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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)

Keywords Pharmacopuncture, Stem cells, Oxidative stress, Inflammation, Cytoprotection

www.e-jkmr.org 1



R - 8% S - ol -

oA - e - S - AR - 4 - o5

A—] %» »»
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2 8:A1713 vlEZ =0l ROS A4S 7] 2
7)1 AFSlA DNA &AFS HbA| 02D,
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A7 kR AL 3 22 o R A x5t
Aok HEFSEAl 9 85 g, vhE 85 g, AofolEl(H Aot
2h 85 ¢ B FEAY(FEHEL 7RSI E 283 g
o 1 & Al &l(Sigma-Aldrich, St. Louis, MO, USA) 28.3
g A F7 1 Lol Stk o1%F 2% 2 mmo
A2 5o}l B(g=Aletd], thd) 300 g= A7k H 85
°CollA 1A17F 59t B (ball mill)S o] &3] whk &
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(Sigma-Aldrich) 6.7 mM-2 H7}sl 16413 5 A
AA 435I o] F pHE 74, YEE 0.09% = %
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2. M|ZE HHRE

QIZF SR E71HE(MMSCs)= PromoCell (Heidelberg,
Germany)©l| A, I A el SR E71413E(hADSCs)
+ Lonza (Basel, Switzerland)oll Al FU3tRaL, A7 2A)
Z(SH-SY5Y)+= A EF23Y(Korean Cell Line Bank,
A2)ollA, rhe-2 T 22 Frl A ERAW264.7)=
American Type Culture Collection (Rockville, MD, USA)
ANA FU3ATE hMSCs2F hADSCs AlEZ3= minimum
essential medium-o, B X|(Gibco BRL, Gaithersburg, MD,
USA), SH-SY5Y A3=== Roswell Park Memorial Institute
1640 ¥ A|(Gibco), L8] 32 RAW264.7 A Z+= Dulbecco's
modified eagle medium B =|(Gibco)oll A ZH2} vl 33
o} & MEE 10% fetal bovine serum (Gibco)$} pen-
icillin 2 streptomycin (100 U/ml; Gibco)©] T8 HiA]
oA 37 °C2t 5% CO, =zl w sttt

3. MIZ SEF HA

B4AA °F AA(GRPF)S] 754 w28 2435
71 9180 cell counting kit-8 (CCK-8) ZAHDojindo,
Tokyo, Japan)E 333tk ZF A|Z+= 96 well plate]]
1x10% cells/well 2 253 & 2443t &<t g3k
t}. o]3 GRPFE 5=%(0.1, 0.5, 1, 2, 3, 4, 5 mg/mL)
2 AEste] 24417k % vttt 2 welloll CCK-8
Al 10 pLE 713 F 442 < A 2]8kal micro-
plate reader (Tecan Trading AG, Switzerland)E ©]-8-3}
o 450 nmellX FFEE SESAT AT AL
iz thH] F359 WMEEE Ytk

Cell viability (%)=(0ODaso of treated cells/ODassyp of
control cells)x100
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mg/mL)E 6AIF 5% AA 2T &, FA4ksA(H02)
5 24717t Bt s T AEE H.0. A FEE
hMSC % hADSCOIA 100 uM, SH-SY5Y®ll A 50 uM,
RAW264.7914 500 pMZ A3t oM ol= 7 H=
FolA AE3 o A S FdEke w50
o2, AZA &4 2ol A= RAW264.7 Ml 3E(2x10°
cells)oll GRPF (4 mg/mL)E 6A17F B<¢F HA g &
LPS (50 pg/mL)E 24A17t 57t A3t dF g &

=
Az AES GESFYTE LPSE 21384 AT Fa
TH ARCE, AAE B D 4F u

] AMSEE BT, MaE B 24413 F uiAE
AAG F, neutral red -8-H(40 pg/mL; Sigma-Aldrich)
< 7 wellol F7keta 3A1RE BQF WREAIFTE o] %
phosphate-buffered saline@ 23] A3+ 3 19 Z4to]
ZFHE 50% ollehe 89 500 pLE H7Fste] d-2ellA
1023 955 83212 ¥ microplate readers ©]-8-3f

o 540 nmolA FH=E SA3ATH
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M=z = 9 FH Wsk= =3 dv|7(Digiretina 16
Camera, Scientifc Instrument & Optical Sales, Kelvin
Grove, Australia) S ©]-83o] 2313 0™, x100 H-E&

oA FgstAch
6. 34 =4

BE AP 33 o) WvHE ssiglon, A= o
TAEEFAARE A 7 242 SAS ver. 94
(SAS Institute Inc., Cary, NC, USA) Z=Z 7318 A}-83}
o] one-way analysis of variance® A A|gF & Tukey
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1. GRPFO M2 MZEE 811t

hADSC, hMSC, SH-SY5Y, RAW264.7 Aol A A7
AAY ok AIA(GRPF)] MEZ=A-E H71st7] <180 0.1,
0.5, 1,2 3,4, 5 mgmL 52 2|3 3 CCK-8 A}
E Ttk 1 A3, £7]MEF<] hADSC9 hMSC
o| A= GRPFE] Hi 5% 5 mgmL7HA] A5t =
izt ] A2 AEE] folsh 7t BEEA o
T i ke AES BRYom, 47 106.4+7.2%
2 108.3+4.4%2] A=&S YERITHFig. 1A, B). SH-
SYSY MEAAM= 4 mg/mL #2] Al tlZF thH] 105.8+
3.3%%] AEES B O, 5 mg/mLolAE 84.646.1%=

A B
120 a a 5 3 a a a 120 . 2 a a a a
£Z_ 10 > 100
27 ==
£5 80 gL 8
=9 > g
39 60 3 O 60
09 °%s
§§ 40 Qe 40
< 20 2 2
0+ 04
CON 01 05 1 2 4 5 CONO1 05 1 2 4 5
GRPF (mg/mL) GRPF (mg/mL)
GRPF (mgim) GRPF (mgimt)
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
C D
120 a 120
ab a a ab a . a a a @ a ,
Z 100 b £ 100 b
83 83
SE 8 SE 8
= £ =c
33 60 38 60
> N5
Lo 40 S 40
9= g
-
F 1 s 2
0+ 0+
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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742599 th(Fig. 1C). RAW264.7 A|3£2] 73, 4 mg/mL
oA 100.6+1.3%°] YEEE HY oM, 5 mg/mL A
Aol & 91.2+0.02% 2 7H438lthFig. 1D). ol¥d 2
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gl Ae sAlsidlon, & dgd A8d §&
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100 100
e _ £ _
£ 80 £5 80
S SE
g geo g 860
2 N
ES4 E240
5 5
2 20 2 20
04 04
GRPF GRPF
4 mg/mL 4 mg/mL
H,0, (100uM) H,0, (100uM)
‘GRPF (mg/ml) GRPF (mg/ml)
CON | H,0, 4 CON | H,0, 4
AVERAGE 100 545 625 AVERAGE 100 47.0 65.4
STDEV 0.2 21 17 STDEV 41 0.7 16
C D
120 120 [Rawze47]
100 100
2 _ £_
ggw gge
3E 5E
gge0 ] g
™ © ™ ©
- £
2 2 2 2
04 o4
GRPF GRPF
4 mg/mL 4 mg/mL
H,0, (50uM) H,0, (500uM)

GRPF (mg/mi) GRPF (mg/mi)

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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A8 ~Ed 2 AEolA GRPFE Al B35 a3
£ H7Fsh7] flél NRU HARS 3833 H0.2 4
313 &4 =% A3 GRPF (4 mg/ml) A g
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

Raw264.7

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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Al AT Ao Skete el BEEHIe
o, AZ Fejo &4 Tadhs S BAKFig
3). o]#t A= GRPF7} Akl ~Ef 2 270004
S7NZ, AABAZ 9 AN EE BEsks a9E U
ERdl S AJAFRICL

|

3. G54 AEA RE BHOM GRPFL| CHAMIE

Hs g1t

F7HH o2 SEle 954 2Ed 2 Aol GRPF
o Az BE a3E 71sh7] 918 NRU AARE 5733
SFATE RAW264.7 THA A2 LPS (50 pg/mL)E # &
3 Ay}, AE YEEE 543%E T2 TAaEA
t}. WHH, GRPF 4 mg/mLE AA 23 FolMe= Y2
°] 70.7%= 3] &=} 164%2] 3 ZT7HE Btk
(Fig. 4A). =3, @v)7 2 A7), GRPF A 2l A
tizwtel vla] Alx dert oo s Frlshe A%

N
3

b

3
3

Neutral red uptake
(% of control)
N2 o®
-8 83383

CON — GRPF
4mg/mL

LPS 50 pg/ml

GRPF(mg/mi
con | tes | 4

AVERAGE | 100 | 543 | 107
B STOEV 65 | 21 | 72

' LPS50 ug/ml [ LPS50 ug/ml + GRPF 4 mg/mi

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.

6 ] Korean Med Rehabil 2026:;36(1):1-9.

o] #AFY oW, ME FHeo &4 THash= e
HYTKFig. 4B). ©]&= GRPF7} LPS # % A&A &4
20 L] YES EARHOE HIFFS Al

Ay,

T Z»»»

2
—Ll
r{r

A O AR(GRPF)7E AHEHH B
Edl2 2704 Z/AE, AAAE 9 thAAl

1)

Loﬁ: re

ﬂ* B3 G35 g% ~5e)y Aot} o]H
To| A GRPFE= 4 mg/mL F57HA] E71A1XE, 21734
g A M| A N EEGS JeERA] ettt =gt
H]EOM—E 5 mg/mL &% 24 tiZ=T diH]
AELO] AF F7lsh= 73?%01 &= A ol
e 54 VbR 2 2309 7E3t FHE 2

3ol A AP S Frshk= vl 7158k
TRE AARITP, ddEtolAlE o] 8% &4
NNEsle R dEde AR Helol=g [Ag
FoZH ME FFAES FIATE ALE LA Q
o, AAE FElo| = BAFF 1~3 kDa H9]olA] Al
I FEAS} FEAEE 7 de BEAS /RITP0. ®
INE FAaNA YA

o i 3]
5

tlo mot o X N{N Ptl (| | ol
2 N
PN

_\IL

s

o8& Eol= tl 71oshes Zo® BarEo] TP,
oFd A2 YA K3} 4°J AP L2 pH 74, A=

0.09%°] E4< =
S dRs-F T iév WAt gHo= 749
dHof Az A2 FA AL dAde qRY
T e E2Eshd AR T

ol AT Ao H0.2 f=H S7IHEFA
GRPFE= o] AZ B3 G458 Jepdch ol2)d 4t

H

_l

5= —’5*& ol E3h= GRPFO| Z38 o8] HREe]
=S [RISF A og_ 5]]}\49 2= mqﬁ) o];(-]
T T A et A o
Aboll Q3 gokA 7|ALS Aty A=A 9 FX

— =
2 AL xS ATe SYSE HoE BuF ol

<
iy
r2

QTHIS PDRN-S adenosine A:A 8415 EAds)ste]
g % AX AYE ANEE FEsta, vEZ=ot
7% A 2 ATP A4S 318t &35 7RIS,



A

A ok AIAQ] E7IME HE AT A ABH d 24

AEHA gt in vitro AT+ J.

w3 FEAUS F o]2& Ay o]’ste] ROS RS
AAeh= A QI bt A2 4R o, UiA
A g4aksl &9l superoxide dismutase 2 glutathione
peroxidase®] A4S SAA7I = o= Had ul 3l
THO2D, 4ksl 2Eg 2o 93 ME AFE-2 H.0:0 2
3 nEZcgol U 24 ¥57F 27k, Bel2 AE
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