
Abstract. Background/Aim: Magnetic resonance imaging
(MRI) is a technique for evaluating patients with primary
and metastatic tumors. The contrast agents improve the
diagnostic accuracy of MRI. Large quantities of a contrast
agent must be administrated into the patient to obtain useful
images, which leads to cell injury. Gadolinium has been
reported to cause central lobular necrosis of the liver and
nephrogenic systemic fibrosis. However, the toxicity caused
on brain tissue is uncertain. Materials and Methods: This
study mainly aimed on the in vitro study of high
concentration (2 and 5-fold of normal concentration)
gadolinium-based contrast agents (GBCAs), gadodiamide
(Omniscan®), on normal brain glial SVG P12 cells. MTT
assay, DAPI staining, immunofluorescent staining,

LysoTracker Red staining, and western blotting analysis
were applied on the cells. Results: The viability of
gadodiamide (1.3, 2.6, 5.2, 13 and 26 mM)-treated SVG P12
cells was significantly reduced after 24 h of incubation.
Gadodiamide caused significant autophagic flux at 2.6, 5.2
and 13.0 mM as seen by acridine orange (AO) staining, LC-
3-GFP and LysoTracker Red staining. The expression levels
of autophagy-related proteins such as beclin-1, ATG-5, ATG-
14 and LC-3 II were up-regulated after 24 h of gadodiamide
incubation. Autophagy inhibitors including 3-methyladenine
(3-MA), chloroquine (CQ) and bafilomycin A1 (Baf)
significantly alleviated the autophagic cell death effect of
gadodiamide on normal brain glial SVG P12 cells.
Gadodiamide induced significant apoptotic effects at 5.2 mM
and 13.0 mM as seen by DAPI staining and the pan-caspase
inhibitor significantly alleviated the apoptotic effect.
Gadodiamide at 5.2 mM and 13.0 mM inhibited anti-
apoptotic protein expression levels of Bcl-2 and Bcl-XL,
while promoted pro-apoptotic protein expression levels of
Bax, BAD, cytochrome c, Apaf-1, cleaved-caspase-9 and
cleaved-caspase-3. Conclusion: Normal brain glial SVG P12
cells treated with high concentrations of gadodiamide can
undergo autophagy and apoptosis.

Magnetic resonance imaging (MRI) is a non-invasive
technique used to produce detailed images of internal
structure in the human body and diagnose medical
conditions. The density of adjacent organs is similar.
Therefore, it is impossible to distinguish the shape, location
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and focus of the organ. MRI contrast agents are used to
improve the image contrast between normal and diseased
tissues. The density of contrast agent produces a strong
contrast effect (1, 2). Gadolinium-containing contrast agent
is a paramagnetic contrast agent and can be injected into the
body through arteriovenous injection to provide
paramagnetic resonance imaging contrast agents for the
whole body, head, spinal cord, and vascular artery that
enhances magnetic resonance imaging (3). 

The classification of gadolinium-based contrast agents
(GBCAs) can be roughly divided into three categories: (I)
According to structure classification; GBCAs are divided
into macrocyclic or linear agents which can be either ionic
or non-ionic. The free gadolinium ion is highly toxic and
blocks calcium channels. It has been reported that free
gadolinium ion causes muscle contraction, blood coagulation
and impaired mitochondrial function (4). The macrocyclic
and the ionic contrast agents have a strong bonding ability
with the gadolinium ion, which are less toxic to the human
body, and adverse reactions such as allergies and
nephrogenic systemic fibrosis (NSF) (5-7). (II) According to
pharmacokinetic characteristics; GBCAs based on principle
distribution sites are divided into extracellular compartment
and hepatobiliary contrast agents (8). Extracellular fluid
contrast agents distributed within extracellular space are
mainly gadoterate meglumine (Dotarem®), gadobutrol
(Gadovist®), gadobenate dimeglumine (MultiHance®),
gadopentetate dimeglumine (Magnevist®) and gadodiamide
(Omniscan®). Hepatobiliary contrast agents such as
gadobenate dimeglumine (MultiHance®) and gadoxetate
disodium (Primovist) are used for inspecting gallbladder,
grading of cirrhosis and quantification of liver function (5,
6). (III) According to relaxation rate; GBCAs are divided
into high relaxation rate and general relaxation rate contrast
agents. The relaxation rate indicates the rate of hydrogen
protons relaxes back into its longitudinal magnetization. The
higher the relaxation rate, the shorter the relaxation time and
better the contrast effect. Of contrast agents, gadobenate
dimeglumine (MultiHance®) and gadoxetate disodium
(Primovist) are widely applied in clinical uses (9). 

Relaxation times (values specified for T1 and T2) and
relaxation rates (corresponding to T1 and T2, 1/T1 and 1/T2)
are simply inverse of each other. The increase of the
longitudinal relaxation rate (1/T1) is directly proportional to
the tissue contrast medium concentration (10). Therefore,
quantification of the absolute T1values in tissue before and
after intravenous injection of gadolinium would allow
objective characterization of the gadolinium uptake. In 2014,
Dr. Kanda discovered that the relaxation time T1 increased
in the globus pallidus and dentate nucleus of the cerebellum,
which may be caused by deposition of GBCAs. This
deposition phenomenon can also be seen in people whose
renal function was normal (11, 12). Researchers have

successively used inductively coupled plasma mass
spectrometry (ICP-MS) to analyze the contents of GBCAs in
the brain, which confirms that no matter the ring or linear,
ionic and non-ionic structure, there will be accumulation of
GBCAs in the brain (13, 14). Except NSF, there is no
evidence that the accumulation of GBCAs in the brain is
related to the potential interaction of the disease process
(15). No neurological disorders, behavioral abnormalities,
physiological dysfunctions or any other signs of
neurotoxicity have been detected in animal in vivo tests (16). 

The European Medicines Agency’s Pharmacovigilance
Risk Assessment Committee (PRAC) recommended a
preventive suspension of the marketing authorization for three
linear contrast agents-gadodiamide (Omniscan),
gadopentetate dimeglumine (Megnevist) and gadoversetamide
(Optimark), because their linear structure may allow
gadolinium to be easily released and cause toxicity in March
2017. The European Commission for Medicines for Human
Use (EMA) officially announced the restriction of use of the
linear gadolinium contrast agents in MRI in December 2017.
The US Food and Drug Administration announced that there
is no evidence to show that accumulation of GBCAs can
cause harm to the brain, but it is continuing to evaluate the
safety of the linear gadolinium contrast agents in May 2017.
Taiwan Food and Drug Administration (TFDA) in August
2017 also investigated whether the linear gadolinium contrast
agents caused adverse effects on the human body or the brain.
TFDA officially announced GBCAs could be applied for
clinical use because there were no data to show that the
accumulation of GBCAs could cause harm the brain on
November 23, 2017. TFDA also declared that physicians
should carefully evaluated GBCAs before use on a basis of
clinical benefits (17), and suggested to use the lowest
effective dose (18, 19). The main purpose of the present study
was to explore the mechanisms of damage and death of
normal brain cells caused by the accumulation of high
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Figure 1. Chemical structure of Gadodiamide (Omniscan®).



concentration of gadodiamide (Omniscan®) in the normal
glial SVG P12 cell model.

Materials and Methods

Cell line and culture. Human normal brain glial SVG p12 cells were
cultured in MEM media, supplemented with 10% fetal bovine
serum, 100 U/ml penicillin, 0.1 mg/ml streptomycin and 2 mM L-
glutamine. Cells were maintained in an incubator at 37˚C, 5% CO2,
and 95% humidity. 

Reagents. Gadodiamide was purchased from Dr. Yuh-Feng Tsai of
Department of Diagnostic Radiology, Shin-Kong Wu Ho-Su
Memorial Hospital. Phosphate buffered saline (PBS), dimethyl
sulfoxide (DMSO), 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazoliumbromide (MTT), acridine orange (AO), 3-
Methyladenine (3-MA), chloroquine (CQ) and bafilomycin A1 were
acquired from Sigma Chemical Co., St. Louis, MO, USA.

Cell viability by MTT assay. The cell viability was assessed using
MTT (thiazolyl blue tetrazolium bromide) colorimetric assay (20).
SVG p12 cells were seeded in a 96-well culture dish. After a 24-h
incubation to allow cell attachment, different concentrations (0.65,
1.3, 2.6, 5.2, 13 and 26 mM) of gadodiamide were added into cells

for 24 h. The supernatants were removed and the cells were
incubated with 0.5 μg of MTT for 4 h. The surviving cells converted
MTT to formazan that generated a blue-purple color. Formazan
were dissolved with DMSO and analyzed the absorbance value of
570 nm wavelength by spectrophotometer. The experiment was
repeated three times and the cell viability was determined as the
percentage of MTT reduction, assuming the absorbance of control
cells as 100%. This experiment was calculated the half-maximal
inhibitory concentration (IC50) values of gadodiamide against SVG
p12 cells. Viability was expressed as percentage of control (21, 22). 

Acridine orange (AO) staining. Formation of acidic vesicular
organelles (AVOs), the cells were treated with gadodiamide, washed
with PBS and stained with 1 ml of fresh medium containing 1 μg/ml
acridine orange (AO) for 20 min at 37˚C. AVO were observed under
an inverted fluorescent and analyzed using NucleoCounter NC–3000
(ChemoMetec A/S) according to the manufacturer’s protocol (23).
The cytoplasm and nucleus of AO-stained cells were fluoresced
bright green, whereas the acidic autophagic vacuoles showed
fluoresced bright red. The mean of red fluorescence intensity was
used to quantify the autophagy responses. To inhibit autophagy, the
cells were pretreated with 3-Methyladenine (3-MA), chloroquine
(CQ) or 100 nM bafilomycin A1 (Baf) for 4 h, subsequent
incubation in the absence or presence of gadodiamide for 24 h at
the indicated concentrations (23-25).
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Figure 2. SVG P12 cell viability as influenced by various concentrations of gadodiamide. (A) The cells (5×104 cells/well) were incubated for 24 h
with various concentrations of gadodiamide as indicated. Cell viability of SVG P12 cells was assessed by the MTT assay. The results are normalized
with the untreated control and values are mean (n=3) (***p<0.001). (B) Cell morphology of SVG P12 cells were observed after treating with
different concentrations of gadodiamide for 24 h.



DAPI staining. The morphology of SVG p12 cell apoptosis was
examined by nuclear staining with DAPI dye. Brifly, the cells were
seeded at a concentration of 2×105 in a 6 well culture plate for 24
h to allow attachment. The cells were then treated with gadodiamide
and incubated for 24 h, followed by fixing with ethanol 70% (v/v)
for 15 min. The cells were washed with PBS and stained with DAPI
dye (125 ng/ml) for 30 min in the dark. Apoptotic cells were
observed and examined the nuclear morphological changes
including reduction in volume and chromatin condensation under a
fluorescence microscope (23, 26).

Immunofluorescent staining of LC3-GFP. To examine the intensity
of LC3-GFP, the cells were seeded with 70% confluence and
transfected with 2 μg of GFP–LC3 expression plasmid [Premo
Autophagy Sensor LC3B-GFP (BacMam 2.0), Thermo Fisher
Scientific] for 24 h. After 24 h, transfected cells were treated with
gadodiamide for 24 h, and the green fluorescent dots of GFP–LC3
were visualized under a fluorescence microscope (23, 24).

LysoTracker red staining. The cells are treated with gadodiamide for
24 h, washed with PBS and added 1 ml of fresh medium containing
1 μg/ml LysoTracker Red for 20 min. Bright red small cells in the
cells were observed under an inverted fluorescent microscope (24).

Western blot analysis. For Western blot analysis, cells were
harvested and lysed in RIPA lysis buffer. Protein concentrations
were determined and protein samples (100 μg per lane) were
separated on the 10% SDS–polyacrylamide gel electrophoresis
(SDS-PAGE). After spreading by SDS-PAGE, the protein samples
were transferred onto the polyvinylidene difluoride (PVDF)
membrane. The PVDF membranes were blocked in 5% nonfat milk
and then incubated with the desired primary antibody overnight at
4˚C, followed by appropriate horseradish peroxidase-conjugated
secondary antibodies. The protein bands were visualized by an
enhanced chemiluminescence detection kit (Amersham Pharmacia
Biotech). Image J software was used to analyze the expression of
each protein, which was normalized by β-actin (27).
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Figure 3. Gadodiamide induces autophagy. The acidic vacuoles in the autophagosomes were stained using acridine orange (AO). (A) Representative
fluorescent images of AO-stained (left panels) and LC3-GFP-stained SVG P12 (right panels) after treating with 13 mM gadodiamide. (B) The cells
were treated with the indicated concentrations of gadodiamide and quantitative changes were measured. Asterisks represent statistically significant
differences from control cells (***p<0.001). 



Statistical analysis. Each experiment was performed at least three
times. The data were expressed as the means value±standard
deviation (SD). Statistical difference was evaluated by one-way
analysis of variance (ANOVA) and was considered to be statistically
significant when the p-Value is less than 0.05.

Results

Gadodiamide significantly inhibits cell proliferation of glial
cells in vitro. The chemical structure of gadodiamide
(Omniscan®) is shown in Figure 1. The effects of
gadodiamide on human fetal glial SVG P12 cells were
investigated over a wide concentration range. Cells were
treated with gadodiamide (0, 0.65, 1.30, 2.60, 5.20, 13.00
and 26.00 mM) for 24 h, and cell viability was assessed by
the MTT assay. Our results showed that gadodiamide
inhibited glial cell viability in a concentration-dependent
manner. Gadodiamide concentrations from 1.3 to 26 mM
potently induced glial cell death (Figure 2A). After 24 h
incubation with 0-13 mM gadodiamide, the cell
morphological changes generally showed cell shrinkage and
round forms (Figure 2B). Cells may undergo apoptotic. 

Gadodiamide activates autophagy in SVG P12 cells. Both
apoptosis and autophagy are important in regulating cell fate.
Recent studies showed that apoptosis and autophagy share
the same regulators, including p53, Bcl family proteins,
FADD, Atg proteins, and PI3 kinase/Akt pathway (28). Glial
cells may induce autophagic cell death in response to
gadodiamide. To address this issue, SVG P12 cells were
treated with 13 mM gadodiamide, and subsequently the
acridine orange (AO) staining was performed to present the
formation of autophagic vesicles. Gadodiamide treatment
resulted in the appearance of autophagic vacuoles with AO

staining (Figure 3A, left panel). For quantitative analysis, we
characterized the relative fluorescence intensity. Data
showed that gadodiamide significantly increased the relative
fluorescence intensity compared to control cells (Figure 3B,
left panel). Our findings indicate that 13.0 mM gadodiamide
induce an autophagic response, as observed by AO staining
of autophagic vacuoles. Members of the LC3 family play a
crucial role during the maturation of the autophagosome
(25). LC-3-GFP are employed for autophagosome formation
by fluorescence microscopy. SVG P12 cells were transfected
with LC-3-GFP for 24 h and then treated with 13 mM
gadodiamide for another 24 h. LC-3-GFP translocated to
nascent autophagosomes in a punctate distribution. Data
revealed that autophagosome formed in the gadodiamide-
treated glial cells (Figure 3A, right panel). The quantitative
analysis determined the relative fluorescence intensity of LC-
3-GFP compared to control cells (Figure 3B, right panel).
Our findings indicate that 13.0 mM gadodiamide instigate an
autophagic response as observed by LC-3-GFP staining of
autophagosome formation. LysoTracker Red is a fluorescent
probe and cell permeable dye widely used for viable cell
staining of acidic lysosomes. SVG P12 cells were treated
with at the concentrations of 2.6, 5.2 and 13 mM
gadodiamide and performed the LysoTracker Red staining to
observe the lysosome changes. Data showed that the relative
fluorescence intensity of LysoTracker Red increased
compared to control cells in a concentration-dependent
manner (Figure 4). 
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Figure 4. Gadodiamide induces lysosomal membrane permeability. The
cells were treated with the indicated concentrations of gadodiamide and
stained with LysoTracker Red. ***p<0.001. 

Figure 5. Gadodiamide enhanced the expression of autophagy-related
genes encoding proteins, beclin1, Atg5, Atg14 and LC-3-II in SVG P12
cells. Representative western blots were prepared and analyzed. Values
show fold changes relative to the control protein (β-actin).



To determine which autophagy proteins are involved in
gadodiamide-induced autophagy, we performed western
blotting in beclin1, Atg5, Atg14 and LC3-II. Protein
expression levels of beclin1, Atg5, Atg14 and LC3-II were
elevated in gadodiamide treated SVG P12 cells (Figure 5).
These results suggest that gadodiamide induces autophagy. 

Gadodiamide-induced cell death was decreased by co-
treatment with autophagy inhibitors. To confirm the effect of
gadodiamide-induced autophagy on gadodiamide-mediated
cytotoxicity, SVG P12 cells were co-treated with the
autophagy inhibitors 3-Methyladenine (3-MA), Chloroquine
(CQ) or Bafilomycin A1 (Baf) in the presence of 13 mM
gadodiamide for 24 h. Cell viability was measured using the
MTT assay. Cell viability increased to 68.61±0.95% on co-
treatment with gadodiamide and 3-MA versus 56.17±2.04%
in the gadodiamide-treated group (Figure 6A), 83.88±2.18%
on co-treatment of gadodiamide with CQ versus 59.16±4.95%
in the gadodiamide-treated group (Figure 6B), and 90.12±2.01
% on co-treatment with gadodiamide and Baf versus
55.58±1.01% in the gadodiamide-treated group (Figure 6C).
These results suggest that gadodiamide-induced autophagy
enhances gadodiamide-mediated SVG P12 cell death.

Gadodiamide induces apoptosis in SVG P12 cells.
Chromatin condensation is a morphological hallmark of
apoptotic cell death. To explore the changes of chromatin
condensation upon gadodiamide treatment, cells were treated
with gadodiamide at the concentrations of 5.2 and 13 mM,
followed by DAPI staining (Figure 7A). The number of
brightly fluoresced and fragmented nuclei was greater in the
gadodiamide treated cells than in control cells. Data
indicated that gadodiamide induced chromatin condensation
and apoptosis in apoptosis cells. 

To evaluate the effect of pan-caspase inhibitor Z-VAD-
FMK on apoptosis in SVG P12 cells, cells were treated with
13 mM gadodiamide in the absence or presence of the pan-
caspase inhibitor, followed by the MTT assay (Figure 7B).
The results showed that gadodiamide induced apoptosis and
the pan-caspase inhibitor significantly alleviated the
apoptotic effect of gadodiamide in SVG P12 cells. 

To investigate the mechanisms by which gadodiamide
induce apoptosis, western blot analysis was performed for
detecting the expression changes in apoptosis-related proteins.
Data showed a significant decrease of Bcl-2 and Bcl-XL,
whilst an increase of Bax and BAD in gadodiamide treated
SVG P12 cells (Figure 8A), suggesting that mitochondrial
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Figure 6. Autophagy inhibitors restore cell viability in SVG P12 cells. The cells were treated with 13 mM gadodiamide and (A) 3-Methyladenine
(3-MA), (B) Chloroquine (CQ) and (C) Bafilomycin A1 (Baf). Cell viability was assessed by the MTT assay. ***p<0.001 versus respective controls. 



dysfunction was associated with gadodiamide-treated cells.
Cytochrome c is located on mitochondrial inter-membrane
and maintains mitochondrial potential and ATP production.
Apoptotic stimuli induce the permeabilization of the
mitochondrial outer membrane, leading to cytochrome c
release from the mitochondria. To characterize whether
gadodiamide induces the mitochondrial pathway of apoptosis,
SVG P12 cells were treated with gadodiamide for examining
the expression changes in cytochrome c and apoptotic
protease activating factor-1 (Apaf-1). Our results revealed
that the expression levels of cytochrome c and Apaf-1
proteins were elevated in gadodiamide treated SVG P12 cells
(Figure 8B). Caspase-9 and caspase-3 are key molecules
involved in the mitochondrial pathway of apoptosis. Pro-
caspase-9  and pro-caspase-3 become active and cleaved upon
apoptosis. Our results showed that the expression levels of

cleaved-caspase-9 and cleaved-caspase-3 proteins were
increased in gadodiamide-treated SVG P12 cells (Figure 8B).
Our findings suggest that gadodiamide induces cell death via
the mitochondrial pathway of apoptosis. 

Discussion

GBCAs enhance the image contrast between normal and
diseased tissues (29). As a free ion, gadolinium causes
central lobular necrosis of the liver, NSF and calcium
channel blocking, which is highly toxic to cells.
Gadodiamide is classified into a linear and ionic GBCA. The
known risks associated with gadolinium-containing contrast
agents include possible acute reactions and nephrogenic
systemic fibrosis (NSF) (30). Acute or immediate adverse
reactions are allergic reactions that occur within 1 h after the
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Figure 7. Gadodiamide induces apoptosis in SVG P12 cells. (A) Chromatin condensation was induced in cells after treatment with 13 mM
gadodiamide, as seen by DAPI staining. (B) The pan-caspase inhibitor restored cell viability, as seen by the MTT assay. ***p<0.001.



injection of the gadolinium-containing contrast agent, which
is unpredictable. Patients at risk of acute allergic reactions
are those who have had a history of acute reactions to
GBCAs, asthma or other allergic diseases (31). 

By far, NSF is the most severe clinical symptom of
gadolinium retention in body tissues. Early GBCA-related
NSF symptoms include pain, itching, swelling, and erythema,
usually starting in the legs, while late GBCA-related NSF
symptoms are characterized by fibrosis and thickening of the
skin and subcutaneous tissue, visceral fibrosis, and finally
limb contracture, cachexia and death (29). Gadolinium metal
ions replaced from the contrast agent compound
(transmetalation) and free gadolinium ions are deposited in
different tissues of the body such as skin, leading to fibrosis.
GBCAs stay in the body for a long time for patients with
abnormal renal function. It is recommended to limit GBCA
use, especially in dialyzed patients and patients with an
estimated Glomerular filtration rate <30 ml/min /1.73 m2
(30). Since hospitals require renal function testing before
using GBCAs, the risk of NSF is not high in recent years. 

In the current study, the normal brain glial cell line SVG
P12 is assessed for toxicity of gadodiamide. The cells instigate
autophagy and apoptosis after treatment with a high dose of
gadodiamide at concentrations 6.5-13 mM (normal
concentration: 1.3 mM). The SVG P12 cell proliferation was
inhibited after at least 1.3 mM of gadodiamide treatment. Cells
apoptosis is induced at a higher concentration than 2.6 mM
gadodiamide. We observed a significant autophagic flux in
response to gadodiamide. Using AO, autophagic vesicles were

formed in the gadodiamide treated cells. Autophagosome
formation was found after 13 mM gadodiamide treatment for
24 h by LC-3-GFP staining. In addition, mitochondrial
permeability increased after a high dose of gadodiamide
treatment using LysoTracker Red staining. Autophagy-related
proteins were elevated in gadodiamide-treated cells. Taken
together, we indeed found that autophagy is triggered in cells
after the high doses of gadodiamide treatment. 

Two main apoptotic pathways inducing the extrinsic
pathway and the intrinsic pathway have been characterized
(28). The intrinsic pathway is associated with the
involvement of mitochondria. We found that gadodiamide
caused mitochondrial dysfunctions. The mitochondrial
pathway of apoptosis-related proteins was examined.
Cytochrome c was released from mitochondria and bound to
Apaf-1, which activates caspase-9 and trigger caspase
cascade. Cleaved-caspase-9 and cleaved-caspase-3 were
increased in the gadodiamide-treated cells. Anti-apoptotic
proteins including Bcl-2 and Bcl-XL were up-regulated,
while pro-apoptotic proteins such as Bax and BAD were
down-regulated. Collectively, cells induce apoptosis after the
high doses of gadodiamide treatment. 

On the other hand, autophagy is a critical mechanism in
regulating cell death (28). The antiproliferative effect
associated with autophagy of gadodiamide in glial cells was
evaluated. In this study, gadodiamide-induced SVG P12 cell
autophagy was detected by the increasing lysosomal activity,
and the formation of autophagic vesicles and acidic vesicular
organelles. Early stage of autophagy is induced by ATG protein
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Figure 8. Gadodiamide affected the expression of apoptosis-related proteins in SVG P12 cells. (A) Gadodiamide inhibited expression levels of Bcl-
2 and Bcl-XL and increased the expression levels of Bax and BAD. (B) Gadodiamide increased the expression levels of cytochrome c, Apaf-1,
cleaved-caspase-9 and cleaved-caspase-3. 



complex which catalyzes the expanding autophagosome
membrane. Subsequently, members of the LC3 family play a
crucial role during the maturation of the autophagosome (25,
28). Our results revealed that autophagosome formed in the
gadodiamide-treated glial cells by AO staining and LC-3-GFP
staining. Further molecular signaling was shown by western
blot analysis in Beclin1, Atg5, Atg14 and LC3-II. These results
suggest that gadodiamide induces SVG P12 cell autophagy.

In conclusion, treatment with gadodiamide at a
concentration of 6.5-13 mM can induce glial cell damage,
cell autophagy and cell apoptosis. This study confirmed the
toxicological effects of high-dose gadodiamide and provided
the safety assessment of gadodiamide in the use of MRI
examinations. Clinical physicians must pay attention to the
relative dose of gadodiamide for yielding clinical benefits
and contributing academic research.
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