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Abstract: Objective: To optimize ultrasonic assisted high-pressure water extraction method (UHPE), ultrasonic assisted hot
water extraction method (UHWE), and ultrasound assisted enzymatic hydrolysis method (UEH) for polysaccharide extrac-
tion from Ganoderma lucidum and examine the bidirectional immunomodulatory activities of polysaccharides extracted
using these optimized methods. Methods: Optimization of UHPE, UHWE, and UEH were performed using single factor and
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response surface experiments, examining the effects of material-liquid ratio, ultrasound time, extraction temperature, extrac-
tion time, enzyme concentration, and enzymatic hydrolysis temperature on the polysaccharide yield. UHPE-GLP, UHWE-
GLP, and UEH-GLP were prepared separately under the optimal extraction conditions. Based on RAW264.7 macrophages,
UHPE-GLP, UHWE-GLP, and UEH-GLP were subjected to investigate the immunomodulatory activities, and their anti-
inflammatory activities against lipopolysaccharide (LPS)-induced inflammatory models. Results: The experimental results
of process optimization showed that the optimal extraction process of UEH-GLP was as follow: Material-liquid ratio of
1:31 g/mL, ultrasound time of 24 min, enzyme concentration of 5% and enzymatic hydrolysis temperature of 53 °C. Under
these conditions, the GLP yield reached the highest among the three processes, at 10.92%+0.05%. The results of cell experi-
ments showed that, UHPE-GLP, UHWE-GLP, and UEH-GLP could not only enhance immune function of RAW264.7
macrophages by promoting the proliferation, and secretion of tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6), and
nitric oxide (NO), but also inhibit immune function by reducing the secretion of TNF-a and NO to suppress the excessive
activation of macrophages. These results indicated that UHPE-GLP, UHWE-GLP, and UEH-GLP exhibited excellent bidi-
rectional immunomodulatory activities, among which UEH-GLP showed the most prominent bidirectional immunomodula-
tory activities. Conclusion: UEH-GLP has significant advantages in yield and bidirectional immunomodulatory activities.
This study provides a theoretical basis for the development and utilization of Ganoderma lucidum polysaccharide.

Key words: Ganoderma Iucidum polysaccharide; extraction method; response surface optimization; RAW264.7

SN, 55 R M FRIERIRCT A0 B B e s T - 487 -

macrophages; bidirectional immunomodulatory

RE (Ganoderma lucidum) XFRANEL | Fi B, 4
RZFl(Ganodermataceae) . R ZJ& (Ganoderma) H
P o ZRIGEAE CPRARAR B 28 ) IF05 T4 Sk vl 1 1F [5
A IEAEZEFE AR S IE M EAEM. (hEZ)
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%, AR T2 SROUKEEIGEAE LY, M7 I SR
B EIZE T 3/4, ZHERBCRIZE S T 30%. BFFER
B, 7E 2R BGIFR AN [RR B RS AT LA
A 2 1 DR, R P A R
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f# 3% (Ultrasound assisted enzymatic hydrolysis me-
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1.2.1 GLP#2EUTZ Rl R, e —
E PR LI ARSI, 4 °C vKFE IR LR, 43591
}Z 8 UHPE. UHWE F1 UEH AYH/EE TR EEH GLP,
PRIOR B2 FhyE S5 GLP $2 0K, R s /5 8 7R
THEASE] GLP. S AHE R [19-21], T3+
B GLP 15%,

R= %100

m,
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2, g; my Z/RNREBUH RZHRNTTEE, g0
1.2.2 GLP {EEUCRRZFEILE S5 A CEEP 194
WO B3 7R3, A S 20 1 287K B A, Rk
W 1:30 g/mL, #AFHFE] 20 min, F2HBUEEE 120 °C,
FREXAT A 20 min 1 75 i B s R KR R 2 20
(UHPE-GLP) #2 Bty 36 AR T 2 4514, BRItk
1:10. 1:20. 1:30. 1:40. 1:50 g/mL; #FEJE] 10,
15. 20, 25, 30 min; $2HURE 110, 115, 120, 125,
130 °C; $£HUAE] 10, 20, 30, 40, 50 min, A GLP 15
ORI T R R S

S IRARGRAE R IUOT IAIF A TR EE, Kk
W 1:30 g/mL, BB A 20 min, FEEBGREE 90 °C,
PEHRE] 30 min VE S B OKIZIE R 2 208
(UHWE-GLP) $2 B AR T 22450 . BeE el b
1:10, 1:20, 1:30, 1:40., 1:50 g/mL; &R HF[E] 10,
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HEELEE] 10, 20, 30, 40, 50 min, P4 GLP 15% R¥5
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Table 1 Experimental design factors and levels of response
surface
K
FREOT e
-1 0 1
Ay BHA LY (g/mL) 1:20 1:30 1:40
B,: #A I [ (min) 15 20 25
UHPE Cy: BRI (C) s 120 125
D, : $& A ] (min) 10 20 30
Ay BHA 1Y (g/mL) 1:20 1:30 1:40
B,: # H [] (min) 15 20 25
UHWE Cy: HHUHFE(C) 80 85 90
D,: $& 5[] (min) 20 30 40
Ay BHR L (g/mL) 1:20 1:30 1:40
B,: #8475 [A] (min) 15 20 25
UEH C,: WU (%) 3.0 45 6.0
Dy IR (°C) 45 50 55

IS0 = o = 11 R R
A, - A,
A —-A,

P R ORI TR R, %; A, FRanas LI
G A 278 Con LHIISGE; A, FRIRGZNLHY
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## (Lipopolysaccharide, LPS) % W P27, ¢ 2540 m A
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% 24 ho e B0 S ud B 15 O R I i W rh
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34 FL, Con HANA DMEM E;i¥E3t, LPS 4H M 45
2940 1 pg/mL LPS ¥, 55 8 h Ja4h 244057 -
TS e BE ) GLP(25~400 pg/mL), 4kl 57
24 h, Fe PG UL 5 Al YW TNF-a
1 NO & .
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A SES A =R, SESEE DL Mean+SD 3
TN o WA PR 4 [T USSR RN T 25 S5 Ak 43 pr fili
JH Design Expert 8.0 #f4-. ARG TT53HT M B A 7T
WAL FH Graphpad Prism 8.0 #44-, 4H[A] 22 55X b
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2 GREHH
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2.1.1 UHPE $2HCRRR R LI ZE R K 1 AR
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Fig.1 Effects of different factors on UHPE-GLP yield
TE: AR PR A A 2 0122 57 25 (P<0.05), 8] 2~[&] 3 [Fl.
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15, 20, 25 min Y175 £ UHWE W i i A Ak 35 -
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Pz s, ek T 280 di b, UHWE-
GLP 1532 I 3500 FEE R BEAR S8 N, 5 & F ikt
JEE XA 23R 1 5 e i BE 9/ )N, AR AR AN A

I, PEEERBUEEE 80, 85, 90 °C #17/5%2 UHWE
W EEA IS . R EIZE 10~30 min 2 [A], BEIEH2
BsHIEIEE I, 228705y v fi S R O 77 b, UHWE-GLP
155 i 25 5w At 30 min J5 Bl 5 15 B2 I ] 4k 2k
FEK, HAhA) Tt se s 1, S 2307E 30 min J515
SRR, PRk, e PEFR B ] 20, 30, 40 min
BEATIEEE UHWE W) A4k iales: o
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a a a

55 —+— 58 a
3 5.0 356 /
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& 454 = 54 /
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Fig.2 Effects of different factors on UHWE-GLP yield
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Fig.3 Effects of different factors on UEH-GLP yield
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TR AEREAR PR, el iR 45, 50, 55 °C
AT EE UEH i i il .

22 MNEERMEBRIZSER

2.2.1 UHPE ;I b 452

2.2.1.1 WA LAY ST UHPE M b i il 56 e it
Hab R ULk 20 BIEHIE BT )7y Y=8.84+
0.39A,+0.026B,+0.23C,+0.23D,+0.28A,B,—0.18A,C,+
0.14A,D,—0.14B,C,—0.13B,D,—0.32C,D,—0.47A> —
0.33B%*—0.26C*,—0.48D?

# 2 UHPE Wi B iR i it 54521

Table 2 Experimental design and results of response surface

for UHPE
HES A, B, C, D, B%(%) IS A, B, C, D, BH(%)
1 -1 0 0 -1 749 16 0 0 0 0 89
20 0 -1 1 857 17 0 -1 -1 0 801
31 0 1 0 869 18 0 0 0 0 869
4 1 0 -1 0 826 9 -10 0 1 76l
5 1 -1 0 0 823 20 0 0 1 1 842
6 0 0 0 0 898 20 -1 -1 0 0 79
7 1 0 0 1 863 2 0 0 0 0 855
8 1.0 0 -1 795 22 0 1 -1 0 847
9 0 1 0 1 801 24 1 1 0 0 869
10 -1 1 0 0 723 25 0 -1 1 0 837
1m0 -10 -1 779 260 0 1 -1 823
12 0 0 0 0 902 27 -1 0 1 0 832
13 0 0 -1-1 709 28 0 1 0 -1 812
4 -1 0 -1 0 718 29 0 1 1 0 828

15 0 -1 0 1 819
TE:RHREL (A BRI (B)) | $EHGRBE(C)) | #EHRE (D, ), 3[H].

J7 255 EE TR W22 3, IZ BT Sy 8 2 K S
3 UHPE WLy 6 7 2250 M4

Table 3 Response surface experiment variance analysis results

for UHPE
KR A HEE ¥y FlE P WBEN
T 6.93 14 0.49 9.40 <0.0001  **
A-BREE 1.86 1 1.86 3526 <0.0001 **
B @A HIE 8.008E-003 1 8.008E-003 0.15 0.7024
CHEIURE .62 1 062  11.80 0.0040  **
D - 063 1 0.63 1206 0.0037  **
AB, 0.32 1 0.32 6.06 00274  *
AC, 0.13 1 0.13 239 0.1441
AD, 0.078 1 0.078 149 02425
B,C, 0.076 1 0.076  1.44 0.2506
B,D, 0.065 1 0.065 123 02852
CD, 0.42 1 0.42 790 00139  *
A 1.43 1 143 27.17 0.0001  **
B, 0.71 1 0.71 13.48 0.0025  **
c 0.42 1 042 806 00131  *
D 1.49 1 1.49 2833 0.0001  **
B2z 0.74 14 0.053
JAIm 0.56 10 0.056 130 0.4294
2R 0.17 4 0.043
psvill 7.66 28

e 2R ZE R (P<0.05), ** TR 22 T 8 % (P<0.01); £S5, £,

(P<0.0001), PiEH I 220 AR, BT LT
T e B RFTHAS 2 25 (P=0.4294>0.05 ), AR KA
FEXTEERFEME N BRI E ZRE(R*=0.9038) 51/
HPUE RBUR,=0.8076) 2E{H/NT 0.2, RIIHLAERY
PIEFEE HIFPY . Adeq Precision i i i A5 IS
W bl K Fz BCASE FR (A4 %55 58, A6 ) T e A A3 5 A
A1 Adeq Precision>4 B4, 5 #1 H A5 4% 1) {5 55
B, BERE T B AL T 2280 IZ571Y Adeq
Precision & 9.233>4, SR BHZAR A n] {5 & =5, 7T LA
Ttk UHPE-GLP #2 8 T. 2 . A 19 28 55 2R L
C.V.% BUE )N, B8 AR Fao PR By, A5t
TS 2 Z R C.V.% A 2.80%<10%, BiHEIEFAE M
U, SEEGEE IR . E N ARG R, AN FFEER R
S e S AB 2 0 A R/ IN AT DL Ty 22T R H Y F B
HARE o F BRI, 122 P52 i) 1/ (B A R S5 R f
ZBO, e 3 FAER/NAT LA E - B 2 X UHPE-
GLP 1335200 K/ INIGUT Ay - AR > B RS [a] >4
BUR BB S, B132 3 b PAER/INAT A, B 1L
SHiEraata] (A,B,), $EEBUEE IR A (C,D,) ™
2H 2 HAE X UHPE-GLP 15K 14§24 i AH % T HiAth
HAZHAEF R B

2.2.1.2 UHPE #£HUT.Z%6HE  Design Expert 8.0 X
P45 I R B E RA b 1:35.11 g/mL #8
FEEHA] 20.98 min, #EHUR)E 120.21 °C. BT
22.74 min, UHPE-GLP 153 HI{E A 8.979%. AR
S Y T ERAE M PR R B 1:35 g/mL . S
[A] 21 min. 32EUEE 120 °C. #2EURE] 23 min, 7E
IZ 4k T Al — Wk 2 525, UHPE-GLP 14 % 2l
9.06%+0.02%, 5 FE 25 545 /)N, Ui LR B4
AEEE

2.2.2 UHWE Ha) ik st R

2.2.2.1 WA RSHLSHT  UHWE W 176 383
S5 R0 E 4. BAERIE EE RN Y=5.93+
0.24A,+0.079B,+0.077C,+0.15D,—2.500E-003 A, B,—
0.12A,C,—0.055A,D,—0.077B,C,—0.017B,D,+
0.025C,D,—0.23A%,—0.35B%,—0.11C*,—0.21D?,,

T 22T R 5, 12 [BNTASHR il 2 257K
(P<0.0001), 1T ER2 T BHISAE, AR AT LA 1l
A AR ST 2 35 (P=0.4198>0.05 ), AR ENH Z= X
SERFEME N BIRIPOE REN(R=0.9311) HiF#E
FEREU(R? ,4=0.8623) ZE(E/INT 0.2, R AL
PRI BB, %A Adeq Precision i 11.483>4,
FBHZAR A {F B, vl Uik UHWE-GLP 2
T2, ZERIAR S 22 C.V.% A 1.98%<10%, i
I AR e My, S el RnT 5. & 5 b FEKR
JINAT DL RE 4% I ZE % UHWE-GLP 4525201 /MY
NG Ay AR LE>HE B TR] > P s (e > $2 OREE . F
2 5 th PAER/INAT AN, R LY SR BUREE (ALC,),
75 B (A AR B (B,C,) A TAE YT UHWE-
GLPAS SR A AR F HAMLH A B AR R B 3
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Table 4 Experimental design and results of response surface

for UHWE

RS A, B, C, D, B%R(%) IS5 A, B, C, D, BHK(%)
1 0 0 0 0 587 16 0 0 1 -1 552
2 0 0 -1 1 568 17 0 -1 -1 0 517
3 0 1 1 0 558 18 0 1 -1 0 552
4 -1 -1 0 0 495 9 -1 0 0 1 551
5 1 0 0 1 587 20 1 0 1 0 568
6 -1 1 0 0 508 21 0 -1 0 1 539
7 -10 -1 0 526 2 0 -1 0 -1 519
8 0 0 0 0 609 22 0 -1 1 0 554
9 1 1. 0 0 577 24 0 1 0 -1 538
10 0 0 -1 -1 545 25 0 1 0 1 551
11 1 -1 0 0 565 26 1 0 0 -1 554
2 -1 0 0 -1 496 27 0 0 0 0 587
130 0 0 0 597 221 0 -1 0 579
4 -1 0 1 0 562 29 0 0 0 0 586
15 0 0 1 1 585

T BHREL(A,) | R s

P

il (B,) . SR (C,) . IR (D,), #S[.

5 UHWE MR AR e 22500t 3R

Table 5 Response surface experiment variance analysis results

for UHWE

U EOR AHE By FfH Pl WEME
HE 2.30 14 0.16 13.52  <0.0001 **
AEREIL o071 1 0.71 5843 <0.0001 **
B,-#5 I E 0,075 1 0.075 6.18  0.0261 *
C-HBURE  0.071 1 0.071 580 00304 *
D,- #2026 1 0.26 2147 0.0004  **
AB,  2500E-005 1  2.500E-005 2.056E-003 0.9645

AC, 0.055 1 0.055 454 0.0513
A,D, 0.012 1 0.012 099  0.3355
B,C, 0.024 1 0.024 198  0.1817
B,D,  1225E-003 1 1225E-003 0.10  0.7556
C,D,  2500E-003 1 2500E-003 021  0.6572
A% 0.35 1 0.35 20.08  <0.0001 **
B’ 0.80 1 0.80 66.18  <0.0001  **
c 0.080 1 0.080 6.57 00225  *
D%, 0.29 1 0.29 2403 0.0002 *x
B 2% 0.17 14 0.012

AT 0.13 10 0.013 133 0.4198
a2 0.039 4 9.820E-003

SR 2.47 28

2.2.2.2 UHWE 2B T.Z % 4iF  Design Expert 8.0
A2 B 0 I AR B B LE 1:40 g/mL ., #
7 TE] 20.63 min, $2 R & 83.98 °C. $& B [A]
32.01 min, UHWE-GLP 18R HIE A 5.96%. R4k
SR AT ERAEE AR AR L 1:40 g/mL | #E A TE]
21 min. &R 84 C . FEHXHTE] 32 min, FEIZSAS
P N = EE 95, UHWE-GLP 1834 5.99%=+
0.13%, -5 FUMIAE 25 54708, Ui A AR R B AT R
2.2.3 UEH M b as 5

2.2.3.1 WAL BT UEH M b RS Bt 5

LERILER 6. BRI S HIHIT RN Y=10.53+0.29A,+
0.59B;+0.23C;+0.36D;—0.25A,B,+0.042A,C,—
0.017A;D;+0.30B,C5—0.030B,D;+0.095C;D,—
0.47A%,—0.49B,—0.45C*,—0.37D?,.

%6 UEH WIRA RS 555
Table 6 Experimental design and results of response surface
for UEH

=
=l

il
>
w
@]

. D, (%) RS A, B, C, D, H5(%)

1 0 1 0 1 10.56 16 -1 -1 0 0 8.59
2 0 0 0 O 10.27 17 0 0 -1 1 9.44
3 1 1 0 O 9.98 18 0 -1 1 0 8.58
4 -1 1 0 0 9.84 19 1 0 0 1 10.55
5 -1 0 0 -1 8.82 20 0 1 0 -1 9.75
6 0 0 0 O 11.03 21 0o 0 1 -1 9.72
7 1 -1 0 0 9.72 22 0 -1 -1 0 8.78
8 0o 1 1 0 11.01 23 1 0 1 0 10.03
9 0 -1 0 1 9.69 24 -1 0 -1 0 9.32
0 -1 o0 1 0 9.62 25 1 0 0 -1 9.66
11 0 0 1 1 10.25 26 0 0 0 O 10.24
12 -1 0 0 1 9.78 27 0 0 0 O 10.08
13 0 -1 0 -1 8.76 28 0 1 -1 0 10.02
14 0 0 0 O 11.02 29 1 0 -1 0 9.56
15 0 0 -1 -1 9.29

T BRR L (A,) | AN (B,) | B (Cy) | BRI (D,), 27,

T 25T EE IR LR 7, 1 AR i K-
(P=0.0010), XIS {E BT BHIS(E, BRI AT LA 150m
Al AR ; R BTN i 25 (P=0.8312>0.05), ASEAE X
SERFEME N BIRIPOE RE(R=0.8568) HiF#E
FEFRB(R,4=0.7137) 2E{H/INT 0.2, WAL
FEEE KB, iZARAEIAY Adeq Precision “A 8.562>4,
FIIZAAR A F 5, nT LU THtik UEH-GLP $2HL

2% 7 UEH WM e Ty 200 al S

Table 7 Response surface experiment variance analysis results

for UEH

b3 EA AmE ¥y Fi PlE  BFEM
e 11.33 14 0.81 598  0.0010  **
AR L 1.04 1 1.04 768 00150  *
BRI 413 1 4.13 30.53  <0.0001 **
G- 0.65 1 0.65 483 00453  *
D,-FlffRE 152 1 1.52 1123 0.0047  **
A;B, 0.25 1 0.25 1.81  0.1997
AsC;  7225E-003 1 7.225E-003 0.053  0.8206
AD;  1.225E-003 1 1.225E-003 9.057E-003 0.9255

B,C, 0.35 1 0.35 262 0.1280
B,D,  3.600E-003 1 3.600E-003 0.027  0.8727
C,D, 0.036 1 0.036 027  0.6135
A% 1.42 1 1.42 10.53  0.0059  **
B 1.57 1 1.57 1162 0.0042  **
c;y 131 1 1.31 970 0.0076  **
D7 0.88 1 0.88 651  0.0230 *
B2 1.89 14 0.14

AL 1.05 10 0.10 0.50  0.8312
4R 0.84 4 0.21

vl 13.23 28
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T2, ZRERAS R RE C.V.% N 3.76%<10%, 15
st ey, segess Rnl e, ik 7 0 FER/N
AT LB AE 4 I ZE X UEH-GLP 1528582000 I/ N I
Shyc R B TA] >l A VR RE >R TR L > BE . 3R
7 H PAESR/INAT A, B EL S B S B TR (AL B,) RS
A 5] R AR B2 (B, C5) PIZH 3Z HAE AT UEH-GLP 15
SRR M AR T AL S AR T B 3
2232 UEHEHE T Z%UE Design Expert 8.0 4K
A28 W I B LR BUASE B B 1:31.41 g/mL . 3
75 B [E] 23.56 min. B Wk F 5.34%. B fE i@ E
52.62 °C, UEH-GLP 3R FMIEN 10.91%., RPEsC
B T ERVEPE VS AR L 1:31 g/mL. #8755 (A
24 min. B§HRIE 5%. BEMEEE 53 °Co FEIZSRMF T
i =k T 528, UEH-GLP 153k 10.92%+0.05%,
TR 25 SN, BB AR AT AT (5 R
2.3 GLP %f RAW264.7 E &AL 5 6 & AT & 1
I
2.3.1 GLP X} RAW264.7 5 WEAT M G ze P8 35 i Pl
Fomn GeRE AT R R Y AR R N MR RS Y
2, FEGEA AR RS0 4 S 53T Ia B AP &
AP B R R AL B S R G i — 2 A,
JEZ AR THUARR AL HIh BB A, TESE KA
3 PR B E YA B N AR S SR EE Y . B A
Ban] LGB AN R 3240 5 Z2iah &, SEmiEaE Safeng
BN RAFEAVE R,

UHPE-GLP
E= UHWE-GLP

a 1507 N UEH-GLP

< 100 = = =

5 =N N E

s = = =

it =N &\ =
o Con 25 50 0

W (ug/mL)

c 80- %) UHPE-GLP
. E= UHWE-GLP

& UEH-GLP
> 604 .
=) B EAN
) el =\
£ jo- . 558 VAN /X
& . &7\ 72N 72N 7=\
Sol Nalla =2 =
=N =\ BN BN =\

T 1
Con LPS 25 50 100

W (ug/mL)

=)
=3
(=]
IS
(=

0

K CCK-8 :ll5E GLP X RAW264.7 B WE4H
BTSRRI . 45 ULE 4a, 5 Con dHAHLL, =F)
ZBEAE 25~400 pg/mL ¥ 7E [F P9 448 W 2 e UF
RAW264.7 B BEANMIIEFE (P<0.01) . SCEGZE R FRAH,
=R ZZHHAE 25~400 ng/mL HEETEREIPIXT RAW264.7
B WEgn A k. Fitk, 258 25~400 pg/mL 1EN
JE SRS LA TR

4 AN it A2 BT, 2543 2 Fh i RE el 48
FEVET AT, 5 R 28T P, TNF-a /2 —
FhAE 2 AR 1, 722 Fh 2R B fR vp A FE B ZEVE T,
] LIAR AR S PR 2 M A S R AT G, i n] L)
BT AN ARG FE A PR3 R e ZE P, TL-6 W2
EEPERMIEAEFZ—, 1T LUHAES B g1k, {2
2 A A W T4 L IR 24 L 1) G B by 25 B g e A
TAEFPY., NO MUK GBI I v R G B
YER, Horibh i 5 B W40 i B Mg RE 1 22 IEAH G
NO B 43 h K 2 PP e 2 T B I e dn =
— 0 SHBFSY GLP % RAW264.7 F 05 24 il 9% %
TIEME AR, EBET TNF-a Fl IL-6 PYFhEs iy 4h
MR T A NO 4705, 45 R an& 4b~1& 4d BN
T 25~400 pg/mL ¥ B9 Bl N, = Flh 205 4 v {2 iF
TNF-a. IL-6 F1 NO [1¥ 43 H. 433 58 35 52 57 AR
PR R, M EE SR 25 ng/mL B, 5 Con #HAH L,
UHWE-GLP X TNF-a 43 # 5 A7 #% & 25 52 i ( P<
0.01), X} IL-6 F1 NO 43h V5 A . 35 52 W ; UHPE-
GLP #1 UEH-GLP X} TNF-a. IL-6 #l1 NO 4yrih&= A

UHPE-GLP
E== UHWE-GLP

b 5007 NN UEH-GLP
o
3400
E
2300
i)
€ 200
z
= 100
ConLPS 25 50 o 200 400
He P (ug/mL)
d 80- W) UHPE-GLP
E= UHWE-GLP
i N UEH-GLP
S 60' " " ™ % LI ®
2 « 7. N g:N ZEY | 2\
g 40 & 75N 70N 72N BN
a AMEl:1E] 2
colAl L
“ AN X A\ AN AN
1l
AN AL\ A

T T
Con LPS 25 5

=]
—
=
(=]
[
(=]
IS
=
S

W (ug/mL)

K4 GLP X RAW264.7 FIEANEAT 3 K TNF-a., IL-6 Fl NO 73 #ht () 201
Fig.4 Effects of GLP on the survival rate and secretion of TNF-a, IL-6 and NO in RAW264.7 macrophages
{E: 5 Con Z1ALL, **P<0.01.
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W b SR (P<0.01) o MUK BEEAE 50~400 pg/mL i
FEINEY, 5 Con ¢HAH L, =FhZHEXT TNF-a. IL-6 FlI
NO S HAT M W E52 0 (P<0.01) . —FhZ ik
FH L, UEH-GLP Xt TNF-a. IL-6 1 NO 43
i 5 < ; UHPE-GLP %] TNF-a [4 45 W & 52 Wi 55 /)5 5
UHWE-GLP X IL-6 1 NO [ 5y ¥ & 52 Wi &% /> o
GAO %M B 5% & I GLP-3 1] 52 5 0 4 i 14 42 2
RAW264.7 B E4H I+ NO., TNF-a. IL-6 %54 Jifs 4]
Ty, B SSETETE, ARSI S AL
Bro BRI, =R B AT LAEE RAW264.7 B
WEZI A, 3 H0 TNF-a, IL-6 Fl NO )4, K155
FEVEIAVE R =Y e sV iE MR A 2250, I
1, UEH-GLP i %% 87595 1% P T UHPE-GLP Fl
UHWE-GLP.,

2.3.2 GLP X} LPS 5 5 1 RAW264.7 IV 41 g 5
REMIFEME  FE R 20 ION I B ZE 4N iR+, TNF-
a AR TL-6 F1 IL-1p S5 H A4 i 7 1 7= A=, =
BN AT TS, NO 5 SE I A PTAR
XK, FESAES AR P, i B NO &5 | & Audids, sk
SRIEB ™, HIFSE GLP % LPS %31 RAW264.7
5 W 40T 0 5 i PR RE N, 36 8E T TNF-a F1 NO P18
PR T gE, G55 aNE 5. HE 5 WA, 5 Con 2HAH

UHPE-GLP

a 5004 E= UHWE-GLP
£ .., UEH-GLP

5 4001 BN AR sie ..
2 300- Z
/
iz %
< 9004 %
m- %
£ 1004 %
%

0 T T é § §

ConLPS 25 50 100 200 400
W (ng/mL)

[ox

S (umol/L)

NO

kb, & LPS 55 )5 TNF-a 1 NO 43 G35 i 2k
iR (P<0.01), 5 LPS ZHAHLL, 7E 25~400 pg/mL ¥k
FEJE N, 45 25 ¢4A ¥ m] pdi /b LPS 55 )5 TNF-a F
NO 953k, H A3t By S i AR PRI . ik
b 25 pg/mL B, 5 LPS ZHAH HE, =Fh 05 Ab B 20 X
LPS 5 % )5 TNF-a 43 W & A I 3 52 1 (P<0.05) |
NO 43 W8 A W 3 52 (P<0.01) 5 24k FEAE 50~
400 ng/mL JLEEINEY, 5 LPS AR L, =Fh=hiah 8
HXF LPS 5T 5 TNF-a Fll NO 43 & Y465 H b 25
S (P<0.01), [Fl—WRBET, =Fh 285Xt LPS i5 5
J& TNF-o 43 3 5 19 5 i) 4H 22 A K, UEH-GLP %
TNF-a 45 W 5 () 5% Wi %/ — 28 ; UEH-GLP %] LPS
%2 5 NO 1y 53 Wb i Hz K s UHWE-GLP X
LPS 5 55 NO By 43 i f2 i B /s . SHI 2814 3%
F RAW264.7 B NEAIEATSE GLP-1 WP TRIEM, &
I GLP-1 A] & {4 NO. 3P4 (reactive oxygen
species, ROS) . & & 48 ffd [l 7 TNF-a. IL-6 1 IL-
1B A, HA RAFIIHT R IIRL, AT ES R 5 241
FFe o ST, = Fh 2P Heag i i v /b TNF-
a F NO 53k R HEDTR W TE; = FhZhimbiR
WPETE A 22 91, Hoh, UEH-GLP #4940 48 3% M0 T
UHPE-GLP f1 UHWE-GLP,

=) /,
R

UHPE-GLP

80 ~ E= UHWE-GLP
i UEH-GLP
#
604 B s
wf J7E =
20—H = =
o E\ =\

Con LPS 25 50 100 200

WRE (ug/mL)

400

K5 GLP X LPS if5'3: RAW264.7 EWEAL TNF-a Fl NO 43t ) 5210
Fig.5 Effects of GLP on the secretion of TNF-a and NO in RAW264.7 macrophages induced by LPS
1 5 Con 41 L, ##P<0.01; 55 LPS @A LL, *P<0.05., **P<0.01,

5t

A G LA R Z R IR}, SR FH i 5 18T 725 DA 22 HE AR

g N AE A4 UHPE, UHWE A1 UEH $£H GLP
125, UEH B Z 815 K 10.92%+0.05%, 7E —
Frorik s . UEBH i T2 S8 B

1:31 g/mL. A7 H}8] 24 min, BEAEE 5%. BEFIE
BE 53 G, —RhEBEHBE R RUEH RAW264.7 B %
HHREIEG T, FS T L3 AT B TR S N 2 I i A B s

W2 AR F S B YR 5 5 P . UEH-GLP KRB

R TGP, X AT RE R T ARFIAREC T 223 T 20
LR AN . UEH ¥ 75 vk S B AHSS A, $EET

[E)%E . BEFE/L, FIF Tl ik A 7 UEH-GLP 193%
= HIE LY, AR . PRSI & R e 2 i B R

TR FHRT Se . ASEFSE N R 2 m sy & F R AL

3

T ERIEARTE, X R ZAH I S I A HAT BRI
AEABTFEMAFAE—E F SRy B, e e nie 137 T e e
AT 0 IS5 B— i WAL, A3 A BEZZNS T 1%
AR BTG AU 00 T 2288 TER 22 T 2%
TR R ERG S B R A2 ENE, LIS 2[R 2 e
TR P IEE R BT . e R I
R T ASE SO PR BT 2, X —Fh P T
atifl, Xt et P 2H s M A FEA T R Gl 2,
IIMTESHARAE MAGBOC B, BE— ARG RAFR ) afie
PRSI
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