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Abstract:

Doxycycline (DC) is an antibiotic that is used in the treatment of number types of infections diseases caused by bacteria
and protozoa. Doxycycline is a kind of second-generation tetracyclines which is commonly used to treat a variety of in-
fections. Three cancer cell lines include: human cerebral glioblastoma-multiforme (AMGM) at passages 75-84, human cervi-
cal cancer (HeLa) at 70 passages, and human pelvic rhabdomyosarcoma (RD) at 75 passages cell lines were used in this study.
The results showed that DC exerted significant cytotoxic effects with all concentrations used (50,100,150,200,250,300,350
and 400) ug/ml on all types of cell lines. Because of cytotoxic activity, good pharmacokinetic characteristics and the safety of
drug which used for many years in the treatment of infectious disease, we can conclude that these characteristics make DC a

valuable treatment for many types of cancer.
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Introduction:

Tetracyclines are a family of antibiotics with effective-
ness against several diseases caused by microbial in-
fection. They were discovered in 1953 and feature a 4-ring
structure to which a variety of side chains is attached.
Doxycycline (DC) is a member of the tetracycline fam-
ily. It has good water and lipid solubility and in bacteria, it
is known to inhibit protein synthesis of pathogens [1]. As
such it has found applications in the treatment of a large
number of diseases, including Lyme disease [2], Legion-
naire’s disease [3] and malaria [4]. Treatments are well
tolerated by patients [5] with little side effects. In addition
to its anti-microbial action, DC has also shown therapeutic
potential against rheumatoid arthritis [6], abdominal aortic
aneurysms [7,8], malignant pleural effusions[9] and mesen-
teric ischemia [10]. Doxycycline are also becoming known
as anti-tumor properties in the case of prostate, breast and
colon cancer [11,12,13,14]. Its role as a nonspecific matrix
metalloproteinase and angiogenesis inhibitor is well estab-
lished [15,16,17,18,19]. Its pro-apoptotic effects are also
known as in the case of T-lymphocytes [20]. Apoptosis is a
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gene-directed form of cell death. It is important in a number
of physiological processes like in normal development and
maintenance of tissue homeostasis [21,22]. It also plays a
role in tumor regulation because dysregulation of apoptosis
may cause cancer cells to increase in numbers. Also chemo-
therapeutic agents may exert their anti-tumor action via ac-
tivation of apoptosis in target cells [23,24,25]. Doxycycline
is an antibiotic that is used in the treatment of a number of
types of infections caused by bacteria and protozoa [26].
Current studies have demonstrated that DC is a pluripotent
drug that affects many anticarcinogenic functions, including
anti-tumor growth effect on human. It is useful for bacterial
pneumonia, acne, infections, early Lyme disease, cholera
and syphilis. It is also useful for the treatment of malaria
when used with quinine and for the prevention of malaria.
Doxycycline can be used either by mouth or intravenously
[26].1t is a broad spectrum antibiotic of the tetracycline
class [27] .Like other agents of this class it kills bacteria and
protozoa by inhibiting protein production[26,28]. Although
chemotherapy plays significant role in the treatment of
cancer, morbidity and mortality due to drug resistance and
cancer metastasis are yet to be eliminated. Doxycycline has
been reported to have cytotoxic and anti-proliferating prop-
erties in various cancer cells [29]. In a study whether DC
was apoptosis threshold lowering agent in colorectal can-
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cer cells by targeting mitochondria. The tetracycline family
have been used clinically since the mid twentieth century.
Since then, they have found application beyond their anti-
microbial activity in both the clinic and biomedical research
[30,31]. Tetracycline controlled transcriptional activation
the method of inducible gene where transcription is revers-
ibly turned on or off in the presence of the antibiotic tetra-
cycline or one of its derivatives (e.g. Doxycycline)[32]. To
investigate the potential of DC as a therapeutic agent, this
study aimed to determine the effect of DC on three human
cancer cell lines growth including (AMGM, HeLa and RD)
cell lines and study its cytotoxic effect in vitro.

Methods:

Cells and Cell Culture

Three cancer cell lines, human cerebral glioblastoma-
multiforme (AMGM, at passages 75-84), human pelvic
rhabdomyosarcoma (RD, at 75 passages), and human cer-
vical cancer (HeLa, at 70 passages) cell lines were kindly
provided by ICCMGR (Baghdad, Iraq) and used through-
out this study. AMGM was propagated and maintained on
Rosswell Park Memorial Institute medium (RPMI-1640,
US biological, USA), while HeLa and RD cultured on mini-
mal essential medium (MEM, Sigma) [33]. To these media,
10% fetal bovine serum (Cellgro, USA) and 1% penicillin/
streptomycin (Cellgro, USA) were added and incubated in a
humidified 5% CO2 incubator (Heracell 150, Thermo Elec-
tron Corp.) at 37°C. The cells were subculture after they had
achieved 80-90% confluency which can be observed under
inverted microscope (Nicon Eclipse TS100). Cell viability
was assessed by using trypan blue (Pharma, Sweden) exclu-
sion test and found to be greater than 99% [34].
Cytotoxicity Measurement of Doxycycline

The cytotoxicity of DC on cancer cell lines was examined
according to the inhibition of proliferation rate (IR %) [35].
In a 96 well tissue culture plate, seed 2 x 104 cells per well
in 200 pl antibiotic-free normal growth medium supple-
mented with FBS. Incubate the cells at 37° C in a CO2 incu-
bator until the cells are 60-80% confluent. This will usually
take 18-24 hours. Then it will exposure with different con-
centrations of DC (50,100,150,200,250,300,350 and 400)
pg/ml in 100 pl and incubated at 37C° for 24, 48 and 72
hrs. After incubation, 20 ul of MTT [3-(4, 5- dimethylthi-
azol-2-yl-2-2.5- diphenyl tetrazolium bromide)] was added
and incubated for further 3 hrs at 37C°. The untreated cells
were also done as control. The absorbance of treated and
untreated cells was measured at 492 nm. The inhibitory rate
of cell proliferation was calculated according the equation:
IR%=A-B/Ax100

Where A represents the absorbance of untreated cells,
while B represents the absorbance of treated cells. The re-
sults of IR% was plotted on Y-axis while the concentration
of DC where plotted on X-axis. The concentrations that
caused a 50% reduction in cell growth (IC 50) was deter-
mined by non-linear regression analysis using Graph pad

Prism software [36].
Statistical Analysis

The Statistical Analysis System- SAS (2012) program was
used to effect of difference factors (concentration, cell lines
and time) in study parameters (inhibition rate and Knock-
down percentage). Least significant difference —LSD test
was used to significant compare between means in this
study [37].

Results:

According to our knowledge this is the first research
which study the cytotoxic effect of DC on (AMGM,
HeLa and RD) cell lines. The results showed that DC de-
creased the growth of AMGM cells significantly as com-
pared to untreated control cells; it appeared that the growth
inhibition was concentration and exposure time dependent.
The inhibition rates for the concentrations 50, 100, 150,
200, 250, 300, 350 and 400 pg/ml were 32.87, 33.79, 44.55,
41.08, 51.22, 57.14, 60.40 and 62.64% respectively after
24 hrs of exposure. When the exposure time increased to
48 hrs, the inhibition rates for these concentrations reached
34.82,42.82,43.36, 42.87, 56.06, 65.62, 78.71 and 71.48%
respectively. However after 72 hrs exposure the inhibition
rates increased to 31.08, 42.49, 46.00, 50.84, 53.36, 67.54,
72.33 and 69.42% respectively (Figure 1).
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Figure 1: Growth-inhibitory rate of AMGM cell
line by different DC Concentrations.

Using low concentration of DC was used, cells continued
to proliferate for 48 hrs, as shown by the comparison of 48
hrs to 24 hrs (P<0.05). There was a trend for MTT values
to increase from 48 hrs to 72 hrs under low concentration
conditions, the P values were a significant, including com-
parison with untreated as control. This suggests that cell
proliferation slowed considerably by 72 hrs in this assay
condition. Thus, there was a growth-inhibitory but not a
cytotoxic effect from DC on AMGM cell line treated in
serum-free culture conditions. The cell viability rate of DC
effect on AMGM cell line for 24, 48 and 72 hrs for treated
and untreated cells as shown in figure 2.
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Figure 2: The Cell viability rate of DC effect on
AMGM cell line.
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Figure 4: The Cell viability rate of DC effect on
HelLa cell line.

Doxycycline also significantly decreased the growth of
HeLa cells in comparison to untreated control cells with a
concentration and exposure time dependent manner. When
HeLa cell line exposed to 50, 100, 150, 200, 250, 300, 350
and 400 pg/ml concentrations of Doxycycline, the growth
rates inhibited by 40.52, 49.31, 55.60, 57.97, 61.31, 70.91
and 76.97% respectively after 24 hrs exposure. The same
concentrations of the drugs exerted inhibition of growth
rates 32.05, 43.63, 46.51, 50.42, 52.37, 61.07, 75.53 and
75.53%, when the exposure time increased to 48 hrs. While
after 72 hrs of exposure, the growth rates inhibition reached
39.10, 39.10, 47.43, 59.21, 59.73, 61.76, 71.17, 79.02 and
77.56% for the same concentrations respectively (Figure 3).

The results also showed that cimetidine decreased the
growth of RD cells significantly as compared to untreat-
ed control cells with a concentration and exposure time
dependent manner. The inhibition rates for the concen-
trations 50, 100, 150, 200, 250, 300, 350 and 400 pg/ml
were 33.92, 40.85, 46.29, 51.38, 54.54, 55.20, 55.02 and
63.41 respectively after 24 hrs of exposure. When the ex-
posure time increased to 48 hrs, the inhibition rates for
these concentrations reached 34.81, 38.72, 43.15, 46.81,
54.68, 62.38, 73.79 and 74.51% respectively. After 72 hrs
exposure the inhibition rates increased to 33.20, 37.04,
50.95,55.92,57.41, 61.09, 73.59 and 79.84% respectively
(figures 5).
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Figure 3: concentration-dependent growth-inhibito-
ry effect of DC on HeLa cell line.
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Figure 5: concentration-dependent growth- inhibi-
tory effect of DC on RD cell line.

Based on the above observations, the highest inhibition ef-
fect by using 350 pg/ml concentration of the DC after 72hrs
of the treatment duration on HelLa cell line where it was
inhibited by 79.02%. Figure 4 represents the cell viability
rate of DC effect on HeLa cell line for 24, 48 and 72 hrs for
treated and untreated cells.

Figure 6 shows the gradually decreasing in the viability
rate with increasing the DC concentration, which it is in-
verse the inhibition rate in RD cell line.
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Figure 6: The Cell viability rate of DC effect on
RD cell line.

=X 80 -
]
& 60 7
g4
=
%20-
u_
CONTROL 50 100 150 200 250 300 350 400
Concentration pg/ml

5 AMGM mHela mRD

Figure 8: Compare between AMGM, HeLa and RD
cell line in Inhibition rate in 48 hour.

Finally, the comparison between AMGM, HeLa and RD
cell lines inhibition rates for treated and untreated cells for
the same day presented in figure 7, it was clear that there
were a significant effect for each concentration to all cell
lines under study after 24 hrs. The highest inhibition rate
were noticed for HeLa cell line using 350 pg/ml and the
least one for RD cells.
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Figure 7: Compare between AMGM, HeLa and RD
cell line in Inhibition rate in 24 hr.

After 48 hour there were no significant effect (P>0.05)
of each concentration for the three cell lines except for
the concentration 200 pg/ml, there were a significant ef-
fect (P<0.05). As shown in figure 8 below. The higher DC
concentration was noticed in AMGM cell line using 350
pg/ml by 78.71% (P>0.05), then HeLa cells with 75.58%
using 400 pg/ml (P>0.05).

Figure 9 showed the compression between AMGM,
HeLa and RD cell line with the inhibition rates after 72
hour for treated and untreated cells. From the figure could
concluded that there were a significant effect in each con-
centration for all the studied cell lines (P<0.05), except in
concentration 350 pg/ml, there were no significant effect
(P>0.05). The highest inhibition rate was noticed for RD
cells 79.84% in 400pg/ml, and the least one for HeLa cell
line 79.02% in 350pg/ml.
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Figure 9: Compare between AMGM, HeLa and RD
cell line in Inhibition rate in 72 hr.

From the above results the most DC concentrations ef-
fectives on the cells viability is 350 and 400 pg/ml after 48
and 72 hours. The half maximal inhibitory concentration
(IC50) is a measure of the effectiveness of a substance
in inhibiting a specific biological or biochemical func-
tion. This quantitative measure indicates how much of a
particular drug or other substance (inhibitor) is needed to
inhibit a given biological process (or component of a pro-
cess, 1.e. an enzyme, cell, cell receptor or microorganism)
by half. The values are typically expressed as molar con-
centration. It is commonly used as a measure of antagonist
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drug potency in pharmacological research. According to
the FDA, IC50 represents the concentration of a drug that
is required for 50% inhibition in vitro. It is comparable to
an IC50 for agonist drugs. IC50 also represents the plasma
concentration required for obtaining 50% of a maximum

effect in vivo [38].

Table 1 represents the mean IC50 values for AMGM,
HeLa and RD cell lines after 24, 48 and 72hour treatment
with DC.

Table 1: The Mean IC50 of DC concentrations (ug/ml) of AMGM, HeLa and RD cell lines for 24, 48 and 72 hours.

Time Mean IC,, png/ml
(hour) AMGM HeLa RD
24 250 115 200
48 200 110 150
72 150 100 130

From the data above, it was clear that for AMGM cells,
the higher concentration noticed in 24 hour by 250 pg/
ml but the lower one after 72 hour was 150 pg/ml, that
is mean the concentration decreased with increasing the
days. Which noticed the same thing for HeLa cell line,
where after 24 hour, the IC50 was 115 pg/ml and in 72
hour was 100 pg/ml. But for the RD cell line, it’s clear
that after 24 hour the IC50 was 200 pg/ml, but in 72 hour,
the IC50 was 130 pg/ml. The highest IC50 values were for
AMGM cell line, but the lower one was for HeLa cell line,
as shown in figure 10.
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Figure 10: The IC50 of cell viability for AMGM,
HeLa and RD cell lines for 24, 48 and 72 hours.

Discussion:

oxycycline belongs to the tetracycline family of

drugs, members of which function as anti-microbial
agents by preventing the binding of amino acyl tRNA to
the ribosome, thereby inhibiting protein synthesis [39]. It
has been known for years that members of the tetracycline
family, such as DC and minocycline, inhibit the growth of
various tumor cells in vitro [40]. Doxycycline was found
to be the most effective analogue of tetracycline at inhib-
iting cell survival in a human adenocarcinoma cell line

[41]. The mechanisms for DC anti-proliferative effects
have been reported, and include impairment of mitochon-
drial protein synthesis [42,43], proliferation arrest in the
G1 phase of cell cycle [44], and induction of apoptosis
by caspase-3 activation in human T-lymphoblastic leuke-
mia cells [45]. However, the serum concentrations of DC
required to achieve these cytotoxic effects are generally
higher (20 to 50) png/ml than the typical therapeutic serum
concentration used to treat infections, generally from 0 to
5 pg/ml and occasionally as high as 10 pg/ml [46], making
DC less desirable as a cytotoxic agent. There are reports
showing that different cancer cell lines have different sen-
sitivities to DC. Doxycycline at 10 pg/ml was sufficient
to induce GO/G1 arrest, and a concentration of 20 pg/ml
was able to provoke mitochondrion mediated apoptosis in
HT 29 cells [47,48]. In prostate cancer cell culture, necro-
sis and apoptosis were not apparent until DC concentra-
tions exceeded 20pg/ml [49]. In clinical settings, GBM
is highly resistant to cytotoxic intervention as compared
to other solid tumors, and this may be a clinical reflection
of our observation that glioma cells require higher con-
centrations of DC in vitro to achieve its effect on growth
inhibition [50].

Wang et al. [51] found that the glioma cells under
serum-free culture conditions were exposed to low con-
centrations of DC displayed a similar behavior to those
cultured in 5% serum. However, viability of U87 and
LN229 cells tended to be reduced in response to high
concentrations of DC treatments. A similar, but less ob-
vious trend was observed with lower concentrations as
well. For example, the cell viability of U87 cells after 72
hrs was reduced to 79% compared to that after 48 hrs in
the higher concentration group ( P < 0.05), indicating a
cytotoxic effect of DC on U87 cells in serum-free condi-
tions. In U251HF cells, the curve for cell viability was
essentially the same between 48 hrs and 72 hrs for all
treated groups including the untreated control cells. These
data are consistent with the study by Sagar et al [52],
they demonstrated cytotoxic activity of DC in colorectal
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cancer cell (HT29 cell line). Zhao et al [53] found that in
HeLa and CaLo cell lines, DC inhibited proliferation in a
dose-dependent manner with IC50 (10-20 pmol/L). While
Chen et al [54] explained that DC significantly inhibited
the proliferation of many cancer cells in a dose-dependent
manner. IC50 of most cells was less than 5 uM, which
was quite low. This result demonstrated that many cancer
cell lines were very sensitive to DC. Wei et al [55] found
after 48 hrs treatment with DC in different concentrations,
cell viability was decreased in a dose-dependent manner
in HO8910, SKOV3 and SKOV3/DDP. The IC50 of DC
in SKOV3 was compared with that in SKOV3/DDP. The
results showed that the IC50 was 16.33 mg/ml in SKOV3

and 8.53 mg/ ml in SKOV3/DDP respectively, which in-
dicated that SKOV3/DDP cells were more sensitive to DC
treatment than SKOV3 cells. But Hector et al [56], when
they study on HuTu-80 human duodenal adenocarcinoma
cells 1x104, after being exposed to DC for 72 h, a cel-
lular viability of 55+2% and 10£1.6% at 5 and 10 pM,
respectively, was determined. These concentrations cor-
responded to 2.22 and 4.44 pg/ml. The maximum plasma
concentration attainable in humans varies from 1.5 to 3.6
pg/ml after therapeutic doses of DC. Thus, the concentra-
tions employed in this study were similar to those that can
be obtained in human plasma at therapeutic doses.
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