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Anti-aging Effects and Mechanisms of Recombinant Human-derived
Collagen on Aging Mouse Induced by D-Galactose

LI Jia', AN Miaoqing?, LU Chenhao®’, GUO Rongxiang’, DU Bing>", HE Qing"’

(1.Jiangsu Aland Nutrition Co., Ltd., Taizhou 214500, China;
2.College of Food Science, South China Agricultural University, Guangzhou 510000, China)

Abstract: In order to explore the anti-aging effect and mechanism of recombinant recombinant human-derived collagen
(RHC), the aging mouse model was constructed through 300 mg/kg D-galactose intraperitoneal injection, and different
doses of RHC were used to study the changes of hyaluronic acid, collagen, lipofuscin, hydroxyproline content, antioxidant
enzyme activity, key genes and protein expression related to epidermal cell proliferation and differentiation and collagen
synthesis. The results showed that compared with the aging model group (SLM), the intervention groups that was gavaged
RHC had significantly less skin folds, higher collagen content (P<0.05) and superoxide dismutase (SOD), while lower
malondialdehyde (MDA) content in the skins (P<0.0001). Compared with the SLM group, antioxidant indicators such as
glutathione peroxidase (GSH-Px) content were increased in the RHC intervention groups, while lipofuscin content and
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pathological scores were reduced, and significant effect were also observed. In addition, the expression levels of key genes
and protein (EGFR, TIMP-1, COL1A2, COL3A41, TGF-p I, TGF-p I ) were increased, while those of MMP-1, MMP-3 in
the skin of mouse were decreased in the RHC intervention groups. In conclusion, RHC has a good anti-aging effect on the

skin, and its mechanism may be related to increase antioxidant effect, promote the EGFR, TGF pathway, and modulate the

expression balance of MMPs and TIMPs, promote the proliferation and differentiation of epidermal cells, and the synthesis

of collagen.
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FRER e SR S TRAE EAE SR, (B, P
RS RRERIVE T L SHAER . AR A 1 H ALy ™
A, RETEHEFRIAY, IEH 2ol B R — s
F(ROS)IFEFIZELTATR . Jioh, LbARTIREREAS
WREFE R Z ), PEAH G R R, v LAE
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Yo e, (BEFAE— L /BRI, FZEERIMN A
PIRIHRAG. PRtk SHRFERSHT T 2 25 .
1IN

TR AR 1 PRI IR, R S 4P R R,
J3B e L R TR PR A T i 8 BE R A 20 SR
BEASTE— B2 FAES A w2 i A IR, 2
AL 45 Bl ) e IR AR RN B 40N VR I R 2R H (recom-
binant human-derived collagen, RHC) PAFH . F4H A
PRI 1 (RHC) S2 AR YR AR s 1 R A 7O
A% | AR RERY 2 BEiR 74, il i 20 3R1A15-5)
SIS S (M g e L e T = i L ol = o S LI LU S <)
te2Eghta), SRR IR A A L, SEZH R TR
JRAR LB R4 ZE YA ST S A it >0, A
A PR R SRR . B RS A )
FE PR RS, S AN IERR AR A (RHC)FEN
—FEr R AR 1, 5 NRY R IR AR RIAR [R] R, B
FERZE R, 7] RLAA N M 25T B2 A b 7 e A 1,
T R R R M G5 FIUER L 3 i1 12 R AT A W23, o) B
AR, FHIYRE, INEE R BRE G, SRR i
it HE YL 5086 & B, /N 28 RHC/TG-cell Kb HH A,
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AR SN, AAEERAERY dm i 45 /) BURE B A8k
TS R IS I SRR A B 4 0 4 il AR A% i i —
AL

BRI B [ PN & ot 8 20 N S 2 1 s AR AR v
HEHEEP | B RATHECE | PUIREE Y 25840
PEP 2O SRR ST, XU T ST
B, HXTHG U2 ATE R, BASSZE: 2L D-2f
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1 MREREE%E
1.1 MRS5EE

THAFKIFEERMA(RHC)  HILIRTLILERIEA:
PIHAA BRA TR RS BT s TR
Bl A RA TP, sk, 2k 91.9%; SPF
& KM BEME/INER KR 18~22 g, ) A4 B4 sL5e
Sy AL, AR P2 T UE S . SCXK () 2018-
0002, SCZY& B BT B A& IES: NO.44007200092153;
wmlk BT AR BEAESL R s Th b SR AL, AT
HEARRIE(2019)05073, AA#ES: NO.44200300022730.
NERIFFR T AS BN GRS S 6 28, SEge s VA AT ik
S SYXK(#.)2018-0137; ELISA Kit i & i
2= R AYEGIAA RS A5 A8 D6 H R A Ak 4 Bilg
(GSH-Px) . A ALEF(SOD) . AP fbie
(T-AOC) . iF4EALE M (CAT) . H (MDA )i
%5 . ELISA PrEEABFAF & B @iy T
RIS AL Z R BT L T AR A H]
Peft; “HZK R ARSETITIER L T BRA B He4; B
bbz4h alifE Sk 99%, HiAdb kL F 4 T A PR w4
it

PHS2-25 #{ILIRVKFE & &38R POWER/PAC
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B OB AR DAERIER A R 7] H2050R 4%
BLOAHL MRS O ER A RR A 7 SR AT

PR A AR A BR 2N 7] 5 HistoStar
HAGHYL R HEMEN A BRAS El; HM340E %

HRYIRHL  ERYITTIIRBH AT B 7] TPI-A ZH2
FHL ST i1l BT IR A IR 7 Bl 4
AYCE R ARTETT I A A A BRAAF]; Bio-
Rad BECUR RS  AARAar B4 (L) AR
2\ Fl (bio-rad) ; KI5 &5 ¥4 i & P B, G045 B ik
HE B WAL . RIM MR I S 3=, LI RAEH T
FIm A PR AFE R PRI 4

1.2 SEWFHE

1.2.1 s MAbE 208 Kong 452 fysL56 i
BT IRFE VRIS, T 1, 6 72 L SPF 2% KM itk
INERBERNLAT N 6 4H, FgH 12 1, 43512 NC I X%
HEZH . SILM ZEERIRIZH | RHC G, W, =l 4,
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300 mg/kg 1Y DC KA 1 T 1igH ; Forh, NC X RaZH
/NEEE A PSS AL B R TS SRR 0.85% AR FER
7K; SLM ZH/N BB H T80 40 B2 T 15 300 mg/kg
By D-2ZU0E, Hogv45$ 40 A H B2 T 5T 300 me/kg 1Y
D-PRNEEAR S, AR P2 D A 25 4H 0
FEFAE I, IR, v, SRS 50, 500, 1000 mg/ke;
ESEE 6 J8, —JEFRE— UM BRI E, AR AT T
BLPHAFL(0.1 mL/10 g) .o
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Table 1 Experimental group and design
e A mam e
NC IEH X R ZH - - ig 6 12H
SLM REERIRIA - - ig 6/ 12K
LRHC  RHCIGHIE  RHCIGHE 50 ig  6J4 12H
MRHC  RHCHI&  RHCHSlE 500 ig 6J4 12H
HRHC RHCEHfl&  RHCHEFE 1000 ig 6/ 12H

DC IEEATHEA  KEHEA 1000 ig 6Ji 12H
T igRR A IHEE .

1.2.2  IyE M RRASZR e =08 Kong 557%
B SEYG T IR FHAEIS L, I 1% B ELZ49(3.5 pl/g)
JRR PR 25 28 /0N BRL, FH IR BRR i 501 4= ik B 2 mL
EP &, 4 °C vKFENERE 2 h )5, TEIRER A RS L
LA 3500 r/min 5.0 15 min, B 15 W 5028 0 & T
—80 °C VKAH PNARATFE ;s

BYHY 2 emx2 em BHEBEZ AR, 5Y 5 7 N 4HZR, FHT
AR FHER R Py T4, BY R 2 B, — B4 e T [
W, 55— 35 48T -80 °C vKFE P URAE;
1.2.3 R B R . FRIHERR . IR E . IE1E
EEEMNE SMEESCEP 15k, SR ELISA
Kit 43510 58 Bz R0 21 Hrads BH TR . FRliiiadiiR . e
FEH. IEEE S E T R AYRR R A&
1.2.4 RHC XI/NREZBRALA PhiEfbstnmilie =
JEehE =00 TR RSEIE R, SRAH ELISA $is kil
TR A Bz AR 2H 21 v b A A
1.2.5 RHC Xf/NROCHEIER ZIARFIE S HEAK
A =B 1y, FH Trizol B2 BUR KA L RNA,
K 5xPrimeScript RT Master Mix #H17805% 5%& 1l
¢DNA, SYBR Premix Ex Taq &£ qPCR, 43
B E MMP-1. MMP-3. TIMP-1. EGFR. COL3A1 .
COL2A1 FHFRik=
1.2.6 RHC XI/NRAYSCHERE AR IAACHE R
INFREZ RSB ., L 12% SDS-PAGE BEBEHE K43 B,
FLE 2 h & AN S RN 9 M (PVDF)
b, BRI, BTHRR, S 5% WS Tk i TBS-T &
P A 1 h, SRS N A —$L B-actin( 1:50000) .
MMP-1(1:500) . MMP-3(1:500), TIMP-1(1:500) .
EGFR(1:500) ZE M E 2 h, 5k TBS-T¥E 5 &, &
YK 15 min, HIA (1 : 2000)Z= 75 HF 1 h, TBS-T

¥k 5 WK, BYR 15 min, FJ5 A ECLB AR A,
A B 1 5T BEA TR B 43 AT, LA B-actin A PN 2,
L) MMP-1. MMP-3. TIMP-1. EGFR4%% 4547 5 N 2
ZRiy IR EEAEI B R 35 AR A KO

1.2.7 HEURHISA LSS 2 B AT AT 5502 Jr ik &
2% 2 BRI VE SR Xt /s B BR BEA TR BEVE 49
Bkt : VTG /N BR— 3R 53 2 BRZH 4L, Gl 4% £
PR E SE 24 he KBS LUEBUE BT
0 KB PN, FHFAR TME -2, T ARSI K S .

K2 BRI R
Table 2 Score standard of skin injury

B s B~k 2s Mo By
ATZAEE (2)
R (F BN IEWRIE1.5~31%) 1
R (R B2 R IE W EE R 3~44) 2 3
T (R NIEWEEMEL ) 3
B EE ik
(b) ks 2344 5 1 1
() ARG )R 1 1
C AR B s
(d)BokL 2= 1 1
(e)ffb A4 1 1
(f) 2 Jz ANz 1AL s A PR IS I A IR AL B P 1 1
(g)MFLRIE AL
preiliolapI 1
KA P
D& IRBE
(h) FEZIRIE
BEGEREZUIH3LIT) 8
R (5 2B DITH 1 1/3~2/3) 10 15
W|EGEREZUIm2/30 1) 15
E.HE Ak
(1) FL R 2545 23 M A4S 5K 78 1l 57K A 1 1
() FC TR T 2 73 P e i 5 1 1
(k) BLRZ R AN R
R 1
U 2 3
il 3

R I 0« B 7R GO AR KL B R A5, FH 2,
B BE AR K . 75% ZU15 4 h, 85% ZLIE 2 h, 90% Z. 15
2 h,95% 4% 1 he BHeas HICK B 1 FJo/K LB
T -3/t 30 min, BE)JSH 50% LEEFT 50% 28,
THZRT L SR A2 10 min, EELRRRERA
&5, FH 65 C mlfbalg 1 | 65 C alfbalg Il | 65 °C
A A I 45924958 1 he

A KRl e BTGB DN, o e T AR
ZH 2P 7K B PN R HE 2 B Ao 3L T 1) SR L 3L
HE. —20 C VRE RN, el BugE 5 B s 2

Y5 SR R B T A Y /L) e, TR
4 pmo FFHLYI AT 40 °C fEFHLNIEIK FRESE, [
I PR, 60 °C HERNE T, HEEIbEBUE .

HE YL faingg. Ay R il —H 28 T 20 min—
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ZH IR I20 min—Jo/K ZEE 1 5 min—JoK Z B 1T
5 min—75% 5k 5 min, H K IFVUE; IR AR T YLt
YR 430 & T IR ARFE YL GL 3~5 min, HKIKPE, 57
T 531k, HRKVE, IR BEGR W, Tk thyk; PreT g
o PR 85% . 95% 1A BE W K it 7K. 5 min
J&, BT P g ta 5 ming BRI A U1 RAKIK
B FIKZEE 15 min—JG/K ZBE 11 5 min—Jo/K 2,
M 5 min>—"H X T 5 min—>—H X1 5 min i&
B, PR S e ARy, EUSCRAE ST o
1.3 HuEIE

BHEALFRRH Origin 8.1, 2% GraphPad Prism 8
f5E, SR ANOVA X i 22 et v g 434,
LEIRIOR I P BRI UEZE

2 GER55H
2.1 RHCM/PRAEMEEKREZERRKFEEN
220

NC /N E I | 65, 77 M IEH ; SLM 4H
NERUIN) B LB = DG, AR EEEE LS | AT TS BIR
LA HARAE, 2/ N & RHC T HUR X S5 2 E
PRA IR o /N BRUA G AT 1 e S N A A AR 17
—ANEEFRPRPY, PSR AR T AN BRI EE 2 1
K, e aaE I o B2 5 (K 1A), 2B RHC JiK
JEGE AR /IN R AR K R B A BRI I IR PR e
SRR Sy aE 2 S EmEAIVE, IT AR E M ARk
Sy 1) B SRR ) A 5, 4 B2 IR EE N K 43 se.at, DA 4
BB RO B (g 7K 5380 > 12 R EH ZH A I 7K 53Dk
b, O FEUANMAELE . EAk . LUK . 2245, Anin
P, nEl 1B N, 5 NC A EE, SLM 21/
B ORI S 1 2 i Wl 3R (P<0.05) , RIIH %
PRI T NC 2H, 5 SLM 2HAH e, HoAth 75 8 40 s L
FE SR, H5 RHC ¥R S 3@ i
REs P, AniEl 1C FioR, £ad RHC BT WU B9/
FRUHC iz R i 7K 43 B 5 SLML 4HAH LE S 35 18 i (P<
0.05), HB#ZE RHC ¥ A5 N 52 30— <2 iy 50 ARt
PR REERAEDS SR R a2 /N B AR o B e R
I U AT DA S oA s 2/ N IR o i, 5%
SEGAS RIS E . R RHC AR LA /s
BRURE FUR e S P o B A B, o mT AR K 4y
HA — b EROR
2.2 RHCX/MREBKBEAKRE. RERE. BB
% KEERSENE

175 B BT IR e — Fiokk Z2 0, HLAT Rk A R /KA FH,
REAS I JE ] O A A L BaE B R B IR AR, Bk
P, ¥ I S R 2 A I3 B PR I I 1 M AR AT 2
—, BEASAE DE Bz IR AT 4k 0 i A K, AR50 i HH 2 ik
P R DY) B 3R, NFREAR (A, TEVUAR I AEE
WA, 24 57 R gH 2R A A 7K S sk 2 T3
e O N o N = 1T N (T | = =P |2 U =
FAXT RN FE R IR AR S 5 28 S ZEAE AT, T IRV E

20234 5 A
40 A
30
c - NC
= 20 -& SLM
= -4 LRHC
ok -*- MRHC
-+ HRHC
-6- DC
0 [l 1 1 ]
0 2 4 6 8

*
*
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411
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Fig.1 Effects of RHC on body weight, skin collagen and
moisture content of mice

T SHORIZHA L *P<0.05 T3, **P<0.01 H53E, ***P<0.001,
#xkxP<().0001; & 2~ 6 [F,

AR 304375 BH TR 04 A i, MRS B LR IR R
KA, A R R IR IE FE 2P, i T AR R A
PRSE Rz AR T 284 e TR 2, P e B e s R ik
FREE, WFIR4S IR UNE 2 FioR, 5 NC ZAAER, SLM 40
WA . RFEEE SR IBER S E. 1 BREE
&AL #2255 (P<0.05, P<0.001), #&H] D-2E¥,
E I /N RIS R B Ty £ 1El 2C FEl 2D Hr, 5
NC ZHAHLY, SLM ZHAE# 35 5 25 T+ (P<0.0001),
T Y S 2 11 2 b 3 AR (P<0.0001); 5 SLM 21
AL, RHC fI%, . @554l il DC 4 2 & 5 i
EREL(P<0.0001) . IZLERSHEDY tER S £
2P Z /DR sz P g SR 25, B 2E
SLM 45 RHC &g AH tb BA 25 5344:(P<0.05),
RHC fI%. . &l g oA Sk e vl g 3, (R
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Fig.2 Effects of RHC on the contents of hyaluronic acid, hydroxyproline, collagen and lipofuscin in mouse skin
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Fig.3 Determination of antioxidant indexes of mouse skin tissue by RHC
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T HA B Bt 4840, MDA F23 =423 | L 4m it i

Wi, P MDA J2 A5 B g 5T 3 S0 S 0 1) 22 4
b ML N SOD J&2difdfbh Rge b &% FZAE M

fig, ‘A IWE NP UEALY LR WEa EEREAZ ] 422 I WA LA

W E o R R RS, GSH-Px 2 541 GSH i1k
N, T PR N R4 H 3L, AT R AA IR

FIR/ N EEZL R 28 22—, SIS, = | AP0l

K 3A 455 oK, 5 NC 4HAH L, SLM ZH/)N Bz JEk
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