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Hypotonic contrast media is more toxic than isotonic
contrast media on endothelial cells in vivo and in vitro
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Abstract. The aim of the current study was to investigate
the cytotoxic effects of hypotonic (iopamidol) and isotonic
(iodixanol) contract media (CMS) in vitro and in vivo. A total
of 60 Wistar rats were included and were randomly divided
into three groups (20 rats per group). lodixanol (4 g iodine/kg),
iopamidol (4 g iodine/kg) or equal volume of normal saline
was injected via tail vein. HUVEC and H5V cell viability was
determined by Cell Counting Kit-8 agents. Western blotting
was performed to detect ATP-binding cassette subfamily G
member 1 (ABCGI) expression. For histological analysis,
hematoxylin and eosin staining was performed. Plasma
endothelin, von Willebrand factor, tissue type plasminogen
activator, plasminogen activator inhibitor, D-Dimer, fibrinogen,
anti-thrombin I11, plasminogen and nitric oxide synthase (NOS)
were measured by using ELISA. Both iopamidol and iodixanol
treatments deceased cell viability and increased apoptosis of
HUVEC and H5V cells, along with downregulated NOS and
ABCG]H. The injection of iopamidol or iodixanol into rats
changed the endothelium-related plasma levels of biomarkers,
including endothelin, von Willebrand factor, tissue type plas-
minogen activator, plasminogen activator inhibitor, D-Dimer,
fibrinogen and anti-thrombin III. However, endothelia isolated
from rat abdominal aorta in the iodixanol group retained
their normal structure, whereas endothelial structure in the
iopamidol group was injured and disrupted. The findings in
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the present study suggested that both hypotonic and isotonic
CMs may lead to endothelial dysfunction and thrombin and
fibrinolytic system disorder. However, hypotonic CMs may be
more toxic than isotonic CMs. Therefore, additional cautions
should be taken when selecting hypotonic CMs and their
dosages during cardioangiography.

Introduction

Todinated contrast medium (CM) is widely used in percu-
taneous cardiac interventions. The use of CMs in cardiac
interventions may lead to a type of kidney dysfunction called
contrast-induced nephropathy (CIN). As the number of
interventional cardiac procedures is steadily increasing, CIN
is now associated with the third highest number of hospital
acquired nephropathy diagnoses (1-3). Though the mechanism
underlying CIN has not been fully elucidated, it is believed
that CIN is caused by a reduction in medullary blood flow (4)
and direct tubular damage due to toxicity of CMs. Endothelial
cells serve crucial roles in both mechanisms of CIN (5).
Endothelial cells regulate renal hemodynamics by secreting
numerous vasoactive substances to mediate vasoconstriction
and vasodilation (6). Endothelin (ET) is one such vasoac-
tive substance and may be upregulated during endothelial
injury (7). The increase in ET levels results in vasoconstriction
and may aggravate ischemia of the kidney. Nitric oxide (NO) is
akey vasoactive substance that promotes vasodilation via nitric
oxide synthase (NOS) (8,9). Plasma NO is mainly synthesized
by endothelial (e)NOS in endothelial cells (10). ATP-binding
cassette subfamily G member 1 (ABCG]) is a crucial protein for
maintaining normal endothelial cell functions (11). Deficiency
of ABCGI leads to apoptosis of endothelial cells (12). CMs
can directly damage renal vascular endothelial cells and glom-
erulus renal tubule, eventually resulting in apoptosis (13,14). In
addition, dysfunction of endothelial cells may cause disorders
of thrombin and the fibrinolytic system, resulting in thrombus
formation (15).

CM-induced nephrotoxicity is closely related with
the permeability, viscosity, ionization degree and dosage
of selected CMs (16,17). Currently, the development of
iso-osmolar CMs is considered as a positive development to
reduce the toxicity of CMs. However, the downside is that
iso-osmolar CMs tend to be more viscous and may increase
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the toxicity and neutralize the benefits gained from low perme-
ability. Therefore, in order to properly evaluate the safety of
various CMs, it is critical to compare their toxicity, especially
their cytotoxicity to endothelial cells. In the present study,
the cytotoxic effects of hypotonic (iopamidol) and isotonic
(iodixanol) CMs on endothelial cells were evaluated both
in vitro and in vivo.

Materials and methods

Animals. A total of 60 Wistar rats were included in the current
study. The rats were randomly divided into three groups
(20 rats/group) and injected with iodixanol (4 g iodine/kg
body weight), iopamidol (4 g iodine/kg body weight) or an
equal volume of normal saline via tail vein. The rats were
then randomly divided into 4 subgroups according to the time
points following injection and were sacrificed at 0.5, 2, 12 or
24 h following injection, respectively. Blood samples, collected
from the abdominal aorta for each animal, were treated with
heparin to prevent coagulation and centrifuged at 670.8 x g for
10 min at 4°C. Plasma samples were then immediately trans-
ferred to -80°C for future tests. All animal experiments were
conducted according to the ethical guidelines.

Cells. HUVEC cells were cultured in FI12K medium
containing 10% fetal bovine serum (FBS), 0.1 mg/ml heparin
and 0.03-0.05 mg/ml endothelial cell growth supplement. HSV
cells (mouse endothelial cells) were cultured in Dulbecco's
modified Eagle's medium containing 10% FBS. All of these
cells were maintained in an atmosphere of 5% CO, at 37°C.

Cell Counting Kit (CCK)-8 assay. Cells were seeded into
96-well plates (5x10*/well) and cultured for 24 h before use.
Cells were then treated with 10 mg iodine/ml iodixanol or
iopamidol for 30 min, 2, 12 or 24 h, respectively. Cell viability
was determined by using CCK-8 agents following the manu-
facturer's manual (Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan).

Western blotting. Cells were lysed with a protein extraction
buffer [S0 mM Tris (pH 7.4), 150 mM NacCl, 1% NP-40 and
0.5% sodium deoxycholate], then quantified using a bicincho-
ninic acid kit (cat no. orb219872; Wuhan Booute Biotechnology
Co., Ltd., Wuhan, China) according to the manufacturer's
instructions. Proteins (100 ug/well) were then loaded onto
10% SDS-PAGE gels for electrophoresis. Protein was blotted
onto nitrocellulose membrane and blocked with 5% skimmed
milk at room temperature for 2 h. Then, the membrane was
incubated at 4°C for 2 h with antibodies against ABCGl
(cat no. PL0402507; 1:1,000; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) and GAPDH (cat no. A01020;
1:10,000; Abbkine Scientific Co., Ltd., Wuhan, China).
Following washing with TBS containing 0.1% Tween-20 for
4 times, the membrane was incubated with a horseradish
peroxidase-conjugated secondary antibody (cat no. B1254;
1:1,000; Beijing Yonghui Biological Technology Co., Ltd.,
Beijing, China) at 4°C for 2 h. Specific bands were measured
by using SuperSignal West Femto Maximum Sensitivity
substrate (Pierce; Thermo Fisher Scientific Inc., Waltham,
MA, USA). The specific band intensities were quantified with
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Quantity One software (version, 4.6.2; Bio-Rad Laboratories,
Inc., Hercules, CA, USA).

Hematoxylin and eosin staining. Abdominal aortae from each
subgroup were washed with PBS and fixed in 4% paraformal-
dehyde, dehydrated and embedded in paraffin and cut into
4 um thick sections. The sections were de-paraffinized with
xylene and subsequently rehydrated. For routine histological
analysis, the sections were stained with hematoxylin and
eosin. For immunohistochemistry staining, the sections were
treated with 3% H,0, in PBS for 30 min to block the endog-
enous peroxidase and heat-repaired in 0. 01 M citrate buffer
for 15 min. The sections were further blocked by normal
goat serum for 30 min at room temperature prior to primary
anti-endothelial nitric oxide synthase antibody (cat no. 4231;
1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA)
incubation at 4°C overnight. On the next day, the sections were
incubated with biotin-conjugated goat anti-rabbit secondary
antibody (cat no. sc-2007; 1:1,000; Santa Cruz Biotechnology,
Inc.) for 2 h at 37°C followed by incubation in S-A/horseradish
peroxidase (Santa Cruz Biotechnology, Inc.) for 15 min at
room temperature. Following this, the sections were counter-
stained with hematoxylin, dehydrated, mounted with neutral
gum and observed using Olympus IX71 microscope (Olympus
Corporation, Tokyo, Japan).

ELISA. Plasma ET, von Willebrand factor (vWF), tissue type
plasminogen activator (t-PA), plasminogen activator inhibitor
(PAI), D-Dimer, fibrinogen (FG), anti-thrombin IIT (AT-III),
plasminogen (PLG) and NOS from cell culture medium were
measured by using ELISA kits [Beijing Yonghui Biological
Technology Co, Ltd.; Plasma ET (cat no. GD-VN9950),
vWEF, t-PA, PAI, D-Dimer and FG (cat no. QY-VN3291),
AT-III (cat no. E04298), PLG (cat no. E00403) and NOS (cat
no. JK-(a)-1609)]. Briefly, samples were applied to a 96-well
plate (1x10%/well) with pre-coated capture antibodies for 2 h at
37°C. Then, the plates were washed and incubated with bioti-
nylated antibodies (cat no. 500-P39Bt; 1:1,000; PeproTech,
Inc., Rocky Hill, NJ, USA) at 37°C for 2 h. The plates were
then washed five times and incubated with streptavidin-horse-
radish peroxidase (Beijing Yonghui Biological Technology Co,
Ltd.; cat. no. 554066; 1:1,000) at 37°C for 30 min. The plates
were washed again for five times and horseradish peroxidase
substrates were added. The reactions were stopped after
30 min. Optical density was measured at 450 nm by using a
microplate reader (Thermo Fisher Scientific, Inc.).

Statistical analysis. All values were presented as means + stan-
dard deviation. Two-tailed Student's t-test was performed
using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) to
determine the statistical significance of the results between
two groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

Damages of endothelial cells treated with iodixanol were
less severe than those treated with iopamidol in vitro. To
examine the effect of CMs on endothelial cells in vitro,
HUVEC and H5V cells were treated with 10 mg iodine/ml
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Figure 1. Effect of contrast media on endothelia in vitro and in vivo.
(A) HUVEC and (B) H5V cell viability following treatment with 10 mg
iodine/ml iopamidol or iodixanol for the indicated time. Cell Counting Kit-8
assays were performed to measure cell viability. The data were obtained from
three independent experiments and are expressed as means + standard devia-
tion. (C) Endothelial structures in abdominal aorta of Wistar rats injected
with 4 g iodine/kg iopamidol, iodixanol or equal volume of normal saline
(as control) for the indicated time. Sections from abdominal aorta in
each group were observed by using microscope. Magnification, x100.
Representative graphs are shown (n=5). “P<0.05, “P<0.01 vs. control group;
#P<0. 05 vs. iopamidol group.

iodixanol or iopamidol for 0.5, 2, 12 or 24 h, and cell viability
in each group was evaluated by CCK-8 assay. lopamidol and
iodixanol treatments reduced cell viability at 12 and 24 h in
both HUVEC and H5V cells, but iopamidol group had lower
cell viability than that in iodixanol group (Fig. 1A and B).
These results indicated that damages of endothelial cells
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Figure 2. Effect of contrast media on endothelin in (A) HUVEC cells,
(B) H5V cells and (C) rat plasma. The cells were incubated with 10 mg
iodine/ml iopamidol or iodixanol for the indicated time, and ELISA assays
were performed to measure endothelin levels. Wistar rats were injected with
4 g iodine/kg iopamidol, iodixanol or equal volume of normal saline (as
control) for the indicated time, and plasma ET was detected by using ELISA
assay (n=5). All data were obtained from at least three independent experi-
ments and are expressed as means + standard deviation. "P<0.05, “P<0.01 vs.
control group. ET, endothelin.

treated with iodixanol were less severe than those treated
with iopamidol.

Isotonic CM was less toxic than hypotonic CM to endothelial
cells in vivo. To further investigate whether CMs induce endo-
thelial cell injury in vivo, iopamidol, iodixanol or equal volume
of normal saline were injected into three groups of rats via tail
vein, respectively, and abdominal aorta was dissected and the
endothelial structure from dissected tissue was examined at
0.5,2, 12 and 24 h following injections. The endothelial struc-
ture was smooth and intact in both control group and iodixanol
group (Fig. 1C). In the iopamidol group, endothelial structure
was normal at 0.5, 2 and 12 h following injection, but endothelia
were injured and their integrity was disrupted at 24 h following
injection (Fig. 1C). These findings indicated that isotonic CM
was less toxic than hypotonic CM to endothelial cells in vivo.
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Figure 3. Effect of contrast media on NOS in (A) HUVEC cells, (B) H5V
cells, and (C) rat plasma (magnification, x100). The cells were incubated with
10 mg iodine/ml iopamidol or iodixanol for the indicated time, and ELISA
assays were performed to detect the expression of NOS. Wistar rats were
injected with 4 g iodine/kg iopamidol, iodixanol or equal volume of normal
saline (as control) for the indicated time. eNOS in endothelia of abdominal
aorta was detected by immunohistochemistry. Representative graphs are
shown. All data were obtained from at least three independent experiments
and are expressed as means =+ standard deviation. “P<0.01 vs. control group.
NOS, nitric oxide synthase; eNOS, endothelium-derived NOS.

CMs cause dysfunction of endothelial cells, which may be
involved in CM-mediated cytotoxicity. To measure the levels
of ET, NOS and ABCGI in CM-treated cells in vitro, ELISA
was employed. It was demonstrated that both iopamidol
and iodixanol significantly increased the secretion of ET
in HUVEC and H5V cells without significant differences
between iopamidol and iodixanol (Fig. 2A and B). In addition,
both iopamidol and iodixanol increased plasma ET levels at
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Figure 4. Effect of contrast media on the expression of ABCGI in
(A and B) HUVEC cells and (C and D) H5V cells. The cells were incu-
bated with 10 mg iodine/ml IOP or IOD for the indicated time, and western
blotting was performed to detect the expression of ABCGI in the cells.
(B and D) Data were obtained from three independent experiments and are
expressed as means + standard deviation. (A and C) The band intensity was
normalized to GAPDH. “P<0.01 vs. control group. ABCG1, ATP-binding
cassette subfamily G member 1; IOD, iodixanol; IOP, iopamidol.

2 h following injection and no significant difference in plasma
ET levels was observed between iopamidol and iodixanol
groups (Fig. 2C). In both HUVEC cells and H5V cells,
iodixanol dramatically increased NOS levels at 2 h, whereas
iopamidol did not. NOS levels were then significantly reduced
at 12 and 24 h in HUVEC and H5V cells after treatment with
iopamidol or ioxianol (Fig. 3A and B). Similar results were
identified in dissected abdominal aorta tissue samples by
endothelium-derived (e)NOS immunohistochemistry staining.
The data demonstrated that eNOS was upregulated in both
iopamidol and iodixanol groups at 2 h following injection, but
downregulated at 12 and 24 h after injection compared with
the control group (Fig. 3C). Furthermore, both iopamidol and
iodixanol inhibited the expression of ABCGI1 in HUVEC or
HS5V cells (Fig. 4). These results together indicated that CMs



SPANDIDOS .
¥ PURLICATIONS MOLECULAR MEDICINE REPORTS 16: 4334-4340, 2017

B
. 3 Control 40- c Contr9|
2000 B lopamidol Bl lopamidol
E3 lodixanol = B3 lodixanol
15004 ficd 304

£

1000+

=y
o
1

5004

Plasma WVF concentration (ng/L)
Plasma t-PA concentration (U/L)
(2%
o

0- 2 < < o <«
N ¥ v i's
c D
3 Control -~ 3 Control
- Bl lopamidol £ Bl Iopamidol
3, 100+ t E3 lodixanol 2 300~ * B3 lodixanol
=
— 1=
_5 804 < = I 4 %
g £ 200- E
£ 60- g g =
g 5 B £ = E
§ o = g - g
o 404 5 = = £ =
= o1 1mE (NS [ |NE | |HE
& 20- a = E B E
£ = = 5 = 5
g ®© E = = =
B i > e < Q = L o < o
K L) K > 8 K O X >
o F
[ Control 3 Control
Bl opamidol Wl Iopamidol
15+ E3 lodixanol 50~ E3 lodixanol

%

i
=
I

(]
=]
1

]
(=]
1

-
(=]
1

Plasma FG concentration (ng/ml)
@

Plasma AT-11l concentration (ng/ml)

<«
3 Control
Il |opamidol
4001 E3 lodixanol
*%
3004

200+

1004

LT
LT

L]
L

Plasma PLG concentration (mIU/L) @

Figure 5. Effect of contrast media on the levels of plasma thrombin and fibrinolytic biomarkers. (A-G) Wistar rats were injected with 4 g iodine/kg iopamidol,
iodixanol or equal volume of normal saline (as control) for the indicated time. (A) Plasma von Willebrand factor, (B) t-PA, (C) PAI, (D) D-Dimer, (E) FG,
(F) AT-III and (G) PLG were measured by using ELISA assays. Data were obtained from at least three independent experiments and are expressed as
means + standard deviation. "P<0.05, “"P<0.01 vs. control group; “P<0.05 vs. iopamidol group. vVWF, von Willebrand factor; t-PA, tissue type plasminogen
activator; PAI, plasminogen activator inhibitor; FG, fibrinogen; AT-III, anti-thrombin III; PLG, plasminogen.

cause dysfunction of endothelial cells, which may be involved  Dysfunction of endothelial cells induced by CMs may be
in CM-mediated cytotoxicity. involved in thrombin and fibrinolytic system disorder and
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hence, increasing the risk of thrombus formation. To compare
whether iopamidol and iodixanol have similar effects on
thrombin and fibrinolytic system, plasma levels of VWF, t-PA,
PAI-1, D-Dimer, FG, AT-III and PLG were measured using
ELISA. The data indicated that plasma vWF level was upregu-
lated following iopamidol and iodixanol treatments at 0.5, 2
and 12 h after injection. However, plasma vWF returned to
a normal level at 24 h in iodixanol group, but remained high
in iopamidol group (Fig. 5A). Plasma t-PA concentration was
also significantly increased in rats injected with iopamidol
and iodixanol compared to control (Fig. 5B). Compared
with the iodixanol group, the iopamidol group showed a
lower concentration of plasma t-PA at 0.5 h following injec-
tion, but dramatically higher concentration of plasma t-PA at
12 h (Fig. 5B). Plasma PAI-1 levels in iopamidol group were
comparable to that of the control, but iodixanol significantly
downregulated the expression of PAI-1 at 24 h following
injection (Fig. 5C). In addition, iopamidol increased plasma
D-Dimer at 2 h after injection, while iodixanol did not signifi-
cantly alter plasma D-Dimer concentration (Fig. 5D). Both
iopamidol and iodixanol increased plasma FG at 2 h after
injection compared with the control, but no significant differ-
ence was observed between iopamidol and iodixanol (Fig. SE).
Both iopamidol and iodixanol only increased plasma FG levels
at 2 h after injection and did not significantly impact plasma
FG levels at 0.5, 12 and 24 h following injection compared
with control (Fig. SE). Plasma AT-III levels were elevated at 2,
12 and 24 h after injection, but iopamidol group showed higher
levels of AT-III than the iodixanol group (Fig. 5F). Plasma
PLG levels were increased in both iopamidol and iodixanol
groups, but the peak concentration of plasma PLG in the
iopamidol group was at 12 h after injection, which was later
than the iodixanol group (2 h after injection) (Fig. 5G). These
results suggested that dysfunction of endothelial cells induced
by CMs may be involved in thrombin and fibrinolytic system
disorder and hence, increasing the risk of thrombus formation.

Discussion

In the present study, the toxicity of two commonly used CMs
on endothelial cells was investigated in vitro and in vivo. The
results demonstrated that both of iopamidol and iodixanol
could significantly induce cellular damage to endothelial cells,
and iopamidol was more toxic than iodixanol on endothelial
cells. Although the mechanism of CIN remains unclear,
perturbation of renal haemodynamics induced by CM may be
involved (18). Some earlier studies indicate that the toxicity of
CMs may be associated with their permeability (17). However,
other researchers claim that permeability of CMs is not the
primary cause of CIN. It is believed that CIN is caused by
the combination of a reduction in medullary blood flow and
direct tubular damage due to toxicity of CMs (19). Our results
suggested that both iopamidol and iodixanol are able to cause
endothelial cell injury in vitro and in vivo despite of their
different permeability. Furthermore, the data support the fact
that the toxicity of iodaxinol on endothelial cells is lower than
iopamidol. It is indicated that permeability may be associated
with CM-induced endothelial cell injury, but does not serve
a critical role. On the other hand, these data suggested that
isotonic CMs may be safer than hypotonic CMs.

4339

Endothelial cells synthesize and secrete numerous vasoac-
tive substances (20). NO and ET are two primary substances
oppositely functioned to each other regarding vasoconstric-
tion and vasodilation (21). Therefore, NO and ET are used as
biomarkers to reflect the function of endothelial cells (22). In
CIN models, the expression of ET is downregulated, leading
to vasoconstriction (23). The results demonstrated that both
iopamidol and iodixanol upregulate ET levels, indicating that
the two CMs are able to induce injury in endothelial cells. NO is
synthesized by eNOS in endothelial cells, and the expression of
eNOS is downregulated during endothelial cell injury (24). Our
research shows that both iopamidol and iodixanol downregulate
eNOS expression, indicating that the two CMs result in endothe-
lial cell dysfunction. Because reduced expression of vasodilators
and overexpression of vasoconstrictors could induce ischemia of
the kidney, they may be novel therapeutic targets for CIN.

ABCGI is a member of ABC transporter that is broadly
expressed in various tissues (25,26). In endothelial cells,
ABCGI1 mediates cholesterol exporting, which protects the
normal function of endothelial cells (27-29). The current study
finds that both iopamidol and iodixanol downregulate ABCG1
expression, suggesting that CMs with different permeability
could disrupt normal function of endothelial cells. The data
further support that the permeability of CMs may be associ-
ated with CM-induced endothelial dysfunction.

Dysfunction of endothelial cells may cause thrombin and
fibrinolytic system disorder. A previous study reported that CMs
upregulate plasma vWF level (30). Consistently, a significant
increase of VWF was observed following iopamidol or iodixanol
treatment. Our data also indicated that iopamidol treatment
results in a more dramatic increase of VWF compared with
iodixanol. Likewise, other thrombin and fibrinolytic biomarkers
are also affected by iopamidol or iodixanol. Interestingly, the
study also demonstrated that some plasma biomarkers fluctuate
at different time points after treatments. This phenomenon
indicates that CM-mediated thrombin and fibrinolytic system
disorder may be complex and time-dependent, but the injury of
endothelial cells may be involved in the process. The disorder
of thrombin and fibrinolytic system induced by CM may cause
high risk of thrombus formation, and may increase ischemia of
the kidney. Therefore, pharmacologically interfering with the
thrombin and fibrinolytic system may be another therapeutic
target for the treatment of CIN. Although several novel hypo-
tonic or isotonic CMs have been developed for clinical use, the
cytotoxicity of CMs on endothelial cells appears to be inevi-
table (31,32). Therefore, cautiously choosing the types of CMs
and properly calculating the doses can reduce the risk of CIN.
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