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Abstract 9 

The effects of Magnolia denudata flower extract on the proliferation and differentiation of Hanwoo 10 

(Korean native cattle) satellite cells were examined to assess its suitability as a natural bioactive 11 

material for cultured meat production. The extract was prepared via ethanol extraction and freeze-12 

drying, and HPLC used to quantify the contents of two major active compounds, magnolol and 13 

honokiol. Hanwoo satellite cells were isolated and cultured under proliferation and differentiation 14 

conditions with varying concentrations of (0, 0.5, 5, and 50) μg/mL of the extract. During the 15 

proliferation phase, no significant differences were observed in cell viability, cell count, or PAX7–16 

positive nuclei across treatment groups, indicating that the extract did not affect cell proliferation. 17 

Likewise, the mRNA expression levels of PAX7, MAPK1, and AKT1 showed no significant 18 

differences, whereas MYOD1 expression was significantly decreased, suggesting a shift away from 19 

myogenic commitment rather than active progression toward differentiation. In contrast, during the 20 

differentiation phase, treatment with the extract significantly increased the mRNA and protein 21 

expression levels of myogenic markers MYOG and MYH1. The effect on myogenic differentiation 22 

was most pronounced at the highest concentration (T3, 50 μg/mL). These results suggest that 23 

Magnolia denudata flower extract promotes the differentiation of Hanwoo muscle satellite cells 24 

without affecting their proliferation, supporting its application in cultured meat production as a 25 

functional additive. 26 

Keyword: Hanwoo muscle satellite cell, Magnolia denudata flower, Proliferation, Differentiation, 27 

Additive  28 

29 
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Introduction 30 

The current annual meat consumption worldwide amounts to approximately 360 million tons, and 31 

by 2050 is projected to increase by more than 70 % [1]. As global concerns grow regarding the 32 

sustainability of food and meat production, the development of alternative meat sources has emerged 33 

as a potential solution. Cultured meat, which involves cultivating stem cells or progenitor cells in vitro 34 

to form muscle tissue, is gaining attention as a sustainable alternative that can overcome the 35 

limitations of conventional livestock farming [2, 3]. However, cultured meat still faces several 36 

challenges that include high production costs, ethical issues surrounding the use of animal-derived 37 

components, and technical limitations, such as muscle cell proliferation and myofiber formation [4, 5]. 38 

To address these challenges, various functional materials with pharmacological activities, such as 39 

antioxidants and antimicrobial effects, have been actively developed, with natural products receiving 40 

particular attention as promising resources [6, 7]. Some natural products have been reported to 41 

possess bioactivities that promote muscle cell proliferation and myofiber formation, which are key 42 

processes in cultured meat production, by modulating critical signaling pathways, such as 43 

PI3K/Akt/mTOR, Wnt/β–catenin, and p38 MAPK [8]. The PI3K/Akt/mTOR pathway promotes 44 

protein synthesis and cell proliferation, the Wnt/β–catenin pathway regulates satellite cell self-renewal 45 

and differentiation, and the p38 MAPK pathway controls myofiber formation by regulating the 46 

expression of muscle-specific transcription factors [9-11]. For example, black ginseng extract has 47 

been reported to promote the differentiation of muscle progenitor cells through activation of the Akt 48 

pathway [12], while catechins and creatine, which are individual natural compounds, have shown 49 

beneficial effects on satellite cell proliferation and myofiber formation by activating both Akt and p38 50 

MAPK pathways [13, 14]. 51 

Among these, Magnolia denudata, a deciduous shrub native to East Asia, has traditionally been 52 

used as an ornamental and medicinal plant [15]. Magnolia denudata is rich in polyphenols and 53 

flavonoids, and exhibits various pharmacological effects that include antioxidant, antimicrobial, anti-54 

inflammatory, and sedative activities [16, 17]. The main bioactive compounds in Magnolia denudata, 55 
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magnolol and honokiol, are known to have strong antioxidant activities, and protect cells by reducing 56 

intracellular reactive oxygen species (ROS) [18, 19]. These compounds have also demonstrated 57 

anticancer and anti-obesity effects at the cellular level, particularly in cancer and adipocyte cells [20, 58 

21], and are reported to influence key signaling pathways, such as PI3K/Akt/mTOR and MAPK, 59 

suggesting their potential role in regulating cell growth [22, 23]. 60 

Magnolia denudata flower has been traditionally used as an edible material, such as in tea, and has 61 

been reported to exhibit antioxidant-dominant functional properties that may contribute to the 62 

regulation of intracellular oxidative stress [24]. In addition, the flower has been reported to contain a 63 

relatively lower total phenolic content compared with the bark [25], suggesting a lower likelihood of 64 

excessive cellular stimulation associated with high phenolic levels.  65 

Therefore, this study aimed to evaluate the effects of Magnolia denudata flower extract on the 66 

proliferation and myogenic differentiation of muscle satellite cells, thereby highlighting its potential 67 

as a functional natural material for cultured meat applications. 68 

 69 

2. Materials and Methods 70 

 71 

2.1. Preparation of freeze-dried Magnolia denudata flower extract 72 

Magnolia denudata flowers used in this study were collected from ten trees planted for landscaping 73 

on the campus of Chungbuk National University in April 2024. Fully bloomed flowers were used. The 74 

collected samples were washed immediately after harvesting and dried at room temperature in a well-75 

ventilated area. The dried flowers were extracted by adding 80% ethanol and incubating in a shaking 76 

water bath (Biofree, Korea) at 37°C for one week. Insoluble residues were removed to obtain a 77 

clarified extract, which was subsequently concentrated at 45°C, using a rotary vacuum evaporator 78 

(EYELA, Japan). This extraction process was repeated twice. The concentrated extract was 79 

subsequently freeze-dried at –80°C for 12 hours using a freeze dryer (Bondiro, Korea), and the 80 
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resulting powder, which was stored at −80 °C until experimental use [26]. All experiments were 81 

conducted using a single batch of freeze-dried Magnolia denudata flower extract to minimize batch-82 

to-batch variability. 83 

 84 

2.1.2 Magnolol and Honokiol analysis by High-Performance Liquid Chromatography (HPLC)  85 

Magnolol and honokiol (HAWN, China) were individually dissolved in DMSO at a concentration 86 

of 10 mM. For calibration, the standards were diluted to appropriate concentrations. Ten milligrams of 87 

freeze-dried Magnolia denudata flower extract were dissolved in 1 mL of 70% methanol to obtain a 88 

sample concentration of 10 mg/mL.  89 

Chromatographic separation was performed on a C18 column (250 mm × 4.6 mm, 5 μm) with UV 90 

detection. The run time was 45 min (flow rate 1.0 mL/min; injection 10 μL), with detection at 290 nm 91 

and the column maintained at 30°C. Mobile phase A was water containing 0.1% formic acid, and 92 

mobile phase B was MeOH/ACN (50:50, v/v) containing 0.1% acetic acid. The gradient was: 0 min 93 

60:40 (A:B), 10 min 40:60, 20 min 30:70, 30 min 10:90, and 35 min 60:40. Magnolol and honokiol 94 

were identified based on their specific retention times and quantified using peak area measurements. 95 

 96 

2.2.1. Isolation of Hanwoo Satellite Cells 97 

Semimembranosus muscle samples were collected from a 34-month-old castrated Hanwoo steer 98 

(Animal ID: 002 1317 3849 6) at a commercial slaughterhouse (Hanlaeng Farm Story, Eumseong, 99 

Republic of Korea) and immediately transported to the laboratory under chilled conditions. Satellite 100 

cells used in this study were derived from this single animal.  101 

After non-muscle tissues were removed, the muscle was cut into small pieces and treated with 102 

collagenase type II. The digested tissue was subjected to sequential low- and high-speed 103 

centrifugation (70 × g and 800 × g) to enrich mononuclear cells. The suspension was filtered in 104 

sequence using 100 μm and 40 μm strainers, followed by erythrocyte removal using ACK 105 
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(Ammonium-Chloride-Potassium) lysis buffer.  106 

Single cells were subsequently isolated by fluorescence-activated cell sorting (FACS Aria II, BD 107 

Biosciences). Satellite cells were identified and collected based on a CD31⁻CD45⁻CD29⁺CD56⁺ 108 

immunophenotype using antibodies against the established satellite cell markers CD29 and CD56 [27].  109 

 110 

2.2.2. Cell Culture 111 

Hanwoo satellite cells at passage 2 were cultured under proliferation conditions with Ham’s F-10 112 

medium (Gibco, USA) supplemented with 10% fetal bovine serum, 1% penicillin–streptomycin–113 

amphotericin B mixture, and 0.1% DMSO. Cells were seeded at 3,000 cells/cm² and allowed to grow 114 

for 4 days under standard culture conditions (37°C, 5% CO₂). During the proliferation phase, 115 

Magnolia denudata flower extract was administered at the following concentrations: 0 μg/mL 116 

(control), 0.5 μg/mL (T1), 5 μg/mL (T2), and 50 μg/mL (T3). The treatment concentrations were 117 

selected based on previous studies of Magnolia-derived extracts, including reports on the biological 118 

activities of magnolol and honokiol [28, 29]. 119 

For differentiation, cells grown under proliferation conditions were switched to differentiation 120 

culture once they reached approximately 80–90% confluence. At this stage, the medium was replaced 121 

with DMEM containing 2% fetal bovine serum and 1% penicillin–streptomycin–amphotericin B. 122 

Differentiation was carried out for 3 days, and the same concentrations of Magnolia denudata flower 123 

extract were continuously applied throughout the differentiation period. 124 

 125 

2.2.3. Proliferation Assay of Hanwoo Satellite Cells 126 

Cell growth of Hanwoo satellite cells was assessed by measuring metabolic activity using an MTS 127 

colorimetric assay (CellTiter 96® AQueous One Solution, Promega, USA). Cells were seeded in 96-128 

well plates and maintained under experimental conditions for 4 days. Following incubation, the 129 

medium was exchanged for fresh medium containing the MTS reagent at a volume ratio of 100:20. 130 
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The plates were incubated under standard culture conditions for 2 h, after which the formazan signal 131 

was measured at 490 nm using a microplate reader (Thermo Fisher Scientific, USA). 132 

 133 

2.2.4. Cell Count and Viability Assessment 134 

At the designated time points, cells were collected for quantification of cell number and viability. 135 

Culture supernatants were aspirated, and the monolayers were gently rinsed with 1× PBS. Cells 136 

attached to the culture surface were enzymatically dissociated using 0.05% trypsin–EDTA and 137 

subsequently pelleted by centrifugation at 352 × g for 5 min. 138 

After removal of the supernatant, the resulting cell pellets were resuspended and mixed with trypan 139 

blue solution for viability assessment. Cell counts were obtained with an automated cell counting 140 

system (Countess, Invitrogen, USA). In parallel, cellular morphology was examined using an EVOS 141 

FL Auto 5000 fluorescence microscope (Thermo Fisher Scientific, USA). 142 

 143 

2.2.5. Immunofluorescence Staining and Image Analysis 144 

Immunofluorescence analysis was used to examine myogenic marker expression in cells treated 145 

with or without Magnolia denudata flower extract. After medium removal, cells were rinsed with PBS, 146 

fixed with 2% paraformaldehyde (37°C, 45 min), permeabilized with 0.1% Triton X-100 (20 min), 147 

and blocked with 2% bovine serum albumin (30 min). Cells were incubated with a primary antibody 148 

against PAX7 at 4°C overnight, followed by Alexa Fluor® 488–conjugated secondary antibodies, and 149 

nuclei were stained with Hoechst 33342. For myotube visualization, a monoclonal anti-myosin 150 

antibody was used. Fluorescence images were obtained from five fields per well using an EVOS FL 151 

Auto 5000 microscope and analyzed with ImageJ to quantify total nuclei, myotube area, and fusion 152 

index [30, 31]. 153 

 154 
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2.2.6. Quantitative analysis of gene expression by RT-qPCR 155 

RNA samples were prepared from Hanwoo satellite cells using a commercial extraction kit (iNtRON 156 

Biotechnology, Korea) and converted to cDNA with a reverse transcription kit (Thermo Fisher 157 

Scientific, USA). Gene expression of PAX7, MYOD1, MYOG, and MYH1 was analyzed by 158 

quantitative PCR using a SYBR Green master mix (ELPIS-BIOTECH, Korea), with β-actin serving 159 

as the reference gene. Reactions were run in a 20 μL volume, and relative expression levels were 160 

calculated using the 2^−ΔΔCT method [32]. Primer information is provided in Table 1. 161 

 162 

2.2.7. Western blot 163 

Differentiated Hanwoo satellite cells were collected for protein analysis. After washing with cold 164 

Tris-buffered saline, cells were lysed in RIPA buffer, and protein levels were measured using a 165 

Bradford assay. Equal amounts of protein were resolved by SDS–PAGE using TGX precast gels (Bio-166 

Rad) and transferred to PVDF membranes. 167 

Membranes were treated with blocking buffer (Bio-Rad) and then incubated with primary antibodies 168 

against MYOG, MYH1, and β-actin at 4°C overnight. Following washing, HRP-linked secondary 169 

antibodies were applied at room temperature. Protein signals were detected using an enhanced 170 

chemiluminescence substrate (Bio-Rad) and analyzed with an ImageQuant 800 imaging system 171 

(Cytiva, USA). 172 

 173 

10. Statistical Analysis 174 

Data were analyzed using SPSS software, version 28.0 (SPSS Inc., USA). Differences among 175 

groups were evaluated by one-way ANOVA, followed by Duncan’s multiple range test. Statistical 176 

significance was set at p < 0.05. 177 

178 
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Results & Discussion 179 

 180 

Quantitative analysis of magnolol and honokiol in Magnolia denudata flower extract 181 

Table 2 presents the results of HPLC analysis for the major bioactive components of the Magnolia 182 

denudata flower extract, magnolol and honokiol. The concentrations of magnolol and honokiol were 183 

determined to be (6.209 and 5.479) mg/g, respectively, which are comparable to the findings of a 184 

previous study by Cristea [25]. Magnolol and honokiol have been reported to exhibit neuroprotective 185 

effects by preventing mitochondrial dysfunction and cellular damage, and also to enhance glucose 186 

uptake in skeletal muscle cells by activating the PI3K–dependent Akt signaling pathway [33, 34]. 187 

Therefore, based on their known antioxidant, metabolic regulatory, and cell survival-promoting 188 

properties, this study aimed to investigate the effects of magnolol and honokiol on the proliferation 189 

and differentiation of Hanwoo muscle satellite cells. 190 

 191 

Effects of Magnolia denudata flower extract on cell viability, cell number, survival of Hanwoo 192 

satellite cells 193 

Figure 1 shows the effect of Magnolia denudata flower extract on the proliferation of Hanwoo 194 

satellite cells as assessed using the MTS assay. No statistically significant differences in cell viability 195 

were observed among groups. Similarly, as Figure 2 shows, there were no significant differences in 196 

cell number or survival rate between the treated groups and the control. Magnolia denudata flower 197 

extract does not exert cytotoxic effects on satellite cell proliferation. These findings are also in line 198 

with a previous study by Kwon [28], which reported that Magnolia denudata seed extract did not 199 

significantly affect cell viability in C2C12 myoblasts under non-oxidative stress conditions. 200 

201 
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Immunofluorescence staining and nuclei count of PAX7⁺ Hanwoo satellite cells treated with 202 

Magnolia denudata flower extract 203 

Figure 3 displays the results of PAX7 immunofluorescence staining and nuclei counting, conducted 204 

to evaluate the effect of Magnolia denudata flower extract on the maintenance of satellite cell identity. 205 

The number of nuclei showed a pattern similar to the total cell count, and no statistically significant 206 

differences were observed between the control and treatment groups. These results indicate that the 207 

extract does not alter PAX7 expression under the experimental conditions. 208 

 209 

Changes in the expression of proliferation markers and signaling-related genes in Hanwoo 210 

satellite cells treated with Magnolia denudata flower extract 211 

Figure 4 presents the mRNA expression levels of proliferation-related markers and signaling-212 

related genes in Hanwoo satellite cells to assess the effects of Magnolia denudata flower extract on 213 

cell proliferation. The mRNA expression level of PAX7 shows no significant differences between 214 

treatment groups, which is consistent with the results of PAX7⁺ nuclei counts. In contrast, MYOD1 215 

expression significantly decreases with increasing concentrations of the Magnolia denudata flower 216 

extract (p < 0.05). 217 

PAX7 is a transcription factor that plays a crucial role in maintaining the stemness and self-renewal 218 

capacity of satellite cells, and can remain expressed, even after activation [35, 36]. On the other hand, 219 

the downregulation of MYOD1 expression has been associated with delayed or altered progression 220 

toward myogenic differentiation [37, 38]. In this study, the observed pattern of maintained PAX7 221 

expression alongside reduced MYOD1 expression may reflect a modulation of myogenic commitment 222 

rather than a direct promotion of differentiation. Although previous studies have reported that specific 223 

signaling contexts, such as non-canonical Wnt activation or p38 MAPK inhibition, are associated with 224 

reserve cell formation [39-41], the present findings do not provide direct evidence for such 225 

mechanisms. Therefore, the observed expression pattern should be interpreted as suggestive of altered 226 

myogenic regulation. 227 

In addition, the mRNA expression levels of the signaling-related genes MAPK1 and AKT1 do not 228 
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show significant differences, compared to the control group. MAPK1 and AKT1 are well-established 229 

components of the MAPK/ERK and PI3K/AKT signaling pathways, respectively, which are known to 230 

regulate muscle cell proliferation, differentiation, and survival [42-46]. However, in this study, the 231 

absence of significant changes in MAPK1 and AKT1 mRNA expression suggests that Magnolia 232 

denudata flower extract did not affect transcriptional regulation of major growth- and survival-related 233 

pathways under proliferative conditions.  234 

 235 

Evaluation of myotube area and fusion index in Hanwoo satellite cells treated with Magnolia 236 

denudata flower extract 237 

Figure 5 presents the immunofluorescence images stained with MYH1 and the corresponding 238 

quantification of myotube area and fusion index to assess the effects of Magnolia denudata flower 239 

extract on the differentiation of Hanwoo satellite cells. Compared to the control, treatment groups 240 

supplemented with the extract show enhanced formation of multinucleated myotubes, indicating 241 

promoted differentiation of the satellite cells. Quantitative analysis further confirms that both the 242 

myotube area and fusion index significantly increase with higher concentrations of the Magnolia 243 

denudata flower extract (p < 0.05). Muscle cell differentiation was enhanced by Magnolia denudata 244 

flower extract, with the greatest effect at T3 (50 μg/mL). 245 

Magnolol and honokiol, the key bioactive components of the Magnolia denudata flower, have been 246 

reported to inhibit muscle atrophy and to promote myogenic differentiation in previous studies [47, 247 

48]. Moreover, magnolol has been suggested to modulate muscle growth–related pathways, including 248 

myostatin signaling, in other experimental models [29, 49]. However, these mechanisms were not 249 

directly evaluated in the present study, and thus their possible contribution to the observed phenotypic 250 

outcomes remains to be clarified. 251 

 252 

Expression of myogenic marker genes and muscle-specific proteins in Hanwoo satellite cells 253 

treated with Magnolia denudata flower extract 254 

Figure 6 shows the mRNA and protein expression levels of myogenic differentiation markers to 255 
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evaluate the effects of Magnolia denudata flower extract on the differentiation of Hanwoo satellite 256 

cells. MYOG and MYH1, well-known markers of muscle cell differentiation, are significantly 257 

upregulated in extract-treated groups, compared to the control (p < 0.05). Their expression levels tend 258 

to increase in a concentration-dependent manner, with the highest levels observable in the T3 (50 259 

μg/mL) treatment group. 260 

Similarly, protein expression analysis reveals that the relative levels of MYOG and MYH1 proteins 261 

also increases progressively with higher concentrations of the extract, with the T3 group showing 262 

significantly higher expression than the control (p < 0.05). During the myogenic differentiation 263 

process, the expression of myogenic regulatory factors (MRFs), including MyoD, Myf5, MyoG, and 264 

MRF4, increases in parallel with the upregulation of muscle-specific contractile proteins, such as 265 

myosin heavy chain (MHC) [50, 51]. 266 

The significant upregulation of MYOG and MYH1 by Magnolia denudata flower extract suggests 267 

its role in promoting muscle cell differentiation. These findings are consistent with previous studies 268 

that demonstrate that Magnolia denudata–derived compounds, such as magnolol and honokiol, 269 

protect muscle mass in atrophy models by maintaining MHC expression and preventing muscle 270 

degradation [52, 53]. 271 

 272 

Conclusion 273 

In this study, Magnolia denudata flower extract did not significantly affect proliferation-related 274 

indicators in Hanwoo satellite cells; however, the lowest concentration (0.5 μg/mL) tended to support 275 

cell viability and the maintenance of PAX7⁺ cells. In contrast, higher extract concentrations markedly 276 

promoted myogenic differentiation, as demonstrated by increased MYOG and MYH1 expression and 277 

enhanced myotube formation. These findings suggest that the differentiation-enhancing effects of the 278 

Magnolia denudata flower extract may be partially attributed to its major bioactive constituents, such 279 

as magnolol and honokiol, which have been reported to activate myogenic signaling pathways in 280 

previous studies. 281 
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Overall, the extract demonstrates potential as a food-grade natural material capable of supporting 282 

myogenic differentiation, highlighting its prospective value as a functional additive for future cultured 283 

meat applications. To further elucidate the mechanisms underlying these effects, additional studies 284 

using purified compounds will be required to determine the direct contribution of magnolol, honokiol, 285 

and other constituents, as well as to clarify the underlying signaling mechanisms regulating myogenic 286 

progression. 287 

 288 

Acknowledgements 289 

This research was also supported by the Basic Science Research Program through the National 290 

Research Foundation of Korea (NRF) funded by the Ministry of Education (RS-2024-00460285). This 291 

research was also supported by the Regional Innovation System & Education (RISE) Program through 292 

the Chungbuk Regional Innovation System & Education Center, funded by the Ministry of Education 293 

(MOE) and Chungcheongbuk-do, Republic of Korea (grant number 2025-RISE-11-014-03). In 294 

addition, This research was supported by the Main Research Program [E021200-05] of the Korea 295 

Food Research Institute (KFRI), funded by the Ministry of Science and ICT (Korea).296 

ACCEPTED



Reference 297 

1. Data OWi. Meat and Dairy Production 2023 [cited 2025 May 13]. Available from: 298 

https://ourworldindata.org/meat-production. 299 

2. Bryant CJ. Culture, meat, and cultured meat. J Anim Sci. 2020;98(8):skaa172. 300 

https://doi.org/10.1093/jas/skaa172 301 

3. Chriki S, Hocquette JF. The myth of cultured meat: a review. Front Nutr. 302 

2020;7:507645. https://doi.org/10.3389/fnut.2020.00007 303 

4. Verbeke W, Sans P, Van Loo EJ. Challenges and prospects for consumer 304 

acceptance of cultured meat. J Integr Agric. 2015;14(2):285–294. 305 

https://doi.org/10.1016/S2095-3119(14)60884-4 306 

5. Huang T, Ko C, Paes D, Smeets E, Post M, Smith B. A review on the safety of 307 

growth factors commonly used in cultivated meat production. Compr Rev Food Sci Food 308 

Saf. 2024;23(3):e13350. https://doi.org/10.1111/1541-4337.13350 309 

6. Jung KE, Kyung YE, Nam PS. A research trend of natural product on well-being 310 

industry. J Soc Cosmet Sci Korea. 2004;30(3):329–343. 311 

7. Caleja C, Ribeiro A, Barreiro MF, Ferreira ICFR. Phenolic compounds as 312 

nutraceuticals or functional food ingredients. Curr Pharm Des. 2017;23(19):2787–2806. 313 

https://doi.org/10.2174/1381612822666161227153906 314 

8. Chae J, Nam JO. Recent studies on natural products that improve myogenesis. J 315 

Life Sci. 2020;30(2):202–210. https://doi.org/10.5352/JLS.2020.30.2.202 316 

9. Keren A, Tamir Y, Bengal E. The p38 MAPK signaling pathway: a major regulator 317 

of skeletal muscle development. Mol Cell Endocrinol. 2006;252(1–2):224–230. 318 

https://doi.org/10.1016/j.mce.2006.03.017 319 

10. Glass DJ. PI3 kinase regulation of skeletal muscle hypertrophy and atrophy. In: 320 

Vanhaesebroeck B, Vogt PK, editors. Phosphoinositide 3-kinase in Health and Disease.  321 

Springer; 2010. p. 267–278. 322 

11. Jones AE, Price FD, Le Grand F, Soleimani VD, Dick SA, Megeney LA, et al. Wnt/β-323 

catenin controls follistatin signalling to regulate satellite cell myogenic potential. Skelet 324 

Muscle. 2015;5:14. https://doi.org/10.1186/s13395-015-0038-6 325 

12. Lee SY, Go GY, Vuong TA, Kim JW, Lee S, Jo A, et al. Black ginseng activates Akt 326 

signaling, thereby enhancing myoblast differentiation and myotube growth. J Ginseng 327 

Res. 2018;42(1):116–121. https://doi.org/10.1016/j.jgr.2017.08.009 328 

13. Deldicque L, Theisen D, Bertrand L, Hespel P, Hue L, Francaux M. Creatine 329 

enhances differentiation of myogenic C2C12 cells by activating both p38 and Akt/PKB 330 

pathways. Am J Physiol Cell Physiol. 2007;293(4):C1263–C1271.  331 

ACCEPTED

https://ourworldindata.org/meat-production


https://doi.org/10.1152/ajpcell.00162.2007 332 

14. Kim AR, Kim KM, Byun MR, Hwang JH, Park JI, Oh HT, et al. Catechins activate 333 

muscle stem cells by Myf5 induction and stimulate muscle regeneration. Biochem 334 

Biophys Res Commun. 2017;489(2):142–148. https://doi.org/10.1016/j.bbrc.2017.05.114 335 

15. Namba T, Tsunezuka M, Hattori M. Dental caries prevention by traditional 336 

Chinese medicines. Planta Med. 1982;44(2):100–106. https://doi.org/10.1055/s-2007-337 

971412 338 

16. Kim SY, Kim J, Jeong SI, Jahng KY, Yu KY. Antimicrobial effects and resistant 339 

regulation of magnolol and honokiol on methicillin-resistant Staphylococcus aureus. 340 

Biomed Res Int. 2015;2015:283630. https://doi.org/10.1155/2015/283630 341 

17. Mottaghi S, Abbaszadeh H. Natural lignans honokiol and magnolol as potential 342 

anticarcinogenic and anticancer agents: a comprehensive mechanistic review. Nutr Cancer. 343 

2022;74(3):761–778. https://doi.org/10.1080/01635581.2021.1931364 344 

18. Hoi CP, Ho YP, Baum L, Chow AHL. Neuroprotective effect of honokiol and 345 

magnolol on beta-amyloid-induced toxicity in PC12 cells. Phytother Res. 346 

2010;24(10):1538–1542. https://doi.org/10.1002/ptr.3178 347 

19. Sharanya J, Purushothaman A, Janardanan D, Koley K. Theoretical exploration of 348 

the antioxidant activity of honokiol and magnolol. Comput Theor Chem. 349 

2024;1232:114460. https://doi.org/10.1016/j.comptc.2023.114460 350 

20. Wang HH, Chen Y, Changchien CY, Chang HH, Lu PJ, Mariadas H, et al. 351 

Pharmaceutical evaluation of honokiol and magnolol on apoptosis and migration 352 

inhibition in human bladder cancer cells. Front Pharmacol. 2020;11:549338. 353 

https://doi.org/10.3389/fphar.2020.549338 354 

21. Chu Y, Gui S, Zheng Y, Zhao J, Zhao Y, Li Y, et al. Magnolol or honokiol promote 355 

adipose tissue browning through modulating PPARα/γ activity. Eur J Pharmacol. 356 

2024;969:176438. https://doi.org/10.1016/j.ejphar.2024.176438 357 

22. Li Z, Dong H, Li M, Wu Y, Liu Y, Zhao Y, et al. Honokiol induces autophagy and 358 

apoptosis of osteosarcoma through PI3K/Akt/mTOR signaling pathway. Mol Med Rep. 359 

2018;17(2):2719–2723.   https://doi.org/10.3892/mmr.2017.8123 360 

23. Zhang J, Chen Z, Huang X, Shi W, Zhang R, Chen M, et al. Insights on the 361 

multifunctional activities of magnolol. Biomed Res Int. 2019;2019:1847130. 362 

https://doi.org/10.1155/2019/1847130 363 

24. Yoon H. Effects of aging on the phenolic content and antioxidant activities of 364 

Magnolia denudata flower extracts. Food Science and Biotechnology. 2014;23:1715–1718. 365 

https://doi.org/10.1007/s10068-014-0234-x 366 

ACCEPTED



25. Cristea RM, Sava C, Căpățână C, Kanellou A. Phytochemical analysis and specific 367 

activities of bark and flower extracts from four Magnolia plant species. Horticulturae. 368 

2024;10(2):141. https://doi.org/10.3390/horticulturae10020141 369 

26. Lee J, Ko S, Mun S, You J, Kim S. Investigation of forest therapeutic function 370 

according to antioxidant activity and total phenolics in Magnoliaceae flower. J Korean Inst 371 

For Recreat. 2013;17:81–90. https://doi.org/10.1007/s10068-013-0004-1 372 

27. Ding S, Wang F, Liu Y, Li S, Zhou G, Hu P. Characterization and isolation of highly 373 

purified porcine satellite cells. Cell Death Discov. 2017;3:17003. 374 

https://doi.org/10.1038/cddiscovery.2017.3 375 

28. Kwon M, Seo Y, Nam JO. Magnolia denudata seed extract ameliorates oxidative 376 

stress-induced damage through heme oxygenase-1 activation in murine myoblasts. J 377 

Appl Biol Chem. 2025;68:114–122. 378 

29. Ge Z, Liu D, Shang Y, Li Y, Chen SZ. Magnolol inhibits myotube atrophy induced 379 

by cancer cachexia through myostatin signaling pathway in vitro. J Nat Med. 380 

2020;74(4):741–749. https://doi.org/10.1007/s11418-020-01428-3 381 

30. Kook SH, Son YO, Lee KY, Lee HJ, Chung WT, Choi KC, et al. Hypoxia positively 382 

affects proliferation and differentiation of bovine satellite cells through MyoD up-383 

regulation. Cell Biol Int. 2008;32(8):871–878. https://doi.org/10.1016/j.cellbi.2008.03.017 384 

31. Martin NR, Passey SL, Player DJ, Mudera V, Baar K, Greensmith L, et al. 385 

Neuromuscular junction formation in tissue-engineered skeletal muscle augments 386 

contractile function. Tissue Eng Part A. 2015;21(19–20):2595–2604. 387 

https://doi.org/10.1089/ten.tea.2015.0146 388 

32. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time 389 

quantitative PCR and the 2−ΔΔCT method. Methods. 2001;25(4):402–408. 390 

https://doi.org/10.1006/meth.2001.1262 391 

33. Lin YR, Chen HH, Ko CH, Chan MH. Neuroprotective activity of honokiol and 392 

magnolol in cerebellar granule cell damage. Eur J Pharmacol. 2006;537(1–3):64–69. 393 

https://doi.org/10.1016/j.ejphar.2006.03.035 394 

34. Choi SS, Cha BY, Lee YS, Yonezawa T, Teruya T, Nagai K, et al. Honokiol and 395 

magnolol stimulate glucose uptake by activating PI3K-dependent Akt in L6 myotubes. 396 

Biofactors. 2012;38(5):372–377. https://doi.org/10.1002/biof.1029 397 

35. Seale P, Sabourin LA, Girgis-Gabardo A, Mansouri A, Gruss P, Rudnicki MA. Pax7 398 

is required for the specification of myogenic satellite cells. Cell. 2000;102(6):777–786.  399 

https://doi.org/10.1016/S0092-8674(00)00066-0 400 

36. Olguín HC, Pisconti A. Marking the tempo for myogenesis: Pax7 and the 401 

ACCEPTED



regulation of muscle stem cell fate decisions. J Cell Mol Med. 2012;16(5):1013–1025. 402 

https://doi.org/10.1111/j.1582-4934.2011.01348.x 403 

37. Olguin HC, Olwin BB. Pax7 up-regulation inhibits myogenesis and cell cycle 404 

progression in satellite cells. Dev Biol. 2004;275(2):375–388. 405 

https://doi.org/10.1016/j.ydbio.2004.08.015 406 

38. Zammit PS, Relaix F, Nagata Y, Ruiz AP, Collins CA, Partridge TA, et al. Pax7 and 407 

myogenic progression in skeletal muscle satellite cells. J Cell Sci. 2006;119(9):1824–1832. 408 

https://doi.org/10.1242/jcs.02908 409 

39. Le Grand F, Jones AE, Seale V, Scimè A, Rudnicki MA. Wnt7a activates the planar 410 

cell polarity pathway to drive the symmetric expansion of satellite stem cells. Cell Stem 411 

Cell. 2009;4(6):535–547. https://doi.org/10.1016/j.stem.2009.03.013 412 

40. Jones NC, Tyner KJ, Nibarger L, Stanley HM, Cornelison DD, Fedorov YV, et al. The 413 

p38α/β MAPK functions as a molecular switch to activate the quiescent satellite cell. J 414 

Cell Biol. 2005;169(1):105–116. https://doi.org/10.1083/jcb.200408066 415 

41. von Maltzahn J, Chang NC, Bentzinger CF, Rudnicki MA. Wnt signaling in 416 

myogenesis. Trends Cell Biol. 2012;22(11):602–609. 417 

https://doi.org/10.1016/j.tcb.2012.07.008 418 

42. Jo C, Cho SJ, Jo SA. Mitogen-activated protein kinase kinase 1 stabilizes MyoD 419 

through direct phosphorylation at tyrosine 156 during myogenic differentiation. J Biol 420 

Chem. 2011;286(21):18903–18913. https://doi.org/10.1074/jbc.M111.225128 421 

43. Chen WC, Chen WX, Tan YY, Xu YJ, Luo Y, Qian SY, et al. LncRNA 4930581F22Rik 422 

promotes myogenic differentiation by regulating the ERK/MAPK signaling pathway. 423 

Heliyon. 2024;10(9):e18769. https://doi.org/10.1016/j.heliyon.2024.e30640 424 

44. Gardner S, Anguiano M, Rotwein P. Defining Akt actions in muscle differentiation. 425 

Am J Physiol Cell Physiol. 2012;303(12):C1292–C1300. 426 

https://doi.org/10.1152/ajpcell.00259.2012 427 

45. Moriya N, Miyazaki M. Akt1 deficiency diminishes skeletal muscle hypertrophy by 428 

reducing satellite cell proliferation. Am J Physiol Regul Integr Comp Physiol. 429 

2018;314(5):R741–R751. https://doi.org/10.1152/ajpregu.00336.2017 430 

46. Sofiyanti S, Goenawan H, Lesmana R, Tarawan VM, Wardhani IL. The AKT pathway 431 

and satellite cell activation in skeletal muscle mass regulation. Folia Med Indones. 432 

2022;58(1):68–73. https://doi.org/10.20473/fmi.v58i1.13354 433 

47. Park C, Choi SH, Jeong JW, Han MH, Lee H, Hong SH, et al. Honokiol ameliorates 434 

oxidative stress-induced DNA damage and apoptosis of C2C12 myoblasts. Anim Cells 435 

Syst. 2020;24(1):60–68. https://doi.org/10.1080/19768354.2019.1706634 436 

ACCEPTED



48. Fong WF, Tse AKW, Poon KH, Wang C. Magnolol and honokiol enhance HL-60 437 

human leukemia cell differentiation induced by 1,25-dihydroxyvitamin D3 and retinoic 438 

acid. Int J Biochem Cell Biol. https://doi.org/10.1016/j.biocel.2004.05.021 439 

49. Chen MC, Chen YL, Lee CF, Hung CH, Chou TC. Supplementation of magnolol 440 

attenuates skeletal muscle atrophy in bladder cancer-bearing mice undergoing 441 

chemotherapy. PLoS One. 2015;10(11):e0143594. 442 

https://doi.org/10.1371/journal.pone.0143594 443 

50. Ferri P, Barbieri E, Burattini S, Guescini M, D’Emilio A, Biagiotti L, et al. Expression 444 

and subcellular localization of myogenic regulatory factors during the differentiation of 445 

skeletal muscle C2C12 myoblasts. J Cell Biochem. 2009;108(6):1302–1317. 446 

https://doi.org/10.1002/jcb.22360 447 

51. Schmidt M, Schüler SC, Hüttner SS, von Eyss B, von Maltzahn J. Adult stem cells 448 

at work: regenerating skeletal muscle. Cell Mol Life Sci. 2019;76(13):2559–2570. 449 

https://doi.org/10.1007/s00018-019-03093-6 450 

52. Lee C, Jeong H, Lee H, Hong M, Park SY, Bae H. Magnolol attenuates cisplatin-451 

induced muscle wasting by M2c macrophage activation. Front Immunol. 2020;11:77. 452 

https://doi.org/10.3389/fimmu.2020.00077 453 

53. Hong M, Han I-H, Choi I, Cha N, Kim W, Kim SK, et al. Magnoliae cortex 454 

alleviates muscle wasting by modulating M2 macrophages in a cisplatin-induced 455 

sarcopenia mouse model. International Journal of Molecular Sciences. 2021;22(6):3188. 456 

https://doi.org/10.3390/ijms22063188 457 

 458 

459 

ACCEPTED



Table 1. Details of primers used in qPCR. 460 

Target Orientation Sequence (5´–3´) 

PAX7 
forward TCCCTGAATGGACATCACCT 
reverse TGGGTGTCCACTGCTACTAA 

MYOD1 
forward CATCCGCTATATCGAAGGCC 
reverse CTGTAGTCCATCATGCCGTC 

MYOG 
forward ACAAACCATGCACATCTCCT 
reverse TGGCAGCTTTACAAACAACA 

MYH1 
forward GCTCCTTACCTCCGAAAGTC 
reverse ATGGGGAAGACTTGATCCTC 

β-actin 
forward AAATGCTTCTAGGCGGACTG 
reverse TAAATCCTGAGTCAAGCGCC 

MAPK1 
forward CAGACGTACTGCCAGAGAAC 
reverse TTGCGTCTTCAAGAGCTTGT 

AKT1 
forward ATCATGCAGCACCGATTCTT 
reverse GGTGGCGTAATGGTGATCAT 

461 
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Table 2. The contents of Magnolol and Honokiol in the Magnolia denudata flower 462 
extract were determined using HPLC.  463 

Traits (mg/g) Magnolia denudate flower extract 
Magnolol 6.209± 0.02 
Honokiol 5.479± 0.03 

464 
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 465 

Figure 1. MTS values of Hanwoo myosatellite cells according to the concentration (0, 0.5, 466 
5, and 50) µg/mL (Control, T1, T2, and T3, respectively) of Magnolia denudata flower 467 
extract during proliferation culture for 4 days. Mean ± standard deviation. 468 
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 486 

 487 

Figure 2. (A) Microscopic images (magnification: 400×) of Hanwoo myosatellite cell, (B) 488 
Cell count, and (C) Viability, according to the concentration of (0, 0.5, 5, and 50) µg/mL 489 
(Control, T1, T2, and T3, respectively) of Magnolia denudata flower extract during 490 
proliferation culture for 4 days. Scale bar = 100 µm. Mean ± standard deviation. 491 
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 504 

Figure 3. Representative image (magnification: ×100) of the immunofluorescence 505 
staining PAX7 (green) and nuclei counterstained with DAPI (blue) in Hanwoo 506 
myosatellite cells (A) and (B) number of nuclei by concentration of (0, 0.5, 5, and 50) 507 
µg/mL (Control, T1, T2, and T3, respectively) of Magnolia denudata flower extract 508 
during proliferation culture for 4 days. Scale bar = 100 µm. a–b Different letters above the 509 
bars indicate significant differences based on the mean ± standard deviation (p < 0.05). 510 

a 
ab 

ab b 

B 

A 

ACCEPTED



 511 

 512 

Figure 4. Relative expression of proliferation-related mRNA of (A) PAX7, (B) MYOD1, 513 
(C) MAPK1, and (D) AKT1 by concentration of (0, 0.5, 5, and 50) µg/mL (Control, T1, 514 
T2, and T3, respectively) of Magnolia denudata flower extract during proliferation 515 
culture for 4 days. a–d Different letters above the bars indicate significant differences based 516 
on the mean ± standard deviation (p < 0.05). 517 
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 522 

Figure 5. (A) Representative images (magnification: 100×) of the immunofluorescence 523 
staining MYH1 (green) and nuclei counterstained with DAPI (blue) in Hanwoo 524 
myosatellite cells, (B) Myotube area, and (C) Fusion index, by concentration of (0, 0.5, 5, 525 
and 50 ) µg/mL (Control, T1, T2, and T3, respectively) of Magnolia denudata flower 526 
extract after 3 days of differentiation culture. Scale bar = 100 µm. a–c Different letters 527 
above the bars indicate significant differences based on the mean ± standard deviation (p < 528 
0.05). 529 
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 536 

Figure 6. Relative expression of differentiation-related mRNA (A) MYOG, and (B) 537 
MYH1. (C) Representative western blot images of MYOG, MYH1, and β–actin, and 538 
protein expression levels of (D) MYOG, and (E) MYH1, by concentration of (0, 0.5, 5, 539 
and 50) µg/mL (Control, T1, T2, and T3, respectively) of Magnolia denudata flower 540 
extracts after 3 days of differentiation culture. a–d Different letters above the bars indicate 541 
significant differences based on the mean ± standard deviation (p < 0.05). 542 
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