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Protein Gene Expression in Skeletal Muscle of Wistar Rats

Efecto de la Natacion a Baja Temperatura sobre la Expresién del Gen de
la Proteina de Desacoplamiento en el Mduasculo Esquelético de Ratas Wistar

Jinhui Li; Jiaxing Han & Shaoming Yan

LI, J.; HAN, J. & YAN, S. Effect of swimming at low temperature on uncoupling protein gene expression in skeletal muscle of Wistar
rats.Int. J. Morphol., 42(3638-646, 2024.

SUMMARY: As the economy develops and living standards improve, overweight and obesity are increasingly prevalent. Currently,
weight-loss medications are primarily administered orally or intravenously, which can result in poor targeting, low bidgyvailabi
frequent administration, and high toxicity and side effects. The study aimed to address these challenges by preparioggdiylacti
polyethylene glycol staple fibers that carry the browning drug pioglitazone hydrochloride using electrostatic spinningeacdtfireg
techniques. Animal experiments were conducted to test the effectiveness of these fibers. Additionally, the study inhiestigatestion
of uncoupling protein genes in rats exposed to different water temperatures by measuring changes in serum urea nitrog&n and mRN
expression levels of skeletal muscle uncoupling protein genes. The physiological and genetic effects of low-temperatuigg swimmin
exercise on changes in energy metabolism in rats were also analyzed at both the individual and molecular levels. Tveateduhsatre
serum urea nitrogen remained more stable in hypothermic swimming rats compared to rats in the swimming group. Furthermore, the
study observed an induced up-regulation of uncoupling proteins in the skeletal muscle of Wistar rats in response torgdeahakte
stimulation, and the expression of mMRNA for skeletal muscle uncoupling proteins significantly increased as the tempezatg®. decr
And the prepared short nanofibers also had a significant promotive effect on uncoupling protein gene, COX7A1, while stippressing
expression of lipogenic gene.

KEY WORDS: Rats; Low Temperature Swimming; UCP Gene Expression; Pioglitazone Hydrochloride; Obesity
Treatment.

INTRODUCTION

In recent years, winter swimming has become a péacilitate the function of other mitochondrial proteins
pular mass sports program. It is a fitness method that coimvolved in the electron transport chain. One highly studied
bines cold water bathing, air bathing, and sunbathingpproach in drug delivery is the use of nanoparticles as
offering a comprehensive approach to disease preventieaJriers, particularly for targeted delivery to skeletal muscle
fitness, and anti-aging (Jastjal, 2021). Winter swimming tissue (Lingvaet al, 2022). Manganese oxide nanoparticles
exercises have shown positive effects in combating obes{iyynNP) have been widely used in biomedical applications
by increasing energy expenditure. The exposure to cdiécause of their good biocompatibility and high stability and
environmental stimuli promotes thermogenesis bgnodulability (Katoet al, 2021). There is a considerable
converting white fat into brown fat, subsequently leading toorrelation between type 2 diabetes incidence and obesity.
increased energy expenditure. This process involves the treat obesity, the study elaborated the effect of low
upregulation of uncoupling protein (UCP) expression arig¢mperature swimming (LTS) on the energy metabolism of
an elevated mitochondrial metabolic rate, enabling tHbe organism by comparing the difference in energy
conversion of part of the energy that is usually utilized fonetabolism before and after swimming in Wistar rats under
ATP production into calories (Graocet al., 2022). low temperature conditions in terms of changes in Serum
Pioglitazone hydrochloride (PGH) has been found to enhangeea nitrogen (BUN) and UCP gene expression. Additionally,
UCP transcription in human subcutaneous adipocytes aifig study investigated how short fiber-carrying MnNP
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synergistic with PGH (SF@PGH-Mn) affected UCP genElectrospun fibers prepared by electrospinning technology
expression in skeletal muscle. The aim was to determine #nehibit excellent mechanical properties, good moisture
optimal mode of administration and the most effectivabsorption and air permeability, large porosity, and surface
method of drug loading, thus presenting a novel approaahea, as well as good biocompatibility and adjustability. As
for studying UCP gene expression in skeletal muscle. a result, they have been widely used in various fields
including textiles, medicine, and food industry (Deaal.,
MATERIAL AND METHOD 2021). Polylactic acid-polyethylene glycol copolymer
(PELA) is a highly biocompatible material that is non-toxic,
Experimental materials. PELA (Jinan Daigang biodegradable, and does not accumulate in vital organs upon
Biotechnology Co., Ltd., Mw=71.4 kDa); PGH (Tianjindegradation (Patet al, 2020). In the study, PGH was loaded
Takeda Pharmaceutical Co., Ltd., purity > 98 %); dopamiranto PELA oriented fiber membrane by electrostatic spinning
hydrochloride (Shanghai Hance Chemical Co., Ltd., puritmethod, SF@PGH was prepared by freeze-shearing method,
98 %); phosphate buffer powder (PBS, Shanghai Kanglaagd then MnNP was surface-modified by using
Bio-technology Co., Ltd.); and the commonly used reagentslydopamine to obtain SF@PGH-Mn. And Figure 1 depicts
such as potassium permanganate, oleic acid, ethantble preparation procedure.
methylene chloride, N,N- dimethylformamide,
trihydroxymethylaminomethane, hydrochloric acid, The preparation of monodisperse manganese
hydrogen peroxide and potassium pyrophosphate, waranoparticles started with precisely weighing 1.0 g of
purchased from Kermitel Chemicals Co. N,N-potassium permanganate (6.3 mmol)in 500 mL of ultrapure
dimethylformamide, trimethylolamine methane water, followed by vigorous agitation for thirty minutes.
hydrochloric acid, hydrogen peroxide, potassiunSubsequently, 10 milliliters of oleic acid were added to the
pyrophosphate, etc. were analytically pure and purchasezhction mixture, which was then continuously stirred for
from Kermitel Chemicals Co. The various instruments usdive hours at 28C. The resulting brown precipitate was
in the experiments and their manufacturers’ models akeaned with ultrapure water and ethanol successively, and
shown in Table I. then dried at 80C for ten h. The monodisperse manganese
nanoparticles were produced by forging in air at ZD@or
Preparation of SF@PGH-Mn. Due to its wide range of 5 h and were subsequently dried in ethanol for the second
spinnable materials, simple manufacturing apparatus, Idime.
spinning costs, and regulated process, electrostatic spinning
has emerged as one of the primary methods for efficiently Accurately weighed 1.0 g of PELA, added a solvent
preparing nanofiber materials (Shaka al., 2021). mixture of dichloromethane/N,N-dimethylformamide (mass

Table I. Instrument model and manufacturer.

Name Manufacturer and model

Clean grade Wistar male rat Animakderiment Centerjilin University

High fat feed Animal Experiment Centelilin University

Ordinary feed Animal Eperiment Centerjilin University

X-ray diffractometer Pamm, Netherlands, PertPRO

Fourier transform infrared spectrometer Nicolet Instruments, USA, Nicolet 5700

With a dynamic light scatterer Malvern LT D, Nazs90

Scanning elecon microgopy FEIl of the Netherlands,@NTA 2000

Ultraviolet spectrophotometer Shiniau Gorporation of Japan, U\2550
Electrophoresis apparatus Beijing Liuyi Biologidachnology Co. LTDDycp-31Dn

cryo-cuttingm PDA coating MnNP fixing

>
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Fig. 1. Preparation flow chart of SF@PGH-Mn.
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ratio 5:2), and added PGH at a ratio of 5 % of the polymer 10 mL of Tris-HCI buffer, 5.0 mg MnNP was added,
loading amount to make a solution with a concentration dispersed by ultrasonication, and stirred for 2 h. Manganese
20 % PELA loading. The above mixed solution was injectemanoparticles that were not solidly loaded on the staple fibers
into a 5 mL plastic injector, and then the injector was fixediere separated by low-speed centrifugation to obtain
in the slot of the microinjector pump for electrostatiSF@PGH-Mn, which was cleaned in ultrapure water, dried
spinning, with the propulsion rate set at 0.8 mL/h and thend set aside for use. The SF@Mn preparation process was
voltage set at 16 kV. The positive output of a high-voltagihe same as above.
DC power supply was connected to a metal needle attached
to the front end of a syringe. On the receiving end, d@haracterization of MNNP. The following experimental
aluminum foil was fixed to a grounded drum, with a lineasetup was used in the study to use an X-ray diffractometer
velocity of approximately 15 m/s and a distance of about 1¥RD) to determine the crystal structure of MNNP: the X-ray
cm between the needle and the foil, to obtain an orientedurce was CuK@ (incident wavelengt0.15406 nm); 40
fiber film. The resulting fiber film was vacuum dried tokV operating voltage; current 20 mA, step width 0,Gihd a
remove residual organic solvents, and then placed seanning range of 2q of 1070 small amount of MNNP
ultrapure water and wound parallel to the fibers. Aftewas milled into fine particles and then mixed evenly with dried
freezing at -20C overnight, the film was cut into SF@PGHpotassium bromide powder. In order to create potassium
fibers approximately 20 micrometers in length using a crydsromide pressed tablets, the samples were put into a mold for
slicing technique. a potassium bromide press. The molds were then placed in an
infrared press, and Fourier transform infrared spectroscopy
To prepare polydopamine-modified SF@PGH-Mn(FTIR) was used to examine the functional group structures.
20.0 mg of SF@PGH was accurately weighed and addedMioNP was added into ultrapure water, and the particle size
10 mL of Tris-HCI buffer (50 mM, pH=8.0). Dopamine wasdistribution of MnNP was determined by dynamic light
then added to the mixture and stirred under light-avoidanseattering apparatus at Z5. MNNP was dispersed in ultrapure
conditions. Polydopamine-modified SF@PGH was preparedhter, dropped on a slide, dried, sprayed with gold, and its
by centrifugation, washed in ultrapure water, resuspendatbrphology was analyzday SEM (Fig. 2).
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Fig. 2. Characterization of MnNP. (A) Particle size distribution of MnNP. (B) FTIR spectrum of MnNP. (C)
XRD pattern of MnNP. (D) SEM diagram of MnNP.
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Characterization of SF@PGH-Mn. SF@PGH-Mn was activity, the rats were sampled in the eighth week of the
placed in ultrapure water, dropped on a slide, dried amctperiment. Eight rats from each of the two groups Aand B,
sprayed with gold solution, and its morphology was observét] and D were sampled one day apart, while the remaining
under scanning electron microscope. Additionally, theight rats from group C and group D were sampled
diameter and length of the samples were ascertained freeguentially. And then the changes in BUN were measured,
the obtained SEM pictures using Photoshop 10.0 editiamd the relative UCP gene expression was assessed by
software. The average diameter, average length, and emorlyzing the RNA from the quadriceps muscle of the rats
of the samples were then computed. through electrophoresis and RT-PCR reactions (Lingtay
al., 2022).
To accurately determine the weight of 5 mg of
SF@PGH-Mn, it was placed in a 5 mL centrifuge tube. The&nti-obesity experiments with SF@PGH-Mn.Fifteen
MnNP on the staple fiber was dissolved using a mixture ofean-grade Wistar male rats weighing 230-280 g were
dilute hydrochloric acid and hydrogen peroxide. Aftehoused in PLA-2 automatic air-feeding cages at a
centrifugation, the supernatant was removed. The resultitemperature of 24 3°C and a relative humidity of 40 %-60
solution was then diluted with ultra-high-purity water%. After a three-day adaptation period, the rats were divided
Subsequently, 0.6 M and 1 M potassium pyrophosphat&to two groups: the fat group and the control group. Both
sodium acetate buffers were added. An excess of potassigmups were monitored for body weight and feeding
periodate solution (dissolved in a 1+9 nitric acid solutiononditions. The obese group received high-fat foods once
with a concentration of 20 g/L) was added to oxidize thevery two days, whereas the control group was provided
divalent manganese ions in the solution to purplegular diets. After 12 weeks of feeding, rats that were more
permanganate. The content of permanganate was measthath 20 % heavier than the regular control group were
using UV spectroscopy at an observed wavelength of 52Blected from the obese group for the subsequent anti-obesity
nm. To obtain the standard curve for MnNP, the appropriatest.
amount of MNNP was weighed and dissolved in a mixture
of dilute hydrochloric acid and hydrogen peroxide. DifferenData processingTables, line graphs, and data calculations
concentrations of potassium periodate were added feere all done in Excel; data analysis was done with the SPSS
oxidation, and the absorption value at 525 nm was measurptbgram. Group comparisons were performed with a one-
This standard curve was then used as the basis for calculatvay ANOVA. The mean plus standard deviation (Mean
the actual loading of MnNP. SD) was used to express all the values. A difference that
was significant (P < 0.05) or highly significant (P < 0.01)
Low temperature swimming method. Thirty-two clean- was indicated. Amplified fragment size was analyzed by
grade Wistar male rats weighing 230-280 g were housedAtpha UV gel imaging system, and optical density analysis
PLA-2 automatic air-feeding cages at a temperature af 24€f RT-PCR results was performed by Lab words analysis
3°C and a relative humidity of 40 %-60 %, with free accessoftware.
to food and water, and with lighting that varied according to
the natural light in the room. The rats were divided into folRESULTS
groups based on their body weight. The blank control group
(Group A) consisted of eight rats, the 5-min swimmingharacterization of MNNP and SF@PGH-Mn. The
exercise group at room temperature (Group B) also had eigitNP characterisation results are displayed in Figure 3. The
rats, the 20-min swimming exercise group at roordistribution of MNNP patrticle sizes is depicted in Figure 3
temperature (Group C) had sixteen rats, and the LTS gro(#). The distribution of particle sizes falls within the range
(Group D) had eight rats. The LTS-exercised rats in Groug 90 to 400 nm, with an average size of 163.25 nm and a
D were placed in a homemade swimming tank, with up @ispersion of 0.139. These findings suggest that MnNP
eight rats swimming together at a time. The watdromogeneity is satisfactory. Figure 3 (B) shows the FTIR
temperature of the indoor tank was°20in the natural state, pattern of MnNP, 525 cthand 625 cm are the stretching
and it was lowered by ZC per day by using the method ofvibrations produced by the two bonds of Mn-O and Mn-O-
adding ice in the tank, and the water temperature was loweidd, which belong to MiO,, respectively. There are broader
continuously for one week to°€, and then swimming was absorption peaks at 1600-¢isnd 3200-3600 cfand these
continued in the water temperature af & °C for 7 weeks two broader peaks are the bending vibration and stretching
for 5 min each time. The body weight and basal metabohgbration of water molecule and hydrogen-hydrogen bond,
rate of the four groups of rats were measured before ambpectively. Its peaks at 1300-1500'and 2800-3000 cm-
after the swimming exercise every day, and the experimeheorrespond to the carbon-hydrogen bond bending vibration
tal records were made. After participating in a swimmingnd stretching vibration, and both peaks belong to oleic acid,
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indicating that oleic acid is not removed. Figure 3 (CX 0.21 %, respectively. Figure 3(D) demonstrates that the
displays the X-ray diffraction spectrum of MnNP, confirmingoading of PGH gradually decreases as the concentration of
its composition as tetragonal black manganese ore (JCP8&amine increases, independent of the dopamine content.
24-0734). In Figure 3 (D), the scanning electron micrograph
of MnNP particles reveals their uniform size, meeting th€Ehanges in serum urea nitrogen content after completion
requirements of the subsequent experiments. of exercise training in low temperature swimmingTable
Il displays the BUN content results following the LTS

Figure 3 shows the characterization results a#xercise. The findings revealed that BUN content increased
SF@PGH-Mn. Figure 3 (A) and (B) depicts the SEM imageén all groups after training, with a significant difference
of SF@PGH and SF@PGH-Mn. In the figure, SF@PGHbserved in group A compared to the other groups. Figure 4
has a smooth surface, while SF@PGH-Mn has a largkistrates the comparison of BUN content in groups C and
nanoparticles on the surface, which indicates that the surfdgefter recovery. Group C exhibited a significantly higher
modification of SF@PGH-Mn by using polydopamine caBUN content than group A, while group D showed a BUN
realize the effective solidification of the material. Softwareontent closer to group C than group A, with no significant
calculations yielded an average patrticle size of $.6113 difference.
pm and an average length of 19833.25um for SF@PGH
and yielded an average particle size of £@W21um and
an average length of 19.411.95um for SF@PGH-Mn. Group  Sample

Table Il. The change of serum BUN.

Post-training Restore 24-hour
content (mmol/L) content (mmol/L)

The effects of treatment duration and dopamine p 8 826 £ 0.61 /
concentration on PGH and MnNP loading on SF@PGH-Mn B 8 10.54 £ 0.78** /
are presented in Figures 3 (C) and (D). In Figure 3 (C), theC 8 1248 +0.67**  9.67 = 1.0bo
loading of dopamine remains relatively constant after D 8 11.86 +0.55** 8.63 £ 0.65

reaching 2 mg/mL within 24 h. Therefore, 2 mg/mL of Note. ** means P<0.01_(very significaptdifference compared with
dopamine was chosen. The loadings of MNNP and PGH ondroup A) compared with A groumo indicates P < 0.01(very
the SF@PGH-Mn surface were 81463 96ug/mg and 3.13 significant difference compared with group A) compared with A

group.
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Fig. 3. Characterization of MnNP. (A) SEM image of SF@PGH. (B) SEM image of SF@PGH-Mn. (C) Variation
of MNnNP and RSG loading with dopamine incubation time at SF@PGH-Mn. (D) Variation of MnNP and RSG
loading with dopamine concentration at SF@PGH-Mn.
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|: Recover immediately
after training

It will resume in 24
i I I:] hours
12 1
3 I
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5 8
; 6
g 700 bp
g4 600 bp uep
) 500 bp B-actin
0
20-minute winter ~ Winter swimming 400 bp
swim group group
Fig. 4. Compared of serum BUN after 24 h. Fig. 6. Results of RT-PCR reelectrophoresis of quadriceps muscles

of rats after swimming training at low temperature. 1: quiet con-
trol group; 2: 5 min swimming control group; 3: 20 min swim group;
Electrophoresis results.The results of electrophoresis of4: 20 min swim recovery group; 5: Low temperature swimming
RNA from rat quadriceps deep muscle after completion Hialnlng group; 6: Low temperature swimming training recovery
swimming training are shown in Figure 5. The result¥ *P
showed three bands of intact 28S, 18S, and 5S RNA,
indicating that the RNA samples were intact and ndResults of gel density analysis of each band of RT-PCR
degraded. The results of RT-PCR reaction electrophoresigctrophoresisThe results of RT-PCR electrophoresis of
of UCP gene in deep muscle of rat quadriceps afteach band of UCP gene in the deep muscle of rat quadriceps
completion of swimming training are shown in Figure 6after the completion of experimental swimming training
This result showed that the results of relative expressionsifowed that the UCP gene could be expressed in the skeletal
UCP/b-actin in rat quadriceps after completion of LT$1uscle of rat quadriceps. Additionally, there was a
training were clearly visible on the graph, and that the UCHgnificant increase in UCP mRNA expression in group C
gene was expressed in the muscle tissues of rat quadricapd group D compared to group A and group B. Between
after completion of LTS training, and the bands werthe 20-min swimming group C and the LTSD group, there
relatively clear and complete, and the fragment size of UGHas a significantly significant difference in the expression
was analyzed to be about 642 bp. of UCP mRNA level throughout the post-training period.
Table Il shows the highly significant difference in
immediate expression.

Table Ill. The ratio between intensities of bands

corresponding to ucp and internal reference of rat skeletal

muscle.

Group After exercise 24 after

exercise

A Rest control 030+0.04 /

B 5 minite exercise 0.54 £ 005 /

C 20 minite exercise 0.66 + 0.16** 052+0.12

D Ice exercise 0.73 + 050 +023
0.08**00

Note. ** means P < 0.01 (compared with group A and B, the
difference is very significant)po indicates P < 0.01 (very
significant difference compared with group C).

Fig. 5. Results of RNA electrophoresis of quadriceps femoris after . Accordl_ng to the .reSUItS of RT_PCR electrophoresis
swimming training at low temperature. 1: quiet control group; 2: 8rip Qe' density an_alyS'S of UCP gene in deep muscle of
min swimming control group; 3: 20 min swim group; 4: 20 mirfluadriceps of rats in groups C and D, the data before and
swim recovery group; 5: Low temperature swimming trainingifter 24 h of swimming recovery were analyzed by Origin
group; 6: Low temperature swimming training recovery group. for histogram comparison. The results are displayed in Fi-
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gure 7. When comparing the UCP mRNA level in the LT&fter short fiber and free drug treatment. As can be seen from
group to the 20 min swimming group, there was a notewortfsigure 8, SF@PGH and SF@PGH-Mn had significant
upward trend observed, and the difference was statisticafiyomotion effects on UCP and COX7A1l (P < 0.05), and the
significant. Following a 24 h recuperation period, there waffect of SF@PGH-Mn was more obvious (P < 0.05), which
no discernible variation in the amounts of UCP mRNAnay be related to the significant inhibitory effect of MNNP
expression between the two groups. on the generation of reactive oxygen species (ROS).
) ) SF@PGH, SF@Mn and SF@PGH-Mn significantly
[ Recoverimmediately i pibited PPARg due to the retention effect of short fibers

0.8 { ] éﬁer tramm’g (P < 0.05), and SF@PGH-Mn had the strongest inhibitory
207 P reume in 24 effect on promoting the expression of browning genes and
2 06 { } o inhibition of adipocytes due to the combined effect of PGH
£ 05 and MnNP P < 0.05).

g 04 DISCUSSION

o 03

E“ 0.2 BUN is a significant product of protein metabolism,

S o1 serving as an indicator of the body's utilization of protein

- 5 for energy supply. It indirectly reflects the body's exercise
20-minute winter ~ Winter swimming capacity. The primary byproduct of protein metabolism in

swim group group the body is urea nitrogen (Ka#& al, 2021). Amino acid
Fig. 7. The relative value of winter/20h in UCPmMRNA. deamidation produces NH3, and ¢®oth of which

synthesize urea in the liver, and each gram of protein

metabolism produces 0.3 g of urea. The experimental results
Effect of SF@PGH-Mn on UCP gene expression in 0f BUN content after LTS exercise showed that the BUN
skeletal muscle.The browning of white fat is primarily contentincreased in all groups compared with group A. The
regulated by the protein UCP, which serves as an indiredftove results indicate that in the process of swimming
indicator of browning state (Ceddiaal, 2021). COX7A1 exercise protein participated in the supply of energy, the
is a mitochondrial signature protein that correlates with tH¥otein in the body of rats after exercise to have a certain
number and function of mitochondria, potentially influencinglegree of consumption, protein decomposition into BUN,
browning. PPARs a classical gene regulating fat synthesi$o the BUN content in the blood of rats in group D group C
and its down-regulation of expression leads to the decre#sil group B of the exercise is elevated. Following a 24 h
of fat-producing function of adipocytes. The study usetecuperation period, group C's BUN content rose in
fluorescence quantitative PCR analysis to detect the RN@@Mmparison to group A, with a highly significant difference;
expression of different concentrations of short fiber and fré@ contrast, group D's BUN content was closer to both group
drug pairs to reflect the degree of browning and lipi and group A, with a non-significant difference. These
production capacity. Figure 8 shows the quantitative resufigdings suggest that group C's rats were physically active.

of UCP, COX7A1, and PPARyene expression in each grouplhe BUN recovery of rats in group C was slower and did
not return to the normal value after 24 h, while the BUN

levels of rats in group D returned to the normal value with a
moderate amount of exercise.

10 —*  =3PBS = SF@Mn &5
= ‘I‘ i_l_ =IPGH-Mn =3SF@PGH-Mn 7 Cold increases the content and activity of UCP on
2 3| = SF@PGH looZ  brown fat mitochondria, and the amount and activity of UCP
= 5 determines the heat production capacity of BAT. When
%20} 10.6Z  animals feel cold, the binding of purine nucleotides that
2 x > inhibit UCP in normal physiological state is lifted, which
s 10F m 193%  opens the UCP proton channel and leads to heat production
= 0 g by oxidative phosphorylation uncoupling. To maintain body
ucp COX7A1 PPARy temperature in a cold environment, more energy is required
Gene to be uncoupled through UCP and emitted as heat rather

Fig. 8. Quantitative results of UCP, COX7A1 and PRafene than stored as ATP. UCP genes are involved in the regulation

expression in each group after treatment with staple fiber and friebthermogenesis (Tsua# al, 2021; Faret al, 2022). Ex-
drug (* represents P < 0.05). perimental findings indicate that rats in groups C and D
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exhibited significantly higher levels of UCP gene expression Browning of white adipose tissue (WAT) represents
immediately after swimming compared to rats in groups A safe strategy against obesity and related diseases, making
and B. Moreover, rats in group D showed higher UCP geiitecrucial to investigate the mechanisms that facilitate WAT
expression immediately after LTS than rats in group C. Tha&cumulation in beige cells. The expression levels of UCP
indicates that swimming exercise can enhance the expressiord COX7A1 in WAT, as browning and mitochondrial
of the UCP gene, and that swimming exercise under catadarker genes, respectively, can reflect the degree of WAT
conditions is more capable of enhancing the expressiontwbwning, whereas PPARg, as a typical lipid-forming gene,
the UCP gene. UCP gene expression was significantiyd its expression level in WAT can reflect the WAT fat-
enhanced in rats after 8 weeks of LTS training. The amouierming ability (Rafee@t al, 2021). Evaluation of the ROS
and activity of UCP play a pivotal role in the body's hedevels and gene expression within rat inguinal WAT revealed
production capacity. When rats are exposed to cotbat treatment with SF@Rsg-Mn contributed to a reduction
temperatures, the inhibitory effect under normah ROS levels in inguinal WAT. Moreover, SF@PGH and
physiological conditions is lifted, resulting in the openingF@PGH-Mn significantly enhanced the expression of
of the UCP proton channel and subsequent uncoupling lmowning genes while effectively suppressing lipogenic gene
oxidative phosphorylation, leading to heat production. Thexpression, thus leading to significant stimulation of UCP
data obtained from rats in groups C and D returned to thad COX7A1.

normal expression value of the UCP gene after 24 h of

recovery, with no significant difference compared to the oth€ONCLUSION

groups of rats. The expression of the UCP gene is regulated

by multiple factors, including cold, peroxisomal receptor, Obesity is an important causative factor for chronic
T3, retinoic acid (RA), insulin, and glucocorticoids, all ofdiseases such as type 2 diabetes, cardiovascular diseases,
which influence the UCP gene family (El-Beshlagtyal, and cancer. The study was carried out through the controlled
2021). Animal mitochondrial UCP provides non-shiveringelease system of anti-obesity drugs and rat LTS experiments,
thermogenesis and helps animals adapt to cold environmeM&NP was prepared by reduction method and heat treatment,
Cold increases the content and activity of UCP on brow®F@PGH was prepared by electrostatic spinning and freeze-
adipose mitochondria, and the amount and activity of UC&itting technology, and MnNP was immobilized based on
determine the thermogenic capacity of brown adipose tissthee surface modification of polydopamine to obtain
(BAT). When anima are subjected to cold, the normalSF@PGH-Mn. The relative expression of the UCP gene was
physiological state of inhibition of UCP purine nucleotideevaluated by monitoring changes in BUN levels in the rats,
binding is lifted, so that the UCP proton channel is openeds well as by analyzing the electrophoresis results of deep
resulting in heat production by oxidative phosphorylatiomuscle RNA from the rat tetraspinatus muscle and the RT-
uncoupling, at the same time, sympathetic excitability IBCR electrophoresis results reflecting the relative expression
enhanced and the amount of norepinephrine released fromtfithe UCP gene. The findings demonstrated that the avera-
nerve fiber endings is increased, so that BAT and free fatye particle size of SF@PGH was 160.13um, with an
acids in the skeletal muscle cells are decomposed through @werage length of 19.332.25um, and the average patrticle
pathway of oxidative phosphorylation uncoupling to producsize of SF@PGH was 1.9®.21um, with an average length
heat. Under cold environmental conditions, more energy @ 19.41+ 1.95um. The loadings of MNNP and PGH on the
required to maintain body temperature by uncoupling througturface of SF@PGH-Mn were 81.62.96ug/mg and 3.13

the UCP and emitting it as heat rather than storing it as AT#0.21 %, respectively. The BUN data of LTS rats were more
Rehnmark's induction with cold resulted in a rapid upstable than those of rats that underwent 20-minute swimming
regulation of long-pawed gerbil UCP mRNA, followed by aexercise, and the data of the organism fluctuated less after
slow decline. Moreover, in the cold, the transcription of braithe exercise, which was more beneficial to the adaptation of
UCP4 mRNA and UCP5 mRNA increased by 1.5 and 1.7 tihe organism compared with the longer swimming exercise
mes, respectively (Frogt al, 2020). LTS exercise allows at room temperature. UCP gene expression in LTS rats
animals to express genes related to cold resistance by initiatingnediately after swimming was significantly higher than
their expression (Cheat al, 2022), and biological organismsin the 20-minute swim group, suggesting that both exercise
exhibit an increase in basal metabolism or non-shiverirgnd temperature can enhance UCP gene expression,
thermogenesis after developing cold adaptatiomparticularly when swimming under cold conditions.
Thermogenesi in animals is an essential physiologicaBF@PGH and SF@PGH-Mn demonstrated noticeable
function for maintaining body temperature, dispersing excepsomotion of UCP and COX7A1l expression, with
energy, or as a defense mechanism against infectioreZh & F@PGH-Mn exhibiting a more pronounced effect.
al., 2022). UCP has the potential to uncouple oxidativieloreover, SF@PGH-Mn displayed the most effective
phosphorylation and plays a crucial role in thermogenesipromotion of browning gene expression and inhibition of
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