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Abstract: Forsythia suspensa is one of the great medicinal herbs. At present, research on the active ingredients
of Forsythia suspensa mainly focuses on Forsythin, Forsythiaside and Phillygenol, etc. Polysaccharides show
increasingly significant pharmacological functions, which may be associated with the efficacy of Forsythia
suspensa in clearing heat and removing toxins and dispersing wind and heat. Therefore, it is important to study the
green Forsythiae Fructus polysaccharide and ripe Forsythiae Fructus polysaccharide. In this paper, we have
separated and purified green Forsythiae Fructus polysaccharides and ripe Forsythia Fructus polysaccharides by gel
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chromatography and comparatively analysed the structures of the two groups. Comparison of the anti-inflammatory
activity of green and ripe Forsythiae Fructus polysaccharides by lipopolysaccharide (LPS)-induced macrophage
hyperinflammation model in RAW264.7 mice, the mechanism of action of polysaccharides with powerful anti-
inflammatory activity has also been preliminarily investigated using cellular metabolomics. It was determined that
the weight average molecular weight of green Forsythiae Fructus polysaccharide was significantly higher than that
of ripe Forsythiae Fructus polysaccharide. The type of monosaccharide that accounted for the largest proportion of
the monosaccharide composition of both green and ripe Forsythiae Fructus polysaccharides was Gal-UA, followed
by Glc methylation results indicate that the major linkage of both polysaccharides is 4-Gal(p)-UA. The results of
the anti-inflammatory activity study demonstrated that both polysaccharides exhibited anti-inflammatory activity,
with green Forsythiae Fructus polysaccharide displaying a more powerful anti-inflammatory effect. A metabolomic
study identified 18 distinct metabolites in RAW264.7 cells following the action of the active ingredient of green
Forsythiae Fructus polysaccharide, compared with the control group. These metabolites were primarily involved in
arginine biosynthesis, alanine metabolism, and other pathways that are closely associated with oxidative stress and
the inflammatory response. This paper compares the structure and activity of polysaccharides, one of the bases for
the medicinal effects of green Forsythiae Fructus and ripe Forsythiae Fructus, and provides a solid foundation for
further studies on green Forsythiae Fructus and ripe Forsythiae Fructus.
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Table 1 Molecular weight of green Forsythiae Fructus polysaccharides and ripe Forsythiae Fructus polysaccharides. M : Number-average

molecular weight; M : Weight-average molecular weight; M,: Z-average molecular weight; M : Peak-average molecular weight; M /M,

Molecular weight distribution width index

Sample name M /kDa M /kDa

M_/kDa M /kDa M /M.

Green Forsythiae Fructus 7.844 +0.669 18
polysaccharides
Ripe Forsythiae Fructus 10.833 £ 0.403 26

polysaccharides

6.260 + 0.943 59

10.161 £ 0.998 14

13.036 £0.418 59 22.932+0.736 77 1.662 +0.789 31

11.990 +0.368 43 13.778 £0.789 25 1.107 £ 0.546 22

A 400 B 200+
350
300 1 150 ]
250

200 100

Response
Response

150
100 50+

504

C 2504

Response

Gal-UA

Gle-UA

T Glo-UA_CarUA

T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time / min

T e T e S A A e
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time / min

L e e S e S
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time / min

Figure 1 Ion chromatograms of monosaccharide standards (A), green Forsythiae Fructus polysaccharide (B), and ripe Forsythiae Fructus

polysaccharide (C)
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Table 2 The monosaccharide composition of green Forsythiae A %100
Fructus polysaccharides and ripe Forsythiae Fructus polysaccha- o 12,037
rides )
Type of Type of Molar Content Sxl0*
polysaccharide monosaccharide ratio /ug-mL" ‘é 4x10°
Green Forsythiae Fuc 1.02% 3.6350 S
Fructus Rha 10.80% 35310 1 3x10°
polysaccharides Ara 10.65% 38.0810 25108
Gal 9.21% 36.129 6 a0
Gle 14.31% 56.1359 Ix10°4 (o0 21526
Xyl Ls# 60052 b, JLE 50
Man 3.91% 15.3523 S0 s W s w0 s
Gal-UA 47.15% 199.291 0 T
Gle-UA 1.11% 4.6709 B 6x10°-
Ripe Forsythiae Fuc 0.97% 3.089 0 12.037
Fructus Rha 7.90% 23.0722 5%x106
polysaccharides Ara 10.95% 34,943 5
Gal 5.59% 19.583 0 4x10°
Glc 14.37% 50.356 1 é
Xyl 1.81% 52746 & 3x10°]
Man 2.64% 9.263 5 4387
Gal-UA 5479%  206.7622 Zx10E
Glc-UA 1.01% 3.801 6 .
1x10°7 473 18.002
. . . . . . . . 0
1.27:1.06:41.06:9.44:8.54:1.14:3.00:3.46:1.89., H 5 10 15 20 5 20 35
1 4-Gal(p)-UA & & o b ey, HED O 3288, RIS A7 7E Time/min

t-Rha(p), t-Gle(p), t-Gal(p)-UA, t-Gal(p), 4-Gle(p) %% 43
SCHE R . 20 2 R AL 4y BT 45 1) SR t-Rha(p), t-
Ara(f), t-Ara(p), t-Glc(p), t-Gal(p)-UA, t-Gal(p), 2,3-Rha
(»), 4-Man(p), 4-Gal(p)-UA, 4-Gal(p), 4-Glc(p), 3,4-Gal
(p)-UA, 2,4-Glc(p) I EE /R HE 4 4.69:1.4411.08:6.20:
12.09:3.70:1.07:1.26:48.75:7.59:7.46:1.93:2.73.
11 4-Gal(p)-UA & & & P die s, #ENDN 5. RN A7 AE
t-Rha(p), t-Gle(p), t-Gal(p)-UA, 4-Gal(p), 4-Gle(p) %4>
AR . BAANEINE 2, ®3.457R.

Figure 2 Total ion chromatograms of green Forsythiae Fructus

polysaccharide (A), ripe Forsythiae Fructus polysaccharide (B)
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Table 3 Methylation analysis of green Forsythiae Fructus polysaccharides. PMAA: Partially methylated alditol acetates

Type of ty Molar
: PMAASs N mlz K

linkage /min ratio/%
t-Rha(p) 1,5-di-O-Acetyl-6-deoxy-2,3,4-tri-O-methyl rhamnitol 4.706 59, 72,189,102, 115, 118, 131, 145, 162, 175 4.75
t-Ara(f) 1,4-di-O-Acetyl-2,3,5-tri-O-methyl arabinitol 4975 71, 87,102, 118, 129, 145, 161 2.20
t-Xyl(p) 1,5-di-O-Acetyl-2,3,4-tri-O-methyl xylitol 5.818 88,101,102, 118, 119, 161, 162 1.12
2-Rha(p) 1,2,5-tri-O-Acetyl-6-deoxy-3,4-di-O-methyl rhamnitol 7.379 89, 100, 115, 130, 131, 175, 190 1.21
t-Gle(p) 1,5-di-O-Acetyl-2,3.4,6-tetra-O-methyl glucitol 7.487 87,102, 118, 129, 145, 161, 162, 205 4.90
3-Ara(f) 1,3,4-tri-O-Acetyl-2,5-di-O-methyl arabinitol 8.032 87,99, 113, 118, 129, 201, 233 1.08
t-Gal(p)-UA 1,5-di-O-Acetyl-2,3,4,6-tetra-O-methyl galactitol 8.391 73, 89,102, 118, 147, 162, 163, 207 10.10
t-Gal(p) 1,5-di-O-Acetyl-2,3,4,6-tetra-O-methyl galactitol 8.392 87,102, 118, 129, 145, 161, 162, 205 1.22
5-Ara(f) 1,4,5-tri-O-Acetyl-2,3-di-O-methyl arabinitol 9.109 87,102, 118, 129, 162, 189 2.59
3,4-Rha(p) 1,3,4,5-tetra-O-Acetyl-6-deoxy-2-O-methyl rhamnitol 9.909 87,99, 113, 118, 129, 149, 173, 275 1.27
4-Man(p) 1,4,5-tri-O-Acetyl-2,3,6-tri-O-methyl mannitol 11.208 87,102, 113, 118, 129, 162, 233 1.06
4-Gal(p)-UA 1,4,5-tri-O-Acetyl-2,3,6-tri-O-methyl galactitol 12.002 87,99, 102, 115, 118, 131, 162, 175, 235 41.06
4-Gal(p) 1,4,5-tri-O-Acetyl-2,3,6-tri-O-methyl galactitol 12.037 87,102, 113, 118, 129, 162, 233 9.44
4-Gle(p) 1,4,5-tri-O-Acetyl-2,3,6-tri-O-methyl glucitol 12.303 87,102, 113, 118, 129, 162, 233 8.54
6-Gal(p) 1,5,6-tri-O-Acetyl-2,3,4-tri-O-methyl galactitol 13.627 87,99, 102, 118, 129, 162, 189, 233 1.14
3,4-Gal(p)-UA  1,3,4,5-tetra-O-Acetyl-2,6-di-O-methyl galactitol 13.842 87,118, 131, 143, 185, 205, 307 3.00
2,4-Gle(p) 1,2,4,5-tetra-O-Acetyl-3,6-di-O-methyl glucitol 15.020 87, 88,99, 113, 130, 190, 233 3.46
4,6-Glc(p) 1,4,5,6-tetra-O-Acetyl-2,3-di-O-methyl glucitol 16.782 85,102, 118,127,159, 162, 201, 261 1.89
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Table 4 Methylation analysis of ripe Forsythiae Fructus polysaccharides

Type of ty Molar

: PMAAs . m/z .

linkage /min ratio/%
t-Rha(p) 1,5-di-O-Acetyl-6-deoxy-2,3,4-tri-O-methyl rhamnitol 4.698 59,72, 89,102, 115, 118, 131, 145, 162, 175 4.69
t-Ara(f) 1,4-di-O-Acetyl-2,3,5-tri-O-methyl arabinitol 4.971 71, 87,102, 118, 129, 145, 161 1.44
t-Ara(p) 1,5-di-O-Acetyl-2,3,4-tri-O-methyl arabinitol 6.130 88,101,102, 118, 119, 161, 162 1.08
t-Gle(p) 1,5-di-O-Acetyl-2,3,4,6-tetra-O-methyl glucitol 7.483 87,102, 118, 129, 145, 161, 162, 205 6.20
t-Gal(p)-UA 1,5-di-O-Acetyl-2,3,4,6-tetra-O-methyl galactitol 8.384 73, 89,102, 118, 147, 162, 163, 207 12.09
t-Gal(p) 1,5-di-O-Acetyl-2,3,4,6-tetra-O-methyl galactitol 8.387 87,102, 118, 129, 145, 161, 162, 205 3.70
2,3-Rha(p) 1,2,3,5-tetra-O-Acetyl-6-deoxy-4-O-methyl rhamnitol 9.733 71, 89, 101, 131, 262 1.07
4-Man(p) 1,4,5-tri-O-Acetyl-2,3,6-tri-O-methyl mannitol 11.197 87,102,113, 118, 129, 162, 233 1.26
4-Gal(p)-UA 1,4,5-tri-O-Acetyl-2,3,6-tri-O-methyl galactitol 12.005 87,99, 102, 115, 118, 131, 162, 175, 235 48.75
4-Gal(p) 1,4,5-tri-O-Acetyl-2,3,6-tri-O-methyl galactitol 12.037 87,102, 113, 118, 129, 162, 233 7.59
4-Gle(p) 1,4,5-tri-O-Acetyl-2,3,6-tri-O-methyl glucitol 12.310 87,102, 113, 118, 129, 162, 233 7.46
3,4-Gal(p)-UA  1,3,4,5-tetra-O-Acetyl-2,6-di-O-methyl galactitol 13.839 87, 118, 129, 143, 185, 203, 305 1.93
2,4-Gle(p) 1,2,4,5-tetra-O-Acetyl-3,6-di-O-methyl glucitol 15.016 87, 88,99, 113, 130, 190, 233 2.73
A s B 150 0.05), e v 55560 22 i Eb 22 0 220 W (L E RCR SE I ]
X S ‘s .
L o 3 RIBAE S
2 . 3 IR LA 0, L W0 52 1 L
= 50 = 50 . e g .
8 = O FRIATE 28 3%V B iR, A SEZIG 0 T 7 20 AT 2 A

yraaliloeaaaraliiE LU TS s PSR

§ & & &S » S & & Iy ISy TSIEN R N 3
& N ,{;‘2’% ‘p‘?@o\@& ’\:_p‘*i@‘?% oe\m\"% ,\g,‘?% (,)BQ%\BQQ% 'ﬁb‘i@&’ 31 HENREEZE DA EREMEEN kil

Figure 3 Effect of different concentrations of green Forsythiae
Fructus polysaccharide (A) and ripe Forsythiae Fructus polysac-

charide (B) on cell viability by MTT assay. n =3, x+s. P <0.001
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Figure 5 Reliability investigation of analytical method using QC
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Figure 4 The effects of green Forsythiae Fructus polysaccharide and ripe Forsythiae Fructus polysaccharide on the secretion of NO (A),
IL-10 (B) and TNF-a (C) in RAW264.7 cells. n =3, x+5. "P < 0.05, "P<0.01, P <0.001, " P <0.000 1 vs LPS group; “*P < 0.000 1 vs
control group. LPS: Lipopolysaccharide, NO: Nitric oxide; IL-10: Interleukin-10; TNF-a: Tumor necrosis factor-a
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Figure 6 PLS-DA scores (A), model validation results (B), OPLS-DA scatter plots (C) and corresponding S-plot (D) of cell lysate of

RAW264.7 in control group, green Forsythiae Fructus polysaccharide group and model group. GFP: Green Forsythiae Fructus polysaccharide

Table 5 The differential metabolites in RAW264.7 cell lysates detected by LC-MS/MS. T and | represent higher and lower level; VIP:

Variable importance in projection; Fc: Fold change

t

Model vs

Treat vs

No. Metabolite R Formula m/z VIP c Fc
/min control model
1 Aspartate 1.474 CHNO, 101.047 93 1.107 13 1 1.570 184 ! 0.709 129
2 Choline 1.321 CH,,NO 102.115 93 1.359 75 1 30.879 62 ! 0.325 997
3 Fumarate 1.749 CH,0, 116.011 03 2.129 89 ! 0.597 923 il 1.417 095
4 L-Serine 1.418 CHNO, 117.054 08 3.077 65 ! 0.432 520 i 1.434 768
5 Succinate 3916 CHO, 118.026 72 2.632 80 ! 0.219 386 1 2.587 650
6  L-Glutamate 1.845 C,HNO, 131.058 09 1.842 49 ! 0.561 708 1 1.703 735
7  L-Asparagine 1.615 CHN,O, 132.052 30 4.309 88 1 1.606 690 ! 0.657 017
8  Ornithine 1.402 CH N,0, 132.089 98 1.860 81 1 4.409 108 ! 0.691 799
9  O-Acetylcholine 2.783 CH NO, 144.126 36 4.465 79 1 81.396 74 ! 0.562 737
10 L-Glutamine 2358 CH,N,0, 145.08515  1.038 68 ! 0639575 1 1.337 610
11 2-Oxoglutarate 2.062 C,HO, 146.021 70 1.899 38 1 5.922 962 ! 0.451 885
12 1,2-Diacyl-sn-glycerol 3.118 CHO,R, 172.084 91 1.659 93 ! 0.213 788 1 2.958 079
13 Arginine 1.360 CH N,O, 174.111 80 5.694 11 l 0.532 306 1 1.422 239
14 Phosphatidylcholine 7.105 C,H/NOPR, 254.12658  2.746 34 ! 0330396 1 2227042
15 N-Acetyl-L-aspartyl-L-glutamate 3388 C,H,N,0, 26810606  1.383 01 ! 0153683 1 4795126
16  LysW-glutamate 2.712 C,H,N,O.R 289.073 18 1.737 82 ! 0.640 030 1 1.562 426
17 1-Acyl-sn-glycero-3-phosphocholine  2.189  C/H, NO.PR 299.113 56 1.707 83 1 2.405316 ! 0.517 648
18  CDP-choline 1.499 C ,H, N,O, P 488.107 50 1.968 60 ! 0.490 872 1 1.566 374

14 26 4711 2
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Figure 7 Analysis of MetPA pathway in cell lysate
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