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Abstract
Background and Objective: Currently, our understanding of the specific mechanisms and effects of ligustrazine on laryngeal squamous
cell carcinoma remains limited. This research evaluated the inhibition of ligustrazine on the proliferation of laryngeal squamous cell
carcinoma (LSCC) cells and its impact on ultrasound imaging. The potential anti-tumor effect of ligustrazine and its influence on
ultrasound imaging parameters were explored. Materials and Methods: Ligustrazine was extracted. The influence of ethanol
concentration, volume, extraction frequency, duration and temperature on ligustrazine concentration was analyzed. The MTT assay
evaluated ligustrazine’s impact on cell proliferation capacity. Western blot assessed the expression of proteins related to the AKT/mTOR
signaling. Twenty nude mice were divided into control and ligustrazine groups. Parameters of time-intensity curves were analyzed.
Results: The highest extraction efficiency of ligustrazine was achieved by extracting it three times with 100 mL of 75% ethanol at 60EC
for 180 min each time. The levels of p-AKT and p-mTOR proteins in LSCC cells were downregulated in the ligustrazine-treated groups
(p<0.05). In the ligustrazine group, the tumor weight, tumor volume and parameters of contrast-enhanced ultrasound (acceleration time,
ACT and increased signal intensity, ISI) were reduced (p<0.01). Conclusion: Ligustrazine regulates the proliferation capacity of LSCC cells
through the AKT/mTOR SPW, promotes the dynamic response of blood flow, influences the dynamic behavior of blood flow and also
influences the performance of contrast-enhanced ultrasound imaging.
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INTRODUCTION

Laryngeal squamous cell carcinoma (LSCC) is malignant,
which is derived from squamous epithelial cells and primarily
occurs in the epithelial tissue of the laryngeal glottis but can
also occur in other regions of the larynx1. Prolonged smoking,
excessive alcohol consumption, chronic inflammation, viral
infections, diabetes and genetic factors are associated with
the development of LSCC2,3. These factors lead to genetic
mutations, inactivation of tumor suppressor genes, activation
of oncogenes, as well as abnormalities in apoptosis and cell
cycle regulation within cellular signaling pathways (SPWs),
ultimately resulting in cellular carcinogenesis and tumor
growth4. Currently, LSCC in clinical practice can be treated by
surgical resection, radiation therapy and chemotherapy.
Chemotherapy   is   typically   used   for   metastatic   or
advanced-stage patients, but it often faces challenges such as
drug resistance, gastrointestinal reactions, bone marrow
suppression and immunosuppression5. Therefore, finding a
new   method   for   treating   LSCC   holds   significant
importance.

Ligustrazine is an organic compound found in plants and
is mainly extracted from Ligusticum wallichii. It has various
effects6-8. Ligustrazine has been extensively studied and
applied in the treatment of multiple diseases, particularly in
cardiovascular and nervous system disorders, where it plays an
important role9. Additionally, ligustrazine has shown potential
in anti-tumor and immune modulation, attracting attention
for its application in cancer treatment10. In the field of cancer
therapy, ligustrazine has been investigated for various types
of cancer11,12. Studies have demonstrated that ligustrazine can
inhibit cancer cell proliferation, induce apoptosis and exhibit
inhibitory effects on tumor angiogenesis and metastasis13.
Ligustrazine can also enhance the efficacy of chemotherapy
drugs and reduce their toxic side effects14. Mechanistic studies
of ligustrazine suggest that its anti-tumor effects may be
related to multiple signaling pathways involved in cell cycle
regulation, apoptosis regulation, angiogenesis inhibition and
immune modulation15. Ligustrazine can affect the expression
of various target proteins and related genes16,17. Despite the
potential demonstrated by ligustrazine in cancer treatment, its
mechanisms of action and clinical applications are still under
research. Moreover, its application in LSCC is limited and there
is currently no research available regarding the effect of
ligustrazine on LSCC cell proliferation.

Ultrasound imaging is a non-invasive and safe imaging
technique that utilizes contrast agents to enhance the
visualization of blood vessels and tissues18. This technology
has been widely used in clinical diagnosis and treatment,

particularly in tumor detection and evaluation. Ligustrazine,
with its anti-inflammatory, anticoagulant and vasodilatory
properties, has attracted attention for its potential application
in ultrasound imaging. Previous studies have suggested that
ligustrazine may have certain effects on ultrasound imaging19.
However, the specific mechanisms and effects of ligustrazine
on ultrasound imaging parameters are still not well
understood. Further research is necessary to better
understand the impact and potential applications of
ligustrazine in ultrasound imaging.

Therefore, this work focused on the Hep-2 cell line of
LSCC as the research target. Through laboratory cell culture
and in vitro studies, it evaluated the inhibitory effect of
ligustrazine on LSCC cell proliferation and explored its
potential as an anti-tumor agent. The goal was to provide new
therapeutic strategies and drug options for the treatment of
LSCC. Additionally, this work utilized BALB/cA nu/nu mice as
the animal model to analyze the therapeutic effect of
ligustrazine on LSCC. Meanwhile, it assessed the impact of
ligustrazine on parameters such as acceleration time (ACT),
increased signal intensity (ISI), area under the curve (AUC) and
blood flow coefficient (BF) to understand the potential
application value of ligustrazine in ultrasound imaging. The
findings intended to yield a scientific basis for the rational use
of ligustrazine in clinical treatment.

MATERIALS AND METHODS

Study area: The research was performed in Zhuzhou Hospital
Affiliated   with   Xiangya   School   of   Medicine   from
December, 2021 to April, 2023.

Extracting and separating the natural extract ligustrazine:
A certain amount of Ligusticum wallichii (Anhui Jinfurong
Traditional Chinese Medicine Pieces Co., Ltd., China) was
weighed and pulverized using a grinder, sieved through an
80-mesh sieve and accurately weighed at 6.0 g. It was then
dissolved in 50 mL of anhydrous ethanol (China National
Pharmaceutical Group Chemical Reagent Co., Ltd., China). The
reflux extraction was performed using ethanol at different
concentrations and extraction temperatures of 30, 40, 50, 60,
70, 80, 90 and 100EC. The extraction solution was filtered,
vacuum-concentrated to dryness, added with an appropriate
amount of water, heated to dissolve and filtered again. The
filtrate was returned to a prepared macroporous resin column.
The sample was added one drop every 3 seconds. After
complete addition, the column was washed with water until
the  reducing  sugar  test  showed  a  negative  reaction.  Then,
2-3 drops of 0.5% resorcinol solution were added and a slow
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addition of 0.5 mL of concentrated sulfuric acid was
performed. If a brown ring formed at the reaction site, it
indicated a negative result. Elution with 30% ethanol until
colorless was performed and the eluate was collected. After
vacuum evaporation of ethanol and cooling, extraction with
ethyl ether was carried out. The ethyl ether extract was
subjected to extraction with 1 M concentrated sulfuric acid
(Beijing  Chemical  Factory,  China)  and  the  acidic  solution
was  alkalized  with  saturated  sodium  carbonate  solution
(Beijing  Chemical  Factory,  China)  solution  to  reach   a   pH
of 9-10. Finally, extraction with chloroform was performed,
followed by vacuum evaporation of chloroform to dryness,
resulting in the total alkaloids from Ligusticum wallichii. The
petroleum ether-soluble fraction of the total alkaloids was
taken and petroleum ether was evaporated under reduced
pressure, yielding an orange-yellow paste. This substance was
placed on an alkaline Al2O3 column for chromatographic
separation and eluted with a mixture of petroleum ether
(China National Pharmaceutical Group Chemical Reagent Co.,
Ltd., China) and chloroform (China National Pharmaceutical
Group Chemical Reagent Co., Ltd., China) (8:2). After vacuum
concentration, the obtained product was subjected to
sublimation crystallization, resulting in colorless needle-like
crystals, which are ligustrazine. The specific processes of
ligustrazine extraction, separation and purification were
summarized in Fig. 1.

Analyzing the performance of ligustrazine: The ligustrazine
content was determined by  using  the  following  operations.
A  small  amount  of  0.5%  hydrochloric  acid  was  mixed  with
a 5 mg sample of ligustrazine. The sample was heated to 70EC
and continuously heated for 20 min. After cooling, the sample
was made up to volume in  a  10  mL  volumetric  flask,  shaken

well and centrifuged for 5 min using a centrifuge.  Then, 2  mL 
of   the  sample  was  taken  and  made  up  to  volume  with
0.1  mol/L  hydrochloric  acid.  The  OD  value  of  the  sample
was measured by a UV-visible spectrophotometer and the
ligustrazine concentration was calculated.

A 5 mg sample of ligustrazine was weighed and added to
a 20 mL solution of 0.1 mol/L hydrochloric acid, dissolved
under 42EC conditions and transferred to a 25 mL volumetric
flask, followed by dilution with 0.1 mol/L hydrochloric acid
solution to the mark. The prepared solutions were then kept
at room temperature (RT) and 4EC, respectively. Every 24 hrs,
the  OD  value  of  ultraviolet-visible  spectrophotometer
(Beijing Optical Instrument Factory, China) at 298 nm was
determined to analyze the stability.

Culture and grouping of cells: The LSCC cells were collected
from patients diagnosed with LSCC. After surgical resection,
the tissue was preserved and LSCC cells were isolated and
cultured using an enzymatic digestion method. The primary
LSCC cells were cultured in RPMI1640 medium (Invitrogen,
USA) with 10% fetal bovine serum (Gibco, USA) at 37EC and
5% CO2 in a temperature-controlled CO2 cell culture incubator
(Thermo Scientific, USA). Cell passaging was performed every
2 days to obtain LSCC cells in the logarithmic growth phase for
later use. The LSCC cells were divided into different groups
based on the concentration of the treatment drug and they
were   treated   with  ligustrazine  at  varying  concentrations
(0, 100, 200, 400, 600 and 800 mg/L).

Ethical consideration: This study was approved by the Ethics
Committee of Zhuzhou Hospital Affiliated to Xiangya School
of Medicine. The research objects were informed and they
signed a fully informed consent form.

Fig. 1: Specific processes of extraction, separation and purification of ligustrazine
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Impacts of ligustrazine on proliferation: The LSCC cells were
rapidly revived and seeded in RPMI-1640 with 10% FBS and
placed in an incubator with 5% CO2 and a saturated humidity
at 37EC. After reaching a confluence of around 90%, the cells
were digested with 0.25% trypsin (Gibco, USA) and passaged
at 4:1. Cells from the 3rd to 5th passage were used for
subsequent experiments. The cell density was adjusted to
1×105 cells/mL and 100 µL of cell suspension was seeded in
a 96-well plate for overnight incubation. The LSCC cells were
then treated with different concentrations of ligustrazine.
After  72  hrs  of  incubation,  10  µL  of  5  mg/mL
tetramethylrhodamine solution (Sigma-Aldrich, USA) was
added to each well and incubated at 37EC for 4 hrs. Following
that, 100 µL of 10% SDS containing 0.01 N HCl reagent was
mixed to dissolve the formazan crystals. The OD value was
examined at 570 nm. This process was repeated three times
and cell proliferation inhibition rate (IR) was computed to be
the percentage relative to the control group.

Western  blot:  The  LSCC  cell  density  was  controlled  at
1×105 cells/mL and 100 µL of the cell suspension was seeded
for overnight incubation. After 24 hrs, the cells were grouped
and  treated  accordingly.  They  were  further  incubated  for
72 hrs and then the cells were collected. Total protein
extraction was implemented using RIPA and the protein
concentration was determined using a BCA kit. The total
proteins were separated by 10% SDS-PAGE and then
transferred onto a membrane. The membrane was blocked
with 5% BSA for 1 hr. Primary antibodies against AKT (1:5000),
p-AKT (1:5000), mTOR (1:5000), p-mTOR (1:5000) and $-actin
(1:10000) were placed on the membrane and incubated all
night at 4EC. Following a membrane washing with TBST,
diluted secondary antibodies were added for incubation on a
shaker  at  RT  for  1  hr.  Following  another  TBST  treatment,
the membrane was subjected to electrochemiluminescence
detection according to the instructions of the detection kit.
The protein bands were visualized using a gel imaging system
and ImageJ software was utilized for statistical analysis of the
relative grayscale values of the protein bands, with $-actin
serving as an internal reference.

Establishment  of  LSCC  animal  models  and  grouping:
Twenty  BALB/cA  nu/nu  nude  mice  (8  weeks  old,  weighing
18 g; Shanghai Xipuer Bikai Experimental Animal Co., Ltd.,
China) were selected. The LSCC cell suspension (0.2 mL per
mouse, containing 8.7×106 cells) was injected into the dorsal
region of each mouse subcutaneously. Absorption of the
injected fluid, tumor growth process and the condition of the
mice were observed. After approximately 20 days, as long as

the tumor volume exceeded 100 mm3, the mice were rolled
into different groups for further experiments. The research
proceeded in compliance with the Ethics Guidelines of Animal
Farewell and Care.

Randomly, the 20 nude mice were grouped into the
control  group  and  ligustrazine group, with 10 mice in each.
In the ligustrazine group, a subcutaneous injection of
ligustrazine at 50 mg/kg was administered, with an injection
site located 3 mm away from the tumor edge. The Ctrl group
received an equal volume of PBS solution. The administration
was  conducted  for  10  days.  The  mice  were  weighed  every
3 days. After a one-week drug withdrawal period, the mice
were euthanized to dissect and weigh the tumors.

Ultrasound imaging on LSCC animal model: Three days after
the establishment of the LSCC model, ultrasound imaging
examinations were conducted on the nude mice. The
examinations   were   performed   every   3   days.   Routine
two-dimensional grayscale ultrasound and power Doppler
imaging were performed using an L17-5 broadband linear
array transducer. The routine two-dimensional grayscale
ultrasound measured the three maximum perpendicular
diameters of the subcutaneous tumor in the nude mice and
calculated the tumor volume. The power Doppler imaging
used a pulse repetition frequency of 250 Hz,  wall filtering at
23 Hz and a color gain of 89%. During the examination, efforts
were made to minimize motion artifacts by keeping the
transducer as stable as possible. The blood flow signals within
the tumor were recorded before and 2 min after the
application of the contrast agent. Ultrasound imaging was
performed using an L9-3 broadband linear array transducer,
with a mechanical index (MI) of 0.1, a total gain of 95% and the
focal point positioned below the tumor. All other settings
remained consistent. The equation for calculating the tumor
volume was as follows20:

V = Td×La×A

where, V referred to the tumor volume and denoted the
transverse and longitudinal diameter, respectively and
represented the height.

The   nude   mice   were   intraperitoneally   injected   with
2.5 mg/kg pentobarbital for anesthetization. They were
positioned in a lateral decubitus position on the operating
table and a 5 mm thick layer of centrifugal coupling agent was
applied to the transducer surface in contact with the tumor.
For contrast-enhanced imaging, 20 µL of SonoVue was applied
through the tail vein, followed by a flush of 0.2 mL of normal
saline solution. The timing and image acquisition were started
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immediately. Image acquisition was performed at a frame rate
of 18 Hz and dynamic images were continuously acquired for
2 min. The acquired images were transferred to the SWtech
Pacs workstation for offline analysis. The entire tumor and the
central  region  2-3  mm  away  from  the  tumor  boundary
were selected as regions of interest (ROI) to obtain the raw
time-intensity curve (TIC) of the ROI. The parameters of the
fitted TIC were analyzed using the least squares method to
obtain the parameters of interest. These parameters included
ISI, AUC, ACT and BF.

Statistical methods: Statistical analysis was implemented
using   SPSS   19.0.   Data   were   presented   as   χ̄±s,   where,
χ̄ represented the mean value of the data set. The t-test and
one-way  analysis  of  variance  were  employed  for  analyzing
the differences between two groups and among multiple
groups, respectively. The p<0.05 was considered statistically
significant.

RESULTS

Impacts from concentration and volume of ethanol on
ligustrazine concentration: Variable concentrations of
ethanol solutions (55, 65, 70, 75, 80, 85, 90 and 95%) were
employed to extract ligustrazine. The changes in ligustrazine
concentration after extraction with different ethanol
concentrations were illustrated in Fig. 2a. As the ethanol
solution concentration increased, the concentration of
extracted ligustrazine initially increased and then decreased.
The maximum concentration of ligustrazine (1.9123 µg/mL)
was achieved when the ethanol solution concentration was
75%.

The impacts of different ethanol volumes (80, 90, 100,
110, 120, 130, 140, and 150 mL) on the extraction of
ligustrazine concentration were analyzed, as demonstrated in

Fig. 2b. As the ethanol volume increased, the concentration of
extracted ligustrazine initially increased and then reached a
stable level. When the ethanol volume was 100 mL, the
concentration of extracted ligustrazine was 5.6802 µg/mL.
However, beyond 100 mL, increasing the ethanol volume did
not result in a further increase in ligustrazine concentration.

Influence of extraction cycles, time and temperature on
ligustrazine concentration: The statistical results of the
impact  of  extraction  cycles  on  ligustrazine  concentration
were  elaborated  in  Fig.  3a.  As  the  extraction  cycles
increased, the extracted ligustrazine initially exhibited
increased  concentration  and  then  a  stable  concentration.
After 3 extraction cycles, the concentration of extracted
ligustrazine  was  5.8992  µg/mL.  However,  after  more  than
3 extraction cycles, increasing the extraction cycles did not
further increase the concentration of ligustrazine.

Figure 3b demonstrated the statistical results of the
impact of extraction time on ligustrazine concentration. As the
extraction time increased, the concentration of extracted
ligustrazine initially increased and then reached a stable level.
When the extraction time was 180 min, the concentration of
extracted ligustrazine was 8.6744 µg/mL. However, after
exceeding 180 min of extraction time, extending the
extraction time did not further increase the concentration of
ligustrazine.

The impacts of extraction temperature on ligustrazine
concentration were illustrated in Fig. 3c. With the extraction
temperature increased, the concentration of extracted
ligustrazine exhibited an increased trend initially but then
decreased. At an extraction temperature of 60EC, the
concentration of extracted ligustrazine was 4.5789 µg/mL,
which was confirmed to be the maximal level. However, as the
extraction temperature exceeded 60EC, the concentration of
ligustrazine gradually decreased.

Fig. 2(a-b): Impacts from concentration and volume of ethanol on ligustrazine concentration
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Fig. 3(a-c): Influence of extraction cycles, time and temperature on ligustrazine concentration

Fig. 4: Stability of ligustrazine

Stability of ligustrazine: The stability of ligustrazine was
investigated  under  RT  and  4EC  conditions,  as  analyzed  in
Fig. 4. As time increased, OD values of ligustrazine decreased
under both RT and 4EC conditions, with a slower decrease
observed at 4EC.

Impacts of ligustrazine on proliferation of LSCC cells:
Impacts  of  ligustrazine  on  proliferation  ability   of LSCC  cells

were displayed in Fig. 5. With increasing treatment time, IRs of
LSCC cells treated with ligustrazine at 100, 200, 400, 600 and
800 mg/L all exhibited a great upward trend and were sharply
different from the 0 mg/L group for the 100 and 200 mg/L
ligustrazine treatments after 24 hrs (p<0.01). Meanwhile, those
treated with 400, 600 and 800 mg/L ligustrazine were much
higher to those in the 0 mg/L group at different time points,
showing obvious differences (p<0.001).
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Fig. 5: Impacts of ligustrazine on proliferation of LSCC cells

Fig. 6(a-e): Effects  of  ligustrazine  on  expressions  of  proteins  related  to  the  AKT/mTOR  SPW,  (a)  AKT,  (b)  p-AKT,  (c)  mTOR,
(d) p-mTOR and (e) Western blot results
*,**Suggested a great difference with p<0.05 and p<0.01, respectively
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Fig. 7(a-c): Impacts of ligustrazine on tumor weight, net weight of mice and tumor volume in the LSCC model, (a) Tumor weight,
(b) Net weight of mice and (c) Tumor volume
*,**Suggested a great difference with p<0.05 and p<0.01, respectively

Effects  of  ligustrazine  on  AKT/mTOR  SPW:  Changes  in
AKT,  p-AKT,  mTOR  and  p-mTOR  in  LSCC  cells  were
compared  in  Fig.  6.  No  visible  differences  were  observed
in  levels  of  AKT  and  mTOR  between  LSCC  cells  treated
with  100,  200,  400,  600  and  800  mg/L  of  ligustrazine  and
those  in  the  0  mg/L  group   (p>0.05)   (Fig.   6a,   c   and   e).
In  contrast,  with  increasing  concentrations  of  ligustrazine,
p-AKT     and     p-mTOR     showed     a     decreasing     trend
(Fig.  6b,  d  and  e).  Specifically,  they  were  sharply  lower  in
LSCC cells after treatment with 200 and 400 mg/L of
ligustrazine, presenting great differences with p<0.05, but
were obviously lower in 600 an d 800 mg/L of ligustrazine
treatment groups (p<0.01).

Impacts of ligustrazine on tumor growth of LSCC model of
nude  mice:  After  modeling,  all  20  nude  mice  were
successfully inoculated and subcutaneous tumor formation
was visible after about one week, which continued to grow
with time. In the Ctrl group, the tumors were observed to
increase in size as time went on and the nude mice showed
poor physical condition and gradual weight loss. In the
ligustrazine  group,  the  nude  mice  were  in  good  condition
and  the  tumor  growth  was  relatively  slow  with  time  and
the     change     in     body     weight     was     not     remarkable.

Meanwhile, there were no deaths observed in either group
during the intervention period.

The effects of ligustrazine on tumor weight, body weight
and tumor volume in the LSCC model nude mice were
summarized in Fig. 7. The tumor weight in the ligustrazine
group  was  much  lower,  with  a  visible  difference  to  the
Ctrl group (p<0.01) (Fig. 7a). Body weight of mice in the
ligustrazine group was higher, presenting a difference with
p<0.05 to that in the Ctrl group (Fig. 7b). The tumor volume of
mice in the ligustrazine group was lower, presenting an
extremely considerable difference to that in the Ctrl group
(p<0.01) (Fig. 7c).

The impacts of ligustrazine on tumor growth in different
time periods were also analyzed (Fig. 8). With the extension of
the intervention time, the tumor volume of nude mice in the
ligustrazine group presented a stable trend, while the tumor
volume in the Ctrl group showed an observable increase.
Within the range of 3-9 days after intervention, the tumor
volume in the ligustrazine group of nude mice was lower,
exhibiting a statistical difference with p<0.05  to  that  in  the
Ctrl group. Within the range of 12-18 days after intervention,
the tumor volume in the ligustrazine group of nude mice was
sharply lower in comparison to the condition in the Ctrl group
(p<0.01).
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Fig. 8: Impacts of ligustrazine on tumor volume of nude mice with LSCC at different time intervals
*,**Suggested a great difference with p<0.05 and p<0.01, respectively

Fig. 9(a-f): Effects of ligustrazine on ultrasound imaging parameters, (a) ACT, (b) a2, (c) a3, (d) ISI, (e) AUC and (f) BF
*,**Suggested a great difference with p<0.05 and p<0.01, respectively
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Effects of ligustrazine on ultrasound imaging parameters:
The impacts of ligustrazine on ultrasound imaging parameters
were illustrated in Fig. 9. The ACT and ISI values in the
ligustrazine group were lower (p<0.05) (Fig. 9a, d), the a2
value was higher (p<0.05) (Fig. 9b) and the a3 (Fig. 9c), AUC
(Fig. 9e) and BF (Fig. 9f) values were extremely higher (p<0.01)
in contrast to those in the Ctrl group.

DISCUSSION

The extraction conditions directly influence the extraction
efficiency of the target compounds. In this study, the effects of
various parameters including ethanol concentration, ethanol
volume, number of extractions, extraction time and extraction
temperature on the extraction efficiency of ligustrazine were
compared. The results revealed that the highest concentration
of ligustrazine was obtained when using 75% ethanol
concentration. This indicates that within a certain range, the
ethanol solution concentration promotes the extraction of
ligustrazine21. When the ethanol concentration was 75%, the
extraction efficiency of ligustrazine was optimal. The research
findings indicated that the highest concentration of
ligustrazine  was  achieved  when  using  100  mL  of  ethanol.
This indicates that initially, increasing the ethanol volume
improved the extraction efficiency of ligustrazine, resulting in
an increased concentration of extracted ligustrazine22. When
the ethanol volume exceeded 100 mL, the concentration of
ligustrazine did not increase further. This may be because the
active components in the ethanol solution reached saturation
and   could   not   extract   more   ligustrazine.   Subsequently,
this study  revealed  that  conducting  the  extraction  process
three times yielded a higher concentration of ligustrazine.
Moreover, the extraction duration needed to exceed 180 min,
with the optimal extraction temperature identified as 60EC.
This may be due to degradation or other reactions of
ligustrazine occurring under high-temperature conditions,
resulting in a decrease in the extraction efficiency23,24. At low
temperatures, the solubility of ligustrazine is relatively low and
at high temperatures, the extraction efficiency of ligustrazine
decreases. Additionally, ligustrazine is prone to sublimation, so
it is recommended to control the extraction temperature
around 60EC during the reflux process. Subsequently, this
study examined the stability of extracted ligustrazine,
revealing that its concentration gradually decreased with
prolonged storage time under room temperature and 4EC
conditions. Although the decrease in concentration was
slower when stored at 4EC, there was no significant difference

observed. This suggests that ligustrazine exhibits relatively
better stability at low temperatures, with slower rates of
degradation or other reactions, indicating temperature is a
critical factor influencing ligustrazine stability25. Ligustrazine,
being  a  natural  product,  may  undergo  changes  in  its
chemical properties and activity under different temperature
conditions26. Under low-temperature conditions, ligustrazine
may  crystallize  or  solidify27,  while  under  high  temperatures,
it is prone to volatilization and degradation28. Therefore,
temperature control within an appropriate range during the
storage and utilization of ligustrazine is essential to ensure the
stability of its properties and effects.

The LSCC is a disease characterized by abnormal
proliferation of squamous cells in the larynx and pharynx,
representing the most common malignant epithelial tumor in
the upper respiratory tract and closely associated with factors
such as smoking and alcohol consumption. Ligustrazine, on
the other hand, exhibits a wide range of pharmacological
effects,   including   vasodilation,   increased   arterial   blood
flow and inhibition of platelet aggregation. Additionally,
ligustrazine has been shown to inhibit tumor cell proliferation
and metastasis while promoting tumor cell apoptosis,
suggesting its potential as a therapeutic agent for cancer
treatment. The results demonstrated that ligustrazine
significantly inhibited the proliferation of LSCC cells in a
concentration-dependent manner, indicating its potential as
a promising candidate for the treatment of LSCC. Ligustrazine
inhibits cancer cell proliferation through various mechanisms,
including the inhibition of cell cycle progression, induction of
apoptosis, suppression of AKT/mTOR signaling pathway
activation and anti-angiogenic effects29,30. Research findings
suggested that ligustrazine may inhibit cancer cell
proliferation by suppressing the activation of the AKT/mTOR
signaling pathway31. Treatment with ligustrazine can reduce
the phosphorylation status of the AKT/mTOR signaling
pathway and inhibit the expression and activity of mTOR
protein,  thereby  suppressing  cell  proliferation32.  Therefore,
this study further investigated the effects of ligustrazine on
the status of the AKT/mTOR signaling pathway in LSCC cells.
The AKT/mTOR (protein kinase B-acetylation activated
transcription factor/mammalian target of rapamycin) SPW is
associated with the proliferation ability of LSCC cells33. This
SPW importantly regulates the cells and regulates cell growth,
proliferation, survival and metabolism34,35. Abnormal activation
of the AKT/mTOR SPW is correlated with enhanced cell
proliferation ability in LSCC36. The AKT is a crucial signaling
protein    kinase    that    can    activate    the    mTOR    SPW    by
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phosphorylating mTOR. Activated AKT/mTOR SPW can be
beneficial for the proliferation and growth of LSCC cells and
inhibit their apoptosis (necrosis)37. Therefore, inhibiting the
AKT/mTOR SPW could be a potential strategy for treating
LSCC. By using AKT/mTOR SPW inhibitors or other drugs, it is
possible to interfere with the activation of this pathway, inhibit
cell proliferation and potentially suppress the development
and progression of LSCC38. The results demonstrated that
ligustrazine  significantly  inhibited  the  phosphorylation  of
AKT  and  mTOR  proteins  in  LSCC  cells,  exhibiting  a
concentration-dependent characteristic. The decrease in
phosphorylation status may reflect the inhibition of the
AKT/mTOR signaling pathway, indicating that ligustrazine may
affect the biological activity of LSCC cells by inhibiting the
phosphorylation of AKT and mTOR proteins.

To  further  understand  the  therapeutic  effects  of
ligustrazine on LSCC, this study established a nude mouse
model with LSCC xenografts. The results revealed that
treatment with ligustrazine led to a significant reduction in
tumor weight and volume in the LSCC xenograft nude mouse
model. Additionally, an increase in body weight of the nude
mice was observed, accompanied by a notable decrease in
tumor volume. These findings suggest that ligustrazine may
inhibit the growth of LSCC xenografts in nude mice,
demonstrating the potential for suppressing tumor growth
and metastasis, thereby implying its anti-tumor efficacy.
Moreover, ligustrazine positively impacted the overall health
status of the nude mice, reducing the decrease in net weight
induced by tumor burden. Ligustrazine was found to enhance
immune  function  and  antioxidant  capacity,  mitigating
tumor-induced damage in nude mice and thereby improving
their overall health condition, manifested by an increase in net
weight. Subsequently, this study utilized contrast-enhanced
ultrasound imaging technology to evaluate the effects of
ligustrazine treatment on the hemodynamics of LSCC
xenograft nude mouse models. The results indicated a
decrease in ACT, ISI, AUC and BF indices, while the a2 and a3
indices increased. This suggested that ligustrazine may
influence the hemodynamic behavior of LSCC xenograft nude
mouse models by inhibiting vasodilation, reducing blood flow
velocity and improving blood circulation, thereby promoting
hemodynamic responses and enhancing blood perfusion
conditions. Ligustrazine possesses pharmacological effects
such as anti-inflammatory, anticoagulant and vasodilatory
properties. These effects may result in lower values for ACT
and ISI in the ligustrazine group, possibly associated with its
inhibition of vasodilation, suppression of increased blood flow
velocity or improvement of blood circulation. These

morphological changes may represent one of the potential
mechanisms underlying the effects of ligustrazine on
hemodynamic parameters.

CONCLUSION

In this work, a natural extract, ligustrazine, was isolated
from the Chinese medicinal herb Ligusticum wallichii  using
ethanol reflux, vacuum concentration and macroporous resin
adsorption separation methods. The effects of ethanol
concentration, ethanol volume, extraction cycles, time and
temperature on ligustrazine concentration were analyzed.
Additionally, the storage stability of ligustrazine was assessed.
Inhibition of ligustrazine on the proliferation of LSCC cells and
AKT/mTOR SPW-related proteins were determined. In
addition, the impacts of ligustrazine on ultrasound imaging
were also analyzed. The results revealed that the highest
extraction  efficiency  of  ligustrazine  was  achieved  using  a
75%  ethanol   solution  with  a  volume  of  100  mL,  subjected
to 3 extraction cycles, at a stable extraction temperature of
60EC for 180 min. Furthermore, ligustrazine exhibited good
storage stability at 4EC. Ligustrazine inhibited the proliferation
of LSCC cells, which may be attributed to its ability to suppress
the phosphorylation of AKT and mTOR. Moreover, based on
the performance of contrast-enhanced ultrasound imaging,
ligustrazine promoted the dynamic response of blood flow
and influenced its dynamic behavior, providing new options
and insights for LSCC treatment.

SIGNIFICANCE STATEMENT

The  objective  of  this  study  was  to  evaluate  the
inhibitory effect of ligustrazine on the proliferation of
laryngeal  squamous  cell  carcinoma  cells  and  its  influence
on  contrast-enhanced  ultrasound  imaging,  thereby
investigating  its  potential  anti-tumor  efficacy  and  impact
on contrast-enhanced ultrasound imaging parameters. The
results demonstrated that ligustrazine significantly suppressed
the proliferation of LSCC cells, exerting its effects through the
modulation of the AKT/mTOR signaling pathway. Additionally,
ligustrazine  affected  hemodynamic  responses,  improving
the performance of contrast-enhanced ultrasound imaging.
These findings are of paramount significance in elucidating
the mechanistic role of ligustrazine in anti-tumor therapy.
Future research endeavors may further explore the clinical
application potential of ligustrazine in the treatment of LSCC
and delve into its utility in contrast-enhanced ultrasound
imaging.
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