
83

INTRODUCTION

Toxoplasma gondii is one of the most widely spread protozoal 
infection and intracellular parasite, which infects all the warm-
blooded animals, including approximately 30% of the human 
population. Infection is generally asymptomatic, but immu-
nocompromised humans, such as those who are infected dur-
ing pregnancy, can cause severe illness, such as chorioretinitis, 
convulsions, hydrocephalus, and stillbirth [1].

When T. gondii reaches the eye, an inflammatory reaction 
occurs. This inflammatory lesion progresses to retinitis and in-
volves the choroid secondarily [2]. The human retinal pigment 
epithelium (hRPE) is located in the portion of the most exter-
nal of retina segment which exist a monolayer, and it has roles 
as blood retina barrier and is essential for retinal homeostasis, 

development, survival, and physiological activity of photore-
ceptor. Because of its the importance in infection and inflam-
mation in visual system, ARPE-19 cell infected with T. gondii 
was used as a model to investigate the toxoplasmic retinocho-
roiditis, and the regulatory mechanisms of T. gondii invasion 
and proliferation. 

Previous studies have shown that reactive oxygen species 
(ROS) plays a crucial role as a second messenger in normal 
cell growth processes and cell cycling [3,4], and also ROS have 
been known molecules of intracellular signaling cascade. The 
appropriate levels of ROS act as a signal transducer, while con-
tinuous exposure or high levels ROS can trigger dysfunction of 
RPE, increased cellular signaling, and apoptosis [5]. The retina 
is especially vulnerable to oxidant-generating damage, and oxi-
dative stress is regarded as an important development of age-
related RPE cell degeneration, functional disorder, and loss [6].

In this regard, diphenyleneiodonium (DPI) has been used 
to inhibit ROS production mediated by various flavoenzymes, 
including NADH: ubiquinone oxidoreductase, NADPH oxi-
dase [7], nitric-oxide synthase, xanthine oxidase, and NADPH 
cytochrome P450 oxidoreductase [8]. In particular, DPI has 
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Abstract: Based on the reactive oxygen species (ROS) regulatory properties of diphenyleneiodonium (DPI), we investi-
gated the effects of DPI on host-infected T. gondii proliferation and determined specific concentration that inhibit the in-
tracellular parasite growth but without severe toxic effect on human retinal pigment epithelial (ARPE-19) cells. As a result, 
it is observed that host superoxide, mitochondria superoxide and H2O2 levels can be increased by DPI, significantly, fol-
lowed by suppression of T. gondii infection and proliferation. The involvement of ROS in anti-parasitic effect of DPI was 
confirmed by finding that DPI effect on T. gondii can be reversed by ROS scavengers, N-acetyl-L-cysteine and ascorbic 
acid. These results suggest that, in ARPE-19 cell, DPI can enhance host ROS generation to prevent T. gondii growth. Our 
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been commonly used as an inhibitor of NADPH oxidase in 
various type of cells. However, it also has been reported that 
DPI can induce ROS production and thus, enhance oxidative 
stress with Japanese encephalitis virus (JEV) infection [9], 
which suggest the presence of unknown, opposite effect of 
DPI depending on cell types. 

In the present study, we investigated the effect of DPI on the 
generation of intracellular ROS in ARPE-19, and suggested a 
mechanism to inhibit T. gondii infection rate and intracellular 
proliferation. Our results show that DPI might be one promis-
ing candidate in the development of methods which to pre-
vent, ameliorate or cure toxoplasmosis. 

MATERIALS AND METHODS

Host cell culture
ARPE-19 cell line, obtained from American Type Culture 

Collection (ATCC, Manassas, Virginia, USA), was cultured in a 
1:1 mixture of Dulbecco’s Modified Eagle’s Medium (DMEM/
F12) with 10% fetal bovine serum (FBS), and 1% antibiotic-
antimycotic (Gibco, Grand Island, New York, USA) at 37˚C in 
a 5% CO2 incubator up to 70% confluence. 

Toxoplasma gondii culture
Tachyzoites of T. gondii RH strain that expresses transgenic 

green fluorescent protein (GFP-RH) were kindly provided by Dr. 
Yoshifumi Nishikawa (Obihiro University of Agriculture and Vet-
erinary Medicine, Japan). Tachyzoites were maintained on ARPE-
19 cell line and incubated at 37˚C and 5% CO2 for 2 to 3 days. 

Toxoplasma gondii intracellular growth assay
ARPE-19 cells were seeded in 12 or 24 well plates with cov-

erslips and serum-starved for 4 hr prior to T. gondii (GFP-RH) 
infection or indicated amount of DPI, NAC, and ascorbic acid 
treatment. In order to determine T. gondii proliferation in 
APRE-19 cells, the cell was infected with T. gondii at a multi-
plicity of infection of 5 tachyzoites per cell (MOI= 5), and flu-
orescent images were obtained by a confocal laser scanning 
microscope (Leica TCS SP5, Wetzlar, Hesse-Darmstadt, Ger-
many) or fluorescence microscopy. After infection or treated 
chemicals the coverslips were washed with PBS and then fixed 
with 4% formaldehyde overnight at 4˚C.

Cells were stained with Texas Red®-X phalloidin (Life Tech-
nologies Corporation, Carlsbad, California, USA) to label F-
actin and mounted with mounting solution with DAPI (Vector 

Laboratories, Burlingame, California, USA) to stain nucleus. 
The number of parasites per vacuole was counted from a part 
taken randomly. The experiment was repeated for 3 times. 

Measurement of ROS
To analyze the levels of ROS production in ARPE-19 cells 

under experiments conditions. Cells were co-treated with or 
without DPI, NAC and ascorbic acid (all form Sigma-Aldrich, 
Saint Louis, Missouri, USA) for 4 hr. ROS level was measured 
using specific ROS detecting fluorescent probes, dihydroethid-
ium (DHE, Merck KGaA, Darmstadt, Germany), 5-(and-6)-
chloromethyl-2́ , 7́ -dichlorodihydrofluorescein diacetate, acetyl 
ester (DCFDA, Life Technologies, Carlsbad, California, USA) 
and mitochondrial superoxide indicator (MitoSOX Red, Ther-
mo Fisher Scientific, Waltham, Massachusetts, USA). Following 
washing with warm PBS, ARPE-19 cells were incubated with 
DHE, DCFDA, or MitoSOX for 30 min at 37˚C in dark. The 
stained cells were imaged using a Zeiss HXP 120-V laser-scan-
ning microscope (Göttingen, Germany), or Confocal micros-
copy (Leica). Each of the fluorescence intensity of all images 
were taken using the same exposure time. The fluorescence in-
tensity was measured by flow cytometry and the cellular images 
were captured using laser scanning confocal microscope.

Flow cytometry analysis
ARPE-19 Cells were treated with DPI, NAC and ascorbic 

acid for 4 hr after starvation and then were detached with 
Trypsin-EDTA (Gibco), re-suspended in a fresh culture medi-
um, and stained intracellular ROS detection with DHE or Mi-
toSOX for 30 min at 37˚C. The samples were then subjected to 
flow cytometric analysis using a BD Canto II Flow cytometer 
(BD Biosciences, San Jose, California, USA) and Flow Jo soft-
ware (Treestar, Ashland, Oregon, USA). For each sample, 
5,000-30,000 cells were analyzed. The results were presented 
as means± standard deviation (SD) of 3 independent experi-
ments. The experiment was repeated for 5 times.

Western blot analysis 
Western blot was carried out as described previously [10], 

treated cells were lysed on ice for 30 min, after boiling, equal 
amounts of denatured proteins were separated by SDS-PAGE 
and transferred onto PVDF membranes and probed with the 
relevant antibodies. The primary antibodies used were mouse 
anti-TP3 and α-tubulin (Santa Cruz Biotechnology, Dallas, Tex-
as, USA).
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Statistical analysis
Results were repeated at least 3 independent times and ex-

pressed as the mean± SD. P-values between groups were deter-
mined by a 2-tails paired Student t-tests. P < 0.05 was consid-
ered statistically significant.

RESULTS

DPI increases intracellular ROS in ARPE-19 cells
In order to determine the effect of DPI on host intracellular 

ROS, the change of intracellular ROS (superoxide and H2O2) 
in DPI-treated ARPE-19 cells was monitored by using DHE, 

Fig. 1. DPI increases intracellular ROS level in ARPE-19 cells. ARPE-19 cells were deprived of serum for 4 hr and then treated with the 
indicated concentration of DPI (0, 0.1, 1, and 10 μM) or H2O2 (500 μM) for 4 hr. Intracellular ROS generated was measured by (A, C) la- 
ser scanning confocal microscope images, or (B) fluorescence microscope images with (A) DHE (10 μM, 30 min) for superoxide (Red), 
(B) DCFDA (10 μM, 30 min) for H2O2 (green), and (C) MitoSOX (5 μM, 30 min) for mitochondrial superoxide (Red). Experiments are re- 
peated at least 3 times (2-tailed student’s test). SC, solvent control. *P < 0.05, **P < 0.01, ***P < 0.001.
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MitoSOX, and DCFDA, respectively.
The DPI treatment to ARPE-19 cells clearly increased the flu-

orescence intensities of DHE, DCFDA, and MitoSOX in a dose 
dependent manner, but without cell shape alteration or DNA 
aggregation in DAPI stained nucleus (Fig. 1). These findings 
suggest that in ARPE-19 cells DPI is a strong ROS inducer as 
H2O2, but without inducing cell death (Fig. 1).

Flow cytometry was applied to confirm the results from mi-
croscopic observation. The FSC-SSC plot showed that 10 µm 
DPI treatment had no significant effect on cell size (FSC) and 
cell density (SSC) compared to DPI untreated group (data not 
shown). The histograms from flow cytometry analysis showed 
the median intensity of DHE, DCF-DA and MitoSOX in ARPE-
19 cells after 4 hr DPI treatment induced significant increase 
of host intracellular ROS without vital status change of host 
cells (Supplementary Fig. S1). In accordance with previous mi-
croscopic observation, cells treated with 10 µm DPI showed 
approximately 2-fold increase of all types of ROS, compare to 
the untreated control groups (Supplementary Fig. S1).

Taken together, these results suggest that, at the specific con-
centration, DPI can be used as a potent intracellular ROS in-
ducer and anti-parasitic agent without excessive host cytotoxic-
ity in ARPE-19 cells.

DPI has suppression effect on T. gondii infection and 
proliferation in ARPE-19 cells

Next, we investigated whether DPI can suppress T. gondii in-
fection and proliferation in ARPE-19 cells, in accordance with 
host intracellular ROS level change. 

As shown in Fig. 2A, there is no significant difference of the 
infection rate between DPI-untreated group and low concen-
trations (0.1 and 1 µm), however, in 10 µm DPI treated group 
the infection rate was remarkably suppressed. In addition, 
high dose of DPI showed noticeable inhibitory effect on intra-
cellular T. gondii growth compared to DPI-untreated cells. 
These data suggest that short time (4 hr) with high DPI con-
centration (10 µm) (ST-HC) treatment of DPI can markedly 
suppress both T. gondii infection rate and growth.

Next, we applied different treatment methods of DPI, that 
ARPE-19 cells infected with T. gondii, then treated with DPI at 
low concentration (0.1 and 1 µm) for long time (24 hr) (LT-
LC) (Supplementary Fig. S2A). The data showed that 0.1 µm 
DPI with 24 hr did not significantly affect both T. gondii infec-
tion and proliferation compared to the control group, and 
more than 40% tachyzoites replicated 3 times to produce 8 

parasites per parasitophorous vacuole (PV). However, 1 µm 
DPI treatment led to significant restriction of intracellular par-
asites proliferation, most PVs had only 2 or 4 tachyzoites. In 
addition, in 10 µm DPI treated cells, only less than 10% repli-
cated 3 times in 24 hr. We also examined the T. gondii infec-
tion ratio represented by percentage of infected cells to total 
cells, and found that low concentrations DPI had no effect on 
the infection ability of T. gondii. But with high concentration 
DPI, most parasites failed to invasion into host cell. 

In previous experiments, we observed that DPI treatment 
can suppress intracellular T. gondii infection and proliferation 
(Fig. 2A, Supplementary Fig. S2A). However, it was difficult to 
distinguish whether the inhibition effect of DPI on infection 
rate and intracellular growth of T. gondii is host cell-mediated 
indirect event or the chemical agent’s direct effect on T. gondii 
itself. Therefore, isolated T. gondii was treated with DPI for 2 
hr, and then the DPI-treated parasites were infected to the host 
cells for 1-2 hr. 0.1 µm DPI had no effect on T. gondii infection 
and growth, but in 1 µm and 10 µm DPI treated T. gondii, both 
the infection rate and intracellular proliferation rate were sig-
nificantly reduced compared to the untreated control group 
(Supplementary Fig. S2B). The RT-PCR and western blot data 
also showed that DPI treatment reduced T. gondii SAG1 mRNA 
level and TP3 protein level (Supplementary Fig. S2D).

In summary, it was confirmed that “direct method” (DPI-to-
parasite) has better T. gondii infection prevention capability 
than “indirect method” (DPI - to- host cell), but for inhibition 
of T. gondii proliferation, “indirect method” was more effective 
(Fig. 2B, Supplementary Fig. S2C).

NAC and ascorbic acid reduced DPI-increased 
intracellular ROS in ARPE-19 cells

Based on our previous findings (Figs. 1, 2), it was presumed 
that the inhibition of the infection rate and intracellular prolif-
eration of T. gondii by DPI might be caused by DPI-induced in-
tracellular ROS production. We hypothesized that antioxidants 
could reduce the elevated ROS by DPI treatment and rescue 
the T. gondii infection rate and intracellular growth.

From a preliminary experiment, it is found that H2O2-in-
duced ROS was reduced by treatment with NAC and ascorbic 
acid. Similarly, endogenous ROS was reduced by both agents 
and more reduction was observed by ascorbic acid than NAC 
with microscopy and FACS (Supplementary Fig. S3). 

Next, it was examined whether DPI-induced ROS genera-
tion can be suppressed by NAC and ascorbic acid. The result 
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Fig. 2. DPI suppressed T. gondii proliferation and infection in ARPE-19 cells. (A) ARPE-19 cells infected with T. gondii for 2 hr and then 
treated with the indicated concentration of DPI (0, 0.1, 1, and 10 µM) for 24 hr. (B) Host cells were infected with DPI-treated T. gondii or 
infected with fresh T. gondii and then treated with DPI. Cells were fixed and stained with Texas Red®-X phalloidin and DAPI for labeling F- 
actin (red) and nuclear DNA (blue), respectively. The number of parasites per vacuole and the number of infected host cells were count- 
ed and converted to percentage. Scale bar: 10 μm. SC, solvent control. *P < 0.05, **P < 0.01, ***P < 0.001. Experiments are repeated at 
least 3 times (2-tailed student’s test). N.S, means no significant difference.
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Fig. 3. NAC and ascorbic acid reduced DPI-increased intracellular ROS in ARPE-19 cells. ARPE-19 cells were deprived of serum for 4 
hr then were treated with DPI (10 µM) in the presence or absence of NAC or ascorbic acid for 4 hr. (A) Microscopy or (B) flow cytometry 
were performed to measure ROS level. Experiments are repeated at least 3 times (2-tailed student’s test). SC, solvent control. *P < 0.05, 
**P < 0.01,***P < 0.001, NS: no significant difference. Scale bar: DHE:  25 μm, DCFDA: 150 μm, MitoSOX: 10 μm.

A

B

D
H

E
D

C
FD

A
M

ito
SO

X

200

150

100

50

0D
H

E 
flu

or
es

ce
nc

e 
(%

)

SC

***
***

N.S

DPI D+NAC D+AscA

250

200

150

100

50

0D
C

FD
A 

flu
or

es
ce

nc
e 

(%
)

SC

***
***

***

DPI D+NAC D+AscA

200

150

100

50

0M
ito

SO
X 

flu
or

es
ce

nc
e 

(%
)

SC

***
***

**

DPI D+NAC D+AscA

200

150

100

50

0

R
el

at
iv

e 
ch

an
ge

 o
f 

D
H

E 
ox

id
at

io
n 

(%
)

SC

**
***

NS

DPI D+NAC D+AscA

250

200

150

100

50

0

R
el

at
iv

e 
ch

an
ge

 o
f 

D
C

FD
A 

ox
id

at
io

n 
(%

)

SC

**
*

*

DPI D+NAC D+AscA

250

200

150

100

50

0

R
el

at
iv

e 
ch

an
ge

 o
f 

M
ito

SO
X 

ox
id

at
io

n 
(%

)

SC

*
*

NS

DPI D+NAC D+AscA

C
el

l n
um

be
r

C
el

l n
um

be
r

C
el

l n
um

be
r

DHE

SC
DPI
DPI+NAC
DPI+AscA

DCFDA

MitoSOX



� Sun et al.: Suppression of T. gondii growth by DPI    89

   
   
 
 
 
       

Fig. 4. Pretreatment NAC and ascorbic acid can partially recover DPI-suppressed proliferation of T. gondii. Serum starved 4 hr cells were 
infected with T. gondii (GFP-RH strain) at MOI5 for 2 hr, and then, extracellular tachyzoites were immediately removed by washing with 
PBS, cells were incubated with (A) NAC (5 µM) or ascorbic acid (100 µM) for 24 hr, or (B, C) pre-treated with NAC (5 µM) or ascorbic 
acid (100 µM) for 4 hr and stimulated with DPI (1 or 10 µM). Cells were fixed and stained with Texas Red®-X phalloidin for F-actin (red), 
and DAPI for nuclear DNA (blue), respectively. Counting of parasites in PV was carried out after parasite infection. SC, solvent control. 
*P < 0.05, **P < 0.01, ***P < 0.001. Scale bar: 10 μm.
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showed that NAC had no effect on DPI-induced ROS, but 
ascorbic acid had significant effect on suppression of DPI-in-
duced ROS. It was confirmed that when ascorbic acid treated 
to host cells, intracellular ROS level became even lower than 
the control group (Fig. 3). 

DPI-induced T. gondii proliferation suppression was 
partially rescued by pretreatment of NAC and ascorbic acid

Since NAC and ascorbic acid reduced the DPI-induced intra-
cellular ROS level in ARPE-19 cells, we hypothesized that DPI-
induced suppression of T. gondii infection and proliferation 
can be caused by host ROS increase and NAC and ascorbic 
acid can reverse the effect. 

To test whether NAC and ascorbic acid have a self-effect on 
T. gondii, we observed the effect of NAC and ascorbic acid on 
the T. gondii infection and growth. As shown in Fig. 4A, the ef-
fect of NAC on the T. gondii infection rate in DPI-free condi-
tion was negligible, however, ascorbic acid showed tendency 
to increase the infection rate compared to the control group. 
Neither NAC nor ascorbic acid had distinct effect on the T. 
gondii proliferation rate.

Next, in order to confirm our hypothesis, NAC or ascorbic 
acid were pretreated to ARPE-19 cells as determined and the T. 

gondii infection and proliferation were observed (Fig. 4B). As a 
result, in the presence of 1 µm DPI, most parasites did not di-
vide or just replicated 1 time to produce 2 parasites per PV, 
only less than 5% divided 2 times, however, pretreatment with 
NAC, more than 40% of PVs had 4 tachyzoites, and pretreat-
ment with ascorbic acid, almost 20% PVs had 4 tachyzoites. 
The observations indicate that, NAC and ascorbic acid are able 
to restore the intracellular replication of T. gondii even in the 
presence of 1 µm DPI (Fig. 4B). For high-dose DPI (10 µm), 
even pretreating with NAC and ascorbic acid did not rescue 
the T. gondii growth that most of the PVs had only 1 or 2 
tachyzoites. This result might have occurred due to the limited 
ROS scavenging capability of NAC and ascorbic acid compare 
to the ROS generating ability of 10 µm DPI (Fig. 4C). 

DISCUSSION

In this study, the biological effect of DPI on protozoan para-
site, T. gondii, was examined to verify whether DPI can inhibit 
the T. gondii infection and the intracellular growth in host reti-
nal pigment epithelium cells. For the experiments, 2 types of 
DPI treatment methods were tested: one is ST-HC treatment 

and the other is LT-LC treatment. The logic behind these 2 ap-
plications is that for an acute infection of T. gondii, or in other 
words, high load infection of T. gondii, like sepsis, there must 
be severe damage in the human body including inflammation 
and therefore, finding of effective concentration (high dose) of 
DPI to suppress T. gondii growth and remove the parasites 
from human body in short time would be critical. To the con-
trast, when mild infection of T. gondii occurs, it is preferable to 
treat low-dose DPI (but still with anti-T. gondii effect) to reduce 
the possibility of unexpected side effects, for example, possible 
host cell cytotoxicity of DPI. In addition, a constant supply of 
low-dose DPI might be also useful as a preventive method for 
our body to protect from T. gondii infection at the very begin-
ning of infection process. The experimental results confirmed 
that both treatment conditions can successfully inhibit the T. 
gondii infection and proliferation in ARPE-19 cell.

In the view of inhibiting T. gondii invasion and growth in host 
cell, both DPI treatment conditions showed clear preventive per-
formances, which implicated that the DPI could be a promising 
candidate for anti-T. gondii drug. But as discussed above, side-ef-
fect of chemical material is another important considerable mat-
ter in determining the effective treatment dose of the chemical 
material and therefore, host cell viability was examined with 
high dose DPI, and it is found that maximum dose of DPI in-
deed have some cytotoxicity to host cell. Cytotoxic effect of DPI 
has been reported in the experiments with specific cell lines, 
which showed that 320 nm DPI can reduce mouse embryonic 
stem cell viability via increased apoptotic signals [11]. But there 
were also other reports that higher concentration of DPI (100 
µm) was required to induce cytotoxicity [12]. These reports sug-
gest sensitivity to DPI is different from cell to cell. According to 
our data, in ARPE-19 cell, we suggest that 1 to 10 µm is a proper 
concentration range to use DPI in suppressing T. gondii infection 
and growth, but without host cytotoxicity.

While testing the anti-parasitic effect of DPI, another ques-
tion came to surface that whether the anti-T. gondii effect of 
DPI is host cell-mediated mechanism or not. Various host cell 
defense mechanisms have been reported which removes the 
infiltrated pathogens in the host cells, including ROS produc-
tion, autophagy, and endolysosomal destruction [13]. DPI 
may have induced these events in host cells to inhibit the infil-
tration or proliferation of infected T. gondii. But because DPI is 
a small molecule that can penetrate or be absorbed through 
the membranes of organisms or organelles, there is a possibili-
ty that extracellular DPI may reach into intracellular T. gondii 
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and act directly on it to suppress T. gondii’s vital activities. This 
aspect that DPI might inhibit T. gondii infection even without 
host cell machinery can provide another usage of the chemical 
as a preventive medicine, for example, targeting free T. gondii 
tachyzoites in blood stream at the very early stage of infection.

The experimental results showed that indirect method is 
more effective in suppressing infected parasites growth, but the 
direct method works better in preventing T. gondii infiltration 
into host cell. Because the invasion process is an essential part 
for the proliferation of T. gondii in host cells, direct effect of 
DPI on free T. gondii can be considered as a valuable aspect in 
designing effective strategy for inhibiting or even preventing T. 
gondii proliferation in human host (Fig. 2).

DPI has been shown to reduce intracellular superoxide for-
mation by inhibiting NADPH oxidase [7,8,14]. However, there 
is also opposite results reported [9,15] and according to our 
data, in APRE-19 cells, it is found that DPI rather increases in-
tracellular ROS level which is consistent with the report that 
there was enhance in ROS level from ARPE-19 cells treated 
with DPI for 24 hr [15]. It also reported that when embryonic 
mouse hypothalamus cell line (N11 cell) was incubated with 
DPI, a significant production of ROS was detected and the in-
duction of ROS generation by DPI needs the time necessary 
for the pentose phosphate pathway (PPP) flux and Glutathi-
one (GSH) level to decrease significantly. With the treatment 
of DPI, the glutathione/glutathione disulfide ratio decreased 
and the efflux of glutathione out of the cells decreased [16]. 
These results imply that DPI effect on ROS regulation can be 
different depending on cell type.

Especially, for the induction of ROS by DPI, 2 explanations 
are possible. One possibility is that DPI inhibition of NADPH 
oxidase caused “rebound” effect that, in order to compensate 
the loss of ROS, host cell may have started to synthesize other 
classes of ROS producing enzymes or reduce the production of 
ROS scavenging proteins [17]. Another possibility is that DPI 
might be acting on component of electron transport system in 
mitochondria. There is a supportive report that shows DPI can 
elevate mitochondrial ROS production via an inhibition of the 
mitochondrial respiratory chain [12].

Another interesting finding was that anti-ROS agents, NAC 
and ascorbic acid showed selective inhibitory effect on DPI. 
Both NAC and ascorbic acid are well-known ROS scavengers 
and both agents successfully suppressed the H2O2 induced in-
tracellular ROS. But when the NAC and ascorbic acid were 
tested against DPI-induced intracellular ROS, NAC was not ca-

pable of reducing DPI-induced ROS. Because NAC and ascor-
bic acid both clearly reversed the DPI effect on T. gondii 
growth, it implies the presence of different DPI-inducible para-
site control mechanisms in addition to ROS.

For developing the usage of DPI as a preventive drug for toxo-
plasmosis, another possible treatment option which need to be 
test is that whether pretreatment of DPI to host cell will induce 
augmentation of host defense against T. gondii infection and 
proliferation. As mentioned above, if free tachyzoites which sur-
vived all the attacks from immune system and DPI, then the 
next sequence will be anchoring to host cell surface and inva-
sion. Therefore, in the view of host cell, if DPI can induce vari-
ous anti-pathogenic cellular events before T. gondii arrives, the 
effectiveness of host defense against T. gondii will be increased.

As a conclusion, it is confirmed that DPI can inhibit T. gon-
dii infection and proliferation in ARPE-19 cell, and that the in-
hibitory mechanism is based on enhanced production of host 
intracellular ROSs, such as superoxide, H2O2, and mitochon-
drial superoxide, by DPI. In addition, through the series of the 
designed experiments, cell based-ocular toxoplasmosis model 
was established which enables the small molecule-screening 
for chemical suppressors for T. gondii growth or proliferation. 
These data will provide useful information in developing can-
didate material for anti-T. gondii drugs. 
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