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] B BARSEXIRTET/NKEEKETF (CGF) MAEYZREY, BYERRBHEEENHIRIIEHE BRI,
AME CGFHMBFAMEALEES, RAMBKRERMME (ELISA) FEEHH CGFTREAXELBRERHAM
(HaCaT ) FREREMABE TS BAKE, URNERTEDME (1L929) FREEAHEELETF
KRk, HRFRMA, CGFTE25~400pg/mL ik ESEE KT E BB L929F0 HaCaT HMAYIEE, H
%t DPPH E HEMEE B HENBFRED 5 F1£95.05% F185.01%, FHHIHEHREREEE. &
BES#E (LPS) 55 H HaCaT MM R AEARE! 1, CGF BERSFI = /R 51k b 30 6 12 5 B F TNF-
MIL-6 BN, AITELE (H0:) FEH L2 FEER G, CGFAELIE | 870 Il AR
REARE, BUMHIEREBEEOEE MMP-8F1 MMP-13iE1%, HiIESEREBEE QN
TIMP-3 &%, CGF BEMHFBEPMMEEE S, AW RINERERIFLZRE T HHZHMKIE,

T

X ®8 i MEKEEKET (CGF) ; m=RE; fik; REER; Ek; Liks

EHAEE RN :
E-—mail:wwwllinh@126.com,

I, Wi, s, FEILRFE OLASHFR) EALFREE, AART @ Wk®RATFA AR B A,

/NEREAEACTE T (CGF ) XFR/NEREE R B LY,
F— Rl /INER B R SR BRI VR 2 458 P R A (T P R
CGF Je&/NEREE MU (T MRl 73, &R DM HE/INER A1
o 2SR, RIBAAC, /NEREEE & R R
WL, 20, B, Ik, gL MMRETRESH
YR, FIEPORTEE. Som. PR, WRFEMR Y. H
FEARPUARAE | BESRHLARG e By kSRS E S &5
TR PR AR, FEEEZ A TIREEbE &
ff s A A ST BRI 6 B AT A v AT e i
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P3N AA e L il b I s s U | RN E) A VAL SER
B, BIRGPERGOS NS T B TR L, (Eid EE R
SEE RV AT RE SEGTE ARG W A ZP e
Z0H1/+2 -1 8 (Interleukin-1 beta, IL-1B ). HZAIIESNZ -6
1 21§l /1 2% -8 (Interleukin-8,
IL-8) DL A2 i SR FE K F- - o ( tumor necrosis factor- o ,
TNF-o ) SERH IIER 7, BT B RS
SN, B R Jok tEBRAT i, S BRI PO SRR T B JBR A
SERT M Z RS R, ARG, 8. a6, Emm
FEANEE, AT SRR AT S, SR ez
TR, e JRAIB AT RE SRS , T B8 5 S350 Bk S E 1
R,

B RE SRR IR E IR, HOR AN 32
WRFIRTE . IR S RANESETEE . X PR E

(Interleukin-6, IL-6) .

TSR SRR R RN, BRI RERTL
FLEE -RBCEFREUCE . A AT sE R . kR
1S R TURR DA B JH S D e T e AR e ), 74
BB R AT AT, B HRA AR,
T 228 [ s 2 1 RN | Sl AP g o (AR 4 B IR A
BRATAEARE T, FEBON R S BRI IR )
BRI FIFIA R T

BT Lik CGF R MM, HATX JORE 7 A iZ
BN T AR T, AT sest— 2R CGFFEfT
RANPUREETT T A RARIOHAERPLE, BTSRRI/
BRGEA R I AR U BT T R SR A S5 (K e, 1
S AT R R, e . MRS At

1. SE38

1.1 SEEa v S i

INERTENY (HL5: 2612404, 755 RN EE AW RHE
RIBAWRAT) 5 AN L929 (D% i5 564
MEHE A RAT) 5 AZKAEM M FE K40 M HaCaT (i
W FEE AT RHA AR ) 5 DPPH OEEE (iS5
20250314, RETTRBMULAHFIERAT ) 5 /AT B
JRE T (Col 1) ELISARMIFI M &, /NELUIT ALK 2
(Col Il ) ELISA BRI &L, /N B T <6 2 1 gl o1l 141
3 (TIMP-3 ) ELISARMFF I &, /N EUEE T 62 R 25 11 B
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8/ PR 4T 5B ( MMP-8 ) ELISA RHIF 7 & |
JF 4% E [ 13 (MMP-13 ) ELISA BRI &, /N
FA A2 6 (1L-6) ELISARMIFA 7 & . /NEL Mg IR e
H-F o (TNF-a ) ELISARHIFR & (5505128 :
11461M1, JM-12800M1, JM-02378M1., JM-02372MI ,

/INER,

IM-02415M1, L7 i 35 4E
IR AT 5 EURRE (#45: H3893, £HE
Sigma /AF] ) ; lEZ W (lipopolysaccharide, LPS) (H#t5-:

L2890, WFHEZARHEAIRAT) ; DMEMEFREE (45

6125014, FERKIL/RBHEARAF ) 3 CCK-8 1M (it
5 40203ES60, JBEAEMBHILARAT]) 5 R4 (it
MCAEMRHEA AT 5 W4, A
TRV R A8 B 7= 43 AT 4k

IM-02370M1., IM-02446M1 |

5 UHI10791,
. K
1.2 SEIR{Y S

HHULIES (RETETRHESARAR ) 3 281K
TRAN AR TR (SRR AR AR ) 5
FEbR AT (AR W EORE IR AR 5 MR E O
U CEBARRAAEAIRAR) 5 sl s s
Wbl (RS EREIRAT)
1.3 LW T5iE
1.3.1 /NEGER AR KR CGF 4

2% Qin™ I P KRR, BU3 g/INBR N B 300
mL 7, B R EREAL T 30 min 5, BT 95 °ClHEEAK
RAEEL30 min, HUHREGILE], 7E£10 000 r/min 3 N0
30 min, HEEOHEE23R, BEERREBEN. 75
TUEAIF LR, 20 CHA—ME AR T 24 h, HI5E
CGF ¥%THro
1.3.2 0929, HaCaT 417 AGN

W 1929 F11 HaCaT 41 it L6 x 10*~8 x 10 1L, #2 Fft 7-96
LM, ET37 °C. 5% CO B H#MMBE IR, 7 AalA
25~400 pg/mL AN [EVR L) CGFiA (25 A4 774, 4
AL, 200 pL/fL) , AkBH%FE24 he FERERSLIIA
PEFR 3509 10% CCK-8 35775 100 uL, #ELIFE 2~4h, I
SE 450 nm BOGHE . ARIE (1) THEIIAAE SR

DNM-9606

Ax— Ao

HNAFIGHR = y x100% ()

c—Ao

2o, Ax RSEGFLIE, Ao WA HFLIGE, Ach
X R E
1.3.3 335 U SRR TR T AT o S0

B CGFET Ry EL B 1. 5. 10 mg/mLIER, BB

038 |ENEEE 2026 3 B5H

MRSCIGZH . WS4, FE SR ARRE =S A (B4
359L) o SEWRAINA HAVETR, ZEA4UINBREZE IR, +
AN CGF W, 37 °C/kif 20 min, FAJS &SN CaCl,
VI, SCIRZEANE BRI, 2 AR, 37 °Cokis
Ja ZE ST 10 min, BE A BRI B 17K

NaOH FH ZFEPIEI, WA 15 min, 199818 A1 200
P, FNAIRIR A R AN TG K B R .30 min, 5
530 nm WOGHE . HkE (2) TREAHEE.

(Al _AZ)_(BI _B2)

40 min

% = (=) x 100% (2)
U, AN ESEIR A, A, AW IRZES 4L, BOARER
SLIRAH, A, WRERESHY.
1.3.4 DPPH [ H B K]

# 0.2 mmol/L ] DPPH £} 5 £ 18 1: 178 £ it 5%
0.1 mmol/L [f) DPPH T{Ei. CGF¥RT# fi i1, 5
10 mg/mLER, IES 4, MRA, M, FA5%
FE3W, 2 EARIKINAN CGF AT B4 100 pL;
X BRI N 25 B 77K DPPH YA 100 uLs FfEAHZEIRIK
BN CGF#5F1 DPPHAK 100 uL, 61 10 min f5 5
S17omWOERE, M= (3) THETEREE.

e b R I (3)
1
o, A MR, 4, N25E@H, A, REERZ,
1.3.5 AAF I = S A H B IS bR EE
B CGF T HBCHI A 1, 5. 10 mg/mLIAR, RES

I, BERARFER S RA, SHLKREZ 3R, 4B
B9 mmol B R VA I . 9 mmol [ £ - K47 FRIE T
8.8 mmol Y BRI IR. AE H AT T A 100w Bt 2 3
6. 100 L ZB - AR SOE R BB Tk, BERA ST
A1 mL CGF, 28 LSRN 100 pL XK
e 37 CAE 15 minf5, WIES10 nmWERE, ARG
(4) TGRS

A —(4, - 4)

x100% (4)

1
P, A AN, A NG, A RS
IL-6 JEAEAIEE 75 &

H# HaCaT 40 Ml (6x 10%4L) FefhZ 6 7Lk, 157724 h
Jer, SEERZHAM BN 25~100 pg/mL AS[F] ¥ () CGF &
(B AGRBEIA OB 7REE ) |, ShEsgE24 h, Rsad

1.3.6 ELISA % TNF-a .



Ab, FFLINA2 uL LPS R4 h, vk EHCERIRNE L350, &
OJEECEIET -80 °CLRAF, i ABC-ELISA il TNF- o
FHIL-6 AT, FFHEE 3K,
13.7 ELISA{l] 7 COLA, COL-I. MMP-8, MMP-13, TIMP-3/f
HEHFAE

KEL92941 il (6x10% 4L ) #Hefh 6 LM, #7724 h
&, B ZEANA H 200 nmol/L Ha0» (2 pL/ 7L ) HI#L2 h,
FEI T LB 40 3B 0N 25~200pg/mL A [7] ¥ £ f CGF 7%
W (S AARBTRANINIRFRE) |, k85524 ho VK L
WM B, B ORI T -80 CCRAE, 1Eid ABC-
ELISA#: il COL-I, COL-1II, TIMP-3, MMP-8 il MMP-
1330k5, BHEE 3N,
1.4 HIBLLE

P sLue gk R DL £ 28, 8 . Graphpad
Prism 10 BAX SERRHAR AT Se A0 . IR L BRI T 25
GIHT, LAP < 0.05 VERSLEGEE R2e 7 BA Goul 25 U
SERRE, o, G P <0.05, U P <0.01, **xfk
F P <0.001, *= LK P <0.0001,

2. ZEREIHE

2.11929. HaCaT4HpasSiaml

FLAFHEA NG 2 B B R e R A, HERA 4
W2EARA , FER s R s s A A P Ak
AL F ST AT VR BT AR S SRR S R TRk R 2
TERAMETY e/ INBR e A R PR 420k B H IR 2= e R 43 5
ANELREIE, /N AT 4ELI A (1929 ) FIATRAAK £
I B NE (HaCaT ) JFREANMIAFTG S SL0G, LU0 25
REWE L, HIEFEM], ££25~400 pg/mL ik T AN
Bl A K FVE T L9290 e Fl HaCaT ZH AT, BEME(E
AT AT LTI, AR AMOY ik
PR TR R, T 2 B R B A (R A
BN

)

~ 1.5

%
o
1

5
1
HaCaTANMI {75 %
Survival rate of HaCaT cells ( %)

L9294 f7if %
Survival rate of L929 cells ( %
o
1

o
o
1
o
w

1

o
o
L
o
o
1

0 25 50 100 200 400
#)% Concentration (pg/mL)

0 25 50 100 200 400
#JE Concentration (ug/mL)

1 RS

RSN

2.2 A REAEESE MM HISEIe

B e AP S TR R ST, T L
BRI FUAF R SR B, X — S
B TR AP B ORI R SRR R,
8 W R 4 2 5 B e S Ao LG, R B e
BB, B, FIICRUIE Y RRRNHE 540 . T
FEIH. BRT, STV REE (HAase) M) /EA
(R 77 2 BB R IR L R OB M U R R AT
B, Lo AL R HAase I HE A4 12K 2 00
TR RO AT OO, I 2 TR, NSRS K T
(CGF ) 75 HA S i Bt A B IV ER (P<0.001) 6
6. FRIKEE CGF HMMGBIREAE, TIR5vkRE CGF 3 Hi
SRR (P<0.0001) . 4517201, CGF BN R
AR ) B R LA

100
80—
60—
40

20

0 T T T
ctr 1 5 10

1 Concentration (mg/mL)

12 WA BT R T 4] 5
Inhibition rate of hyaluronidase activity (%)

2 CGF 3 iZERRRBRRE R IR
23DPPHEHE BRZERET

1L1- AR 2- = A ER i (DPPH) 2 —FMERE A
HUOE HE, HRRE MR T = AR R LR F FI 23[R
fifH. EEANWAR (R ) HEFEEE, JFFES17 nm
WA AR, 24 DPPH S B 4G, WIRARENTT
B E A, PO TR SRR MIER, Hit
I Z TR A B g m i, IR R R
FARFEARFE R E M. 3 AIA, BEE/NRBEAERK T
(CGF ) YREEFIHEAN, Hott DPPH [ (0I5 IR 200 3
ETHES (P <0.001) IESET CGFIKE S HATAMRUIR
ZEIMIEMR KRR, 2 CGFIKEIEE]10 mg/mL T, 5B

ik 95.05%, FEHH CGFER IR N AR H AL
EkRfe S, R BB
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100 -
80
60—
40—

20+

DPPHT HH 4557 B %
scavenging rate of dpph radical (%)

1 5 10

#¢[if Concentration (mg/mL)

3 CGF3XJ DPPH B FRESEIRZRIS/NG

24 kipEENESSIR B HENSREEND

TEGSHRME PRI, ARAR = By 4 Sy A SR S
TR AERE WK T AL B FAE I A B RN, SR A
B, PR A PR S A R AR O, BINMARAEE T
BRI ERRNAE G N, FERS e SR A S, i
BEL I PR AR O TE B, S B0 S B AL RO BE A G
B 4S2IRE R, /NEREEAE KR T (CGF) MR EH H
FEE B AR E I A A B I 5 (P < 0.001) . 7E
10 mg/mL (1755 3 45 E T, CGF 81 H 85.01% (1) & 35 7%
PR, X —SEIRIGIE T HIREE - ROV IER S, IR T
CGF VE il S A VB FE R TN L

=
=2} o] o
o o o
1 1 1

P I Do
3
1

Hydroxyl radical clearance (%)

N
o
|

o

T T T
1 5 10

% Concentration (mg/mL)

4 CGF = EERERHREIISN

25 ELISAE TNF- o | IL-6XEARMEFSE

PAE SRR AN FRIBL CAs IR 245400 |
PC2ER IR ) MO g — R B 8 SR M B R A T £
TR, WS, U WA E
TNF- o fl IL-6 8 B 4 (055 Sl s = e 4n e, 7™
PN, AR . T R AT RE L
KA TR M, IR 28 (LPS) fE 322 [GFA M
MR E Sy, R SARINERT TSR AR HEL A

040 | ENIEE 2026 3B 5H

BHE -, HaE R e oS o B, M N T
ZAMARIMETRL ) RAEIR AL . TNF- o VR JEAE S IR
T R, TEREOE T4 B VR4H S 3 #ORE LR R
;T IL-6 {F NF- B 00 N W B 43, T8 30
STAT3fF 5B FEARE P I 238 B, RIERRE(E SRR
FOLERR A SCHEAE F U517, 900 1 40 i HH TNF- o i TL-6 11
W, REABIRIS SR R REAT . GBS iR, G hNekied
BKF (CGF) T-Hif7, LPSH5S:H] HaCaT i /it S AEAL Y
TNF- o F1 IL-6 [ A 7K S 3 25 R AR e 4 o 7
R CGFALFEAL (100 pg/mL ) FHLHEGRFTABR, W
FINTIRIRELL (P<0.01) o JX—&5HIESE CGF LA B4
W, HAERBOR S AR B IEA

150 et 150
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2.6 ELISA® F COL-I. COL- Il MMP-8. MMP-13.
TIMP-3HZEBREE

B AL EE S AN ROS /K- PRIE MR T
L RAEACPTRE . TR E BKCPREIRA K. 186 RIE R
AR b 2R AL R AE ST K R AR . R b B Bk A A
MR . — " SRR A N R —, 68
RPN A R EA (ROS ), S HTE L R GM
THRAETT, SEURNEMSIERAIRE ", fErEEHE
W, SREM I A S IREL, MR IR RS E, SRR
fET R, 2 HTR o T 2 A AU R R B 0, 2
T 5% 25 240 M A 1443 B PR 1 2 BT ik 2 — B L,
FE1.3.3 528 iR A S 2R, | YRR E B2
RURIEEH80%, 2fiE A& R/RRZH—F, A
e R P IRRRE RIS, g
JRIEEH, (R AA A P, MR E H RO £F
4, Skt ACK, SHEAEMA R, N RERERE
B, Ak, MAYEFOARRRE 51 S 1A P HES Y, fe
B R EATRE S, K6 BT /NBREEA KT (CGF) X
L2904 & ke 1 AU 2 1 5 AL i 2 3 ke 4t
SRR, MEBTTEEMECHE R, BG4 1
JR R A AL F RS RIS B TR . X4k



BH, CGFREMS(EHE L2941 it v T FRUAN I Y i Ji 26 (1M 5
Mo Hor, 4 CGEREN 50 pg/mL I, HARHEREE A&
Btk Svsali=d)/m
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MMP-8 5. & & [ K Ml i M, REGEVEH T 2 Bk &
B, OO T 2 S e e s R K A RE 7, Rl Al
A ARE AR LR FEAKARE T P MMP-13 & —Fi i i <
JRAE B, T DAMRAN AN I — 2 R, W
EEMTYEERER D, TIMP-3 Al 541 /ML R 2 25
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SEIEAREE , F MMP-8F1 MMP-13 [ 50 HE, /NER
BA KT (CGF) A2y ST A S B s
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TE . [EI, CGF #2520 TIMP-3 & THIUHZ, (BT
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MMP-13 ( pg/mL)
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Research on Anti-inflammatory, Anti-allergic and Anti-aging Properties of Chlorella
Growth Factor

Yang Hui-ru, Yao De-yun, Sun Xin-yu, Wang Ling
(Qilu University of Technology (Shandong Academy of Sciences), Jinan, Shandong 250353)

Abstract : The biological safety of chlorella growth factor (CGF) was evaluated by cytotoxicity test. The anti-allergic and
antioxidant capacities of CGF were determined by hyaluronidase activity inhibition test and free radical scavenging
test, respectively. Enzyme-linked immunosorbent assay (ELISA) was used to quantitatively analyze the secretion
levels of inflammatory-related cytokines in human immortalized keratinocytes (HaCaT) and the expression of
collagen-related factors in mouse fibroblasts (L929) after CGF intervention. The results showed that CGF was
non-toxic and promoted the proliferation of L929 and HaCaT cells in the concentration range of 25~400 pg/mL.
The scavenging rates of DPPH free radical and hydroxyl radical were as high as 95.05% and 85.01%, respectively,
and the activity of hyaluronidase was inhibited. In lipopolysaccharide (LPS)-induced HaCaT cell inflammation
model, CGF inhibited the release of pro-inflammatory cytokines TNF-a and IL-6 in a dose-dependent manner. In
hydrogen peroxide (H202) -induced 1929 cell senescence model, CGF can up-regulate the expression of type I and
type III collagen, effectively inhibit the activity of matrix metalloproteinase MMP-8 and MMP-13, and increase the
expression of matrix metalloproteinase inhibitor TIMP-3. CGF exhibits soothing repair and anti-aging potential,
which provides a new experimental basis for the development of functional raw materials for cosmetics.

Keywords : chlorella growth factor (CGF); anti-aging; anti-inflammatory; collagen; Antioxidant; cosmetics
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