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Abstract To explore the distinct effects of hypericin nanoparticles (HC-NPs) on tumor cell growth, water-soluble HC-NPs were prepared from hypericin and its a-
queous solution (HC) and used to treat HepG2 hepatocellular carcinoma cells and HeLa uterine cervical cancer cells. The cell viability of HepG2 and HeLa cells
was assessed using the CCK-8 assay, and the IC, values were determined. The cell migration was evaluated using a scratch wound healing assay to compare the
effects of HC-NPs and HC. Experimental findings revealed that both HC and HC-NPs exerted suppressive effects on the vitality of HepG2 and Hela cells, as indica-
ted by the CCK-8 assay. The ICy, values for HC against tumor cells were identified as 71. 00 and 124.35 wg/ml, respectively, while for HC-NPs, these were
27.48 pg/ml for HepG2 cells and 61.00 pg/ml for HeLa cells. The scratch assay demonstrated that HC and HC-NPs effectively hindered cell migration and dimin-
ished the rate of wound closure. The live/dead cell co-staining assay further confirmed the suppressive effects of HC and HC-NPs on cell proliferation, with the
nanoformulation exhibiting a more pronounced effect. The data suggest that HC-NPs are considerably more effective at inhibiting the proliferation of HepG2 and
Hela cancer cells compared to HC. Subsequently, the binding site of the drug on the cells was identified using laser confocal microscopy. Additionally, flow cytom-
etry and laser confocal microscopy were employed to investigate the generation of reactive oxygen species. In conclusion, the findings of this study highlight the po-
tent inhibitory effects of HC-NPs on the growth of HepG2 and Hela cancer cells, underscoring their potential as therapeutic agents in cancer treatment.
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Liver cancer, a significant health challenge globally, particu-
larly in regions with high prevalence of viral hepatitis, poses a
substantial threat to human health. It often arises against a back-
drop of cirrhosis and inflammation, with advanced cases leading to
In China,

primary liver cancer stands as one of the leading cancers, with a

a generally poor prognosis for affected individuals'''.

notable mortality rate that ranks it second among cancer-related
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deaths. The incidence of liver cancer is not only high, but also
shows a concerning trend of young cells, affecting individuals at a
younger age than previously observed .

The complexity of primary liver cancer is further underscored
by its heterogeneity and the variability in treatment options across
different regions. These regional differences are influenced by fac-
tors such as the availability of healthcare resources and the preva-
lence of specific risk factors, such as viral hepatitis. The standard
approach to managing this diverse malignant tumor often involves
multimodal therapy tailored to the specific needs and circum-

] However, the effectiveness of these

stances of each patient
treatments can vary, and there is a continuous search for more ef-
fective and less toxic therapeutic strategies.

Cervical cancer, another formidable gynecological malignan-
cy, ranks just after breast cancer in terms of incidence among
women worldwide. It poses a grave risk to women’s health and
lives™’. Conventional treatment methods for cervical cancer, in-
cluding surgery and chemotherapy™ , while effective in many ca-
ses, are not without risks and side effects. Platinum-based chemo-
therapy, either as monotherapy or in combination with other a-
gents, is a widely used clinical approach'®’. However, for recur-
rent or metastatic cervical cancer, more specialized treatments
such as targeted therapy and immunotherapy have been intro-
duced”. Despite these advancements, there are still limitations
to the effectiveness of these treatments, and there is an ongoing
need for improved therapeutic options.

In light of these challenges, the exploration of novel
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therapeutic agents, such as hypericin nano-spheres, offers a prom-
ising avenue for the development of more effective and less toxic
cancer treatments. The potential of these nanostructures to inhibit
the proliferation of cancer cells, as seen in the case of HepG2 and
Hela cells, could lead to innovative strategies that improve patient
outcomes and offer a better quality of life for those battling these
diseases. As research progresses, the integration of such novel
therapies into clinical practice could mark a significant advance-
ment in the fight against liver and cervical cancers.

The utilization of nano-drug delivery systems (NDDS) repre-
sents a significant advancement in the field of targeted cancer ther-
apy. These systems offer a unique approach to enhance the selec-
tive delivery of therapeutic agents to cancerous tissues, thereby
improving the bioavailability of drugs and minimizing systemic side
effects™™ . The application of NDDS involves the strategic modifi-
cation of drug carriers or the decoration with specific targeting
molecules, which allows for more precise drug delivery and in-
creased efficacy.

Hypericin (HC), a naturally occurring anthraquinone com-
pound, has garnered considerable attention due to its potent anti-
tumor properties'® . Tt is a natural photosensitizer extracted from
the plant Forsythia suspensa, commonly referred to as St. John’s
grass. Research has consistently demonstrated the strong anti-
cancer activity of HC, particularly when used in conjunction with
radiation therapy'"*'. Despite its high lipid solubility'""" | the poor
water solubility of HC has been a limiting factor in its clinical ap-

2 Addressing this challenge by enhancing the water

plication
solubility and bioavailability of HC is a crucial area of focus for re-
search and development.

The advent of nanotechnology has brought forth innovative so-
lutions in the form of nanoparticles, which have emerged as a ver-

57 Cancer cells,

satile tool for drug delivery and diagnostics
characterized by their altered morphology and the formation of new
blood vessels, can be targeted by nanoparticles through the recog-
nition of specific biomarkers on the reshaped endothelial cells.
This provides a broad array of targets for nanoparticle-based mo-

) significantly enhancing the targe-

lecular imaging and therapy
ting capabilities of cancer treatments.

The application of nanoparticles in drug delivery has been
shown to offer a range of benefits. They can improve the water sol-
ubility of hydrophobic drugs like HC, increase stability, extend
the drug’s half-life in the bloodstream'"”’ | and enhance cellular
uptake rates'"®’. This, in turn, leads to an improved bioavailabili-

070 and

ty of the drug, a reduction in toxicity and side effects
overall, a more effective treatment strategy.

The experimental validation of HC’s anti-proliferative effects
on HepG2 liver cancer cells and Hela cervical cancer cells has
been demonstrated through various assays, including the CCK-8
assay, scratch assay, and live/dead cell co-staining assay. These
studies have consistently shown that HC effectively inhibits the vi-
tality and proliferation of these cancer cells. Laser confocal locali-

zation experiments confirmed that hypericin could enter cells and

bind to lysosomes. Meanwhile, whether the drug produced reac-
tive oxygen species was detected. The results proved that the drug
did not produce reactive oxygen species in HepG2 cells under dark
light conditions. Furthermore, the inhibitory effects of HC encap-
sulated within nanoparticles (HC-NPs) are significantly more po-
tent than those of water-soluble forms of the drug. This enhanced
efficacy highlights the potential of HC-NPs as a promising thera-
peutic strategy for the treatment of liver and cervical cancers, of-
fering a more targeted and less toxic alternative to traditional

chemotherapy.

Materials and Methods
Materials

The HepG2 cell line was obtained from the Chinese Academy
of Sciences Shanghai Cell Bank. Hypericin was purchased from
Lemaitian Pharmaceutical and Desite Biotechnology ( batch No.
DST220718-024 ; relative molecular weight; 504. 45). Tt is a
brown-black flowable powder with a unique fragrance, a bitter
taste, and is insoluble in water. It appears as blue-black or pur-
ple-black needle-shaped crystals. Hypericin is readily soluble in
pyridine and other organic bases, forming a cherry-red solution
with red fluorescence. It is also soluble in aqueous alkaline solu-
tions but almost insoluble in other organic solvents. The solution
appears red at pH below 11.5 and green above 11.5, exhibiting
red fluorescence. The melting point is >320 °C.
Reagents

DMEM high sugar ( Containing sodium pyruvate ) ( Beijing
Lanjeko Technology Co. , Ltd. , Beijing, China) ; 1 x PBS buffer
(Beijing Solaibao Technology Co. , Ltd. , Beijing, China) ; fetal
bovine serum ( Ecosa Biotechnology Co. , Lid. , Taicang, China);
DMSO dimethyl sulfoxide (Beijing Solaibao Technology Co., Tid.,
Beijing, China); tetrahydrofuran THF ( Xilong Science Co. ,
Ltd. , Shantou, China) ; trypsin EDTA digestive solution ( Beijing
Solaibao Technology Co. , Ltd. , Beijing, China) ; penicillin mix-
ture (100 x ) (Beijing Solebao Technology Co. , Lid. , Beijing,
China) ; DSPE-PEG2000 (Xi’an Ruixi Biotechnology Co. , TLid. ,
Xi’an, China) ; cell counting kit-8 (Dongren Chemical Technolo-
gy Co. , Lid. , Shanghai, China) ; calcein-AM/PI live/dead cell
co-staining experimental detection reagents ( Anolun Biotechnology
Co. , Ltd. , Beijing, China); DCFH-DA fluorescent probe reac-
tive oxygen species detection kit ( Beyotime Biotech Inc, Shang-
hai, China); mitochondrial green fluorescent probe ( Beyotime
Biotech Inc, Shanghai, China) ; green fluorescent probe for lyso-
somes ( Beyotime Biotech Inc, Shanghai, China).
Experimental equipment

KQ-500E ultrasonic cleaner ( Kunshan Ultrasonic Instrument
Co., Ltd., Kunshan, China); electric hot air drying oven
(Shanghai Boxun Industrial Co. , Lid. Medical Equipment Facto-
ry, Shanghai, China); desktop high-speed freezing centrifuge
(Thermo Fisher Scientific Co. , Ltd. , Waltham, Massachusetts,
USA) ; ultrapure water system ( Millipore, USA, Milton Burley,

Massachusetts ) ; ultra clean workbench ( Suzhou Antai Air
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Technology Co., Ltd., Suzhou, China); inverted fluorescence
microscope (OLYMPUS, Japan, Dongjing, Japan); cell culture
incubator ( Melt Trading Co., Ltd., Germany, Schwarzbach) ;
enzyme reader (Bole Life Medical Products Co. , Lid., Califor-
nia, USA); ice maker (Panasonic, Japan, Osaka); medical ul-
tra-low temperature refrigerator ( Panasonic, Japan, Osaka) ; laser
confocal microscopy (NIS-Elements 5.3, Shanghai, China) ; flow
cytometry ( BD, Franklin Hu, New Jersey, USA).
Methods

Preparation of HC-NPs, HC and blank solvents
and aqueous solvents were prepared using the ultrasonic vibration
method, with DESP-PEG2000 as the encapsulation agent, tetra-

hydrofuran (THF) as the co-solvent, and water as the solvent. A

Nano agents

liquid formulation was prepared at a specific ratio and subjected to
overnight ultrasonication until successful encapsulation of the drug
was achieved. THF was then removed by volatilization at room
temperature under sterile conditions. A DESP-PEG2000 blank sol-
vent was prepared using the same procedure. The resulting formu-
lation was stored in the dark at 4 C.
Nano particles size detection The morphology of the nanoparti-
cles was determined by transmission electron microscopy (TEM).
The solution was shaken with ultrasound for 30 min in advance. A
100 wl pipette was used to aspirate the drug and drop it onto a
copper mesh. After the drug was dried in the sun, it was placed
under an electron microscope to measure the particle size.
Cell culture HepG2 cells and HeLa cells were resuscitated and
both were cultured in 10% fetal bovine serum medium ( DMEM :
FBS=9:1) at 37 °C in a 5% CO, incubator.
CCK-8 method for detecting cell proliferation and cytotoxicity
Logarithmically growing HepG2 cells and HeLa cells were se-
lected, and a blood cell counting plate was used for cell counting.
During seeding, HepG2 cells were seeded on a 96-well plate at a
rate of 4 x 10° per well, HeLa cells were seeded under identical
conditions. After inoculation, the cells were shaken evenly
and laid on a 96-well plate. They were incubated in a cell culture
incubator for 24 h and then administered according to the set
concentration gradient.
dark. After 24 h of administration, 10 pl of CCK-8 reagent was

added to each well, and the plate was incubated in the incubator

Administration was performed in the

for 10 min. The OD value was measured using an enzyme-linked
immunosorbent assay (ELISA) reader. A blank control group was
simultaneously set up to verify whether the solvent produced
cytotoxicity.

Cell scratch assay for detecting cell migration Logarithmically
growing HepG2 cells and Hel.a cells were selected, and a blood
cell counting plate was used for cell counting. When seeding the
plate, HepG2 cells were seeded at a rate of 1 x 10° per well on a
6-well plate for 3 wells, HeLa cells were seeded at 8 x 10* cells
per well under identical conditions. After 24 h of cultivation in a
cell culture incubator, the cells grew to 90% —95%. A 10 pl pi-
pette was used to scratch the surface of the cells. HepG2 cells and
HelLa cells were divided into a control group, an NPs ICy, group,

and an aqueous solvent /Cy; group, and photos were taken at 0 and
24 h, respectively.

Live/dead cell co staining experiment Logarithmically growing
HepG2 cells and HeLa cells were selected, and a blood cell count-
ing plate was used for cell counting. When seeding the plate,
HepG2 cells were seeded at a rate of 2 x 10* per well on a 24-well
plate for 3 wells, and Hela cells were seeded under identical con-
ditions. They were incubated in a cell culture incubator for 24 h
and then administered according to experimental groups. HepG2
cells and Hela cells were evenly divided into a control group, an
NPs IC,, group, and an aqueous solvent /C, group. After adminis-
tration, the cells were cultured in a cell culture incubator for
24 h, processed, and stained using the Calcein AM/PI assay kit.
The concentrations of Calcein AM staining solution and PI staining
solution for HepG2 cells were 2.5 and 2.5 uM, respectively; and
the concentrations of HeLa cell Calcein AM staining solution and
PI staining solution were 2. 0 and 1.5 puM, respectively. After
processing the cells, cell staining was observed under a laser con-
focal microscope.

Drug localization experiment ILogarithmically growing HepG2
cells and Hela cells were selected, and a blood cell counting plate
was used for cell counting. When seeding the plate, HepG2 cells
were seeded at a rate of 2 x 10° per well on a confocal dish for 3
wells, and Hela cells were seeded at 1 x 10° cells per well under
the same conditions. They were incubated in a cell culture incuba-
tor for 24 h and then administered according to experimental
groups. HepG2 cells and Hela cells were evenly divided into a
control group, an NPs group, and an aqueous solvent group. After
administration, the cells were cultured in a cell culture incubator
for 24 h. The old medium was discarded, and the cells were
rinsed twice with PBS, and then added with the lysosomal probe
and incubated in the incubator for 30 min. After removal, the stai-
ning solution was discarded and the cells were rinsed twice with
PBS, and the anti-fluorescence quencher containing DAPI was
added. The concentration of the staining solution was 1 : 2 000.
After processing the cells, cell staining was observed under a laser
confocal microscope.

Flow cytometry was used to detect the content of ROS after
administration Logarithmically growing HepG2 cells and Hela
cells were selected, and a blood cell counting plate was used for
cell counting. When seeding the plate, HepG2 cells were seeded
at a rate of 6 x 10° per well on a 6-well plate for 3 wells, and
Hela cells were seeded at 4 x 10° cells per well under the same
conditions. They were incubated in a cell culture incubator for
24 h and then administered according to experimental groups.
HepG2 cells and HeLa cells were evenly divided into a control
group, an NPs group, and an aqueous solvent group. After admin-
istration, the cells were cultured in a cell culture incubator for
24 h. After treatment, the ROS probe was added, and following
30 min of incubation, the cells were rinsed twice with PBS, and
transferred into a flow tube for detection. The concentration of the

staining solution was 1 : 4 000.
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Confocal laser scanning microscopy was used to detect the
content of ROS after administration Logarithmically growing
HepG2 cells and HeLa cells were selected, and a blood cell count-
ing plate was used for cell counting. When seeding the plate,
HepG2 cells were seeded at a rate of 2 x 10° per well on a confocal
dish for 3 wells, and HeLa cells were seeded at 1 x 10° cells per
well under the same conditions. They were incubated in a cell cul-
ture incubator for 24 h and then administered according to experi-
mental groups. HepG2 cells and HeLa cells were evenly divided
into a control group, an NPs group, and an aqueous solvent
group. After administration, the cells were cultured in a cell cul-
ture incubator for 24 h. The old medium was discarded and the
cells were rinsed twice with PBS. The reactive oxygen species flu-
orescent probe was then added, followed by incubation for 30 min
in an incubator. Following the removal, the staining solution was
discarded and the cells were rinsed twice with PBS, and the
anti-fluorescence quencher containing DAPI was added. The
concentration of the staining solution was 1 : 2 000. After process-
ing the cells, cell staining was observed under a laser confocal mi-
croscope.

Statistical methods
mean + SD, and all data were analyzed using SPSS 20. O statistical

The experimental data are represented as

software. T-tests and one-way ANOVA were used for analysis.
P <0.05 was considered statistically significant ( *P <0.05,

Cell viability Il %
Cell viability Il %

0 40 80 100
HepG2 cell /I ug/ml

10

Cell viability Il %
Cell viability Il %

0 20 40 60

80

HeLa cell Il pg/ml
a. HC effects on HepG2 cell activity; b. HC-NPs effects on HepG2 cell activity; c.
activity; e. DESP-PEG2000 effects on HepG2 cell activity; f. DESP-PEG2000 effects on HeLa cell activity. Data are presented as mean + SD (n =4).
*P<0.05, **P<0.01, ***P<0.001 vs. control group.
Fig. 2 Cell proliferation inhibition histogram
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""P<0.01, """P<0.001). Origin 2018 software was used to
plot the data.

Results
HC-NPs characterization

HC-NPs were characterized by TEM. The diameter was about
100 nm, as shown in Fig. 1. HC was encapsulated by DESP-
PEG2000, forming oil-in-water microspheres. The results indica-

ted that the preparation of HC-NPs was successful.

Fig. 1 Image of HC-NPs characterized by TEM
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Detection of cells proliferation and cytotoxicity

The effects of HC, HC-NPs, and blank solvents on HepG2
cells and Hela cells were detailed in the findings presented in
Fig. 2 (Fig. 2a and 2b for aqueous solvents, Fig. 2¢ and 2d for
nano agents, and Fig. 2e and 2f for blank control groups). Fol-
lowing a 24 h treatment period, a notable decrease in cell viability
was observed in the drug group compared with the control group,
with the nano agents exhibiting a substantially lower /Cy, than the
aqueous solvent. Specifically, the IC,, of the aqueous solvent for
HepG2 cells was 71. 00 pwg/ml, while that of the nanoagent was
27.48 pg/ml. Similarly, for HeLa cells, the IC, of the aqueous
solvent was 124.35 pg/ml,

61.00 pg/ml. These results demonstrate statistical significance,

whereas that of the nanoagent was

with the nanoagent displaying a stronger efficacy than the aqueous
solvent, as evidenced by the ICy, values. Moreover, the blank ex-
perimental outcomes reveal that DESP-PEG2000 dissolved with
THF exhibited non-toxicity towards Hela cells and HepG2 cells
within the experimental concentration range of the drug.
Cell migration situation detected by scratch assay

The results of tumor cell migration are shown in Fig. 3 and
Fig. 4. HC treatments inhibited the migration efficiency of both types
of tumor cells, but there was no significant difference (P >0.05).
Comparing different HC-treated cell groups, the migration ability
of cells in the treatment group was much lower than that in the
control group, and there were significantly more dead cells in the
control group. Compared with the HC group, the migration ability
of the HC-NPs group was much lower than that of the HC group.

Control HC

HC NPs

Fig. 3 Cell scratch assay to detect the effects of water solvent and
nano agent on the migration rate of HepG2 cells in canary
fruit

Detection of cytotoxicity using live/dead cell co-staining assay

After confirming the inhibitory effect of HC on the prolifera-
tion of HepG2 and HeLa cells in the early stage, live/dead cell
co-staining experiments were carried out to identify live and dead
cells, and further verify the cytotoxicity of the drug. The control
group expressed a large area of strong green fluorescence and weak
red fluorescence, and the results showed that the cells were mostly
living cells. In the experimental group, a large number of cells

were stained and emitted red fluorescence. Compared with the HC

IC,, concentration group, the HC-NPs IC, group showed signifi-
cant apoptosis results and a significant decrease in cell numbers
(Fig. 5 -Fig. 6).

Control HC

HC NPs

Fig. 4 Cell scratch assay to detect the effects of water solvent and
nano agent on HeLa cell migration rate in canary fruit

Bright Calcein—AM Merge

Fig. 5 In-vitro Calcein AM/PI co-staining experiment to detect the

Control

HC-NPs

cytotoxicity of canary water solvent and nano agent on
HepG2 cells

Bright

Calcein—AM Merge

Fig. 6 In-vitro Calcein AM/PI co-staining experiment to detect the
cytotoxicity of canary water solvent and nano agent on He-

Control

HC

HC-NPs

La cells

Drug localization experiment

The results of drug localization experiments demonstrated that
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hypericin successfully entered cells and specifically bound to lyso-

somes (Fig. 7 —Fig. 8).

HepG2 DAPI FITC Cy3 Merge

Control

HC

HC-NPs

Fig. 7 The results of lysosomal localization of drugs in HepG2

HepG2 DAPT FITC Cy3 Merge

Control

HC

g . .

HC-NPs

Fig. 8 The results of lysosomal localization of drugs in HeLa

Sample name

[71 B4 Hep G2-Control. fcs
B5 Hep G2-HC. fcs
B6 Hep G2-HCNPS. fcs

0 10° 10 10°
Fig. 9 Results of ROS produced by drugs in HepG2 cells under
dark light without antioxidant

Flow cytometry was used to detect the content of ROS after
administration

The results showed that the drug did not produce reactive ox-
ygen species in HepG2 cells with or without the addition of antiox-
idants (Fig. 9 — Fig. 10), but it did generate reactive oxygen
species in HelLa cells under dark conditions upon antioxidant addi-
tion, and these species vanished following antioxidant addition.

(Fig. 11 - Fig. 12).

Sample name

[7J A4 Hep G2-Control. fcs
A5 Hep G2-HC. fcs
A6 Hep G2-HCNPS. fcs

T LB R | T

y
FEA LB RARL | LI B R |

0 10° 10¢ 10°

Fig. 10 Results of ROS produced by drugs in HepG2 cells under
dark light with the addition of antioxidants

Sample name

[71 B1 Hep G2-Control. fcs
B2 Hep G2-HC. fcs
B3 Hep G2-HCNPS. fcs

T TN T T T T T T T T T T T
0 10° 10¢ 10°
Fig. 11 Results of ROS produced by drugs in HeLa cells under

dark light without antioxidant

Confocal laser scanning microscopy was used to detect the
content of ROS after administration

The results demonstrated that under dim light conditions, the
drug did not emit green fluorescence as observed under confocal mi-

croscopy (Fig. 13 —Fig. 14), and it did not generate a considerable
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amount of reactive oxygen species in HepG2 cells and Hela cells

under such conditions.

Sample name
[ A1 Hep G2-Control. fcs
\ A2 Hep G2-HC. fes
/ \ A3 Hep G2-HONPS. fes
£ / -y
L e L e L e e e S ALl m e R R |
0 1% 10¢ 10°
Fig. 12 Results of ROS produced by drugs in HeLa cells under

dark light with the addition of antioxidants

HepG2 DAPT FITC Cy3 Merge

HC

HC-NPs

Fi

g. 13 Confocal microscopy was used to capture the ROS genera-
tion in HepG2 cells under dim light after drug treatment

HepG2 DAPT FITC Cy3 Merge

HC

HC-NPs

Fi

g. 14 Confocal microscopy was used to capture the ROS genera-
tion in HeLa cells under dim light after drug treatment

Discussion

In the context of the ongoing battle against liver and cervical
cancer, the use of hypericin (HC) , an extract derived from Chi-
nese herbal medicine, has shown promise in this study. HC is rec-

ognized for its anti-cancer properties, particularly due to its ability

to induce apoptosis in a variety of tumor cells, marking it as a po-
tent agent in the fight against cancer ™ . The mechanism by which
HC exerts its effects is through its specific binding function in
poorly differentiated tumor cells. It exhibits a high affinity for
these cells and tends to accumulate preferentially in tumor tissues.
The excretion of HC by cancer cells is significantly lower than nor-
mal tissues, which results in the selective accumulation of HC
within cancer cells, leading to the induction of cell necrosis, ap-
optosis, and autophagy'"’.

The anticipated outcome of this experiment is that HC will in-
hibit the growth and migration of HepG2 liver cancer cells and He-
La cervical cancer cells and promote apoptosis. The binding sites
of hypericin drugs to cells were also determined. It was expected
that the nanoformulation of HC would demonstrate a more pro-
nounced effect than the aqueous solvents. It was expected that the
nanoformulation of HC would demonstrate a more pronounced
effect than the aqueous solvents. These expectations were con-
firmed through a series of experiments, including the CCK-8 as-
say, cell scratch assays, Calcein AM/PI live/dead cell co-stai-
ning experiments, and flow cytometry experiments. These results
provide a theoretical foundation for further in-vitro studies.

Given the water insolubility of HC, the research team em-
ployed nano-precipitation technology to enhance its solubility and
create a more uniform and smaller-sized solution formulation. This
approach aimed to maximize drug delivery to the target site and
improve the water solubility of HC™'. However, observations
from electron microscopy indicated that the drug particle size could
still be reduced. The research group plans to continue refining the
nano-formulation to achieve smaller and more uniform particles.

While photodynamic therapy has shown significant success in
treating certain malignant tumors, and HC is a strong natural pho-
tosensitizer, the current experimental phase is focused on under-
standing the effect of HC on cell proliferation and apoptosis inhibi-
tion. The study utilized HepG2 and HeLa cells, and future studies
will aim to include normal liver and cervical cells, as well as other
liver cancer cell lines, to provide a more comprehensive under-
standing of HC’s therapeutic effects.

In the study, it was found that hypericin could produce ROS
in HeLa cells detected by flow cytometry under dark light condi-
tion, but no fluorescence was produced under laser confocal mi-
croscope. Therefore, it was speculated that the ROS signal was
diffuse and low intensity, and no obvious fluorescence aggregation
was formed. Meanwhile, compared with HepG2 cells, HeLa cells
produced ROS probably because Hela cells had higher drug up-
take rate, higher mitochondrial sensitivity, and weak antioxidant
capacity. Therefore, in order to reduce the stress response of
cells, antioxidants were added, and ROS disappeared.

The study has preliminarily verified the therapeutic effect of
HC on liver and cervical cancer cells. HC-NPs have been shown
to inhibit gene expression in cancer cells”™" and induce apoptosis,
necrosis, or autophagy[m. However, the full spectrum of anti-cancer

( Continued on page 16)
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mechanisms of HC is not yet fully understood. The research group
is committed to continuing investigations to explore the effects of
HC-NPs on a broader range of cancers and to uncover the underly-

ing mechanisms of its anti-cancer activity.
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