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GenBank
Symbol Gene name accession no Function
GPX3 Glutathione peroxidase 3 NM_002084 The protein encoded by this gene

belongs to the glutathione peroxidase
family, members of which catalyse
the reduction of organic H202 by
glutathione, and thereby protect cells
against oxidative damage. Several
isozymes of this gene family exist

in vertebrates, which vary in cellular
location and substrate specificity.

IL-1, interleukin-1; SOD, superoxide dismutase; TGF, transforming growth factor.

39.68% (p=0.013) with CPFX 120 pg/mL treatment after ~ 48hours showed a reduction by 18.6% with 30pg/mL
48hours culture compared with untreated samples. The  (p=0.026), 26.75% with 60 pg/mL (p=0.021) and 44.26%
results showed that cells treated with 60 and 120pg/mL  with 120pg/mL  (p=0.014) compared with vehicle-
CPFX for 72hours had 11.27% (p=0.035) and 22.59% control cultures. There was also a decrease in AWm after
(p=0.025) decrease of mean percentages in comparison 72hours of TETRA treatment; with mean percentages
with vehicle-control cells (figure 1E). The MMP mean  decline by 17.44% (p=0.003) with 30pg/mL, 44.51%
percentages of cells treated with 60 and 120pg/mL (p=0.004) with 60pg/mL and 67.69% (p=0.001) with
TETRA for 24 hours were reduced by 21.61% (p=0.021) 120 pg/mL, respectively, compared with vehicle-control
and 43.58% (p=0.014), respectively, compared with  wells (figure 1F). Altogether, these in vitro findings show
vehicle-control cultures. Furthermore, cells cultured for

Figure 1 Treatment effects of CPFX and TETRA on cellular metabolism (figure 1A,B), ROS levels (figure 1C,D) and
mitochondrial membrane potential (MMP, figure 1E,F) in ARPE-19 cells after 24, 48 and 72hours as measured with the

MTT, H2DCFDA and JC-1 assays. *P<0.05, **P<0.01. ARPE-19, human retinal pigment epithelial cells; CPFX, ciprofloxacin;
H2DCFDA, 2’,7’-dichlorodihydrofluorescein diacetate; ns, not significant; ROS, reactive oxygen species; TETRA, tetracycline.
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that higher concentrations of both CFX and TETRA
decreased MMP over time.

Expression levels for pro-apoptosis, antioxidant and pro-
inflammation genes

In all experiments of the qRT-PCR, the vehicle-control
cells were considered at a value of 1 (table 2). After treat-
ment with CPFX, the relative gene expression of BAX
(1.977-fold, p=0.002) (figure 2A), BCL2-L13 (1.414-fold,
p=0.014) (figure 2B), Caspase 7 (1.712-fold, p=0.003)
(figure 2E), Caspase 9 (2.319+fold, p=0.013) (figure 2F),
SOD2 (1.26-fold, p=0.01(figure 3A) and GPX3 (1.24-
fold, p=0.018) (figure 3D) were increased as compared
with the HCl-treated control cells. However, the relative
gene expression levels of NOX4 in CPFX exposed cells
decreased to 0.84-fold (p=0.031) compared with HCI-
treated controls (figure 3C).

The TETRA-treated cells had relative gene expression
levels of BAX (1.465-fold, p=0.04) (figure 2A), BCL2-
L13 (1.142-fold, p=0.026) (figure 2B), BCL2 (2.82-fold,
p=0.024) (figure 2C), Caspase-7 (1.712-fold, p=0.002)
(figure 2E), Caspase-9 (1.434-fold, p=0.007) (figure 2F)
and SOD2 (1.27-fold, p=0.048) (figure 3A) compared
with the Meth-treated control group. Moreover, the rela-
tive gene expression levels of SOD3 and NOX4 in 120 pg/
mL TETRA-treated cells decreased to 0.41-fold (p=0.041)
(figure 3B) and 0.37-fold, (p=0.045) (figure 3C) in
comparison with the Meth-treated control cells.

Although the relative gene expression of inflammatory
marker IL-6 in CPFX-treated cells increased to 1.31-
fold (p=0.048) (figure 4A), the relative gene expression
of IL-33 declined to 0.34-fold (p=0.047) (figure 4C)
compared with HCl-treated control cells. Moreover,
in TETRA-treated cells, the relative gene expression of
TGF-al (0.41-fold, p=0.014) (figure 4D), TGFB1 (0.54-
fold, p=0.043) (figure 4E) and IL-33 (0.11-fold, p=0.011)
(figure 4C) compared with Meth-treated control
samples. Also, in 120pg/mL TETRA-treated cells, the
relative gene expression of IL-6 and IL-1f increased to
5.1fold (p=0.001) (figure 4A) and 2.29-fold (p=0.023)
(figure 4B), compared with the Meth-treated control
cells.

Therefore, it is possible that exposure of ARPE-19 cells
with CPFX and TETRA facilitated higher expression of
some apoptotic, inflammatory and antioxidant enzyme-
related genes.

Significant reduction of mtDNA copy number

In CPFX-treated ARPE-19 cultures, the level of mtDNA
decreased to 0.23fold (p=0.008) compared with HCI-
treated control cells (figure 5). In addition, treatment
with TETRA reduced the relative level of mtDNA to 0.28-
fold (p=0.041) in comparison with Meth-treated control
cells (figure 5). The untreated cultures were assigned a
value of 1. Our findings show that treatment of ARPE-19
with CPFX and TETRA led to significant reduction of
mtDNA copy numbers.

Open access

Treated cells with
TETRA versus
vehicle-control*

Treated cells with
CPFX versus
vehicle-control*

Symbol P value, fold P value, fold
BAX 0.002 0.04
1.977+0.03 1.465+0.09

BCI2 0.061 0.024

2.82+0.56

1.76+0.04

CASP7 0.003

1.71+0.02

0.002
1.71+0.02

Antioxidant enzymes related genes

SOD3 0.24
0.80+0.05

0.041
0.41+0.05

GPX3 0.018 0.249
1.24+0.06 0.69+0.01

IL-6 0.048 0.001
1.31+0.03 5.11+0.16

IL-33 0.047

0.34+0.04

0.011
0.11+0.008

0.061
1.003+0.08

0.043
0.54+0.02

TGF-p1

Fold values greater than 1 indicate upregulation of the gene.
Fold values less than 1 indicate downregulation of the gene.
*Are assigned a value of 1.

ARPE-19, human retinal pigment epithelial cells; CPFX,
ciprofloxacin; IL-6, interleukin-6; TETRA, tetracycline; TGF-1,
transforming growth factor-1.

DISCUSSION
In this study, we evaluated the effects of CPFX and TETRA
on ARPE-19 cells in vitro. We assessed the outcomes
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Figure 2 Expression of apoptotic genes (A) BAX, (B) BCL2-L13, (C) BCL-2, (D) CASP-3, (E) CASP-7 and (F) CASP-9 in
CPFX and TETRA treated ARPE19 cells. “*P<0.05, **P<0.01, ***P<0.001. ARPE19, human retinal pigment epithelial cells;
Cont, untreated control; CPFX, ciprofloxacin; HCI, hydrochloric acid vehicle control; Meth, methanol vehicle control; ns, not

significant; TETRA, tetracycline.

of these treatments on levels of cellular viability, ROS,
MMP and expression levels of genes involved in inflam-
matory, apoptotic and antioxidant enzymes pathways.
Our findings showed that treatment with clinically rele-
vant dosages of CPFX resulted in significantly decreased
ARPE-19 cell viability, metabolic activity and MMP that
were more prominent with longer incubation and higher
concentrations of CPFX. Four of the proapoptosis genes
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(BAX, BCL2-L13, Casp-7 and Casp-9) were upregulated
after CPFX treatment, which is consistent with the lower
cell numbers. Additionally, IL-6 levels were higher in
the CPFX-treated cells, indicating that elevated levels
of inflammation would be found associated with CPFX
treatment. None of the other inflammation-related genes
(TGIa, TGIFS1, TGF- p2 or ILla) changed expression
levels on CPFX exposure.
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O
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Figure 3 Expression of antioxidant genes (A) SOD2, (B) SODS3, (C) NOX4 (D) GPX3 in CPFX and TETRA treated ARPE19 cells.
*P<0.05, **P<0.01, ***P<0.001. ARPE19, human retinal pigment epithelial cells; Cont, untreated control; CPFX, ciprofloxacin;
HCL, hydrochloric acid vehicle control; Meth, methanol vehicle control; ns, not significant; TETRA, tetracycline.
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Figure 4 Expression of inflammatory pathway genes (A) IL-6, (B) IL-1, (C) IL-33, (D) TGF-a1, (E) TGF-B1 and (F) TGF-B2 in
CPFX and TETRA treated ARPE19 cells. *P<0.05, **P<0.01, **P<0.001. ARPE19, human retinal pigment epithelial cells; Cont,
untreated control; CPFX, ciprofloxacin; HCI, hydrochloric acid vehicle control; IL-6, interleukin-6; Meth, methanol vehicle
control; ns, not significant; TETRA, tetracycline; TGF-B1, transforming growth factor-p31.

In the ARPE-19 cultures, ROS levels remained
unchanged at the 24 and 48hours time points with the
60 and 120 pg/mL CPFX dosages by 72 hours. These data
suggest that the ARPE-19 response to CPFX was via the
mitochondria (lower MMP) and the cellular metabolic
activity through the Nicotinamide adenine dinucleotide
phosphate (NADPH) flux (lower MTT) and not through
the generation of ROS. The lower ROS levels observed
in the CPFX and TETRA treated ARPE-19 cells may also
in part be due to the upregulation of SOD2, and the
downregulation of NOX4, which is responsible for the
production of ROS. Moreover, other reports have shown
enhanced lactate production due to stimulated glycol-
ysis,”* which would also lead to lower electron transport
chain (ETC) activity and decreased ROS production with
reduced mitochondrial activity.

Figure 5
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Fold change
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Figure 5 Effects of TETRA and CPFX on the of mtDNA
copy number level compared with nDNA. *P<0.05, **P<0.01.
Cont, untreated control; CPFX, ciprofloxacin; HCL,
hydrochloric acid vehicle control; Meth, methanol vehicle
control; mtDNA, mitochondrial DNA; ns, not significant;
TETRA, tetracycline.

In contrast to our findings, Kalghatgi el al evaluated
CPFX-treated non-cancer mammary epithelial cells
(MCF10A), primary human aortic endothelial cells
(PAEC), primary HMEC, human gut epithelial cells and
normal human diploid skin fibroblasts and reported
higher levels of ROS, lipid peroxidation and oxidative
damage to DNA and proteins. Usually bactericidal antibi-
otics disrupt the ETC and tricarboxylic cycle which would
lead to lower formation of the endogenously generated
ROS.

Many of the published data related to CPFX have been
conducted using various cancer cell lines so it might be
expected that our findings with ARPE-19 cells would
be different. Cancerrelated studies have illustrated
CPFX has inhibitory effects on leukaemia cells, glio-
blastoma cells, colorectal and bladder cancer cells that
act via diminished MMP and increased apoptosis.”” >
Duewelhenke et al evaluated the effects of 20 antibiotics
on PHO, the osteosarcoma cell lines (MG63) and Hela
epithelial cell lines demonstrating fluoroquinolones,
including CPFX, decreased the metabolic activity and
proliferation of PHO by 20% and inhibited mitochon-
drial oxidative phosphorylation, but the cells underwent
a metabolic shift to use glycolysis, as measured by lactate
concentrations.’ Similarly, Holtom et al analysed murine
osteoblastlike cell lines (MC3T3-E1) and reported a 50%
inhibitory concentration of 40 pg/mL CPFX at both 48
and 72hours and decreased 5-bromo-2'-deoxyuridine at
80 pg/mL CPFX.” In this study, we illustrated that similar
harmful effects are found in normal, non-cancer RPE
cells.

Fluoroquinolones, including CPFX, can induce consid-
erable harmful influences on a variety of cancer cells.
For instance, bladder cancer cells exposed to 100pg/
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mL CPFX showed an upregulation of BAX, the proapop-
totic regulator, and arrested S/G2-M phase of the cell
cycle.27 Kloskowski et alreported similar results when they
exposed three different cancer cell lines (lung cancer,
melanoma and glioblastoma) to a range of concentra-
tions (12-1092 pg/mL) of CPFX for 24-48 hours and they
found that CPFX induced cell cycle arrest at the G / M
phase."” This was supported in CPFX-treated melanoma
cells (COLOB829) that showed inhibited DNA polymerase
IT and arrest of the S checkpoint of cell cycle.”

In the ARPE-19 cells, the long-term incubation with
higher dosages of TETRA resulted in increased cell
viability and metabolism along with lower ROS levels,
suggesting positive effects on cellular health with
decreased MMP. Our data suggest that the overall effect of
TETRA on the ARPE-19 cells is less disruptive than CPFX.
Similarly, a study by Kalghatgi et al reported significant
CPFX-induced damaged mitochondrial morphology,
along with lower levels of MMP, ATP production and
metabolic activity in treated cells." However, the same
dosage of TETRA did not induce significant alterations
of these mitochondrial-related features or affect ROS
production” compared with untreated group.

Our gene expression studies showed that ARPE-19 cells
had a differential response to TETRA with upregula-
tion of the antiapoptosis gene BCL2, downregulation of
TGF-B1 (growth and differentiation) and higher levels of
IL-1B, a proinflammatory gene compared with the CPFX-
treated cells. However, in a Zebrafish model (Danio rario),
Ding et al found that TETRA induced damage at several
concentrations (45, 60 and 90mg/L) after 7, 14 and 21
days with mitochondrial damage, including diminished
mitochondrial cristae and mitochondrial swelling.”
Another study in hepatocytes showed significant nega-
tive influences on mitochondrial calcium uniporter with
treatment after TETRA derived compounds (50uM,
22.22g). TETRA prevented Ca” uptake by mitochondria
and then inhibited the inducement of mitochondrial
permeability transmission by Ca*".*

CONCLUSIONS

Future investigations including in vivo studies and clin-
ical trials are necessary in the discovery of effective
treatments with antibiotics with nominal adverse effects.
In conclusion, clinically adjusted dosages of CPFX and
TETRA may have detrimental impacts ARPE-19 cells. We
speculate that if CPFX can have these deleterious effects
on the wildtype, healthy ARPE-19 cells, then it may also
have deleterious effects on the older, damaged mito-
chondria of the AMD subjects are exposed to treatments
with the fluoroquinolones.
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