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Abstract: Objective To investigate the effect of different extraction parts from Zanthoxylum nitidum var. tomentosum (ZN) on theumatoid
arthritis (RA) and chemical composition analysis of extraction parts. Methods The human RA fibroblast-like synoviocyte cell line MH7A
cells were used to investigate the effects of different extraction parts of ZN on the proliferation activity and contents of inflammatory factors.
RA rat model was established by intradermal injection of Freund’s complete adjuvant into the toes of rats. The body weight, whole body
score, arthritis score, degree of swelling, organ coefficient and contents of inflammatory factor of rats were measured, pathology of ankle

joint tissue was used by HE staining to evaluate the anti-RA activity of different extraction parts of ZN. And the chemical constituents of the
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extract were analyzed by UPLC-Q-TOF-MS/MS. Results Chloroform, petroleum ether, ethyl acetate, n-butanol and water extraction parts
of ZN had good anti-inflammatory effects on RA in vivo and in vitro. ZN could inhibit the proliferation of MH7A cells in vitro (P < 0.05,
0.01), reduce the secretion of inflammatory factors interleukin-6 (IL-6), IL-17A and IL-1B (P < 0.01). In vivo, the extraction parts of ZN
could reduce the paw swelling, whole body score and arthritis score of RA rats to varying degrees (P < 0.05, 0.01), improve the pathological
changes of ankle joint, alleviate the inflammatory symptoms of RA rats, reduce the secretion of pro-inflammatory factors IL-6, IL-17A and
IL-1B (P < 0.01), increase the secretion of anti-inflammatory factors IL-4 and IL-10 (P < 0.01). The chemical constituent analysis showed
that the extracts of ZN contained similar compounds, including alkaloids, flavonoids, coumarins and other compounds. Most of them were
alkaloids, including furan quinolines, benzylisoquinolines, protoberberines, aporphines, benzophenanthridines, amides and so on.
Conclusion Chloroform, petroleum ether, ethyl acetate, n-butanol and water extraction parts of ZN have good anti-inflammatory effects
on RA in vivo and in vitro. The extract mainly contains alkaloids, flavonoids, coumarins and other compounds.

Key words: Zanthoxylum nitidum (Roxb.) DC. var. tomentosum Huang; different extraction parts; rheumatoid arthritis; inflammatory

factors; alkaloids; flavonoids; coumarins; magnoflorine; hesperidin; nitidine
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Fig. 1 Effect of different extracts of Z. nitidum var. tomentosum on proliferation of MH7A cells (X £ s, n=3)
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#P <0.01 vs blank group; P < 0.01 vs model group; L, M and H represent low-, medium- and high-dose groups, which are 1/8, 1/4 and 1/2 of ICs,

respectively

B2 AWEAEREEIST MHTA A8 EERFIRERFHIZME (X+s,n=8)

Fig. 2 Effect of different extracts of Z. nitidum var. tomentosum on levels of inflammatory factors in supernatant of MH7A

cells(X£ts,n=28)
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B3 AWETEHREELIN RA KRERE. £H7F50. XPRTSFEHMKENEE (X+s5,n=12)

Fig. 3 Effect of different extracts of Z. nitidum var. tomentosum on body weight,

swelling degree of RA rats (X £ s, n=12)

whole body score, arthritis score and toe
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3.2.2  AWEAFRRIGHA AT RA KR4 5P
VR MTX 4. AMEETE 6d J5 4 & 1P
B BT (P<<0.05. 0.01), E A4 KRAE
10 d 5 &5 B TRAA (P<0.0D), 7
18~22 d, ANLIREARISEHERAL A K B4 5 VFor
PR TAERIZ (P<<0.05. 0.01), 4512 14> Bt
BRI EA . AhEE . BERR B8 7KL
IETEE, WK 3.

323 AWLEAFFBGTEALN RA KR 264
gz SR LR, MTX 414F 6 d Ja KR
RIS B (P<0.01), S 10d J5K
FRUIKIDETT RAP 0 B FEAK (P<0.01), faiHBEL .
BEER BG4 . IE T RE4HAE 18d )5, RESZEMR RA K
BRI DG SR, B BRI T R BRI 584 2 VP 4y
(P<0.05. 0.01). /KFEBALLLA) RA KR AR
7 22d BAE (P<0.05). *T7RIBEITED B
BN R AhEEH . BT R BER O
Bedd . KEBAIZL, WK 3.

324 ANULJRAFRSEHGEALN RA KB AE fk b ik B2
g R 54 9 IR RIAE AT o 2 ik S A VS i
WG, A5 R B ARE AR ar . ke &, 7EIG R

U 5

oo ox o8 2 B B 2
" ® 5§ B E N - B
e oEoH X

3. 4d A ATERNEAE, ARG K A2 Bk BOG
PR, i R e R R RIS, R B E A
F, BEARE A EREAE . £ 6d 5 MTX 4. &1
M. FHERZHT RA KR IK S5 80 B/ TS Y 20
(P<0.0D). f£ 14 d J5, BERRCBRZA. 1T R
RA K BRI 88 J2 I T8 AU 4H (P<<0.05. 0.01),
MK EBALZEHI RA K RAE 22 d Ja HoA e ik th
Pk, HARTHRIAH (P<0.05). /256K E b
RBIER IO AR . SA. ETREA. KB
gl BEPR LHR4L, LK 3.

325 AURAFEALNT RA K RTS8 ZUM 52
WK 4 Fios, S5 AEE, BRI BRI HE BOof
B R R E W m (P<<0.01), FILH— & M
Juidk. SR, & AR IETTEE. K
FEHUER AL ZH AT MTX ZH 35 R PRI RA KB JBLAE
JFHEFESL (P<<0.05. 0.01). BERR 2.6 4H th H AT B
RA KRBT BN RS EU&ss, HER#
PEZE S

3.2.6  AFRASFERRALNT RA K BRI OC 5975 B 1 52
ma nfE 5 R, AR RS-, S
i P T15, T AN A R Sh S A AR I A, R LA

601

401

JHBEFE %

0B RS #E E B &
W2 S8 2N~ B
o

4 ANEFEHZBEMIX RA KR ARBEFIATBEEBAIRE (X£5,n=12)

Fig. 4 Effect of different extracts of Z. nitidum var. tomentosum on spleen and liver index of RA rats (X + s, n=12)

H i) MTX B

TSR £

El5 AWETEHREEMIN RA KRERXT (A) RBREALR B) HELLHIEME HE, X100)

Fig. 5 Effect of different extracts of Z. nitidum var. tomentosum on pathological changes of ankle joint (A) and synovial tissue

(B) in RA rats (HE, x 100)



FED 2023F7H $54% B138  Chinese Traditional and Herbal Drugs 2023 July Vol. 54 No. 13

* 4193 »

B . B K BRI ES 4R UG 42 . mT Wk
SEEG VR E VRG], RS T R B
AT — 8 B 25 4 A 206 A, KR ) 98 1 40 iR
T . ig NILEAFEIREYIE, FiRpsE s
P BIA IR BE I s, G DU RO 5
o RIPANWLBEA FERIEA RIFHISGE RA 1
RR R BROCTTHZUR A MIER, RIEA Bt
RA 7EH.
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K7 IL-1B+ IL-6 A IL-17A KFI52m ankd 6 fr
w, SEAHE, R AR IME S IL-1p. IL-6.

MTX 2H BA K L B8 (A IR BG4 R 8 0/ RA
K SRIALE H IL-1B+ IL-6+ IL-17A (& (P<<0.01).
3.2.8 AWLEAFFEGEALN RA KR MG L4
Al IL-4 F1 IL-10 7K~z Wil 7 s, 57
A PR, RS KRR MG 1 IL-4 IL-10 (1) 7 & B
B (P<0.01); SRR LA, NIl FRHREGH
P LA B MTX I IL-4 18 &35 82T
(P<0.01), Fmlk. BERCBR. BT RE. KEBA 4
M IL-4 P& EBAAE, HEERARARIIYE
o NLRIA FEFEHGHA IR TR RA KR
MmiFF ) IL-10 fI&8 (P<0.01). Hr, &5

IL-17A & & B (P<0.01); SHARIHIE,  IL-4. IL-10 (& &5 MTX 402,
301 L, 801 ~ 25007
fn ~ *k ! |
g T, 60 s ’é 2000 ##
g 2004 i % 15004 ok
R k% K 40 E
= 1001 % & 10007
3 = 204 g 5004
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o8 xS E &8 d oTBKESEE R g TEHEEEERSZ
HEERENL = Hx S =358 4E®S®EENEE
g ¥ g X B M X
L=us 2 &

B 6 AWEAREHEREAX RA ARMES IL-1p. 1L-6 F1 IL-17A /KRN (X+s,n=12)
Fig. 6 Effect of different extracts of Z. nitidum var. tomentosum on IL-1f, IL-6 and IL-17A levels in serum of RA rats (X £ s,

n=12)
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Fig. 7 Effect of different extracts of Z. nitidum var. tomentosum on 1L-4 and IL-10 levels in serum of RA rats (X + s, n =12)
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A, B, C are n-butanol, ethyl acetate and chloroform extraction parts, respectively, D is mixed standard

% 8

ALLEREIFIR & 3 B8 fa Y — R B E £ E

Fig. 8 Primary mass spectra of extract of Z. nitidum var. tomentosum and mixed reference substance

#3 AERIIRILZERS UPLC-Q-TOF-MS/MS £5I455R
Table 3 Identification of chemical constituents in extract of Z. nitidum var. tomentosum by UPLC-Q-TOF-MS/MS

o /AT el HEgf RE N FHEWRAET wer e
357 mn B (ud) ) (X109) AFR &Y (m2) i Kol
1 606 M+H 2721288 272.1286 0.2 CieHi7NOs = H B 25" 272128 8, 255.100 9, “FE MR, S5 BRR LR, ET
107.047 6, 161.060 3 TEf )
2 696 MAH 193.09%41 193.0971 -3.0 CisHiN2O24-methoxycinnamic acid161.066 5, 193.094 1, A FikEk QM. BRI ET
hydrazide” 133.069 5 B
3 735 M+H 4762488 4762272  21.6 CosHiNOs 3'-glucosyl-6,7- 314.189 7, 476.248 8, FH RPN J05. BRRLEE. ET
dimethoxyl-N-methyl- 177.063 1 B
benzyltetrahydroiso-
quinoling”
4 745 MAHH 2031627 2031620 0.7 CHisNeO KA1 144.085 3, 115.059 7, — A BB ET
203.1627 T f )
5 792 M+H 3421701 3421705 -04 CaoHaNOs %I R 192.108 6, 342.185 9, JA/NEBR AN A0, BRRZEE. ET
177.087 6, 148.081 9 T f )
6 816 M+H 3421701 3421705 04 CxoHauNOs BAHMBFMM 192,108 6, 342.185 9, JF/NEERRAEMBL &M, WO, ET
177.087 6, 148.081 9 T H )
7 867 M+HH 3441857 344.1861 04 CaoHasNOs tembetarine or isomer” 344.198 8, 137.064 6, -3 RukMikEMm 507, B/, ET
175.083 7,299.140 6 T H L)
8 892 M+HH 3421701 3421705 04 CaoHaaNOs AZEHRA 342,170 1, 297.112 7, BrAhMERA MR Wi, BERRLER. BT
265.086 4 T H )
9 908 M+H 3421701 3421705 04 CaoHauNOs ARZEHHFHIME 342.170 1, 297.112 7, BOANMERAENIE &AM, BERZEE. ET
265.086 4, 192.108 6, T H L)
177.084 9
10 937 M-+H 3421701 3421705 -04 CawHuNOs BRINBEBBFMME  177.060 4, 145.035 0, FNEERRAEMm &6, BRLEE. ET
117.039 2, 342.185 9, Ity
369.132 4
11979 M+H 3421701 3421705 04 CaoHaaNOs A Z70HH MK 342.185 9, 297.123 2, FIANMERAEMIE &AM, BERLEE. ET
265.095 8, 237.101 1, T HE )
205.0717
12997 MAH 3141754 3141756 —02 CiHuNO; A2 55 314.189 7, 290.152 5, FIEEFEMAEME K06, BRI ET
269.129 0, 218.089 1 ety
13 1006 M-+H 3582012 3582018 0.6 CuHasNOs N-methylpalaudinium® 358.214 2, 314.186 0, “FIESREEMEA YN S07. BRZE. T
189.100 0, 137.062 2 ety
14 10.12 M+4H 249.1221 249.1233  -1.2 CisHieNaOs K40 249.122 1, 115.059 7, Bilc e i BROmE. ET
128.066 0, 159.086 0, ety

187.0822
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o/ AT el HEwl O RE N FHERAET *n e
S i BT (ml2) (mz) (X107 R fat (ml2) Kl ki
15 1033 M+H 249.1221 249.1233  -1.2 CisHieNaO3 K40 249.122 1, 192.108 6, — A BRLEE. ET
187.082 2, 115.059 7, TRt L)
128.066 0
16 1057 M4H 2001282 200.1281 0.1 CioHisNO; R41 200.137 8, 154.128 5, — A BRLEE. ET
182.1252 ity
17 1070 M+4H 340.1544 340.1548 —04 CxoHnNOs KA1 190.094 6, 340.167 5, FUAMHERA WM, &0i. BERRZER. ET
246.085 8 [le2iG7)
18 1097 M+H 356.1857 3561861 —0.4 CaoHxNOs menisperine orisomer” 356.203 2, 279.112 8, FIAMERAEM  &05. BRI, £
311.139 5, 264.087 2, ity
248.092 9
19 1105 M+H 3441857 344.1861 —04 CaoHeNOs tembetarine or isomer” 344.198 8, 137.064 6, F3: MM AN & 17, BB, FT
175.081 0,299.137 1 T EE )
20 1132 M+H 3281880 3281912 -3.2 CaoHaNOs 4-hydroxy-6,7- 328205 2, 121.069 1, FIEEFEMAEME A1, BRLE. ET
dimethoxyl-N,N- 283.144 1,175.081 0 LRI
dimethyltetrahydroiso-
quinoline”
21 1207 M+H 3561856 336.1861 0.5 CaHasNOs menisperine or isomer” 280.122 2, 356.199 3, FAMMERA: MBS &15. BERZEE. IET
311.139 5, 265.095 8, iG]
296.118 8

2 1225 M+H 356.1856 356.1861 0.5 CuHxsNOs menisperine orisomer” 192.108 6, 356.199 3, FUAMIERAM &0, B IR, £
177.084 9, 246.085 8 BRI

23 1329 M+H 6112209 611.1975 234 CuHuOis HEH 611.220 9, 465.159 1, #HRA%K B OB BT REH
449.159 8, 344.198 8, gy
303.096 2

24 1386 M+H 3561860 3561861 0.1 CaHasNOs WA E ST 192,104 4, 356.190 8, JR/NEEBRAM & Afi. BEIRAEG. ET
176.072 2, 165.092 2 TR HE )

25 1417 M+H 3221076 3221079 =03 CioHigNOs /NEELLHR" 307.095 7, 322.120 7, JRUNBERRSRAEMIM &0, BERRCRE. BT
279.099 1 TEH )

26 1427 M+H 3381396 3381392 0.4 CauHaNOs ZifiHi* 338.139 6, 322.105 7, F/NEEBCRAIN  RAi. BERROME. IET
294.111 8, 280.095 1 TR H )

27 1503 M+H 276.0659 276.0660 0.1 Ci7HoNO; #&EikHa 276.078 5, 190.07 20, BIAMHERA MR &5, BERRLER. ET
218.068 0 TR H )

28 1522 M+H 206.0898 2060883 1.5 CsHiNsOs A% 206.089 8, 191.066 3, — i B CRE. ET
162.062 7 T f )

29 1531 M+H 3341075 334.1079 -04 CyHisNOs dihydroavicine” 334.118 5, 319.094 3, RJFENERAEDW A7, MEROEE. ET
291.101 4,206.089 8 TR H )

30 1561 M-+H 3320939 3320922 1.7 CaHiNOs MARBE 332,093 9, 274.086 7, AIFFERE KA Al BRIEE. ET
317.068 7,304.094 5 TR HE )

31 1601 M+H 2621801 262.1919 -11.8 CisHuN;O K41 128.066 0, 262.191 9, — i B ORE. ET
182.125 2, 189.097 2 T f )

32 1602 M+H 309.1358 309.1338 2.0 CiHnOs EWI4E 309.135 8, 205.049 5, FLEK BB, FTER
235.058 4,219.064 4 g7
33 1608 M+H 264.1956 264.1963 =07 CisHsNO hydroxy-a-sanshool 0r264.207 0 W A Ak Qi B LR, ET
isomer” AL
34 1612 M+H 3521551 3521548 03 CyHnNO EHTA 352,155 1, 336.125 8, F/NEERSRAEMm A, BRLEE. ET
308.125 7, 294.111 8, T HE )
322.1057

35 1624 MA+H 5042596 5042597 —0.1 CyHyNOs A% 504.259 6, 309.125 1, — A BRLEE. ET
459.198 4,277.096 0 ety

36 1640 M-+H 2641956 264.1963 -0.7 Ci¢HasNO: hydroxy-o-sanshool 0r264.207 0, 105.073 3, BEfE 4405 i BB, BT
isomer” 149.102 1 T H L)

37 1655 M+H 2641956 2641963 0.7 CigHsNO» B 3-a-ILHE 190.094 6, 264.207 0, B4 15 i BRI, ET

147.0727,175.070 2 [le273:1G7)

38 1675 M-+H 280.1908 2802009 -10.1 S 280.200 9 — A BRLEE. ET

TEHE A

39 1696 M+H 3481233 3481235 0.2 CauHisNOs Pf%HB* 348.123 3, 332090 1, AFIEMERAYBL A5, BRIEE. ET
304.094 5,290.083 0 T H L)

40 1770 MAH 2341579 2341600 —2.1 CisHaoN:O K40 234.157 9, 133.069 5, — i BRI, ET
222.1572 T H )

41 1779 M4H 348.1233 3481235  —0.2 CuHisNOs HEELHA 348.123 3, 332090 1, AFHIEmEREMM Al
304.094 5, 290.083 0

42 1849 M+H 5882956 5882597 359 CuH3NOs buesgenine” 588320 1, 543.257 8, AFHFEmERAEMIN  FO7. ETRHR
309.125 1,262.1919

43 1887 M+H 260.0928 260.0923 0.5 CuHuNOs B3EmA 227.058 8, 260.092 8, KIGREMRR AR &M, BERLEE. ET

199.063 7, 184.039 8,
245.066 8

SR
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B3
o/ AT WEl HERE RE N FHEBAET o e
Vs min BT (mlz) (ml) (X109 LR feay (mlz) 25 K
44 1928 M4H 2300814 2300812 03 CisHuNOs fEHUBR" 200.034 9, 230.084 3, BKIREMRRAYII AT, BEERZEE. ET
215.060 9, 172.039 1, BEERE )
186.055 1
45 1989 M+H 2851002 286.0980 -997.8 CisHiN;O 7,8-dehydrorutaecarpine286.119°9,271.093 0 M|WEmEMEIiRA: i 47, BERR ZBE. IET
or isomer” T4
46 2073 M4H 2000708 2000706 0.2 CiHNO» HEH* 185.0489,200.0725  PRIEMEMKI MG AN
47 2121 M4H 3121597 3121599 -0 CisHaNO; ailanthamide” 147.050 3, 312.172 6, BEREA: 108 A BRLEE. ET
135.085 8, 166.130 8 273G
48 2175 M+H 2461853 2461852 0.1 CiHuNO KM 246.194 9, 105.073 3, — BRR WG BT EEfe
145.106 4, 147.122 3 &)
49 2199 M+H 3821286 3821290 —04 CuHisNOs arnottianamide” 364.133 0, 382.144 1, FIFFEERAEWR A, BRI ET
292.083 3,277.058 5 TRt )
50 2279 M+H 2641956 2641963 —0.7 CiHsNO; hydroxy-o-sanshool 0r264.207 0 Tk e 28 2 At ROl ET
isomer” 2]
51 2484 M+H 3081904 308.1286  61.8 CiHiNOs N-acetylanonaine”  134.065 1, 308.190 4, FAMUERA:MAS & 15, BERZEE. IET
116.054 0, 144.087 8 BEHEA)
522510 M+H 3200920 3200922 =02 CioHiNOs coptisine” 305.080 2, 277.082 4, FUNBEREAEM Wi BRRAEE. BT
320.104 0, 248.080 0, BEHE )
219.075 4
53 2649 M+H 3181238 3180766 472 CisHiNOs noravicine” 318.1374,302.103 1 HIFIEMERAM  AA5. BRRAEG. ET
TEHE I
54 2667 M+H 288.1132 288.1136 —0.4 CisHisN3O rutaecarpine” 288.124 0, 273.101 4, V|WRWEMERR A A, & 07, BRRR OB, IET
244.096 4 [eEiGy)
55 2772 M+H 3831288 383.1283 05 CasHisOs K40 383.128 8, 135.050 2, — Afi. BROEE. ET
365.117 6, 165.061 7, BRI
334.096 0
56 2791 M+H 2860978 286.0980 02 CisHiNsO 7.8-dehydrorutaecarpine286.109 5, 257.104 3, Wi Wkmimeui sk b Wtk 05, BERRZBE. IET
or isomer” 167.065 8 AR I
57 2887 M+H 2482011 2482008 03 CieHsNO sanshool orisomer” 248212 1, 133.107 3, Bl Hims it IR RS
149.139 6, 147.122 3,
154.128 5
58 29.02 M+H 2482011 2482011 0.0 CigHasNO sanshool orisomer” 248212 1, 133.107 3, BMikt: W A BB ET
149.139 6, 147.122 3, TR s )
154.128 5
59 29.15 M+H 2482011 2482011 0.0 CigHasNO sanshool orisomer” 248212 1, 133.107 3, Bhekt:Wms A BB ET
149.139 6, 147.122 3, [IeEriGy)
154.128 5
60 2929 M-+H 288.1726 288.1712 14 CisHxN3Ozsanshool orisomer”  232.108 4, 201.088 4, — A BB ET
159.075 6, 174.099 5, T f )
288.172 6
61 2952 M-+H 2751288 2751283 0.5 CiHisOs KREMmME 275131 1, 217.049 0, FH K i B, ET
205.049 5, 161.060 3 T H L)
62 29.78 M-+H 3341078 3341079 —0.1 CaoHisNOs % N-FEAMRAI 334.122 2, 318.089 9, KIFIENeEMB &0 B LR, ET
290.093 3,276.078 5 Ity
63 2987 M+H 2622168 262.1807  36.1 CigH:NO hydroxy-o-sanshool 0r262.228 4, 204.146 8, BEfEE A4 4m5 i BB, BT
isomer” 188.113 6 Ity
64 3047 M+H 3501390 350.1392 -02 CuHiNOs “HAMRLT" 334106 8, 350.142 0, FFIEmAEMBE &7, R, ET
290.083 0, 318.0787 ety
65 30.63 M-+H 2522453 2522440 1.3 CisHuNs  (5S)-5-butyl-1-[(4-methyl- 252.245 3,227.1379  BERESAEAT Afi. BRORE. ET
cyclohexyl)methyl]-4,5- B
dihydroimidazol-2-amine”
66 3157 M-+H 2542610 254.1175 143.5 CiHisNO; alatamide” 2542610,198.1943  BtEENm i BRI, ET
TR
67 3205 M-+H 3921868 3921497  37.1 CyHaNOs Dihydrocherythrinyl- 334125 9, 392209 9, ZJFIEERAN  &ih. BRLFE. ET
acetaldehyde” 348.143 0, 360.180 5 )
68 3226 M+H 4954257 — —  CoHs:Ng KA1 495.425 7, 348.143 0, — BEL B IET EE4E
2482154 gy
69 32.63 M+H 4954257 — —  CuHsNe A 495425 7, 348.143 0, — A BRLEE. ET
248215 4 FEHEA)

AR R o, AZE 3R B LS, TARCRR XS5

A represents that after comparison of reference substances, 2 references literature and database data, unmarked means no literature reference
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A, B, C are chloroform, ethyl acetate and n-butanol extraction parts, respectively

9 ALREBAIBRESIRE

Fig. 9 Cluster analysis heat map of extract of Z. nitidum var. tomentosum
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0.62%-+ 1.57%, R EE R I -

(3) FaEEHEE: /3IHE0. 2. 4. 8, 12, 24h
BN LR ARSI, % “2.5.17 UK ik 2t
B, VHER TR0 B 7 L P T £ B0 AR ) RSD
23N 1.86%. 0.91%. 1.33%, FHIHLRFIERALE
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