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Abstract: Objective: This work aimed to demonstrate the effect of morphine sulfate nano-controlled release micro-
spheres in relieving tumor-induced visceral pain. Methods: The morphine sulfate nano-controlled release micro-
spheres were prepared and optimized, and their drug release properties in vitro were explored. Chitosan sustained-
release microspheres were used to prepare morphine sulfate nanospheres for controlled release. Forty C57BL/6J 
mice were utilized, divided into a control group (Control, n=10) and a model group (Model, n=30). An intrapancreatic 
cancer pain model was established using mPAKPC-luc cells. Mice in the model group were further categorized into the 
following groups: a blank control group (injected with blank chitosan sustained-release microspheres, Blank, n=10), 
a Nano + morphine group (injected with morphine-chitosan sustained-release microspheres, Nano + morphine, 
n=10), and a morphine sulfate group (injected with morphine sulfate, Morphine, n=10). Behavioral assessments 
were conducted to evaluate pain sensitivity by examining monoamine neurotransmitter levels in the thalamus. 
Abdominal mechanical allodynia tests and premonition scoring were employed to assess pain perception. Adverse 
reactions were monitored to evaluate the efficacy and safety profile of morphine sulfate nanospheres. Results: The 
cumulative drug release rate in vitro was as high as 99.8% when the amount of crosslinking agent was 8:1. In the 
Model group, mice exhibited a significant increase in writhing responses due to tumor-induced pain (P < 0.05). 
Compared to the Blank group, both the Nano + morphine and Morphine groups showed a significant reduction in 
writhing responses and premonition scores following drug administration (P < 0.05). Additionally, the pain threshold 
increased (P < 0.05), accompanied by elevation in hypothalamic serotonin (5-HT) levels (P < 0.05) and a decrease in 
norepinephrine (NE) level (P < 0.05). Furthermore, no significant adverse reactions were observed in these groups. 
Conclusions: Morphine sulfate nano-controlled release microspheres exhibit favorable drug release kinetics, dem-
onstrating notable therapeutic efficacy in reliving tumor-induced visceral pain and extending the duration of pain 
relief. Furthermore, they demonstrate a good safety profile without inducing adverse effects, underscoring their 
significant clinical value. The results support continued clinical application and promotion of morphine sulfate nano-
controlled release microspheres.
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Introduction

A patient’s quality of life (QoL) may be signifi-
cantly compromised by both the physical pain 
and psychological distress induced by tumor 
and its treatment regimen. Pain can be catego-
rized temporally as acute or chronic, and mech-
anistically as physical nociceptive, visceral 
nociceptive, idiopathic, total pain, among oth-
ers [1, 2]. Visceral pain arises from injury to 
internal organs and stimulation of pain recep-
tors within them, manifesting as sensations 
perceived along afferent nerves originating 
from the affected organs. Tumor-induced vis-

ceral pain presents as deep, inaccurately local-
ized discomfort, characterized by dull, pulling, 
or colicky sensations. Most patients perceive 
the painful area to be larger than the visceral 
area of the diseased part, which exacerbates 
their suffering [3]. Opioids remain the oldest, 
most efficacious, safest, and preferred analge-
sic class to date. They exert potent analgesic 
effects with a relatively low incidence of long-
term medication side effects. Particularly for 
patients experiencing moderate to severe pain, 
opioids represent indispensable therapeu- 
tic agents [4, 5]. Among opioids, morphine 
stands as the quintessential representative 
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and remains the most widely used medication 
in clinical settings. Moreover, recent years have 
witnessed the clinical use of novel opioid for-
mulations with high therapeutic efficacy and 
minimal adverse effects [6, 7]. Consequently, 
the development of novel sustained-release 
analgesic formulations is of paramount im- 
portance.

Nano-controlled release microspheres offer 
precise drug release modulation, heightened 
drug targeting, enhanced permeability of hydro-
phobic drug molecules across cell membranes, 
improved drug stability, and altered routes of 
administration. Encapsulation of drugs within 
chitosan microspheres extends their therapeu-
tic efficacy. Naoi et al. [6] utilized palmitoyl 
ascorbate as a cross-linking agent to fabricate 
insulin microspheres, achieving sustained insu-
lin release for up to 80 hours. Koklesova et al. 
[7] investigated the in vivo release of progester-
one and chitosan microspheres, and the plas-
ma concentration of the microspheres was 
maintained at 12 ng/mL within 5 months of 
intramuscular injection of the microspheres 
into rabbits. Immediate-release opioid analge-
sics typically necessitate administration every 
3-4 hours, resulting in rapid fluctuations in 
blood concentration. This dynamic can lead to 
terminal dose failure in some patients, charac-
terized by escalated pain and inappropriate 
medication management [8]. Nano-controlled 
release microspheres offer a solution by regu-
lating the release rate of analgesics, thereby 
sustaining blood concentration within the ther-
apeutic range and minimizing fluctuation [9]. 
While simple morphine sustained-release tab-
lets can provide sustained analgesic effects, 
they present limitations such as unstable drug 
release rate, large fluctuations in blood drug 
concentration, and inconsistent treatment 
effects caused by individual differences among 
patients. Long-term use of morphine can also 
lead to side effects and dependence. However, 

the stability of nanoparticles suggests that 
morphine sulfate nano-controlled release mi- 
crospheres may effectively overcome these 
shortcomings. Nano-controlled release tech-
nology can achieve slow and sustained drug 
release in vivo, maintaining stable blood drug 
concentration, reducing administration fre-
quency, and reducing the peak to valley con-
centration difference of drugs in vivo, thereby 
reducing side effects [10, 11]. In addition, 
nano-level drug carriers can also improve drug 
targeting, reduce the impact on non-target tis-
sues, and improve treatment efficacy. Avantil, a 
morphine sulfate sustained-release capsule 
from Kings Pharmaceuticals of the United 
States, uses a combination of immediate-
release and sustained-release pellets. After 
oral administration, 10% of the sustained-
release pellets quickly release morphine, and 
the rest is slowly released within 24 hours, solv-
ing the problem of rapid and long-term pain 
relief [12]. Therefore, the preparation of mor-
phine sulfate nano-controlled release micro-
spheres is of great significance for improving 
the therapeutic effect of visceral pain caused 
by tumors.

This study applied nano-controlled release 
technology to the preparation of anesthesia 
drug morphine, optimized the preparation pro-
cess of morphine sulfate nano-controlled re- 
lease microspheres, and explored their in vitro 
drug release performance. The therapeutic 
effects of morphine sulfate nano-controlled 
release microspheres on tumor-induced viscer-
al pain were investigated. The results may pro-
vide a reference for the future clinical treat-
ment of alleviating visceral pain caused by 
tumors.

Materials and methods

Preparation of morphine sulfate nano-con-
trolled release microspheres

The components of morphine sulfate nano-con-
trolled release microspheres are shown in 
Table 1. Preparation method was as follows: 
100 mg of chitosan (Sangon Biotechnology 
(Shanghai) Co., Ltd., China) (degree of dea- 
cetylation ≥ 90% and molecular weight was 
50,000) was dissolved with 2% morphine ace-
tate monosulfate injection (Qinghai Pharmace- 
utical Factory Co., Ltd., China) to prepare a chi-
tosan solution with a concentration of 20 mg/

Table 1. Composition of morphine sulfate 
nano-controlled release microspheres
Composition Amount
Chitosan 100 mg
Morphine acetate monosulfate injection 2%
Soybean oil for injection 15 mL
Span80 15 mL
Sodium Tripolyphosphate Span80
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mL. Then, 15 mL of soybean oil for injection 
(Tieling Beiya Medicinal Oil Co., Ltd., China) was 
mixed with 0.75 mL of Span80 for water bath  
at 36°C, which was stirred for 10 minutes. 
Afterwards, the chitosan solution was added 
into the oil to emulsify for 1.5 hours, which was 
stirred at a speed of 700 rpm. Finally, 10 mg/
mL sodium tripolyphosphate (Sangon Biote- 
chnology (Shanghai) Co., Ltd., China) was slow- 
ly dropped into a microinjection pump (Longer 
Constant Flow Pump Co., Ltd., UK) for cross-
linking for 2 hours, and centrifuged at 1,000 
rpm for 1 minute to remove oil. The resulting 
microspheres were washed with acetone 
(Sangon Biotechnology (Shanghai) Co., Ltd., 
China) for 2 times, which was subjected to 
dehydration with absolute ethanol (Sangon 
Biotechnology (Shanghai) Co., Ltd., China), 
ultrasonic dispersion, and vacuum drying [13]. 
After preparation, high-speed scanning elec-
tron microscope HEM6000 (Guoyi Quantum 
Technology (Hefei) Co., Ltd.) was employed for 
observation. The image is shown as Figure 1A.

In vitro drug release performance of morphine 
sulfate nano-controlled release microspheres

First, a standard curve of morphine sulfate was 
established, and the specific operation was as 
follows. 1 mL of morphine sulfate injection (a 
concentration of 10 mg/mL) was taken out, 
which was diluted to 50 mL using 0.2 mol/mL 
phosphate buffer (pH=7.4) to prepare stock 

solution. Next, 5 mL of the stock solution was 
absorbed and diluted to prepare standard  
solutions with concentrations of 10 g/mL, 50 
g/mL, 100 g/mL, 150 g/mL, 200 g/mL, and 
500 g/mL, respectively. Finally, ultraviolet  
(UV)-visible (Vis) spectrophotometer (Shanghai 
Yidian Analytical Instrument Co., Ltd., China) 
was employed to measure the absorbance at 
the wavelength of 250 nm, to construct the 
standard curve regression equation.

Secondly, microspheres were prepared by the 
previous method, and their single-walled car-
bon nanotubes were observed by electron 
microscope (Carl Zeiss Optics (China) Co., Ltd., 
Germany) and photographed (Figure 1B). 
Morphine sulfate was added at 40% of the chi-
tosan mass, and the cross-linking agent was 
cross-linked at the rate of 1.4 mL/h at 1/4, 
1/6, and 1/8 of the chitosan mass for 2 hours, 
respectively. The drug loading, encapsulation 
rate, and drug release property in vitro were 
determined, respectively.

The determination of drug loading and encap-
sulation efficiency were as follows: 25 mg  
of morphine sulfate nano-controlled release 
microspheres were fully swollen in 25 mL of 
phosphate buffer, followed by ultrasonic crush-
ing, mixing, and filtration. Subsequently, the fil-
trate was collected for absorbance determina-
tion. The concentration of morphine sulfate 
was calculated using the regression equation 

Figure 1. Scanning electron microscopy images. A: Morphine sulfate nano-controlled release microspheres; B: Sin-
gle-walled carbon nanotubes.
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of the standard curve. The equations (1) and (2) 
were employed to express the drug loading, 
and encapsulation efficiency of morphine sul-
fate nano-controlled release microspheres, 
respectively.

Drug loading B
A 100%#=                              (1)

Packing rate 100%D
C

#=                              (2)

In the above equations, A stands for the amo- 
unt of drug contained in the microspheres, B 
represents the total amount of the micro-
spheres, C means the amount of drug encapsu-
lated in the microspheres, and D indicates the 
total amount of drug injected.

The in vitro drug release performance of mor-
phine sulfate nano-controlled release micro-
spheres was determined, and the specific oper-
ation was as follows. On a constant tempera-
ture shaker (37°C and 100 r/min), 25 mg of  
the prepared morphine sulfate nano-controlled 
release microspheres were placed in a dialysis 
bag with 25 mL of phosphoric acid. Phosphate 
buffer (0.2 mol/mL and pH=7.4) was used as 
the medium, and 2 mL of it was sampled at the 
1st hour, the 4th hour, the 8th hour, the 24th 
hour, the 48th hour, and the 72nd hour respec-
tively. After adding the medium under the same 
conditions, the absorbance at 250 nm was 
measured and the cumulative release rate was 
calculated according to the standard curve.

Materials

Forty healthy C57BL/6J mice (specific patho-
gen-free, SPF grade) (Saiye Biotechnology Co., 
Ltd., China), aged 6-8 weeks with an average 
weight of (200.52 ± 18.14) g, were purchased 
from Jiangsu Cavens Experimental Animals  
Co., Ltd. (China). They were housed in the ani-
mal facility of our institution under standard 
conditions with a temperature of 24°C and a 
12-hour light-dark cycle. The mice had free 
access to food and water and were acclima-
tized for one week prior to the experiments. The 
research flow chart is detailed in Figure 2.

Establishment of pancreatic cancer-induced 
visceral pain model

mPAKPC-luc cells were obtained from Jiangsu 
Jicui Yaokang Biotechnology Co., Ltd. (China) to 

establish a murine model of pancreatic cancer-
induced visceral pain. The method involved 
resuscitating mPAKPC-luc cells and performing 
serial passaging using 90% Dulbecco’s modi-
fied Eagle’s medium (DMEM) + 10% fetal calf 
serum (FBS) culture medium for maintenance 
(Thermo Fisher Scientific Inc., USA). Log-phase 
growth mPAKPC-luc cells were harvested, 
washed with phosphate-buffered saline (PBS), 
and then suspended in fresh culture medium. 
Cell viability was assessed prior to implanta-
tion. A 100 μL mixture of mPAKPC-luc cells and 
matrix gel (1:1 ratio with PBS) was prepared 
under sterile conditions and injected into mice. 
Tumor growth was monitored for seven days, 
and tumor burden was measured using an in 
vivo imaging system. Mice with comparable 
tumor sizes were selected to minimize variabil-
ity in subsequent behavioral assessment. At 
twelve days post mPAKPC-luc cell injection, vis-
ceral pain was assessed using abdominal 
mechanical allodynia tests and premonition 
scoring. The development of acute visceral 
pain was confirmed by observing behaviors 
such as repeated squatting and licking of the 
abdomen or lower belly, head twisting towards 
the back while licking the tail or hindquarters, 
shoulder shrugging with hind legs standing 
upright and abdomen contracting, hind legs 
stretched backward with abdomen flat on the 
ground, elongation of the body with muscle 
tremors, noticeable abdominal contractions, or 
body twisting. The appearance of these symp-
toms indicated successful establishment of the 
acute visceral pain model.

Experimental grouping

Ten mice received intraperitoneal injection of 
100 μL of mixed culture medium as the control 
group (Control), while the remaining 30 mice 
were designated as the model group (Model). 
Within the Model group, mice were further 
divided into the following subgroups: blank chi-
tosan sustained-release microsphere control 
group (Blank, n=10), nano-morphine chitosan 
sustained-release microsphere group (Nano + 
morphine, n=10), and morphine sulfate group 
(Morphine, n=10). One hour after successful 
model establishment, mice had their dorsal fur 
shaved and skin prepared. Subsequently, each 
group received injections of equal volumes of 
saline, blank chitosan sustained-release micro-
spheres, morphine sulfate (3 mg/kg), or mor-
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phine sulfate chitosan sustained-release 
microspheres (15 mg/kg).

Outcome measures

(1) Behavioral scoring. Following drug adminis-
tration, mouse behavior was observed and 
scored according to the Schmauss scoring cri-
teria: normal posture was scored as 0, back-

ward body twisting as 1, hind legs stretched 
backward with abdomen flat on the ground as 
2, and abdominal muscle contraction as 3. The 
drug inhibition rate was calculated based on 
the frequency of writhing behavior exhibited by 
the mice.

% Control
Control Medicine

IR
ANOBT

ANOBT ANOBT=
-

^ h               (3)

Figure 2. Research flow chart.
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IR: inhibition rate; ANOBT: average number of 
body twists.

(2) Measurement of monoamine neurotrans-
mitters in the brain. One hour after drug treat-
ment, the mice were euthanized using cervical 
dislocation and immediately placed in an ice-
box. The whole brain tissue was removed from 
the mice in the icebox, and the thalamus was 
separated and weighed. The thalamus tissue 
was then homogenized to obtain a uniform 
paste, which was subsequently centrifuged 
(15,000 rpm for 15 minutes) to collect the 
supernatant. High-performance liquid chroma-
tography (HPLC) using a Waters RP18 column 
was employed to analyze the supernatant and 
observe peak values. The mobile phase con-
sisted of a solution containing 2.5 g of so- 
dium octanesulfonate (C8H19NaO4S), 13.6 g of 
potassium dihydrogen phosphate (KH2PO4), 
and 36.2 g of ethylenediaminetetraacetic acid 
(EDTA) in 1,000 mL of water, adjusted to a pH  
of 3.4 using phosphate buffer. The mobile 
phase composition was acetonitrile: methanol: 
water =3:19:78. The analysis was conducted  
at room temperature with the following param-
eters: Range: 200 nA; Ee: +0.7 V; Filt: 0.1 Hz. 
Monoamine neurotransmitters analyzed in- 
cluded norepinephrine (NE), serotonin (5-HT), 
and dopamine (DA).

(3) Abdominal mechanical allodynia test. Prior 
to model establishment, before drug adminis-
tration, and at 10 min, 30 min, 1 h, 2 h, 4 h, 6 
h, 9 h, and 12 h post-drug administration, Von 
Frey filaments were vertically applied to the left 
upper abdomen of mice for approximately 2 s 
to determine the pain threshold (defined by 
mouse writhing or vocalization response).

(4) Premonition scores. Premonitory behaviors 
were assessed to evaluate visceral pain in 
mice. The scoring method included: mice dis-
playing exploratory behavior and normal coat 
gloss scored 0; mice with a rounded back and 
exploratory behavior scored 1; mice with a 
rounded back, reduced exploratory behavior, 
disheveled fur, and intermittent abdominal  
contractions scored 2; mice with a severely 
rounded back, significantly reduced exploratory 
behavior, and intermittent abdominal contrac-
tions scored 3; mice with a severely rounded 
back, minimal exploratory behavior, and hud-
dled head scored 4. Mice were individually 
placed on a platform and observed for 5 min-

utes, and the average score was recorded as 
the premonition score.

(5) Adverse reactions. Following drug adminis-
tration, observations were made for changes in 
mouse respiration, corneal reflex, and stiff-
ness, to determine the incidence of adverse 
reactions.

Statistical analysis

SPSS23.0 was used for data analyses. 
Measured data were denoted as mean ± stan-
dard deviation (

_
x  ± s), which was tested by t 

test, repeated measures analysis of variance 
(ANOVA), or one way ANOVA followed by Turkey 
test, as appropriate. Counted data were tested 
by χ2 test for comparison of intergroup rate (%). 
P < 0.05 indicated a significant difference.

Results

Effect of different crosslinker dosages on drug 
loading capacity and encapsulation efficiency 
of morphine sulfate nano-controlled release 
microspheres

Figure 3A shows linear regression of the absor-
bance with morphine hydrochloride concentra-
tion. The regression equation is y=0.006x + 
0.0137, and the coefficient of determination 
R2=0.9998, indicating that the correlation 
between absorbance and concentration was 
good within this range.

Figure 3B indicates the effect of different 
crosslinking agent dosages on the drug loading 
and encapsulation efficiency of morphine sul-
fate nano-controlled release microspheres. 
When the crosslinking agent dosage was 4:1, 
6:1, and 8:1, the drug loading was 10.2%, 
12.5%, and 15.1% in turn and encapsulation 
rates were 43.2%, 48.2%, and 57.0%, respec-
tively. Variance analysis of multiple samples 
reveals that the impacts of different crosslink-
ing agent dosages on drug loading and encap-
sulation rate were substantial (P < 0.05).

Drug release profiles of morphine sulfate 
nano-controlled release microspheres at dif-
ferent crosslinker dosages

Figure 4 displays the drug release curve of  
morphine sulfate nano-controlled release 
microspheres under different crosslinking 
agent dosages. The cumulative release rates 
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were 64.6%, 69.9%, and 74.6%, respectively 
when the cross-linking agent dosage was 4:1, 
6:1, and 8:1 within 4 hours of drug release. 
After 72 hours, the drug release was relatively 
complete, reaching 94.6%, 98.6%, and 99.8%, 
respectively. In addition, the cumulative drug 
release rate of the cross-linking agent dosage 
of 8:1 was always higher than the rate of cross-
linking agent dosage of 6:1 and 4:1 in the whole 
process, suggesting that the release rate of 
cross-linking agent of 8:1 was the highest.

Comparison of behavioral responses between 
Control and Model groups of mice

Behavioral changes were seen in mice from the 
Control and Model groups following injection of 
mPAKPC-luc cells. The findings are illustrated in 
Figure 5. Mice in the Model group demonstrat-
ed a significant increase in body twisting behav-
iors 12 days post-intraperitoneal modeling, in 
comparison to the Control group (P < 0.05). 
Mice in the normal group occasionally exhibited 
movement.

Inhibitory effect of morphine sulfate nano-
controlled release particles on visceral pain 
response in mice with pancreatic cancer

As shown in Figure 6, compared to the Blank 
group, mice in the Nano + morphine and 
Morphine groups exhibited a significant reduc-
tion in the number of pain-induced body twists 
following treatment (P < 0.05). Morphine sul-
fate nano-controlled release particles demon-

Figure 3. In vitro drug release performance of morphine sulfate nano-controlled release microspheres. A: Standard 
curve of morphine sulfate; B: The effect of different crosslinking agent dosages on drug loading and encapsulation 
efficiency of morphine sulfate nano-controlled release microspheres.

Figure 4. Drug release curves of morphine sulfate 
nano-controlled release microspheres with different 
cross-linking agent dosages.

Figure 5. Comparison of behavioral responses be-
tween Control and Model groups of mice. Note: 
*compared to the Control group, P < 0.05.
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strated a pronounced inhibitory effect on vis-
ceral pain response in mice with pancreatic 
cancer, and the pain inhibition rate in the Nano 
+ morphine group was slightly higher compared 
to the Morphine group.

Effect of morphine sulfate nano-controlled 
release particles on brain neurotransmitters in 
mice with pancreatic cancer-induced visceral 
pain model

Compared to the Blank group, morphine sulfate 
nano-controlled release particles significantly 
decreased the levels of NE while significantly 
increasing the 5-HT levels in the brains of mice 
in the pancreatic cancer-induced visceral pain 
model (all P < 0.05). There were no significant 
changes in DA levels in the brains of mice from 
the Control, Blank, Nano + morphine, and 
Morphine groups (P > 0.05). Figure 7 shows the 
detailed results.

Changes in pain thresholds of mice before and 
after administration

As shown in Figure 8, mice in the Blank group 
exhibited significantly lower pain thresholds 
compared to mice in the Control group (P < 
0.05). Furthermore, compared to the Blank 
group, mice in the Nano + morphine and 
Morphine groups demonstrated a significant 
increase in pain thresholds following treatment 
(all P < 0.05). Moreover, mice in the Nano + 
morphine group exhibited longer-lasting pain 
relief compared to the Morphine group.

Effect of morphine sulfate nano-controlled 
release particles on premonition score of mice 
with pancreatic cancer-induced visceral pain

As shown in Figure 9, compared to the Blank 
group, mice in the Nano + morphine and 
Morphine groups exhibited a significant reduc-
tion in premonition scores following treatment 
(all P < 0.05). 

Physiologic toxicity responses of mice after 
administration

As depicted in Figure 10, mice in the Control, 
Blank, and Nano + morphine groups did not 
exhibit significant adverse reactions. However, 
in the Morphine group, there was a 24% inci-
dence of respiratory depression, an 18% inci-
dence of corneal reflex disappearance, and a 
36% incidence of rigidity.

Discussion

The visceral pain caused by tumors has a large 
dispersion range and is often accompanied by 
autonomic nervous reactions such as traction 
pain, sweating, skin vasoconstriction, and in- 
testinal peristalsis enhancement. This pain is 
severe and persistent [14]. It is estimated by 
the World Health Organization (WHO) that four 
million patients suffer from the pain, and most 
patients do not get effective control, particu-
larly in developing countries. Moreover, pain 
relief is considered a fundamental human right. 
In the context of cancer patients, unmitigated 
pain is deemed unacceptable, given that effec-
tive pain management is achievable. Therefore, 
medical professionals bear the responsibility of 
alleviating pain for patients [15-17].

In clinical settings, medical practitioners 
employ both painful treatment interventions 
and analgesics to enhance the quality of life 
and overall health of patients. In the current 
study, morphine sulfate nano-controlled re- 
lease microspheres were formulated and opti-
mized to explore their in vitro drug release char-
acteristics. The results showed that when the 
crosslinking agent dosage was 8:1, the drug 
loading and encapsulation rate were 15.1% 
and 57.0%, respectively, which were higher 
than that when the crosslinking agent dosage 
was 6:1 and 4:1. Within 4 hours of drug relea- 
se, the cumulative release rate was 74.6%. 
After 72 hours, the drug release rate was 

Figure 6. Inhibitory effect of morphine sulfate nano-
controlled release particles on visceral pain response 
in mice with pancreatic cancer. Note: *compared to 
the Blank group, P < 0.05.
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99.8%. This indicates that the preparation 
method in this study can improve the in vitro 
drug release performance of morphine sulfate 
nano-controlled release microspheres. It has a 
good release rate and pharmacokinetic chara- 
cteristics.

This study employed a KPC cell-induced pan-
creatic cancer model to investigate the in vivo 
efficacy and safety of morphine sulfate nano-
controlled release particles. Wang et al. found 
that implanting KPC cells into healthy mice can 
establish a tumor-associated visceral pain 
model [18]. In our study, after twelve days of 
modeling, mice exhibited reduced exploratory 
behavior, disheveled fur, and noticeable ab- 
dominal contractions, which aligns with their 
findings. Moreover, the decreased abdominal 
pain threshold and increased premonition 
scores indicate the successful establishment 
of a cancer-induced visceral pain model in this 
study. Pain perception is associated with stimu-
li received by the hypothalamus, where mono-
amine neurotransmitters such as 5-HT and NE 
are involved in regulating pain sensation. 
Specifically, 5-HT acts through 5-HT2 recep-
tors, and NE acts thorugh adrenergic receptors 
to impede the transmission of nociceptive 
impulses, thereby reducing pain sensitivity. In a 
study of Nemoto et al., agonists and antago-

Figure 7. Effects of morphine sulfate nano-con-
trolled release particles on neurotransmitters 
in the brains of mice in a pancreatic cancer-in-
duced visceral pain model. A. NE; B. DA; C. 5-HT. 
Note: *compared to the Blank group, P < 0.05.

Figure 8. Changes in pain threshold before and after 
administration in each group of mice. Note: *com-
pared to the Blank group, P < 0.05; #compared to 
the Control group, P < 0.05.
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nists targeting NE and 5-HT receptors, key neu-
rochemical participants in pain perception, 
were administered, revealing their ability to 
eliminate conditioned pain modulation associ-
ated with pain hypersensitivity [19]. In our 
study, morphine sulfate nano-controlled re- 
lease particles reduced levels of NE in the 
hypothalamus and promoted synthesis and 
secretion of 5-HT, effectively reducing central 
nervous system sensitivity to pain. This is con-
sistent with the observed inhibition of pain 
behavioral responses in mice. Visceral pain in 
mice often elicits body twisting and localized 
contractions at the pain site. In this study, mor-
phine sulfate nano-controlled release particles 
exhibited a significant inhibitory effect on vis-
ceral pain response in mice with pancreatic 
cancer. Research has shown that ART nano-
capsules have more effective and longer-last-
ing analgesic effects compared to free ART or 
morphine, providing effective pain relief for 
postoperative pain [20]. Animal studies have 
also demonstrated that molecularly imprinted 
chitosan-based nanogels can prolong the time 
course of morphine-induced analgesia [21], 
similar to the analgesic outcomes observed 
with morphine sulfate nano-controlled release 
particles in this study. Safety testing of this 
nano-drug in animals in our study revealed that 
mice receiving morphine sulfate nano-con-
trolled release particles exhibited favorable 
outcomes with no apparent adverse reactions. 
In the study by Milanesi et al., the use of thioc-

tic acid-chitosan nanoparticles demonstrated 
good safety profiles [22]. Numerous studies 
have highlighted the excellent drug-loading 
capabilities of chitosan nano-carriers, showing 
promising results as carriers for oral drugs, 
cancer drug delivery systems, and more [23, 
24]. Chitosan nano-carriers have been clinically 
used in oral applications without compromising 
drug efficacy and can extend drug duration 
[25], indicating broad prospects for chitosan 
nano-carriers in various applications. The use 
of morphine sulfate-chitosan nano-controlled 
release particles in this study holds promise as 
a new therapeutic agent for visceral pain in 
future clinical analgesic treatments.

Although this study showed that morphine sul-
fate nano-controlled release microspheres had 
good analgesic effects in the short term, there 
was a lack of data on long-term efficacy and 
safety, necessitating further research. Addi- 
tionally, this study only investigated the analge-
sic effect of morphine sulfate nano-controlled 
release microspheres in mice. Future studies 
should involve larger animals to observe the 
safety and efficacy of high-dose morphine sul-
fate nano-controlled release microspheres. 
The tumor pain model established in this study 
focused solely on the pancreatic cancer pain 
model, which had certain limitations in the 
observation effect. Despite these limitations, 
the results of this study provided strong evi-
dence for the ability of morphine sulfate nano-
controlled release microspheres in the treat-
ment of visceral pain caused by tumors. With 
the advancement of technology and more in-

Figure 10. Physiologic toxicity reactions in various 
groups of mice post-treatment. Note: *compared to 
the Morphine group, P < 0.05.Figure 9. Effect of morphine sulfate nano-controlled 

release particles on premonitory pain scores in mice 
with pancreatic cancer-induced visceral pain. Note: 
*compared to the Blank group, P < 0.05.
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depth research, this new type of drug delivery 
system may become a new choice for treating 
visceral pain in clinical practice. In addition,  
chitosan nanocarriers have broad application 
prospects in the field of drug delivery, and this 
deserves further research.

Conclusion

In this study, the morphine sulfate nano-con-
trolled release microspheres were first pre-
pared and optimized, and their release proper-
ties in vitro were investigated. Subsequently, a 
mouse model of pancreatic cancer tumor pain 
was established. It was found that morphine 
sulfate nano-controlled release microspheres 
exhibited the best drug release performance in 
vitro when the dosage of cross-linking agent 
was 8:1.

In the treatment of tumor-induced visceral  
pain, morphine sulfate nano-controlled release 
microspheres can significantly alleviate viscer-
al pain, inhibit pain behaviors in mice, and 
exhibit rapid and significant efficacy by increas-
ing the pain threshold, promoting hypothalamic 
secretion of 5-HT, reducing NE levels, decreas-
ing premonition scores, and prolonging pain 
relief duration. Importantly, morphine sulfate 
nano-controlled release microspheres do not 
lead to increased adverse reactions, demon-
strating their excellent safety profile. This study 
may provide insight for future clinical analgesic 
treatments for visceral pain.
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