cancer cells DURING
therapy. This indicates that BEC only affects cancer cells but not normal cells. In
addition, BEC locates and eliminates cancer cells at the microscopic level. Visu-
ally, during Curaderm® therapy, the treated skin cancer lesion appears to, ini-
tially become larger until the cancer cells are eliminated, followed by reduction
of the skin lesions until complete removal of the skin cancer cells and replace-
ment with normal cells occurs.

Figure 9 and Figure 10 show the persuasive graphic and pictorial events of
the treatment of a basal cell carcinoma [57]. The specificity of BEC towards can-
cer cells is self-evident and clinically confirms the cellular biochemical pharma-

codynamics.

3. Efficacy

BEC and SM exhibit much higher cytotoxic effects on cancer cells when com-

pared with a number of currently used antineoplastic agents such as vinblastine,
1200
1000

800

600

400

200

BCC Lesion Area (mm?)

0 i

0 10 20 30 40 50 60 70 80 90 100
Observation Period (Days)

Figure 9. Curaderm® therapy caused an immediate change in BCC lesion size and after
30 days treatment, peaked at over a 4-fold increase in size. Continuous treatment after 30
days resulted in a decrease in lesion size and complete removal of the BCC was attained
after 86 days of Curaderm®“ therapy [57].
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Day 86 Day 100

Figure 10. Appearances of BCC lesion during and after Curaderm®

BEC5

therapy. Curaderm®* was applied 3 times daily at a dose of 0.1 g cream

and covered with micropore paper tape occlusive dressing. The indicated
days refer to the treatment periods. Cancer cells were being eliminated
and replaced with normal epidermal skin cells during treatment. Treat-
ment was stopped only after the original BCC lesion had healed (day 86)
[57].

camptothecin, vincristine, methotrexate, cisplatin, 5-fluorouracil, gemcitabine,
epirubicin, cyclophosphamide, taxol and doxorubicin [6] [9] [37].

The absolute concentrations of these drugs to obtain similar efficacy as BEC
and SM are in the order of 6 - 40 times higher [6] [9].

The higher efficacy of SM compared to taxol, cisplatin and gemcitabine when
treating lung cancer cells are illustrated in Figure 11.

Moreover, the therapeutic index (TI) LD,/EDs, is much higher for BEC and
SM than for established drugs [6] [9]. The TI, also referred to as therapeutic ra-
tio, is a comparison of the amount of a therapeutic agent that causes the thera-
peutic effect to the amount that causes toxicity. The LD;, is defined as the dose
of the antineoplastic agent to kill 50% of normal noncancerous cells, whereas,

the EDy,, also known as IC,, is defined as the dose of the antineoplastic agent to
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Figure 11. The effect of solamargine -e®-, taxol -V-, cisplatin
-o0-, or gemcitabine - ¥- on the survival of lung cancer cells

[e].

kill 50% of the cancer cells. The larger the TI, the more effective and safer the
drug is. Values of TI for BEC and SM are in the range of 2.6 to 4.0 as shown in
cell culture studies [6] [9] and in whole animal studies [3]. For the indication of
cancer treatment, these values are considered to be very good. High TI with BEC
and SM translates to high safety margins. With conventional antineoplastic
agents the TI is much narrower, often less than 1, which explains the toxic ef-
fects encountered by patients on such therapies. Compounded to this, with cur-
rent antineoplastics, systemic exposure after standard doses of cytotoxic drugs
can vary two to ten-fold between patients leading to unpredictable toxicity and
variable antineoplastic effects. These problems are increased exponentially when

mono chemotherapy is replaced with combination chemotherapy.

4. Multidrug-Resistance (MDR)

MDR is the mechanism by which many cancers develop resistance to chemo-
therapy drugs, resulting in minimal cell death and the expansion of drug-resistant
tumors. MDR is a major factor in the failure of many forms of chemotherapy
with cancer treatment.

One important mechanism of MDR involves the multidrug transporter,
P-glycoprotein (Pgp), which confers upon cancer cells the ability to resist lethal
doses of certain cytotoxic drugs by pumping the drugs out of the cells and thus
reducing their cytotoxicity.

BEC and SM are chemosensitizing agents against various drug resis-
tant-cancers and defeat MDR in cancer cells. SM effectively triggers apoptosis in
MDR tumor cells, and is associated with actin disruption of MDR 1 gene expres-
sion [64] [65] [66].

Low concentrations of BEC are required to dysfunction the Pgp and subse-
quently allows sudden efficacy of previously ineffective drugs therapies, for ex-
ample MDR breast and lung cancer [1] [2] [6] [12] [39] [40] [41] [42]. The cy-
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totoxicity of BEC and SM against MDR tumor cells is nearly equal or even more

potent than against the corresponding parent cell lines [6] [9].

5. Metastasis

Cancer metastasis may be defined as spreading of primary tumor cells and the
outgrowth of secondary tumors at distant sites. Metastatic tumor cells possess
several distinctive characteristics; they undergo epithelial-mesenchymal transi-
tion (EMT) and become invasive, become resistant to apoptosis and anoikis, and
acquire the ability to disseminate and colonize secondary sites. SM inhibits the
migration and invasion viability of HepGz2 cells by blocking EMT [33] [34] [38].

Matrix metalloproteinases (MMPs) are a large group of zinc-dependent pro-
teinases responsible for cleaving and rebuilding extracellular matrix and base-
ment membrane. MMP-2 and MMP-9 contribute to the establishment of metas-
tasis-prone sites at tumor-distant organs [67]. SM suppresses the invasive capac-
ity of HepG2 cells by downregulation of MMP-2 and MMP-9 expressions and
activities [68].

Anti-metastatic activity of solasodine has also been reported with ovarian
cancer cells [26], lung cancer cells [33] and human colorectal cancer cells [34].
Solasodine selectively and effectively inhibits the growth of metastatic and pri-
mary melanoma cells with minimum effect on normal and benign melanoma
cells [7]. SM induces apoptosis in melanoma cell lines [2] [6] [9] and inhibits

and eliminates melanoma in vivo [48] [49].

6. Immunological Effects

The natural capacity of the immune system to detect and destroy abnormal cells
may prevent the development of many cancers. However, cancer cells are some-
times able to avoid detection and destruction by the immune system.

Immunotherapy is a rapidly advancing field of cancer immunology. These
therapies increase the strength of the immune responses against tumors by ei-
ther stimulation of the activities of specific components of the immune system
or counteract signals produced by cancer cells that suppress the immune re-
sponses.

BEC stimulates lasting immunity against cancer [69]. The mode of action of
BEC to produce immunity is not known. It has been speculated that BEC may
release antigenic peptides (epitopes) of cancer cells, which may be unexposed on
the cancer cells before the interaction with BEC. Consequently, these epitopes
may be present in appropriate forms to induce immunity [69].

Stimulation of innate immunity using unmethylated CpG-containing oli-
godeoxynucleotides when combined with BEC treatment slow tumor growth
and provides a survival benefit with malignant mesothelioma [70].

BEC is effective in treating herpes simplex, herpes zoster and genital herpes in
humans. BEC exhibits rapid activity against these viruses, and follow-up of the

treated patients for one year showed no recurrences, whereas, in control groups,
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recurrences of herpes infection ranged from one to six months, indicating some
longer term immunity induced by BEC. Interestingly, the antiviral mode of ac-
tion of BEC is similar to the antineoplastic mode of action of BEC with cancer
cells [71] [72].

7. BEC Kills Dormant Cancer Cells

Most chemotherapy drugs preferentially affect rapidly proliferating cells,
whether these cells are cancer cells or normal cells. For this reason conventional
chemotherapies cause many side effects such as, effects on the circulatory and
immune systems, nervous and muscular systems, digestive system, integumen-
tary system, sexual and reproductive systems, excretory system, skeletal system
and psychological and emotional effects.

When cancer cells are dormant, chemotherapy drugs have lesser efficacy on
cancer cells and higher toxicity, relative to normal cells. These effects are caused
by non-specificity of the drugs towards cancer cells. Contrary to conventional
chemotherapy, BEC and SM target cancer cells and not normal cells. The inter-
action of BEC and SM with specific RBP receptors, which are more abundant on
cancer cells, and the sequelae of apoptosis of these cancer cells, result in the safe

elimination of these targeted cells, whether the cells are proliferating or not.

8. Toxicology

Considerable information is available on the toxic effects of glycoalkaloids in the
published literature. However, as BEC and SM relate to solasodine and its gly-
cosides, the predominant glycoalkaloids in eggplant, information drawn from
the literature show that at anticancer therapeutic concentrations these specific
substances are safe.

Animal studies in mice, rats, dogs, horses and humans have determined that,
at antineoplastic therapeutic doses, BEC and SM are safe [4] [5] [32] [43]
[45]-[52] [54]-[59] [73] [74] [75] [76].

Genotoxicity studies in five tester strains of Sa/monella typhimurium have
shown that there was no evidence of mutagenicity in response to BEC and SM in
any of the tester strains [6] [9] [74].

No data, specific to carcinogenicity are available. However, the widespread
existence of BEC in the diet of humans and the low concentration of BEC to in-
duce therapeutic efficacy provide some assurance that carcinogenicity is unlikely
to be a significant concern. Furthermore, efficacy studies of BEC in animals and
humans that were followed up for extended periods showed no evidence of car-
cinogenicity [3] [4] [5] [6] [9] [74].

Studies of reproductive effects including teratogenicity of BEC showed that in
hamsters, extracts from eggplant did not cause an increase in the number of de-
formed litters [77]. Similarly, there were no teratogenic and reproductive effects
of BEC in mice [3] [6] [9]. BEC has been shown to immobilize human sperm
cells [2] [6] [47].
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9, Pharmacokinetic Parameters Are Conducive to Clinical
Applications

The pharmacokinetics of SM in rats, dogs and humans has been reported. The
plasma half-life (T1/2) of SM in rats ranges from 1.28 to 3.54 h, with a clearance
of 3.18 to 4.10 L/kg/h, and a volume of distribution 15.68 to 20.16 L/kg [74] [78].

Figure 12 illustrates the time course response of the concentration of SM after
infusion of a dose of 0.5 mg/kg of SM with an infusion rate of 20 mL/kg/h over a
period of 30 minutes in Beagle dogs, the plasma T1/2 of SM is 2.3 - 3.4 h [74].

Phase 1 human clinical trials of Coramsine (1:1 mixture of SM and SS) in pa-
tients with advanced solid tumors have been reported [79]. The range of doses
studied was from 0.75 to 3.0 mg/kg/day.

Dose-limiting hepatotoxicity at doses above 1.0 mg/kg/day over 2 hours, or
1.5 mg/kg/day over 4 hours were observed.

The dose-limiting toxicities (DLT) were grade III/IV transaminitis, with grade
I-1IT increases in bilirubin and grade I-II creatinine. Hepatotoxicity was maximal
at days 3 - 5, resolved over 10 - 21 days and was clinically asymptomatic apart
from grade I-II fatigue, and was not cumulative. No myelosuppression or other
serious drug-related toxicity was recorded. Activity of 1:1 mixture of SM and SS
against resistant solid tumors in patients was observed [79].

The maximum tolerated dose (MTD) was exceeded at a dose of 2.25
mg/kg/day over 24 hours infusion.

Figure 13 illustrates the disposition of SM at two doses, 1.5 mg/kg and 3.0
mg/kg Coramsine, corresponding to 0.75 mg/kg and 1.5 mg/kg SM, over an in-
travenous infusion period of 4 hours. The dose increase in Cmax and AUC pa-

rameters with increasing doses are evident.

DISPOSITION OF SOLAMARGINE IN DOGS
400
[T
o
8 £ 300
|E‘_: 2
5 4
W@ 200
Ox
Z <
0s
S
= Q 100
<
-
o
0
15 3.0 4.5 6.0 75
TIME, HOURS

Figure 12. Disposition of SM following a 30 minute intravenous infusion.
Dogs (one male and one female) were infused with SM at a dose of 0.5 mg/kg
in the form of 1:1 mixture of SM and SS (1 mg/kg) over 30 minutes at an infu-
sion rate of 20 mL/kg/h [74].
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Figure 13. Disposition of SM following a 4 hour intravenous infusion of 1.5

mg/kg (n = 8), and 3.0 mg/kg (n =2) Coramsine [78].

Pharmacokinetic parameters for SM was linear across the narrow range of
doses studied. Peak plasma concentrations of SM exceeded active in vitro con-
centrations of SM (higher than 2000 ng/mL). Dose increase resulted in increases
in Cmax and AUC. The sampling schedule did not completely cover the phar-
macokinetic profile with the last sample collected only 4 hours after completion
of the infusion. The implication is that the terminal phase was not well defined
and this has some bearing on the interpretation of pharmacokinetic parameters
that are derived from definition of the terminal phase. Notwithstanding such
limitations, the calculated apparent elimination T1/2 was 8.40 £ 2.0 h with a
clearance of 3.0 £ 0.7 L/h.

Plasma protein binding for SM ranges from 76.7% - 96.3% [6].

The primary aim of the phase 1 study was to determine the safety-toxicity
profile and the maximum tolerated dose of the study medication in patients with
advanced solid tumors. Efficacy response to treatment was not a primary end-
point of the study.

Nevertheless, radiological improvement of the tumors and reduction of tumor
markers in some patients were observed [79]. It was concluded that 1:1 ratio of
SM and SS can be given to cancer patients safely. The dose limiting toxicity was
transient reversible elevation of hepatic transaminases. A dose schedule that
should result below the MTD, of 1.5 mg/kg/day over 4 hours for 5 days, every 2

weeks was proposed for further clinical trials [79].

10. Conclusion

BEC, solamargine, solasodine and other related alkaloids trigger cancer cell
death by two distinct mechanisms, the lysosomal-mitochondrial mediated

apoptosis pathway and the death receptor-mediated apoptosis pathway. The
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carbohydrate moiety of these steroidal alkaloids plays a key role in expressing
higher specificity and efficacy with their antineoplastic actions. These alkaloids
do not fall in the class of multi-drug-resistance with cancer cells, which is clini-
cally of great importance. Also of great importance are their anti-metastatic
properties. Published preclinical and clinical studies with solasodine and its gly-
cosides, including BEC and SM, are appearing at very high rates in the literature.
Compelling evidence is now available showing that the safety, pharmacokinetics
and numerous advantages in the pharmacodynamics of these components, de-
serve implementation of further multicentre clinical studies in patients suffering
with primary and systemic cancers. Already, at a clinical level, BEC is a highly
efficacious, safe and successful topical formulated cream treatment for skin can-
cer. The pathway to extensive clinical application of these very promising anti-

neoplastic agents is now cleared.

11. Prospective

The promise of these natural drugs to combat cancer for the reasons outlined in
this communication is exciting. Even more appealing are the possibilities of
modifying these solasodine glycoside components to yield higher specificities
with superior efficacies.

RBP agonist may be constructed to specifically adapt to interact, bind, and be
internalized into cancer cells to prevent cell growth or division or cause cell
death. These RBP agonist-agent conjugates may be selected from groups of ex-
isting chemotherapeutic agents to induce much higher specificities and lower

toxicities.
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