o

Journal of Korean Medicine Rehabilitation Vol. 36 No. 1, January 2026

pISSN 1229-1854 eISSN 2288-4114
https://doi.org/10.18325/jkmr.2026.36.1.1

Original Article

A3 IR A E71A1E Heay A7 AskE 9
5/ 2EH 20 gt in vitro AT

ot sholaieyst

welstmAl, SACJt FUATAT, Yol stojsichel Aol mAlr, AgielL
Aelo] 0GR, 1] n

Protective Effects of Growth-Regeneration Pharmacopuncture Formulation on
Stem Cells Against Oxidative and Inflammatory Stress: An In Vitro Study

Jun Sang Bae, Ph.D.*, Yong Soo Kim, KM.D., Ph.D.f, Changwoo Ha, Ph.D.T, Kyeong-seob Lee, Ph.D.T,
Jaeseok Lee, KM.D.*T, Taekgeun Jung, KM.D., Ph.D.*, Wonbae Ha, KM.D., Ph.D., Seojae Jeon, Ph.D.§,
Su-Hyun Chun, Ph.D.l-** Junghan Lee, K.M.D. Ph.D.T

Department of Pathology, College of Korean Medicine, Wonkwang University*, Dong Seo Medical Research Institute,

Department of Korean Medicine Rehabilitation, College of Korean Medicine, Wonkwang University T, Jeonbuk Advanced
Bio-Convergence Academy, Wonkwang University®, Institute of Life Science and Natural Resources, Korea University!,

Pro_B Co., Ltd.**

This paper was supported by
Wonkwang University in 2025.

RECEIVED December 23, 2025
REVISED December 24, 2025
ACCEPTED December 26, 2025

CORRESPONDING TO

Su-Hyun Chun, Institute of Life
Science and Natural Resources,
Korea University, 145 Anam-Ro,

Seongbuk-Gu, Seoul 02841, Korea

TEL (031) 528-1067
FAX  (031) 528-1068
E-mail pro_b_rnd@naver.com

Junghan Lee, Department of
Korean Medicine Rehabilitation,
College of Korean Medicine,
Wonkwang University, 895
Muwang-ro, lksan 54538, Korea

TEL  (063) 859-2807
FAX  (063) 859-0033
E-mail milpaso@wku.ac.kr

Copyright © 2026 The Society of
Korean Medicine Rehabilitation

Objectives Stem cells are key therapeutic materials for regenerative medicine due to
their high regenerative capacity. However, oxidative stress— and inflammation—induced
cell death after transplantation remains a major limitation to their clinical application.
This study aimed to evaluate whether a herbal medicine—based growth-regeneration
pharmacopuncture formulation (GRPF) could exert cytoprotective effects under oxi-
dative and inflammatory conditions.

Methods A GRPF was prepared using enzymatic hydrolysis and ultra—high—pressure
homogenization of Plastrum Testudinis, horse bone, polydeoxyribonucleotide, and
lactoferrin hydrolysate. Cell viability was assessed in human mesenchymal stem cells
(hMSCs), human adipose—-derived stem cells (hADSCs), SH-SY5Y neuroblastoma cells,
and RAW264.7 macrophages. The cell counting kit—8 assay was used to determine
non—cytotoxic concentrations, and the neutral red uptake assay was performed to
evaluate cytoprotective effects against hydrogen peroxide (H202)- or lipopolysaccharide
(LPS)-induced cellular damage.

Results The GRPF showed no cytotoxicity in any cell line at concentrations up to 4
mg/mL. Under H20-~induced oxidative stress, cell viability was restored by 8.0% in
hMSCs, 18.4% in hADSCs, 14.6% in SH-SY5Y cells, and 11.1% in RAW264.7 cells. In
an LPS-induced inflammatory model, RAW?264.7 cell viability was restored by 16.4%.
Conclusions This herbal-based GRPF demonstrated consistent cytoprotective effects
against oxidative and inflammatory stress in stem cells, as well as neural and immune
cells. These findings suggest its potential as an adjuvant approach for stem cell-based
regenerative therapies, warranting further mechanistic and /n vivo studies. (J Korean
Med Rehabil 2026;36(1):1-9)
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CON 0.1 05 1 2 4 5 CON | 0.4 05 1 2 4 5
AVERAGE 100 | 107.8 | 103.2 | 106.6 | 104.8 | 105.7 | 106.4 AVERAGE 100 | 105.9 | 1021 | 103.3 | 1029 | 106.2 | 108.3
STDEV 16 5.1 53 84 78 67 72 STDEV 39 6.5 52 63 67 55 44
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-
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CONO5 1 2 3 4 5 CONO5 1 2 3 4 5
GRPF (mg/mL) GRPF (mg/mL)

GRPF (mg/mL) GRPF (mg/mL)

con | 05 | 1 2 3 4 5 con | o5 | 1 2 3 | 4 5

AVERAGE | 100 | 98.3 | 109.8 [ 1040 [ 1026 | 1058 | 846 AVERAGE | 100 | 1023 | 101.1 | 106.0 [ 100.8 [ 1006 | 91.2

STDEV | 82 | 80 | 57 | 43 | 50 | 33 | 61 sToEV | 34 | 09 | 26 | 20 | 20 | 13 [ 002

Fig. 1. Evaluation of the cytotoxicity of GRPF in human-derived
stem cells (hADSC, hMSC), neuroblastoma cells (SH-SY5Y),
and macrophage (RAW264.7). (A) hADSC, (B) hMSC, (C)
SH-SY5Y, and (D) RAW264.7 cells. Cells were treated with GRPF
at concentrations of 0.1, 0.5, 1, 2, 3, 4, and 5 mg/mL for 24
h, and cell viability was assessed by the CCK-8 assay. Bars
labeled with different superscripts indicate significant differences
(p<0.05). Data are presented as meantSD (n=3). GRPF: growth-
regeneration pharmacopuncture formulation, hADSC: human
adipose-derived stem cells, hMSC: human mesenchymal stem
cells, CCK-8: cell counting kit-8, SD: standard deviation.
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4 mg/mL 4 mg/mL
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CON | H0, [ 4 CON | H0, [ 4

AVERAGE | 1000 | 585 | 7341 AVERAGE 100 | 645 | 756

STDEV 65 | 79 | a7 STDEV 76 | 15 | 02

Fig. 2. Cytoprotective effects of GRPF against H>O»-induced
oxidative stress. (A) hMSC treated with 100 uM H.O-, (B)
hADSC treated with 100 uM H:0., (C) SH-SYS5Y cells treated
with 50 uM Hz02, and (D) RAW264.7 macrophages treated
with 500 puM H:0.. hMSCs, hADSCs, SH-SYSY, and
RAW264.7 were pretreated with GRPF (4 mg/mL) for 6 h and
subsequently exposed to H20: to induce oxidative stress. Cell
viability was evaluated using the NRU assay. GRPF pretreatment
significantly restored cell viability in all cell lines compared
with the H:Oe-treated groups. Bars labeled with different
superscripts indicate significant differences (p<0.05). Data are
presented as meantSD (n=3). GRPF: growth-regeneration
pharmacopuncture formulation, hMSC: human mesenchymal
stem cells, hADSC: human adipose-derived stem cells, NRU:
neutral red uptake, SD: standard deviation.
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BE AZFOA HME BEES Fo3HA 3EA AL
hMSCOlA = H0: 100 pM A 2] Al AEE0] 54.5%=
a3k v, GRPF AA ol A= 62.5%% 3|55
o] 8.0%2] o3t 71 HATHFig. 2A). hADSCY]
7%, H0: 100 pM A &]ol| Al 47.0%2] AEE-S Ve

O} GRPF A2 3 654%Z 325 0] 18.4%2] #
o3 STt B AKFig. 2B). AAA|EFS] SH-SY5Y
A= H:0: 50 pM A= BEE0] 58.5%7HA] Zhas
32, GRPF A E] Al 73.1%2 355 0] 14.6%2]
frolgt Bs a3} SRIEATKFig. 2C). E3H RAW264.7
A ZAA H0: 500 pM A 272 64.5%2] BES
< B3oH, GRPF HA oA = 75.6%% 3]E5 o]
11.1%2] f23t Bs 537} e THFig. 2D). E3H,
dAn)7 Bz A3, GRPF AA ol A izl vls)

7 Hot00um ],

o000 oA el

1,0, 50uM |

'H;0,5000M. | - S00aM
v sl Bl
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Fg 3. Representative microscopic images showing the
cytoprotective effects of GRPF under oxidative stress conditions
(magnification x100). Representative phase-contrast images of
cells pretreated with GRPF (4 mg/mL) followed by H.O: exposure.
GRPF pretreatment resulted in increased cell density and reduced
morphological damage compared with the H20»-treated group.
GRPF: growth-regeneration pharmacopuncture formulation.
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-8 838338
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4mg/mL

LPS 50 pg/ml

GRPF(mg/mi)
con | ws | 4
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’\f ;’. w‘:&,‘
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Fig. 4. Cytoprotective effect of GRPF against LPS-induced
inflammatory damage in RAW264.7 macrophages. (A) Cell
viability was evaluated using the NRU assay. (B) Representative
phase-contrast microscopic images showing cell morphology
and density (magnification x100). RAW264.7 cells were pretreated
with GRPF (4 mg/mL) for 6 h and subsequently exposed to
LPS (50 pg/mL) for 24 h. LPS treatment significantly reduced
cell viability, whereas GRPF pretreatment significantly restored
cell viability. GRPF-pretreated cells exhibited increased cell
density and reduced morphological damage compared with the
LPS-treated group. Bars labeled with different superscripts
indicate significant differences (p<0.05). Data are presented
as meantSD (n=3). GRPF: growth-regeneration pharmacopuncture
formulation, LPS: lipopolysaccharide, NRU: neutral red uptake,
SD: standard deviation.
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ZAoR dex JrP. B AFolx e nEZE o}
& ME APE A2 g AF 2] B4 348}
A ko H0:00 o8l &3 AESY Al AE
& 35 a3 ol dTelA BaE g HAE A
7133 AHd TFsAE wiAE o glth

SHE, LPS ¥ 0.2 F 58 4ksha] gl 354 &4
ZdofA ER1E GRPFO ME H3E &3= 278
BE Az AbE AR Aot dE o, 53
caspase-3 &4 A& Tl P EZE o} FE $7]
GAE AdFS 7FsAdel AP ol ATrellA
SH-SYSY 2IZME 2 RAW264.7 TH2AH Lol A 2t
B AZ BE a3= GRPE7F 27428 ofyg} 43}
2Eg 29 g5 Rkgo] 8 WH 7Ho g A8ahe=
ARERYAY B v 4S5 A= A8 7Hsdol
& AARITRTER), AAE, 0.2 F5% SH-SYSY
A oA 48t ~Ef A2 ZAE ME AEESS
GRPF ]l &3l -Fo|stA| 3| 5= ATt =3 LPS
=¥ RAW264.7 TH2IA oA AF A=l o) 74
H AlZ AEEo] GRPF A ¥ 16% °1d 355 =

A
o

Ag AT 0|27 ATh= GRPFZL G445} o
GF WAL BAG BASL Je-g P 2
Az s

g B AT 238 ATEA Bole E A
SAE 7L Aok WA, A2 FEolA Y BE g3
TS grkete] AU okEst W vk gl 2 wAg
7o) FeAgS wgskA Zataitk =4, ROS A
A, lEZ=g]o} 9 A9, caspase-3 A4, extracellular
signal-regulated kinase 21 ¥ JARIA ¥ 5 T8
71 AFE AR SAsHA Zsiaith AA, & FR
E5(4 mg/mL)ol HFete] &F-uk3 A B AP Al
Aol & ApolE Fw8] A eHA Xkt =3 &

AL ElF 2R A%H BE E3} A B

trg

34Tt

olgfgt EAHL FF AFA= ROS (2,7-di-
chlorodihydrofluorescein diacetate), FlEZ=2]o} 12 7
91, caspase-3 A FA4S T3 E-AAMEANE =
o] A Briek A E7AE v, datsl, FAE
AbE gl @ B EAEe] TS 23 71d
A7 Bosirh =g, & AFellA E1¥ GRPFY
AZ RS a3t A4 W @AM AdE 5 9
A& AS3H7] A% in vivo A7V B 23t} 53]
ZIME A 5e] AR AAHE o4 & TS A,
AbshA] ~Eg 2 9l @454 mAlEAd o7t Vs 44
< 122 o, GRPFE E7ME Bx A3 o= &8st
= A on] = Aol 2 F Uk o]E 8l &

G4 &, AT A me 2 AT 2o 4kst 2E
gl

iy

_{

W3 AT AAZE 1HE 4 Yok ol =d
oA o]2H E7AE] =L, =3 U A A= o
=

Z7}sko 2% GRPF

AR
B3 9 4R 5HS B B 94 AR FIGe
=24 AY 28 8 A 5 B 2AE ned
287} 9o

FHHe =
A E7IAE B ABAE, AL YES B 1

B 5 U TR AAZA, GF 7

°
i
Q
=
oy
rlr
2
ot
st
ultd
o|\
[~
[t
&

& 7Fsde F/H R g et sl

2 AFE B3l 249 AEAA oF3 A A(GRPF)+
olA f-2) =714 ZE(MhMSC, hADSC)et A73AE 2 of
2] M| 3Z(SH-SY5Y, RAW264.7)°14 Aldd 5% B89 U
oAl FEg AlZ5A-E JERA F%em, 71221
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sheh - AR - A% - o4

A B7E AAE AT 53] ¥EF 873
942 H0, = 48t ~Ed2 9 LPS = 9F &
g2~ 2404 GRPE g A AlE &L FsiA
s7kIRem, I 5 AgeE71AE(MhADSC)NA 7t
A FHE X 25 Gl AREgioh w3 G )
Tl T sk v} Vee Bl =AY AR
ZF feto| = BekAl= 4hs) 8l 4F 2Ed 27 EAs)
= 182 Hlxﬂﬁlﬂoﬂ/\ﬂ 7 Z, WA Z 9 AeA
Fo| AEE Hoshs avs Hith © Ei AdE
TYHY, GRPF= E71ME A 52| W HAHo=2A
A= Ei 8l AR 2ol 71992 TFe & Akt
), &S 71H 49, -8 BA 4 2 in vive A
TE Tl ARl okl A Hx Algerse] &8
7Fede sV R AST dart Jloh
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