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B EARAMAASER RAmA, Lbh, ZAFFEE LA REERGE QEEMBIKA T LS. R AKERZ
RENZMaH BT RBASTRE & a, KA TEME AARKEEaHE, PTHEOBFT R BT =
AL E QHAITEM, 135 BGP (RAZQBMIK) . RGP (LA & QEEfElk) . SGP (AMmA K afMIK) =
MEERE S, ERAREERITLE, PHAFATR S TEORELES, BIREIHEEH (LPS) #H38
RAW264.7 ¥ EHERHE T EA RIS EERG AN, I IR &N 2 E M3 RAW264.7 ta ik — AL &
(NO) . MEBAXAETF-a (INF-a) . G@ieif-18 (IL-18) . a@miiF-6 (IL-6) %A, MM E G
MK ARLBREURAEE. RASAAHA DB LEIALZHBH BN EFEALBR AR L 504
RAW26474W}1€’, Nt B FZ AR R, EREY, AFZAH SE QMK T 1 kDa A5 L fmsptn

, 3 RAW264.7 40 o 38 786 694 B k5% BLAE R 2 K A 50~200 pg/mL & T 2 F 494] NO. TNF-a. IL-6. IL-18 4%
nw (P<0.05) « BEKEH 200 pg/mL 8, =& O8RS HA @I R -FHFX 604 48 AR 3%, B BGP-4
st gm L B T A 9 A #14E A & T RGP-4 A= SGP-4, BA % £ 57 (P<0.05) . = &AMk sH 17 /A4
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Anti-inflammatory Effects of Proteolytic Peptides from Different
Ginseng Concoctions on LPS-induced RAW264.7 Cells

LAN Meng', LI Jingfeng?, LI Dongbing', WANG Yuelong', LIU Lu', SHEN Jiaming',
ZHANG Hui"’, SUN Jiaming"’

(1.Jilin Institute of Ginseng Science, Changchun University of Chinese Medicine, Changchun 130117, China;
2.College of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117, China)

Abstract: The purpose of this study was to conduct a screening and comparative analysis of proteolytic peptides with anti-
inflammatory properties derived from three different ginseng concoctions: Sundried ginseng, red ginseng and black ginseng.
Ginseng proteins were extracted from three different types of ginseng products using a low-temperature leaching method.
Subsequently, the extracted proteins underwent enzymatic digestion using alkaline protease, neutral protease, and pepsin
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through a stepwise enzyme digestion method. This process yielded three distinct enzyme digestion products, namely BGP
(black ginseng proteolytic peptide), RGP (red ginseng proteolytic peptide), and SGP (sundried ginseng proteolytic peptide).
The samples were subjected to separation using ultrafiltration membranes, resulting in the acquisition of ultrafiltration
fractions with distinct molecular weights. Subsequently, the ultrafiltration fractions were further separated utilizing
ultrafiltration membranes to obtain fractions with varying molecular weights. The fraction exhibiting the most potent anti-
inflammatory activity was determined through the application of a lipopolysaccharide (LPS)-induced RAW264.7
inflammation model. The impact of the active fractions on the secretion of nitric oxide (NO), tumor necrosis factor-o. (TNF-
o), interleukin-14 ((IL-1p), and interleukin-6 (IL-6) by RAW264.7 cells was assessed using enzyme immunoassay. The
amino acid composition and content of the three proteolytic peptides were examined. Multivariate statistical analysis was
employed to identify the distinct amino acids in the three ginseng concoctions and investigate their correlation with the
inhibition of cytokine secretion by RAW264.7 cells. The findings of the study indicated that the proteolytic peptide fraction
with a molecular weight of less than 1 kDa in the three ginseng products exhibited the most pronounced impact on the
proliferation of RAW264.7 cells compared to the other fractions. Additionally, this fraction significantly suppressed the
secretion of NO, TNF-a, IL-6, and IL-1§ at concentrations ranging from 50~200 pg/mL (P<0.05). Notably, at a
concentration of 200 pg/mL, the three groups receiving proteolytic peptide administration demonstrated the most potent
inhibitory effect on cytokine release. Furthermore, the inhibitory effect of BGP-4 on cytokine release surpassed that of
RGP-4 and SGP-4, exhibiting a statistically significant difference (£<0.05). All three peptides consisted of 17 amino acids,
however, their compositions exhibited significant variations. Notably, phenylalanine exhibited the highest content, and the
differential amino acids present in the three ginseng concoctions were closely associated with the inhibition of inflammatory
factor secretion. This study represents an initial exploration into the impact of concoctions on the anti-inflammatory
properties of ginseng, identifying distinct amino acids among different concoctions. These findings offer a valuable

reference for the formulation of ginseng concoctions.

Key words: ginseng concoction; proteolytic peptide; anti-inflammatory activity; amino acid composition; multivariate

statistical analysis
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Ae <32 B ML o A b SRR S F S s AR 52
e, AR, ASHEM R e R 5 i
SEREARUS, AR AR S | 41 S0 B S 8 I T A K )
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RIGENR A 5P HARHANLA A
1.2 XWHE
1.2.1 AS=MsSAHEANRES Bt AS
PEgr, T, AR AS 2R 2EH 4 h s
W rT 2T =% A S F288 P 2EH] 4 h 5, [F]
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% 412 B, R, i 40 B, 15 AS A
O H TR o AR FRE— 8 B =R A Sl ol
K, #2 1: S AFEINAZEMAK, FE 20 °C F4rplig =
W, B 12 h, FEEE T 3600 r/min #5.0> 30 min, HX
WG g, S RUERE IR A S A R
WP, ELES R TR = Rl oL ok, T
—20 °C fRAF, 55 H
1.2.2 AS =Pl ol E Q2B e e
G P LA R A T AR R
Fb kg il KL B Ry S5 2R K IR & 3950, Bt
1:12.5(g/mL), JINFZE 95 °C, {4z 30 min J5 &3,
A SE A E . IMABTRTECH 12% AL
FNR TR VETT pH 2 9.5, $% 5000 U/g INA—E =Y
TRPEER I, 53 °C TR 4 h, 15208 0 (3
Joa 5 51BN 12% M ER R K S VR T pH = 6.8, %
1500 U/g WA —E = PP B, 53 °C T HH#% 3 h,
155 PRI S R BT RSB0 12% MYERFR /KR
YA pH 2 3.7, #% 500 U/g IN A B &E A, 53 C T
BiFfiE 4 h, 13 BIFRHEER . B /K K 30 min, R4
J5 A5 2 U8 W, 4y A5 A G 2 1R T AR K K i TR
(SGP) . LI &5 ARHH MK (RGP) FIRS TR
/K (BGP ) £ H o
123 MU E A FHREEN 10, 350
1 kDa MM UE IR, B K Wk 43 T+ 10, 3~10., 1~
3 kDa. /NF 1 kDa PUA2H4T. ildnss > BGP-1~4.
RGP-1~4. SGP-1~4, % T4
1.2.4 ASAS[EVHL I S 8 A O /IS BRLUEL v 4 it
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1.2.4.1 RFEHEIELH S % RAW264.7 40 M 5 FE A

FH R MTT 7500 502 A [RI2H 53X 241 384 58 3 1) 52
Mo CRERRTERY RAW264.7 4IE 75, & 10% G4
ML #) DMEM IR LT 37 °CL 5% CO, 11
T8 B iy 15 IR A6 P B 3R, 24 A0 B S 5 B FR R 80%~
90% Bt FEATALARKE 35, e O BB R A A g A 152
5. DARRAL 4<10° D40 5 B R T 96 FLAR
BiF% 24 h JE R SRR AN 150 pL 19 1 pg/mL
LPS MR R RERLIRY, 23 P9 X B ZH A A5 Ul 150 pL
& 10% G4 1 i DMEM bl sast, %595 24 h
Ja, 3 il . 25 XA A SESREFEEL 150 pL, A
BULHANA 150 uL B4 1 pg/mL LPS, &5 40 A He &
A 100 pg/mL A2 53 19 N SHa ) 2R B IR
WM 150 L, B4 5 NEFL, T 37 C. 5% CO, 1555
FAP AR 3E 24 h, BFLIDA 5 mg/mL ) MTT
10 puL, 4 h J55¢ 2% FIEWK, LA 150 uL DMSO, & T
BEARAY - HEY% 5 min, 490 nm JF AN, FRHEITS
OD fH, TR Ll MM FR A . Py 280 B — Ik

(ODF i 20 — ODASE A4 )

4 1 T %R %)=
5 4 6L 5 2% (o) ODFUNZ

x100

1.2.42 A [E) 5 3 BGP-4. RGP-4, SGP-4 X
RAW264.7 U EEFE R M52 m $% 1.2.4.1 TR J7
¥, FESR S BN 50, 100, 200 pg/mL [ BGP-4,
RGP-4, SGP-4 ¥ # 150 uL, 37 °C. 5% CO, ¥ 3%
24 h, FFLHITA 5 mg/mL 1 MTT 10 pL, 53% 4 h J&
F B3, A 150 uL DMSO, & T HEFr i 5 %
5 min, 490 nm KA OD {8, 14345 2H 41 Jf 34
FHR, SEEMST A IR
1.2.4.3 BGP-4. RGP-4, SGP-4 X} RAW264.7 41 ity
NO 43ilhie M RAE B F R sz =i 1.2.4.1 T
TR T 96 FLAk, BT 37 °CL 5% CO,
Bt b33 24 hy BARUZH FIRE AN A LPS AL,
TR IR P kL1 3% 24 he RESLZEIINA 50, 100,
200 pg/mL RS EW 150 pL, B4 5 =2 fL. T
37 °C. 5% CO, &M FE55% 24 h J, B LW, #c P8
NO RF & VLT M2 NO 4y . ARIHEH &
B3 A ELISA 35 &l 28 5E 7 TNF-a. IL-6.
IL-18 M55 aL . SEEIR ST B4 =K.
1.2.5 —Fp IR IR IR LR 4 b BUhT
1 kDa 45 EBS | 215 AAWSE ARG T8
50 mg B TI/KMEF, A 15 mL 6 mol/L fYERHR,
FHELZS 5 110 °C /KA 24 h, FHEILR L8 HTA )
RE G FERR A e 5 P4
1.3 IR

A S286 T 42 3 YK, SPSS 24.0 X s gEAT Ak
B, SRR IS B AR EDE (X)) 8, 4 IE] oA
K ANOVA FA 2 5 225717, P<0.05, PMZH 25w H]
22 3, R R A g4 E X . A Oringin 5K
PRI HRIME . @it SIMCA 14.1 B3 7 K
434387 (principal component analysis, PCA) . fi#z/]>
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T3 1 A 51 43 Mt (partial least squares discriminant
analysis, PLS-DA) Fl 1E 32 s B /> — 3fe v 341 53] 43 Hr
(orthogonal PLS-DA, OPLS-DA ), 3132 T il 2% H& 5
B pE 52 (variable importance in projection, VIP) .
K B K A5 5 B BE ( grey relational degree analysis,
GRA) MIGETT 7 12 i 35 100 il 155 5 Z41 6 4336 2011
TR -
2 FER55Hh
2.1 AEIRBIELE S *T RAW264.7 {ARRAYIETE(ER
R 1S AET LIRS, 525 A4,
LPS 15 74 20 HE i 25 310 RAW264.7 41 ity £4 5 (P<
0.05), UEH] LPS R AR il Dy s F 25 20 240 M 1 4 >3
AILAE H, 5 LPS BEAVLIAI L, 4545 25 4H P AR A R
HIAR FES2 3545519 RAW264.7 dififg1ssE, Hirh BGP-4.
RGP-4, SGP-4 1 i tHdnsm, BG40 58.78% .
35.14%. 33.19%. K%k +£E BGP-4. RGP-4. SGP-4
LAl — 2B 5T
F 1 ARIHEIEL 5 BGP. RGP, SGP X} RAW264.7 4l
(3R A

Table 1 Proliferative effects of different ultrafiltration fractions
of BGP, RGP and SGP on RAW264.7 cells
2151 AfH KB (%)
= 1.094+0.120° -
LPSHiARIZ 0.478+0.025' -
BGP-1 0.565+0.013! 18.21+0.028
BGP-2 0.646+0.008° 35.21£0.017°
BGP-3 0.688+0.100° 44.07+0.020°
BGP-4 0.759+0.015" 58.78+0.032°
RGP-1 0.560+0.016! 17.29+0.034%
RGP-2 0.592+0.004" 23.98+0.009"
RGP-3 0.620+0.060" 29.84+0.125"
RGP-4 0.646+0.023¢ 35.14+0.049¢
SGP-1 0.552+0.019* 15.48+0.039'
SGP-2 0.586+0.004' 22.66+0.009
SGP-3 0.613+0.025¢ 28.24+0.053%

SGP-4 0.636+0.010° 33.19+0.022°
e FFIARRNG FRFRR 25 B3, P<0.05; %2, #3[,

2.2 A EIRERE BGP-4. RGP-4, SGP-4 Xf RAW
264.7 YHREETE Z A2

i 2 2 A A {E AT A1, LPS GE A% 5 2 31
RAW?264.7 i ifg (A 358 (P<0.05) ; 7E 50~200 pg/mL
T A R U R PN, 4 M R B R L e AR, 4
WIR SRR AT W T TS . #E 50~200 pg/mL JiT
BHIREVEE N, BGP-4 £ RAW264.7 4 g 155 1)
RE S5 (P<0.05), Hk & RGP-4, SGP-4(P<0.05) .
2.3 BGP-4. RGP-4. SGP-4 ¥f RAW264.7 ZHf NO
i E R A E F AN
2.3.1 BGP-4.RGP-4.SGP-4 X} RAW?264.7 4iits NO
SR ERISEI —%EE(NO) A E AT 1 FAET
HH A I S E S A% 541, F L B W2 it fnd
SRR RN . L EUH 00 KSR HILT 5 g A
JRABCE DI SG . B WEIME i B NO, 1

# 2 RIFBTEWE BGP-4, RGP-4, SGP-4 X RAW264.7
il ib RO} Al
Table 2  Effect of different mass concentrations of BGP-4,
RGP-4 and SGP-4 on the proliferation rate of RAW264.7 cells

2190 AfH HIF % (%)

FHA 1.115+0.023° -
LPSHRAILH 0.440+0.037* -
BGP-4-50 0.657+0.015° 49.35+0.035¢
BGP-4-100 0.70820.006° 60.78+0.014°
BGP-4-200 0.761+0.014° 72.890.033*
RGP-4-50 0.573+0.023' 30.12+0.053"
RGP-4-100 0.604+0.019¢ 37.32+0.044
RGP-4-200 0.709+0.009° 61.01£0.021°
SGP-4-50 0.536+0.006' 21.80+0.013'
SGP-4-100 0.602+0.018" 36.79+0.0428
SGP-4-200 0.634+0.011° 43.98+0.025°

A XTGP S R . PRI, NO #HIFIFER
I7 RIEGE T B AR 1P AR R A LPS 5
508 EL AT S REAR AR, A N 2 — PPt ol i B F 15
fRKXT LPS 5509 B AN NO 43 5L AYSE IR, 43
BT = Fh 2R B AR P2 0GP . S5 SRR IR 1 T,
a2 4 AH EE, LPS 75519 RAW264.7 4 i NO 43
Wi TR (P<0.05), FRAZASRI T . A5 LA
B 5 o0 B R B 0, NO 43 i 52 i3 T T B9
#, HA, BGP-4 #illii] RAW264.7 4 iR NO i)
e 7 3 /R (P<0.05), HK A RGP-4, SGP-4 1411
HlHE 1 555 o

NO (pg/mL)

i

WA BRE 50 100
W (ng/mL)
1 BGP-4. RGP-4, SGP-4 X} RAW264.7 4Hfifg NO
SRl AL
Fig.1 Effect of BGP-4, RGP-4 and SGP-4 on NO secretion in
RAW264.7 cells
T ANRVNGFERERIR 255 3, P<0.05; 8] 2~&] 4[],

2.3.2 BGP-4, RGP-4. SGP-4 X} RAW264.7 41t F
T TNF-o 7KSEFU520E  TNF-o S i IS B -
W 240 AT A AL = 2 ) — PP AT vz A E
P RIEN TP, MHLEP TNF-a P9 ERARAT, 7T
VAT G e N 2, A BUNIE . PRS2 Fh A Y1)
BB, 4 TNF-o WS, VENEZAYSOREL T, 2
M- T RAE N R AR T AR, & 2 RS
AL, 1 pg/mL LPS 55 )5 RAW264.7 41)ig
PN TNF-a /K533 21 (P<0.05) ; 4524 )5 45 40 40 i
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VM TNF-o0 W B R 5 R B iR g
F%. 5 RGP-4 fl SGP-4 # [t, BGP-4 %} LPS 5 &
Y RAW264.7 40t BE it TNF-o B 5 0 4 FH 3
i (P<0.05)

I ERd
1801 g vk
160 4 a {7171 BGP-4
140 - . B RGP-4
) 2 L SGp-4
E 120_ e C d
= . f . f
2100 - 8 5
5 807 ﬁ Y
Z 601 3 Cima
= : L !
40 7 j ] !
204 5 é
0 ] 3 ] s
SHA BRI 50 100 200

W (ug/mL)
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#3 BGP-4, RGP-4, SGP-4 (W2 ELMR 2 il M 75
Table 3 Amino acid composition and content of BGP-4,
RGP-4 and SGP-4

P (g/100 g)

IR AR
BGP-4 RGP-4 SGP-4
RKEFM(Asp)  3.171+0.034° 2.221+0.045% 3.148+0.049¢
F12 R (Thr) 0.845+0.009* 0.552+0.078" 1.132+0.032'
2253 % (Ser) 0.985+0.056' 0.655+0.049* 1.093£0.008™
HER(Glu) 7.152+0.021° 4.854+0.031° 5.413+0.120¢
H&R(Gly) 2.372+0.076" 1.406+0.066" 1.926+0.046'
NE 2 (Ala) 1.963+0.044¢ 1.057+0.032’ 2.393+0.015"
R (Val) 1.417+0.022" 1.12240.006' 1.621+0.013
AR (Met) 0.071+0.0097 0.133+0.013¢ 0.255+0.006"
St AR (le) 0.471+0.072" 0.354+0.009" 0.754+0.032"
554842 (Leu) 0.872+0.018’ 0.523+0.065™ 1.275+0.034"
1i% %% (Tyr) 0.221+0.042° 0.215+0.017 0.203+0.027%
KA (Phe)  17.073£0.006°  15.384+0.027°  14.704+0.012°
%R (Lys) 4.112+0.035° 5.315+0.068" 4.936+0.018"
2% % (His) 0.742+0.065' 3.976+0.005" 7.343+0.009°
%% (Trp) 0.404+0.012° 7.311£0.013° 5.107+0.026°
F iR (Arg) 10.253+0.047°  11.352+0.079°  12.385+0.064"
iz & (Pro) 0.495£0.007"  0.324+0.003° 0.354+0.010°
At 52.619+0.061 56.754+0.013 64.04240.045
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E=BR B VIP{i§
His 1.0786
Trp 1.0762
Arg 1.0754
Phe 1.0723
Glu 1.0709
Leu 1.0501
Ala 1.0458
Gly 1.0344
Tle 1.0226
Thr 1.0126
Met 1.0116
Ser 0.9982
Asp 0.9303
Lys 0.9249
Val 0.8750
Tyr 0.8397
Pro 0.8216
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Table 5 Sequence and correlation of amino acid content of BGP-4, RGP-4 and SGP-4 with anti-inflammatory indexes
S TNF-o 7 i IL-67 1 NO&# IL-18%

& RIS CHRBE AL JCHREE RN IR BE RSB KHREE
1 Ile 0.8673 Met 0.8607 Arg 0.8329 Lys 0.8107
2 Thr 0.8532 Ile 0.7917 Thr 0.7897 Phe 0.8101
3 Met 0.8441 Arg 0.7732 Lys 0.7747 Val 0.7968
4 Val 0.8361 Lys 0.7643 Ile 0.7696 Tyr 0.7887
5 Leu 0.8282 Thr 0.7568 Ala 0.7639 Ser 0.7742
6 Ala 0.8123 His 0.7543 Phe 0.7593 His 0.7733
7 Ser 0.8050 Ala 0.7456 Val 0.7590 Leu 0.7654
8 Asp 0.7914 Trp 0.7390 Asp 0.7458 Asp 0.7615
9 Phe 0.7856 Leu 0.7269 Ser 0.7443 Met 0.7571
10 Arg 0.7669 Val 0.7231 Met 0.6243 Ile 0.6973
11 Glu 0.7540 Tyr 0.7201 Leu 0.6209 Ala 0.6929
12 Gly 0.7367 Ser 0.7143 His 0.6063 Thr 0.6560
13 Lys 0.7281 Phe 0.7128 Tyr 0.5973 Arg 0.5967
14 Tyr 0.6353 Asp 0.7046 Glu 0.5523 Trp 0.5720
15 Pro 0.6047 Glu 0.6469 Pro 0.5374 Glu 0.5275
16 Trp 0.5973 Gly 0.5531 Gly 0.5289 Gly 0.5129
17 His 0.5937 Pro 0.5135 Trp 0.4914 Pro 0.5054

L5 Z IS M VIP>1 FIIR 48 3 BE B >0.7,
e H =P S ) B T B R A AR e P e SR
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SE T (TNF-a. IL-6. IL-18) {943 ((P<0.05) .
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