Published Online: 15 JUL 2026

= % = ' a s
nsAnvINavasUInanbsludnanisiasyvaswas bwlusuaiad

The influence of D-Ribose on fibroblast proliferation
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Abstract

Fibroblasts are-essential cells in, the dermis-that play a crucial role in the
synthesis of collagen and other'connective tissue components. Aging is associated with
a decline in fibroblast proliferative capacity andicellular enerey-production, leading to
skin deterioration’and impaired tissue repair. D-ribose is a naturally occurring pentose
sugar that plays an important role in'the biesynthesis of adenosine triphosphate (ATP),
the primary energy. source of cells. Therefore, D-ribose 'has the patential to promote
the growth and function of ffibroblasts:~This_study aimed to .investicate the influence
of D-ribose on, fibroblast proliferation.

Primary-Human-Dermal Fibroblasts, Adult(HDFa), were cultured in Dulbecco’s
Modified Eagle’s Medium--(DMEM)" ands, treated—with..D-ribose at five different
concentrations: 1.25, 2.5,5,10,-and 20 mg/mlfor-72.hours. The experimental groups
were compared with a negative. control.group (0:1% FBS) and a positive control group
(10% FBS). Cell morphology was observed microscopically, and cell viability was
evaluated using the MTT assay. Statistical analysis was performed using one-way

analysis of variance (One-way ANOVA) followed by Dunnett’s test.
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The results showed that fibroblasts treated with low concentrations of D-
ribose (1.25, 2.5, and 5 mg/mL) maintained their normal spindle-shaped morphology
and attachment characteristics, with cell viability comparable to that of the negative
control group. However, increasing the D-ribose concentration to 10 and 20 mg/mL
resulted in a reduction in cell viability. At 20 mg/mL, cell viability decreased markedly
to 41.78 + 0.46%, which was significantly lower than the negative control group (p <
0.001). In addition, cells exhibited shrinkage and loss of their normal fibroblast
morphology.

In conclusion, a high concentration of D-ribose, particularly 20 meg/mL,
significantly reduced the viability of human dermal fibroblasts under the conditions
employed in this study, whereas low to moderate concentrations (1.25-5 mg/mL) did
not adversely affect cellviability. These findings provide fundamental information for
determining an appropriate-concentration range-of D-ribose for applications in anti-
aging medicine and cosmetic products, with consideration: for long-term skin cell

safety.
Keywords: D-ribose,;Human Dermal Fibroblasts, Cell Viability, Skin aging, In vitro
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1. MsazERBEaE-(Cell Culture)
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pIMaAsuTadUsENoU et nanglad 45 n3u/Ans uanaSudeuea-ngaituaadudy
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wagyhnismu A Sesazinsid insenve aa (% Cell Viability) Wiiauanidanisiadey
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4. MSAATITHNNGEDR (Statistical Analysis)
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A15197 1 nan1svageuAIuITInvewaaRusstalnlusuanas (% Cell viability) 1

NAFBUAUUINIAA-b5LUE NANITUTY 1.25,2.50,5,10 way 20 Hadnsu/dadans

v 1 [y

(NFUMARD3), F3UMBaUNTAFBS)AMLLTNTY 10% (v/v) (NFuAIUANNITUIN) Tu

Y

2MSABATAS wareIMSAgNTad (nquAIUANNINaU)dusTEzIaT 72 Falug

LazInNan8Is MTT assay

Wosidudnuiidinvoswasdnlusuanad

naunAgau (% Cell viability)
Asa 1 Aseit 2 ased 3 Anady + ai’auuﬁmmummg’m
ﬂzjmmmwwau 81.87 101.30 116.82 100.00 + 17.51
Yanad-lsTua
108.72 91.07 95.23 98.34 + 9.23
1.25 un./4a.
thenad-lslua
113.02 102.00 95.45 103.49 + 8.88
2.50 un./4a.
tnad-lslua
115.49 99.35 102.07 105.64 + 8.64
5 un./4a.
Yranas-lsTud
99.09 80.63 85.09 88.27 £ 9.63
10 un./ua.
tmandslua
41.27 41.93 42.15 41.78.+ 0.46
20 dn./4a.
10%' (v/v) FBS
164.98 156.08 142.19 15442 + 11.48

(NYNAWANNWUIN)
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KanITATIEd WUl nauitldsutmad-lsluafiaududu 20 fedndu/dadans uazngu
AIUANNIAUIN (10% (v/v) FBS) 1AULANANAINNGNAIVANNIAURE NIy Atyn1eatia
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ANuLANAegeldeddynaindlowTeuiisuiungualuauniau (p > 0.05) Aauand

<

a

Tumsna?l 2 uaznmil
A157991 2 AraufiFinvenwadinideialwlusuaias (% Cell viability) Aendsns
naaeuetmad-lsluafiagnududusng 4 savinguaiuaumsay wazndy
AUANNIIUIN uansalugureyaiedy + daudeuusnsgiu uaze p-value

FalaannsSeuLieuiuNANAYALTINEUAIETS Dunnett’s test

Wasiduaaulivdnvaawas iWlusuaian

naunAgday p-value
(Mean + SD)
NANAIUANNIAY 100100 17.51 -
Yhad-lsTua
98.34 + 923 1.000
1.25 un./ag.
vhanan-lslua
103.49 + 8.88 0.996
2.50 1n./43.
vhanan-lslua
105.64 + 8.64 0.963
5 un./48.
Yhnad-lsTua
88.27 £19.63 0.580
10 un./48.
vhnaadlslua
41.78 + 0.46* <0.001
20 4In./318.
10% (v/v) FBS
154.42 + 11.48* <0.001

(NFUAVANTIUIN)

AR AT IENTYanI8 One-Way ANOVA #1%¢ag Dunnétt’s post hoc test (N = 3)

o

*UANIienUANANAINNARATLANT AU NIt AdRmasadafl p < 0.05
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o

p < 0.05
A 2 aenuiidaevedigaaiinisulalWlusuaias (% Celbwiability) nevasnisvageu
A28UIA8A-LSUaN A TR IR UAIUANNIEY kagNaLAIUAY

MU wadanabuguvasAnane + dullpuunnsgi

dyuna
HANINAFBUNISLASEVDILTAE A2870 MTT assay Tulwas liflusuaaiiniziassann

Aavilsuywd wudn nslviinad-slualupaadadusiie 4 dwadani5asyveyad

aAaa 6

wansi1anu Inyngdaavaunisatfinnues i duinauidipvasgadaf owindy 100.00 +

aaa

17.51 Tugaginguilasuuinian-lsludnmmududy 20 fadnsy/dadans vinlvnuddis

N v [ a

VoA anatag 1T NEAIN YN NERR ek yuiTsutupguaIugray Tnelesidud

'
(=

AT TN S RFOYT 4178« 0.46 (p < 0001 Haznastdsurnad-lslualuainu
Wuty 1.25, 2.5, 5 uay 10 faansu/diaaans Winvaruwanrnyginnudiinveisaned
filfudAvnaad (. 0.05) ek suideufungualugunieay Tnsfiedidudanuiitin
Youwadogil 98.30 + 9.23, 103.49-+ 8:88,105.64 864 Uuag 88.27 + 9.63 AuawU du
naueUANTIUIN Wuheudnvessadifintussnsditfoddymieadn dowFouiisud

nauAmuAunsa asfivefifudinisaiaveavadeg 150,42 + 11.48 (p < 0.001)

Y
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anUsena

= v v

1NNSANET WU Wenad-lstuananudiuduas (20 Jadnsu/dadans) dnaannns

Y

'
L2 =

WigveaaivtiyialWlusuaarnegadided Ay Beenanetesiuamuautiivesiinias-

>

1%

Isluafiannsafaujisonlnanduldsniininimanglaa dwwaliiAanisazauvesans
Advanced Glycation End-products (AGEs) n1eluieag waznszd uliinn1s3unquues
TUshAu %aﬁﬂﬂq’miﬁwmﬁmﬂﬂasuamjaa‘uasLszjaéma (Han et al., 2011; Wei et al., 2012)
N5AEANYDY AGES a1N30NTEAUNSANNTIEANASEARDNTLATY (oxidative stress) wag
Wiunsasnseyyadasy (reactive oxygen species; ROS) dedanaiensiauveslalnaouis
SHLAZNTLAUNINNEVBALAAWUU apoptosis Yonanii AGEs Sanunsaduiuinsudmsu
AGEs (Receptor for Advanced Glycation End-products; RAGE) UuR L@@ LLazﬂisﬁumi
dsdayaurauninu Nuclear factor kappa B (NF-KB) @ atfiendasfunssuiunissniauuasnis
amawaamsagjsamaﬂmaé (Chen et al,, 2022; Gkogkolou & Bohm, 2012)

wianai- lsludesdussadssnauddalumssuiunsdanssiosiluiy las
Woalvn (Adenosine triphosphate, ATP), WlaAuudss sxad ladandlalng Wodln
(Nicotinamide adenine dinucleotidé phosphate, NADPH) Llaznsailanadn uanan1snaaodlu
adstuandlidinaaslésudmen-sludlussiupiandiudugsoadenaliinauliauga
YeanszvIumMseanatynglueas Lagenanelminmuduiudogad (cytotoxicity) 16

wazuiiindamai lsluaiaududusi (210 fadnsu/daaans) 92 lduanwasenis

o w

L3 voaadeg NHUsd A luATIH WANLUALEINNITIOS QUDIUARRNANA LA LTUT

o o o

N wandtalndrinfianssyisunislduimad-lslualumsyssenanisigsmansveasiy

Ingiamglundnnasienisquanivsenasnsedundsnululeaaiav

A UnaUNleSUTSuMBeRgnda (FBS) mnuditdu10% (vA) Beldidunquaiuau
VIUIN MU LEaaHinAsiiindInLaEANNIIFUpIYaEgda L10991n F5urgeugny

= a Ao I ! a a a o 3 | 3
llﬁ']iﬁ/i’ﬁ']EJ‘U‘L!WVH]']LUUﬁ@ﬂqiLﬁ]ﬁym‘UImLLaSLWELIT\]’]‘LJ'JUSUQQLGUaa WU 99AUTENDUYDIUATY

a

N13.5aysAULe (Growth facton #stipnsedun s INIUUaNasd S9uds Jadenisiniehin

vouaaa (Adhesion factor) LLazaﬁﬁﬁqw%ﬁmm%U%u (Antitrypsin activity) 83978893
nstanzvesead wenani dsududuurasediniiu L3579 @150115 baFRSIUAN 9
dnmaY (Freshney, 2010)

odnslsfny S5189uu19atu wui dhmai-lslua enadledaasunisiiusives
syAuezAluTu losweane (Adenosine triphosphate, ATP) iuLﬁaL?J'aﬁagﬂumwwé’mwi’w

Tnsnmznandtiomlangdanneiadsn (Ischemia) #951897U31UAN8R-L5LUA @1U150%78
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Sensiufvessedy ATP wasUsuusmsvhnuresidlanevdinnegnadenld (Bayram
et al., 2018; Pliml et al, 1992: Shecterle et al,, 2018) asvioulsiiiui naveninan-lsTua
p19tueguriavonead anendsuiiugiurensad wazardududily

Tngasu mafnwiuandfifiuin tnad-lslua orefinadesowadimdadeldly
Unasgs wazesiimsAnwinalnlussdulilanafisny weUssidiuenaasnsislunisiily

Uszgnaldlundndouesimangeansvzaadensensasdionslueuns

Xz

1 =3 = g.jl = [y 3 . a aaa
aﬂﬂﬂliﬂﬁlﬂﬂﬂ’]iﬂﬂ%’]ﬂiﬁu JumsAnealuszauieas (In vitro) wazUsehluAIUUTIN

a

YBUTARMIYIS MTT assay LleeISiReT Sasviounasananssuunuadduassasdundn

% I a A‘ g o ! ¥ 1 v
wazdilianunsaesuienalnnsedngnsuaIumas-Lsluadewas lnlusuaiadlsegetniau
wona1nl n1snaassltn1sTag LUy technical replicates 9A253N15A NWIF LU

biological replicates uagliisn1sUTEIdURNLRINOBUTUNANITANY

JoLEURUTEMSUNISANEN luauIA
1. UoLAUDLUEAINTUNISANE1I8TUIUIAG AATAISUFANE1UINNEA-LsTuaTu9

a o 1

AULIUTUAINTT 10 LaAn5UH 05aaas 5 LN aUse I UNaADNITHANTIUIULAL ATV UYDY

Waa UsNINNL AITANTIFAIVIADUNULR LU NUALDANNANLLTINVDUYAS LU NITENATIEN
LY 6 Y n’l’u v d' 6

ADAANLAU ANTEAIASATY ATP 929 1UAAIULE N1 U89%aa (Cellular senescence

[

markers), #3%1AN158naU (Inflammatery markers), N151As¥RUBULABATE ROS UagN1S
FuvenTaaluszezdn Imelnidlanazewiintai-lsluanewadlusuanadlaed s
mamqmmﬂﬁﬂsﬁu

2. Tolaualus @S UASWRILINAnAMI AITHANSAN¥IUTEAVIS ANLaZAIIL
Uvaondveaimai-lsaiudaiionsussgrdlslususunandusiomsiaiu iesn
drnai-lsluailunuamdadnlunisdansiet ATP wagnsasrmasriuresead oglsiinu
AsfinsAnuisluseA Ulmad dndvaaes waznsAnwmsadaniudysd ietmusruin
SuUsEmuiivmads st udulszavs nlagasdasadlunisdaaiuguamialy
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