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ABSTRACT

Background and Objectives: With the increasing cost of new drug development, the concept of drug repositioning can be considered as an
alternate method. The present study evaluated the effects of various non anti-cancer drugs for their possible effects on cancer cell lines.

Methods: The selected drugs in 4 graded concentrations were evaluated against cancer cell lines using Sulforhodamine B assay. Parameters
evaluated were concentrations required for 50% growth inhibition (GI,), total growth inhibition (TGI) and lethal concentration in 50% (LC,) of
various cancer cell lines.

Results: Doxycycline showed G, against most of the cancer cell lines at concentrations which are achieved in human at standard doses. Other
drugs which showed GI,included metformin, gentamicin and azithromycin. None of the drugs achieved the LCj,.

Conclusion: Known drugs with suitable pharmacokinetics and pharmacodyanamics can be explored for other indications including cancers.
Further studies are needed to validate these drugs in clinical settings.
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Introduction:

Drug repositioning is a process which includes investigating approved
drugs for some different conditions, which is not initially approved for.
The advantage of drug repositioning is that these drugs can be rapidly
advanced into clinical trial for the “new indication™"”.

A well-known example of drug repositioning is the use of sildenafil for
erectile dysfunction. Sildenafil was originally developed for the
treatment of coronary artery disease but was later investigated and
approved for treatment of erectile dysfunction . Apart from the
pharmacokinetic and pharmacodynamic information available, the
information on adverse effects can also be utilized for investigating
newer indication. One example is chloramphenicol which has the
adverse reaction of bone marrow depression and was studied against
leukemic cell lines which showed some beneficial effects in inhibiting
these cell lines'”.

The current in-vitro study intended to screen selected approved drugs
with known pharmacokinetic, pharmacodynamic and also adverse
reactions for potential anti cancer effects through in-vitro test on
various cancer cell lines using Sulforhodamine B assay. The various
drugs were selected based on their actions on certain enzymes,
accumulation of drugs in tissues or tissue specific adverse reactions as
below.

Chloramphenicol: previous in-vitro studies showed inhibition of
leukaemic cells by chloramphenicol”. In this study chloramphenicol
was screened for its effect on some solid tumour cell lines.

Doxycycline: it is known that matrix metalloproteinases (MMPs) play
a significant role in the growth, invasion and metastasis of many
tumors. Doxycycline inhibited MMPs, inhibited cell proliferation and
induced apoptosis in several cancer cell lines™ . Hence in the present
study, doxycycline was evaluated against many other cancer cell lines.

Azithromycin: the anti-proliferative and anticancer activity of
azithromycin was examined previously using cervical and gastric
cancer cells”. This effect was partly ascribed by activation of caspase
enzymes playing essential roles in programmed cell death”. The
present study evaluated azithromycin using the above cancer cell and
few other cancer cell lines.

Metformin: studies demonstrated that metformin directly inhibits the
enzymatic function of hexokinase (HK) I and II"*", which is one of a
very important enzyme for the tumour. Taking into consideration of the
above, metformin was evaluated against lung, breast, oral and colon
cancer cell lines.

Gentamicin: it is known that aminoglycoside, especially

gentamicin'” causes nephrotoxicity by accumulating in proximal
tubule lysosomes causing structural and chemical damage """,

Moreover, some in-vitro studies have shown that gentamicin increased
production of radical oxygen species (ROS) in the lung cancer cell line
and increased the efficacy of anti-cancer drug"". In this study we
intended to find out the effect of gentamicin on genito-urinary cancer
cells where high concentrations are achieved and also some other
cancer cells.

Metronidazole: few previous in-vitro studies showed metronidazole
to possess some anti-cancer effects against breast cancers and also as
radio-sensitizer agents in patients on radiotherapy"*'". Metronidazole
is secreted in oral cavity hence was evaluated for oral cancer cell line.

Standard anti-cancer agents were selected for comparison. The study
was initiated after obtaining a written approval from institutional
ethics committee.

Materials and methods

A. Drugs and concentrations for evaluation

The list of drugs selected for evaluation and the positive control are
given in the Table 1. Four incremental doses were selected for
investigation in reference to the peak plasma concentration (Cmax)
achieved in adult patients at standard doses. A total of 12 different
cancer cell lines were selected for evaluation (Table 2).

Table 1: List of drugs with their concentrations selected for the in-
vitro screening study.

Drugs Conc. 1| Conc.2 | Conc.3 | Conc. 4

(mcg/ml)| (meg/ml) |(mcg/ml) | (meg/ml)
Chloramphenicol 5 10 20 40
Doxycycline 1 5 10 20
Azithromycin 0.5 1 2 4
Metformin 0.5 1 2 4
Gentamicin 1 5 10 20
Metronidazole 5 10 20 40
Vancomycin 10 20 40 80
Doxorubicin 1 5 10 20
Paclitaxel 0.5 1 2 4
Gemcitabine 5 10 20 40
Vinblastine 5 10 20
Etoposide 1 5 10 20
Oxaliplatin 0.5 1 2 4
Mitoxantrone 0.1 0.5 1 2
Methotrexate 1 5 10 20
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Table 2: List of cancer cell lines used for evaluation and drugs
selected for evaluation.

Cancer cell lines [Standar Drugs evaluated
d anti- | Drug 1 | Drug 2 |Drug 3 [Drug 4
cancer
agent
Human Lung Cancer | Etoposi [Chloram| Azithrom|Doxycy | Metfor

Cell Line A-549 de [phenicol| ycin cline | min

Human Breast Cancer|Methotr|Chloram|Doxycycl| Azithro | Metfor
Cell Line MCF-7 exate |phenicol| ine mycin | min

Human Cervical  [Paclitax|Chloram|Doxycycl|Gentami|Azithro

Cancer Cell Line el |phenicol| ine cin | mycin
SiHa
Human Pancreatic  |Gemcita|Chloram|Doxycycl|Gentami|Azithro
Cancer Cell Line bine |phenicol| ine cin | mycin
MIA-PA-CA2

Human Bladder  |Gemcita|Chloram|Gentamic|Doxycy [Azithro
Cancer Cell Line T-24| bine |phenicol in cline | mycin

Human Ovarian  |Paclitax |Chloram|Doxycycl|Gentami|Azithro

Cancer Cell Line el |phenicol| ine cin | mycin
OVCAR-3
Human Prostate |Mitoxan|Chloram|Doxycycl|Gentami|Azithro
Cancer Cell Line DU-| trone [phenicol| ine cin | mycin
145
Human Colon Cancer |Oxalipla|Chloram|Doxycycl| Metfor [Azithro
Cell Line HT-29 tin |phenicol| ine min | mycin

Human Melanoma |Vinblast|Chloram|Doxycycl|Gentami|Azithro
Cell Line SK-MEL-2| ine |phenicol| ine cin | mycin

Human Oral Cancer |Paclitax|Chloram|Metronid | Metfor [Doxycy|

Cell Line KB el |phenicol| azole min | cline
Human Ovarian  |Vinblast|Chloram|Gentamic|Vancom|Azithro
Cancer Cell Line A- | ine |phenicol in ycin | mycin

498
Human Hepatoma | Doxoru|Chloram|Gentamic| Azithro [Doxycy|

Cell Line Hep-G2 | bicin |phenicol in mycin | cline

B. Source of drugs: all the drugs were purchased from local pharmacy
whereas Injection Doxorubicin was a kind donation from the
pharmaceutical company Cipla Ltd.

C.Cancer cell lines: the list of cancer cell lines and the drugs used for
evaluation are given in table 2. The cell lines were used from Advanced
Centre for Treatment Research and Education in Cancer (ACTREC),
Kharghar, Mumbai.

D. Sulforhodamine B (SRB) Assay: The SRB assay was performed to
assess growth inhibition of cancer cells. This assay estimates cell
number indirectly by staining total cellular protein with the SRB dye.
This test helps in calculation of the percentage of growth inhibition in

the presence of the investigational drug after incubation for 48 hours'"”.

E. Endpoint Measurement: The endpoints were based on calculating
the percentage growth inhibition after incubating the cancer cell line
with the drugs. Percentage growth inhibition (values below 100%) is
where the growth of the cancer cells is inhibited after drug treatment.
Based on the growth inhibition, the following parameters were
evaluated:

*  Growth inhibition-50 (GI,) = Concentration of drug causing 50%
inhibition of cell growth

» Total growth inhibition (TGI) = Concentration of drug causing
total inhibition of cell growth

» Lethal concentration-50 (LC,)) = Concentration of drug causing
50% cell kill

Results

1. Human Lung Cancer Cell Line A-549: Doxycycline and
metformin showed GI;, in this cell line (table 3 and figure 1). The GI;,
achieved by doxycycline was at a concentration (4.6mcg/ml) which is
generally achieved in the lung tissue after oral administration of this
drug in patients"”. Doxycycline also showed TGI, however the
concentration achieved is very high which is not considered relevant in
such in-vitro studies. Metformin also achieved the GI,, here at a higher
concentration (3.3 mcg/ml) compared to its peak plasma levels (1.8
mcg/ml) achieved in the body. Both the drugs showed dose dependent

effect in cell growth inhibition (Figure 1). As expected, etoposide
which is one of the known drugs used for the treatment of lung cancers
also showed GI,. Azithromycin and chloramphenicol did not show
any favourable effect.

Table 3: Effect of drugs on A-549 cell line representing lung cancer
cell line (concentrations are extrapolated from figure 1 as per the
methodology).

A-549 Drug concentrations (ng/ml) calculated from
graph

LC,, TGI GI,,

Chloramphenicol >40 >40 >40
Etoposide >20 >20 <l
Azithromycin NE NE NE
Doxycycline >20 16.5 4.6
Metformin >4 >4 33

G- Growth inhibition-50; TGI - Total growth inhibition; LC;,- Lethal
concentration-50; NE —no effect

Figure 1: Effect of drugs on A-549 cell line. The four points for each
drugs (1, 2, 3, and 4 on x axis) corresponds to the 4 incremental
concentrations as mentioned in table 1.
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2. Human Breast Cancer Cell Line MCF-7: In this cancer cell line
only methotrexate and doxycycline showed GI;, (Table 4).
Doxycycline achieved GI,, at a concentration of 5.2 mcg/ml in this
study.

The growth inhibition was again dose dependent for this cancer line
(Figure 2). The TGI achieved by doxycycline was at a very higher
concentration which cannot be interpreted as relevant through in-vitro
method and also the concentration appears to be too high to be
achieved by therapeutic dosage.

Table 4: Effect of drugs on MCF-7 cell line representing breast cancer
cell line (concentrations are extrapolated from figure 2 as per the
methodology).

MCF-7 Drug concentrations (ug/ml) calculated from
graph

LC,, TGI GL,,

Chloramphenicol >40 >40 >40
Methotrexate NE NE <]
Doxycycline >20 14.2 5.2
Azithromycin NE NE NE
Metformin >4 >4 >4

Figure 2: Effect of drugs on MCF-7 cell line. The four points for each
drugs (1, 2, 3, and 4 on x axis) corresponds to the 4 incremental
concentrations as mentioned in table 1.
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3. Human Cervical Cancer Cell Line SiHa: Doxycycline showed
GI,, in this cancer cell line (Table 5). The effects appear to be dose
dependent however the concentration at which the G, is on the higher
side (Figure 3). Paclitaxel which is a known anti-cancer agent also
achieved GI,,.

Table 5: Effect of drugs on SiHa cell line representing cervical cancer
cell line (concentrations are extrapolated from figure 3 as per the
methodology).

doxycycline caused dose dependent inhibition of cancer cell line
(Figure 5). The TGI achieved by doxycycline is at a relatively higher
concentration which may not be relevant for interpretation. The GI;,
achieved by gentamicin also was at a lower concentration (<1 pg/ml).
Overall, Bladder Cancer Cell Line T-24 appears to be sensitive to many
agents.

Table 7: Effect of drugs on T-24 cell line representing bladder cancer
cell line (concentrations are extrapolated from figure 5 as per the
methodology).

Figure 3: Effect of drugs on SiHa cell line. The four points for each
drugs (1, 2, 3, and 4 on x axis) corresponds to the 4 incremental
concentrations as mentioned in table 1.
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4. Human Pancreatic Cancer Cell Line MIA-PA-CA2: In this
cancer cell line, gentamicin and doxycycline achieved Gl (Table 6 and
Figure 4). As expected, gemcitabine also showed cancer cell line
growth inhibition effects.

Table 6: Effect of drugs on MIA-PA-CA2 cell line representing
pancreatic cancer cell line (concentrations are extrapolated from figure
4 as per the methodology).

MIA-PA-CA-2 | Drug concentrations (ng/ml) calculated from
graph

Le,, TGI Gi,,
Chloramphenicol >40 >4(0 30.1
Gemcitabine >40 >40 7.0
Doxycycline >20 16.1 3.4
Gentamicin >20 >20 2.7
Azithromycin NE NE NE

Figure 4: Effect of drugs on MIA-PA-CA2 cell line. The four points
for each drugs (1, 2, 3, and 4 on x axis) corresponds to the 4 incremental
concentrations as mentioned in table 1.
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5. Human Urinary Bladder Cancer Cell Line T-24: all the drugs
except chloramphenicol produced Gl in this human bladder cancer
cell lines T-24 (Table 7 and Figure 5). Azithromycin showed
particularly good result with induction of TGI at lower doses. Also

Drug concentrations (ug/ml) calculated
from graph T-24 Drug concentrations (ug/ml) calculated
SiHa LC,, TGI GI,, from graph
Chloramphenicol >40 >4() >4() LC,, TGI GI,,
Paclitaxel 23.1 11.3 <0.5 Chloramphenicol >40 >40 >40
Doxycycline >20 15.8 7.2 Gemcitabine >40 <5 <5
Gentamicin >20 >20 >20 Gentamicin >20 >20 <1
Azithromycin NE NE NE Doxycycline >20 15.3 24
Azithromycin NE 1.5 2.9

Figure 5: Effect of drugs on T-24 cell line. The four points for each
drugs (1, 2, 3, and 4 on x axis) corresponds to the 4 incremental
concentrations as mentioned in table 1.
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6. Human Ovarian Cancer Cell Line OVCAR-3: In this cancer cell
line only doxycycline and paclitaxel showed GI;, within the
concentrations evaluated (Table 8 and Figure 6). However the
concentration required for doxycycline to bring about GI;, appears to
be higher.

Table 8: Effect of drugs on OVCAR-3 cell line representing ovarian
cancer cell line (concentrations are extrapolated from figure 6 as per
the methodology).

OVCAR-3 Drug concentrations (ng/ml) calculated
from graph

LC,, TGI GI,,
Chloramphenicol >40 >40 >40
Paclitaxel NE NE <0.5
Doxycycline >20 20.2 9.0
Gentamicin NE NE NE
Azithromycin NE NE NE

Figure 6: Effect of drugs on OVCAR-3 cell line. The four points for
each drugs (1, 2, 3, and 4 on x axis) corresponds to the 4 incremental
concentrations as mentioned in table 1.
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7. Human Prostate Cancer Cell Line DU-145: In this prostate cancer
cell line, doxycycline and the standard drug mitoxantrone showed GI;,
(Table 9 and Figure 7). Doxycycline showed dose dependent inhibition
of this cancer cell line (Figure 7).

Table 9: Effect of drugs on DU-145 cell line representing ovarian
cancer cell line (concentrations are extrapolated from figure 7 as per
the methodology).

DU-145 Drug concentrations (ng/ml) calculated from
graph

LC,, TGI GI,,
Chloramphenicol >40 >40 >40
Mitoxantrone >2 >2 <0.1
Doxycycline >20 20.5 6.2
Gentamicin NE NE NE
Azithromycin NE NE NE

Figure 7: Effect of drugs on DU-145 cell line. The four points for each
drugs (1, 2, 3, and 4 on x axis) corresponds to the 4 incremental
concentrations as mentioned in table 1.
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8. Human Colon Cancer Cell Line HT-29: In this colon cancer cell
line, doxycycline and the standard oxaliplatin showed GI;,(Table 10
and Figure 8). Doxycycline showed dose dependent inhibition of this
cancer cell line.

Table 10: Effect of drugs on HT-29 cell line representing ovarian
cancer cell line (concentrations are extrapolated from figure 8 as per
the methodology).

HT-29 Drug concentrations (ng/ml) calculated
from graph

LC,, TGI GI,,
Chloramphenicol NE NE NE
Oxaliplatin >4 >4 3.0
Doxycycline 19.0 12.7 6.4
Metformin NE NE NE
Azithromycin NE NE NE

Figure 8: Effect of drugs on HT-29 cell line. The four points for each
drugs (1, 2, 3, and 4 on x axis) corresponds to the 4 incremental
concentrations as mentioned in table 1.
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The other cancer cell lines evaluated were human melanoma cell line
(SK-MEL-2), human oral cancer cell line (KB), human ovarian cancer
cell line (A-498) and human hepatoma cell line (Hep-G2). However in

all these cell lines only the standard anticancer agent showed growth
inhibition and not the investigational drugs. Hence the details have not
been included in the article.

DISCUSSION:

Drug repositioning is a very important tool for research into new
indications of already approved drugs. This gives an advantage to not
only the pharmaceutical companies but also to the academic institutes
as ours to venture into research with minimum financial resources. One
study indicated that academic groups are becoming increasingly
interested in drug discovery and development through this method .
In the current study we evaluated the effects of various drugs against
different cancer cell lines.

Chloramphenicol: In this study, Chloramphenicol did not show and
activity against any solid tumour cells even though previous study did
show its efficacy in leukaemic cell lines" .

Doxycycline: Gl was achieved against all cell lines with doxycycline
except in melanoma cell line, oral cancer cell line, ovarian cancer cell
line and hepatoma cell line which did not response to any
investigational agents. TGI achieved by doxycycline were at higher
concentrations which may not be interpreted as relevant for in-vitro
studies as the concentration were too high. The effects of doxycycline
appears to be dose dependant and seen at a concentration nearby to the
peak plasma concentration achieved in humans with usual therapeutic
doses. Also there are many other experimental studies published which
evaluated the effects of doxycycline in various types of tumour cell
lines with positive outcomes” . The current study confirmed the
previous results. This indicates that the beneficial effects may also be
seen in patients. The possible mechanisms of anti cancer effects of
doxycycline were also identified including inhibition of matrix
metalloproteinases and induction of apoptosis™ ?. Further clinical
studies should give better information of doxycycline in various types
of cancers.

Gentamicin: Gentamicin showed GI,, against human pancreatic
cancer cell line MIA-PA-CA2 (at a very low concentration;
2.7mcg/ml) and against human bladder cancer cell line T-24
(<1mcg/ml). No effects of gentamicin on other cancer cell lines were
seen. Gentamicin is commonly used in patients with gram negative
infections. Clinical studies with gentamicin in these cancer patients
requiring antibiotic coverage should be undertaken to evaluate its
efficacy in humans.

Azithromycin: In the present study azithromycin showed GI;, and
TGI in bladder cancer line at a very low concentration. No effect of
azithromycin was seen on other cancer cell lines. As previously
investigated, the apoptosis induced by azithromycin in cancer cells
was partly through a caspase-dependent mechanism with an up-
regulation of apoptotic protein cleavage PARP and caspase-3 products,
as well as a down-regulation of anti-apoptotic proteins, Mcl-1, bcl-2
and bel-X1".

Metformin: In this study it was seen that metformin bring about GI,; in
lung cancer cell lines A-549 at a concentration of 3.3mcg/ml, which
was within the range of concentration evaluated but it was above the
plasma concentration in humans (1.8mcg/ml)"”. Even though previous
study had showed inhibition of growth of breast cancer cell with
metformin, the current study did not show this effect on human breast
cancer cell line MCF-7. This may be due to the fact that previous study
had used a different cell line with different evaluation method. Apart
from the other anti-diabetic action, metformin is known to cause
inhibition of the enzymatic function of hexokinase (HK) I and IT which
is an important enzyme for tumour cells"".

Metronidazole and Vancomycin did not show any favourable effects
on any cancer cell lines. Even though previous studies'™ * on
metronidazole showed some anti-cancer effects against breast cancer

cells.

In summary, doxycycline showed 50% growth inhibition in all the
cancer cell lines studied except the human melanoma cell line, human
oral cancer cell line, human ovarian cancer cell line (A-498) and
human hepatoma cell line. In most cancer cell lines, the GI,, with
doxycycline was within the concentration range studied and can be
correlated approximately with the peak plasma level in human. The
other drugs which showed GI;, in the cancer cell were metformin in
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human lung cancer Cell Line (A-549), gentamicin in human pancreatic
cancer cell line (MIA-PA-CA2) and human bladder cancer cell line (T-
24) and azithromycin in human bladder cancer cell line (T-24).
Azithromycin also brought about TGI at a low concentration in bladder
cancer cell line.

Further clinical studies may be undertaken to evaluate the role of these
drugs in cancer patients in combination with standard anti-cancer
drugs especially in patients requiring antibiotic coverage.

Conclusion:

With the current increase in the information available for the existing
drugs there is an opportunity for the researchers to explore newer
indications by drug repositioning. The present in-vitro screening study
took into consideration of the pharmacokinetics, pharmacodyanamics
and also the adverse effects for exploring newer benefit of the existing
agents. In this study it can be seen that doxycycline, metformin,
gentamicin and azithromycin has some potentials for their
development of anti-cancer agent. Further clinical studies are
necessary to confirm the utility of these drugs for these new
indications.
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