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Abstract: Doped ZnS quantum dots (QDs) have a longer dopant emission lifetime and potentially
lower cytotoxicity compared to other doped QDs. The liver is the key organ for clearance and
detoxification of xenobiotics by phagocytosis and metabolism. The present study was designed
to synthesize and evaluate the hepatotoxicity of Mn-doped ZnS QDs and their polyethylene
glycol-coated counterparts (1 mg/kg and 5 mg/kg) in mice. The results demonstrated that daily
injection of Mn-doped ZnS QDs and polyethylene glycol-coated QDs via tail vein for 7 days did
not influence body weight, relative liver weight, serum aminotransferases (alanine aminotrans-
ferase and aspartate aminotransferase), the levels of antioxidant enzymes (catalase, glutathione
peroxidase, and superoxide dismutase), or malondialdehyde in the liver. Analysis of hepatocyte
ultrastructure showed that Mn-doped ZnS QDs and polyethylene glycol-coated QDs mainly
accumulated in mitochondria at 24 hours after repeated intravenous injection. No damage to cell
nuclei or mitochondria was observed with either of the QDs. Our results indicate that Mn-doped
ZnS QDs did not cause obvious damage to the liver. This study will assist in the development of
Mn-doped ZnS QDs-based bioimaging and biomedical applications in the future.

Keywords: liver, serum aminotransferases, antioxidant enzymes, ultrastructure

Introduction
Quantum dots (QDs) are semiconductor nanocrystals with distinctive photolumines-
cence properties, holding great promise in applications from consumer products to
several commercial systems of clinical significance.'> QDs have tunable emission
wavelengths and can be excited over a broad wavelength range.>* Moreover, QDs are
much brighter than traditional organic dyes, with higher quantum yields and resis-
tance to photobleaching.>® QDs are powerful imaging tools and are used in vivo as
fluorescence nanoparticle probes for lymph node and live cell imaging.” Bilan et al®
deemed that QDs could be used for long-term visualization due to their high stability
to photobleaching, and Lin et al® reported that mercaptosuccinic acid-functionalized
near-infrared QDs could be detected in in vivo imaging of a pancreatic tumor-bearing
mouse until 216 hours had passed. Future medical applications will expose humans
directly to QDs during diagnostic or therapeutic imaging.'®!' Environmental exposure
to QDs is also becoming common, and QDs can enter aquatic environments in a variety
of ways, including wastewater discharge and atmospheric deposition.!>!* Therefore,
the health risk from exposure to QDs is of increasing concern.

Some studies have shown that kinds of QDs including CdTe QDs,'* CdSe-ZnS QDs,"*
CdSeTe/ZnS QDs,'¢ and Ag,S QDs'” failed to change tissue morphology, parameters
of clinical biochemistry, or hematology after single and repeated injection. Lin et al
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proposed that low toxicity of QDs was due to the relative
insensitivity of these parameters, and they demonstrated Cd/
Se/Te-based QD 705-induced hepatotoxicity in mice by dis-
ruption of the cellular antioxidant systems.'® Liu et al” found
that CdSe QDs caused significant impairment to the liver by
oxidative stress, as characterized by a significant increase in
reactive oxygen species and malondialdehyde (MDA) levels
within hepatocytes. Park et al' have suggested that bioconju-
gation could reduce the level of oxidative stress and decrease
the toxicity of CdTe QDs to mammalian cells.

Surface modification of QDs changed their physico-
chemical properties (such as particle diameter and surface
€ potential) and finally affected QD-induced cytotoxicity.*
According to the reports by Hoshino et al the cytotoxic-
ity of QDs was dependent on their surface molecules.?
Lovri¢ et al found that the smaller size of QDs could more
readily allow them to enter the cell, nucleus, and possibly
other subcellular compartments, thereby causing the more
pronounced cytotoxicity.?! Polyethylene glycol (PEG) is
inexpensive, nontoxic, nonimmunogenic, and US Food and
Drug Administration-approved for many applications. Modi-
fying the surface of nanoparticles with PEG not only prevents
agglomeration but also renders nanoparticles resistant to
protein adsorption and increases the in vivo circulation time
and biocompatibility.?” Ju et al*® inferred that the low toxic-
ity of PEG-coated QDs was due to PEG coating, which can
inhibit reactive oxygen species generation on the surface of
QDs. Our result also demonstrated that PEG could relieve the
hepatotoxicity of ZnO QDs induced by oxidative stress.>

Liver as a reticuloendothelial system can clear the cir-
culating nanoparticles from intravenous exposure route by
resident phagocytes. Liver is the key organ for detoxifica-
tion of xenobiotics by metabolism and biliary excretion.? Lu
et al”’ confirmed that liver was one of the target organs after
postintravenous injection of near-infrared-emitting QDs,
and Haque et al*® demonstrated that the liver tissues showed
stronger fluorescence of CdSe/CdS-mercaptopropionic acid
QDs compared with other tissues (such as lung and kidney)
after repeated intraperitoneal treatment for 15 days. Addition-
ally, our previous study found that ZnS and ZnO QDs were
both mainly located in the liver after intravenous injection.”
The accumulation and metabolism of QDs may cause toxic
and other unwanted effects on liver tissue.

Because incorporating ions or atoms of appropriate ele-
ments into host lattices could yield materials with desirable
properties and functions, doping has been a widely used
technological process for materials.’® The optical behavior
of QDs is strongly influenced by dopants; thus, doped QDs
are regarded as a new class of luminescent nanomaterials.*!

The fluorescence self-quenching of QDs may limit their
application in bioanalysis, while doped QDs could avoid the
self-quenching problem due to their substantial ensemble
Stokes shift.’> Two obvious advantages of doped QDs,
especially for doped ZnS QDs, are longer dopant emission
lifetime and potentially lower cytotoxicity.’> Mn-doped ZnS
QDs elicited no apparent cytotoxicity, even at high concen-
trations of ~100 mM and 48 hours incubation, in a normal
lung fibroblast cell line (L929), a folate receptor-positive
nasopharyngeal epidermoid carcinoma cell line (KB), and
a folate receptor-negative lung cancer cell line (A549)
in vitro.* Xu et al synthesized glycopolypeptide nanopar-
ticles composed of Mn-doped ZnS QDs as the core and
glycopolypeptides as the shell. The glycopolypeptide nano-
particles exhibited not only high loading but also controlled-
release behavior and were shown to have low cytotoxicity
in HEK293 T-cell lines.**

It is necessary to assess the systemic toxicity of nanopar-
ticles before their application in pharmaceutics and medicine
in vivo.® The present study was designed to synthesize
Mn-doped ZnS QDs and to evaluate hepatotoxicity induced
by repeated intravenous injection of the QDs in mice.

Materials and methods

Materials

ZnSO,, Na_S, MnCl,, and ethanol were supplied by Tianjin
Guangfu Chemical Reagent Co. Ltd. (Tianjin, People’s
Republic of China). N,N-dimethyl formamide was purchased
from Tianjin Chemical Reagent Co. Ltd. (Tianjin, People’s
Republic of China). 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride was supplied by Shanghai GL
Biochem Reagent Co Ltd. (Shanghai, People’s Republic of
China). Thioglycolic acid and glutaraldehyde were purchased
from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, Peo-
ple’s Republic of China). PEG with hydroxy-terminal (PEG,
Mw 2,000) was purchased from Alfa aesar (Tianjin, People’s
Republic of China). Dimethylaminopyridine was obtained
from Sigma-Aldrich (St Louis, MO, USA). Normal saline
(NS, 0.9%) was supplied by Double-crane Pharmaceutical
Co. Ltd (Beijing, People’s Republic of China). Deionized
water was prepared from EMD Millipore (Billerica, MA,
USA). Other reagents used were of analytical grade.

Synthesis of Mn-doped ZnS QDs

Mn-doped ZnS QDs were synthesized following a previ-
ously reported method*® with slight modifications. Briefly,
12.5 mmol ZnSO,, 1 mmol MnCl,, and 40 mL deionized
water were stirred at room temperature (~25°C) for
10 minutes, then 12.5 mmol Na,S (dissolved in 10 mL
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deionized water) was added dropwise. After 30 minutes of
stirring, Mn-doped ZnS QDs were obtained by centrifugation
(10,000 rpm, 10 minutes, H-2050 R; Xiang Yi Centrifuge
Instrument Co. Ltd, Hunan, People’s Republic of China) and
washed three times with deionized water. The Mn-doped
ZnS QDs were transferred to a two-necked flask and stirred
under nitrogen, then 0.625 mmol thioglycolic acid in 10 mL
ethanol was added dropwise with vigorous stirring. After
a further 20 hours of stirring, the obtained Mn-doped ZnS
QDs-COOH was centrifuged (10,000 rpm, 10 minutes)
and dispersed in dimethyl formamide. PEG (1.5 mmol),
N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydro-
chloride (0.938 mmol), and 4-dimethylaminopyridine
(0.156 mmol) were added, and then, the mixture was
stirred at 0°C for the first 2 hours and at room temperature
for 24 hours. The product, Mn-doped ZnS QDs-PEG, was
centrifuged (10,000 rpm, 10 minutes), washed with deion-
ized water and absolute ethanol three times, and then dried
under vacuum.

Characterization of Mn-doped ZnS QDs
Transmission electron microscopy (TEM) images were
recorded with a JEM-2100 (JEOL, Tokyo, Japan). Absorp-
tion spectra were determined using a Puxi TU-1810 visible
spectrophotometer (Beijing Puxi Tongyong Instrument Co.
Ltd, Beijing, People’s Republic of China). Fluorescence
spectra were recorded on an RF-5301PC fluorescence spec-
trometer (Shimadzu Corporation, Kyoto, Japan). Large-angle
powder X-ray diffraction spectra were recorded with X’Pert
PRO (PANalytical, Almelo, the Netherlands) using Cu Ko
radiation. Fourier transform infrared spectra were determined
on a NEXUS 670 Fourier transform infrared spectrometer
(Nicolet Instrument Corporation, Madison, WI, USA). The
size distribution was determined by dynamic light scattering
using a BI-200SM (Brookhaven Instruments Corporation,
Holtsville, NY, USA).

Animal treatment

Male Kunming mice (22%1 g) were purchased from the
Experimental Animal Center of Lanzhou University
(Lanzhou, People’s Republic of China). The animals were
maintained at 22°C+1°C and 50%—60% relative humidity
under 12 hours light—dark cycle with free access to food and
water. For the experiment, animals were injected (NS, 1 mg/kg
Mn-doped ZnS QDs, 5 mg/kg Mn-doped ZnS QDs, or 5 mg/kg
QDs-PEGQG) via tail vein for 7 days consecutively with a total
volume of 100 UL sample per mouse. After the final injection,
six animals were sacrificed at 24 hours and six animals at
28 days. All mice were maintained and used in accordance

with the protocols approved by the Ethics Committee of Ani-
mal Experiments of Lanzhou University, who also approved
this study. All efforts were made to minimize suffering.

Body weight and relative liver weight

Body weights were recorded on alternate days throughout
the experiment. The relative liver weight was calculated as
the ratio of liver (wet weight, mg) to body weight (g).

Quantification of serum alanine
aminotransferase and aspartate

aminotransferase activity

Blood samples were collected and centrifuged, and the
obtained serum was stored at —20°C until analysis. The ami-
notransferase (alanine aminotransferase [ALT] and aspartate
aminotransferase [AST]) activities in serum were colori-
metrically determined using 2,4-dinitrophenylhydrazine at
505 nm according to kit protocols (Nanjing Jiancheng Bioen-
gineering Institute, Nanjing, People’s Republic of China).

Preparation of liver tissue homogenates
The liver extracts were prepared as soon as possible after
dissection to avoid drying. Briefly, liver tissues (~500 mg)
were homogenized in NS (liver mass/NS =1:9), centrifuged
(2,500 rpm, 4°C) for 10 minutes, and then supernatants were
collected to analyze the activity of antioxidant enzymes and
the level of lipid peroxidation.

Determination of oxidative stress-related

enzymes in liver tissue

The activities of the following enzymes were determined
according to the kit manufacturer’s protocol (Nanjing
Jiancheng Bioengineering Institute, Nanjing, People’s
Republic of China).

Catalase

Decomposition of hydrogen peroxide (H,0,) was catalyzed
by catalase (CAT) for 60 seconds at 37°C and then terminated
by forming stable complexes with ammonium molybdate.
The CAT level was calculated at 405 nm.

Glutathione peroxidase

Glutathione (GSH, [1 mmol/L]) was incubated with liver
extracts for 5 minutes at 37°C and centrifuged, and the super-
natant was collected. The GSH in the supernatant reduced
5,5’-dithiobis 2-nitrobenzoic acid to 2-nitro-5-thiobenzoate
anion. The GSH-peroxidase (Px) level was calculated by
recording the absorbance of 2-nitro-5-thiobenzoate anion
at 412 nm.

International Journal of Nanomedicine 2015:10
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Superoxide dismutase

The xanthine/xanthine oxidase system produces free radicals
of superoxide anions (O, ), which can oxidize hydroxyl-
amine to nitrous salt. The function of superoxide dismutase
(SOD) is to decompose superoxide anions and inhibit the
production of nitrous salt. In the assay, a mauve complex was
produced by the reaction of nitrous salt with chromogenic
reagent and measured at 550 nm.

Assay of lipid peroxidation levels in liver
MDA is widely used to estimate the level of lipid per-
oxidation because it is the end product of the pathway.
The concentration of MDA was determined according to
kit protocols (Nanjing Jiancheng Bioengineering Institute,
Nanjing, People’s Republic of China). Liver extracts were
reacted with thiobarbituric acid on a boiling water bath for
80 minutes and centrifuged, and the optical density values
of the supernatants were determined at 532 nm.

Observation of hepatocyte ultrastructure
The liver sample was fixed using 3% glutaraldehyde in 1/15
phosphate buffer (pH 7.4) for 48 hours at 4°C, postfixed for
1 hour in 1% osmium tetroxide, then dehydrated progres-
sively in ethanol, and embedded in Epon 812. Ultrathin sec-
tions were cut, contrasted with uranyl acetate and lead citrate,
and then visualized using a JEM-1230 TEM (JEOL).

Statistical analysis

All the data were presented as mean * standard error of
the mean. A one-way analysis of variance followed by the
Dunnett’s test for post hoc comparisons was used for the
statistical evaluation. A P-value <0.05 was considered
statistically significant.

Results

Characterization of Mn-doped ZnS QDs
The average diameter of Mn-doped ZnS QDs was ~3.810.1 nm
according to TEM (Figure 1). The ultraviolet-visible absorp-
tion is shown in Figure 2A, and no obvious change occurred
in the absorbance curves after coating with PEG. Photolumi-
nescence spectra of Mn-doped ZnS QDs and QDs-PEG are
depicted in Figure 2B, with strong fluorescence centered at
580 nm and the excitation maximum located at 320 nm. The
X-ray diffraction peaks of Mn-doped ZnS QDs (Figure 2C)
correspond to (111), (220), and (311), which indicate a
typical cubic structure. According to dynamic light scatter-
ing (Figure 2D), the average sizes of Mn-doped ZnS QDs
and QDs-PEG were 4.7940.14 nm and 64.94+0.87 nm,
respectively.

Figure | Transmission electron microscopy images of Mn-doped ZnS QDs.
Note: Circles indicate Mn-doped ZnS QDs.
Abbreviation: QDs, quantum dots.

The Fourier transform infrared spectra shown in Figure 3
were used to determine the successful incorporation of PEG.
The new peaks at 1,558 cm™ and 1,375 cm™ appearing in
Figure 3B were associated with C=0 stretching and C-H
bending vibrations, respectively, suggesting the successful
reaction between Mn-doped ZnS QDs and thioglycolic acid.
The absorption peaks at 1,564 cm™ (Figure 3C) correspond
to ester groups, indicating the successful conjugation of PEG
and Mn-doped ZnS QDs-COOH.

Body weight and relative liver weight

After administration of Mn-doped ZnS QDs and QDs-PEG,
no unusual changes in daily behavior such as eating, drink-
ing, moving, or hunching were observed. The animal body
weights were recorded throughout the experiment of 7 days
injection and 28 days postinjection (Figure 4). There was
no significant difference between the Mn-doped ZnS QDs
and QDs-PEG-treated groups compared to the control group
(from 22.88+0.28 g to 39.46t1.25 g). The relative liver
weight in control, Mn-doped ZnS QDs, and QDs-PEG-treated
groups is given in Table 1. All data from the treated groups
were similar to those of the control group (55.89+3.72 mg/g
for 24 hours and 47.26+1.23 mg/g for 28 days).

Serum aminotransferase analysis

Liver injury was assessed by determining the activity of
serum aminotransferases (ALT and AST). At 24 hours and
28 days postinjection, no significant change of ALT or AST
activities (Figure SA, B) was observed after administration
of Mn-doped ZnS QDs or QDs-PEG.

Antioxidant enzyme activity in the liver

We examined antioxidant enzyme activity in the liver by the
analysis of CAT, GSH-Px, and SOD activities (Figure 6).
At 24 hours and 28 days postinjection, neither 1 mg/kg nor

submit your manuscript

5790

Dove

International Journal of Nanomedicine 2015:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Hepatotoxicity assessment of Mn-doped ZnS QDs in mice

>
w

0.4 4| —Mn-doped ZnS QDs

— Mn-doped ZnS QDs
- - Mn-doped ZnS QDs-PEG

| C

- - Mn-doped ZnS QDs-PEG

1320 nm

Absorbance
PL intensity

reve

580 nm

Intensity

300 350 300 400

Wavelength (nm)

250

D Mn-doped ZnS QDs
& 40,

c

S 301

S

=

2 201

=

2

S 10

2 ]

P — ,

» 4 5 6

Diameter (nm)

Figure 2 Characterization of Mn-doped ZnS QDs and Mn-doped ZnS QDs-PEG.

Wavelength (nm)

600 20 40 60
20/degree

Mn-doped ZnS QDs-PEG
40
30
20

"L _dlll]

60 65 70 75
Diameter (nm)

Size distribution (%)

Notes: (A) UV-vis absorption, (B) PL spectra, and (C) XRD patterns of (a) Mn-doped ZnS QDs, (b) Mn-doped ZnS QDs-PEG, and (D) size distribution (DLS).
Abbreviations: DLS, dynamic light scattering; PEG, polyethylene glycol; PL, photoluminescence; QDs, quantum dots; UV-vis, ultraviolet-visible; XRD, X-ray powder

diffraction.

5 mg/kg of Mn-doped ZnS QDs induced a significant change
in the activities of these antioxidant enzymes compared
with control (CAT: 13.80+£0.96 U/mg protein, GSH-Px:
269.53+10.57 U/mg protein, SOD: 154.39+6.62 U/mg protein
for 24 hours, and CAT: 17.19£1.33 U/mg protein, GSH-Px:
249.93+14.07 U/mg protein, SOD 150.03+5.51 U/mg
protein for 28 days). All the enzyme activities in the

Transmittance

50 4— : : : : : :
4,000 3,500 3,000 2,500 2,000 1,500 1,000 500
Wave numbers (cm™')

Figure 3 FTIR spectra of (a) Mn-doped ZnS QDs, (b) Mn-doped ZnS QDs-COOH,
and (c) Mn-doped ZnS QDs-PEG.

Abbreviations: FTIR, Fourier transform infrared; PEG, polyethylene glycol; QDs,
quantum dots.

Mn-doped ZnS QDs-PEG-treated group were within normal
ranges at both 24 hours and 28 days.

Lipid peroxidation assay

The level of lipid peroxidation was assessed by determining
the concentration of MDA (Figure 7). Compared with the
control group (0.44+0.04 nmol/mg protein at 24 hours and

45
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=) 304
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Figure 4 Body weight of mice after 7 days consecutive intravenous injection with
Mn-doped ZnS QDs and Mn-doped ZnS QDs-PEG.

Notes: The “0” day was the day on which injection was completed. All data are
presented as mean + standard error of the mean (n=6).

Abbreviations: PEG, polyethylene glycol; QDs, quantum dots.
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Table | Relative liver weight of mice at 24 hours and 28 days after consecutive intravenous injection of Mn-doped ZnS QDs and

Mn-doped ZnS QDs-PEG

Index 24 hours after injection (mg/g) 28 days after injection (mg/g)
Control 55.89+3.72 47.26£1.23
| mg/kg Mn-doped ZnS QDs 58.14+2.30 44.45+0.40
5 mg/kg Mn-doped ZnS QDs 52.44+2.12 49.48+1.83
5 mg/kg Mn-doped ZnS QDs-PEG 55.79+1.05 46.75+1.37

Note: All data are presented as mean + SEM (n=6).

Abbreviations: PEG, polyethylene glycol; QDs, quantum dots; SEM, standard error of the mean.

0.68%0.11 nmol/mg protein at 28 days), Mn-doped ZnS QDs
and QDs-PEG did not affect the levels of MDA at either
24 hours or 28 days.

Observation of hepatocyte ultrastructure
Figure 8 shows the hepatic cell ultrastructure after treatment
with NS (control), 5 mg/kg Mn-doped ZnS QDs, and QDs-
PEG. The hepatic cells of the control group contained ellipti-
cal nuclei with homogeneous chromatin and clear cristae in
the mitochondria at both 24 hours (Figure 8A) and 28 days
(Figure 8B). After Mn-doped ZnS QDs treatment, QDs were
located in mitochondria at 24 hours (Figure 8C). After 28 days,
Mn-doped ZnS QDs were mainly distributed in mitochondria
and also detected in lysosomes and lipid droplets (Figure 8D).
Mn-doped ZnS QDs-PEG mainly distributed in the mitochon-
dria at both 24 hours (Figure 8E) and 28 days (Figure 8F).
Neither Mn-doped ZnS QDs nor QDs-PEG caused damage to
the cell nuclei or mitochondria during the entire experiment.

Discussion

Mn-doped ZnS QDs are potentially useful in biological
labeling and drug delivery because of their small size and
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Note: All data are presented as mean + SEM (n=6).
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Figure 8 Ultrastructure of hepatocyte after treatment with control (A: 24 hours, B: 28 days), 5 mg/kg of Mn-doped ZnS QDs (C: 24 hours, D: 28 days), and Mn-doped
ZnS QDs-PEG (E: 24 hours, F: 28 days).

Note: Arrows indicate Mn-doped ZnS QDs.

Abbreviations: PEG, polyethylene glycol; QDs, quantum dots; N, nucleus; M, mitochondria.
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not influence the relative liver weight at either 24 hours or
28 days after injection, indicating that Mn-doped ZnS QDs
do not cause liver damage in mice. This result is in accor-
dance with our previous report that ZnS QDs did not cause
noticeable toxicity in mice.

The levels of serum aminotransferases (ALT and AST)
correspond well with the extent of liver cell damage and
are commonly used as indicators of liver function. In liver
cells, ALT is mainly found in the cytoplasm and is sensitive
to acute hepatocyte injury induced by drugs or alcohol. AST
is mainly found in the cytoplasm and mitochondria, and the
levels are increased in chronic hepatitis and liver cirrhosis.*
Our study found that Mn-doped ZnS QDs did not affect
the levels of ALT or AST in serum, suggesting that repeat
injection with Mn-doped ZnS QDs did not cause obvious
damage to the liver.

Lots of different mechanisms were involved in the
toxicity of nanomaterials, and the primary reason was the
induction of oxidative stress.* The high surface energy and
electron—hole of nanomaterials enhance their reactivity. The
combination of nanomaterials with biological components,
such as lipid and protein, can induce the generation of reac-
tive oxygen species. Reports have shown that the toxicity
of many nanomaterials, such as TiO,,*# Fe,O,, and CuO
nanoparticles,” is caused by the generation of oxidative
stress. Enzymatic antioxidant systems, including CAT,
GSH-Px, and SOD, are an important mechanism for the
elimination of free radicals in vivo.* In this study, the activity
of antioxidant enzymes was analyzed to assess the effect
of repeated injection of Mn-doped ZnS QDs on oxidative
stress. The results showed that Mn-doped ZnS QDs did not
influence the levels of CAT, GSH-Px, or SOD, indicating
that these QDs do not induce oxidative damage in the liver.
In addition, Mn-doped ZnS QDs caused no apparent change
in the levels of MDA, a product of lipid peroxidation. Our
previous report showed that ZnO QDs induced oxidative
stress under the same conditions,* suggesting that Mn-doped
ZnS QDs have lower toxicity than ZnO QDs.

The effect on ultrastructure of hepatic cells was also
investigated in this study, using TEM. At 24 hours after
injection, Mn-doped ZnS QDs and QDs-PEG were mainly
accumulated in mitochondria. At 28 days, a portion of Mn-
doped ZnS QDs shifted to lysosomes and lipid droplets,
whereas Mn-doped ZnS QDs-PEG still distributed to the
mitochondria. Moreover, Mn-doped ZnS QDs did not change
cell morphology, chromosomes, or nuclei at 24 hours and
28 days, suggesting that the accumulation of QDs in the liver
does not cause obvious tissue damage.

Conclusion

In this study, Mn-doped ZnS QDs and QDs-PEG were syn-
thesized and administered daily to mice by intravenous injec-
tion for 7 days to evaluate their hepatotoxicity. Body weight,
relative liver weight, and serum aminotransferases were not
affected by the Mn-doped ZnS QDs or QDs-PEG, indicating
that these QDs did not cause obvious damage to the liver. The
levels of CAT, GSH-Px, SOD, and MDA were analyzed, and
the results indicated that the QDs did not cause oxidative stress
in the liver. The results of hepatocyte ultrastructure analysis
demonstrated that Mn-doped ZnS QDs and QDs-PEG had no
effect on cell structure and that they were mainly located in
mitochondria at both 24 hours and 28 days after injection.
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