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Interventional effects of Zushima Tablets on lipid metabolomic disorder of
rheumatoid arthritis in rats based on UPLC-Q-Exactive Orbitrap MS
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Abstract: Objective To explore the changed trend of endogenous lipid metabolites in rats with rheumatoid arthritis during different
disease periods and the regulation of Zushima Tablets on differential metabolites based on UPLC-Q-Exactive Orbitrap MS. Methods
The collagen-induced arthritis (CIA) rats were established using bovine type II collagen. The serum samples were collected before
(0 d) and 14, 21, and 36 d after model construction from control, model, and Zushima Tablets groups [0.6 g/(kg-d)], respectively. The
lipids were extracted and identified by bioinformatics analysis to find the lipid differential metabolites. Results It was obviously
observed that lipid metabolism disordered in CIA rats compared with the control group. The content of three acylcarnitines was
increased significantly while the level of TG showed a downward trend in the CIA model group when the TG carbon chain was shorter
than 58 carbon atoms. To the opposite, the content of TG substances with atomic number greater than fifty-eight in the model group was
significantly higher than that of the control group. Zushima tablet obviously regulated the metabolism levels of a phosphatidylserine, a
ceramide, two acylcarnitines, four phosphatidylcholines, and four triglycerides. Conclusion This study demonstrated that rheumatoid
arthritis caused the disorder of lipid metabolism while Zushima Tablets had regulatory effects on some lipid metabolites.
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PC). T /IEME L W% (phosphatidyl ethanolamine, PE).
T IMABEAREEAETE. (lysophosphatidylcholine, LysoPC)-
IS AEME 2|2 % (lysophosphatidyl ethanolamine,
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34 A SPF 2l SD KR, &5 & 180~220 g,
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SRS S EFE IR, KB T AR E Y (22£2) C,
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AR TEA T 4 I MR E AW T % E
Chondrex A H]; VKB T R AL SR A PR A F] s
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LR ERFI AR AR B2k (Millipore A ],
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% (sphingomyelin, SM, 17:0, flt*5 170SM-13).
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Pl B0 (35 [E Beckman A ] ); Savant SPD1010
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B s AH i RR i B /5, 0.05% CMC-Na it
il T R EE A 0.06 g/mL HIAEHITRR R B . K
OSBRI G (14 &), TR A 24 BRIG IR 2 5%
R ig 2525, B 0.6 g/(kg-d). X BRALRNIAR Y ZH [A]
i ig 45 T 24AFH 0.05% CMC-Na i, 354524 21 d.
2.3 MAEMHARWE RAETLNE
231 MIEFEARWESE 5 FEERT (0 &), s
ifE (14 d. HITERA 1 AE 21d &+
W3 REE (36 & TRBIBHEREMBFEA, =E
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UKFEHIRAE, FFI
232 IfiEH B R ERELST 80 C R AT (1 IfLiF
FEAT 4 CHEVRIG, FEE W 40 pL IM3E, DI 225
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233 s (QO) FEAMIE M 120 4 MiEFEAH
FIRE 10 uL ¥5RA G, WEL 40 pL 32 HR _FiR 5
BRIAT VR BUERAE

2.4 UPLC-Q-Exactive Orbitrap MS 734

241 R Rk Acquity CSH Cis (100
mmX2.1 mm, 1.7 pm), AR E 0.3 mL/min, 1E
BRI A: Z85-7K (6 0 4) +10 mmol/L
IR +0.1%H1R: B: RAME-4F (911 +10
mmol/L HRE: +0.1%H . 1 & TN A
A: ZfE-/K (6:4) +10 mmol/L Z %% B: FA
BE-Z. 5 (91 1) +10 mmol/L Z.R%% . BhIEvEM:

0~4 min, 15%~30% B; 4~5min, 30%~48% B;
5~22 min, 48%~82% B; 22~23 min, 82%~99%
B; 23~24 min, 99% B; 24~24.2 min, 99%~15%
B; 24.2~30 min, 15% B. fi 65 C, #FEE 2 uL
(IEEF) /5uL (AEFD.

242 SR Q-Exactive PUMGAFF-# Bz HE B
PRI, HEE: HESI J5. HfiER: 1B/
B, Pk 24 WiE N 3.5kV (+) F13.0
kV (-), EFIRIEE N 306 C (+) M 325 C (-),

EBYEEE R 300 C, BAMESINES,
SUEJ19 275 kPa, ABSUE /14 104 kPa, S-lens
950, HETEEN m/z 215~1 800,
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Fig.1 RSD distribution of identified metabolites in serum QC samples based on positive (A) and negative (C) ion mode; PCA

plots of QC samples and experimental samples based on positive (B) and negative (D) ion mode
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Fig. 2 Time-dependent trajectories of lipidomics profiles in different groups based on positive (A) and (B) negative ion mode

and OPLS-DA plots at different disease periods based on positive (C) and negative (D) ion mode
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5521 KA, RS IR MR AT, i BH R RA
i AR O, 21 d JE R R AELUF R
KRR IS AR AR BT S i B2, R IR
LR AT e B E . 20 B BB TR 922 6 B 30 1
OPLS-DA K| (H2-D), TEH 14 KA 21 Kif, 15
TUZHRFELTRR F 2H AT, LR 2 4H KRR R A T35
PRI 5 36 RIF, 3 4HFEAYE OPLS-DA Kl FA 1R

®1 [E. ABTFRAMBEHARFERER OPLS-DA RESH
Table 1 OPLS-DA model parameters at different time points in serum samples based on positive and negative mode
—_— IER T B A
R’ R 0 Rx Ry 0
0d 0.432 0.566 0.346 0.495 0.377 0.188
14d 0.587 0.795 0.513 0.649 0.503 0.416
21d 0.504 0.855 0.491 0.605 0.509 0418
36d 0.631 0.934 0.564 0.791 0913 0.212
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Fig. 3 Venn diagram of differential metabolites in different
disease periods
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Fig. 4 Heatmap of identified differential lipidomics based on positive (A) and negative (B) ion mode of each group of rats
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Table 2 Chemical information of differential lipids based on positive and negative mode

.. N . ; ‘ o ERN

Fe R AR BTER HRE (k) SFRE (mlz) % (X109 s/min s
1 acylcarnitine 14:1 CaHaNOs  [M] 370.2952 370.295°5 0.8378 1.69 14, 36
2 acylcarnitine 14:2 CaHyNOs  [M] 368279 5 368.279 8 0.706 5 1.34 14, 36
3 acylcarnitine 18:2 CosHeNOs — [M]* 4243421 4243413 -19811 284 14, 36
4 DG 38:6, DG(18:2/20:4) CuiHe30s [M+NHy]* 658.540 5 658.541 9 21277 1287 21, 36
5 LysoPC20:0 CxsHsgNOP - [M+H]* 5524024 5524052 51268 6.64 14, 36
6 PC36:6; PC(18:3/18:3) CuHzeNOsP  [M+H]* 778538 1 778539 1 1.246 8 932 14, 36
7 Plasmenyl-PC 44:5; PC(P-22:0/22:5)  Cs:HoaNOP  [M+H]* 876.684 1 876.681 5 -2.9338 1498 14, 21
8 TG 44:1; TG(14:0/14:1/16:0) Ca7Hs306 [M+Na]* 771.6473 771.652 6 6.8612 2044 14, 36
9 TG 46:1; TG(14:0/16:0/16:1) Ca9Ho206 [M+NHy]/[M+Na]"  794.7232/799.678 6 794.7232/799.683 0 —0.0252/-54944 2144 14, 36
10 TG 46:2; TG(12:0/16:0/18:2) Ca9HooOs [M+NH]/[M+Na]"  792.707 6/797.6630 792708 5/797.6633  1.1742-04266 20.57 14, 36
11 TG 47:1; TG(15:0/16:0/16:1) CsoHo406 [M+NH]/[M+Na]"  808.738 9/813.6943 808.737 1/813.700 1 -2.1906/-7.1833  21.9 14, 36
12 TG 48:0; TG(16:0/16:0/16:0) Cs1Hos06 [M+NHs]* 824.7702 824.774 4 5.1335 2317 14, 36
13 TG 48:1; TG(14:0/16:0/18:1) Cs1HoeO6 [M+NH.]* 822.754 5 822.756 4 22871 2234 14, 36
14 TG 48:2; TG(14:0/16:0/18:2) Cs1He4Og [M+Na]* 825.6%4 3 825.696 5 27152 2154 14, 36
15 TG 48:4; TG(12:0/18:2/18:2) Cs1HoOs [M+NHyJ/[M+Na]*  816.707 6/821.6630 816.7144/821.6623  83701/0.8039  19.74 14, 21
16 TG 49:1; TG(15:0/16:0/18:1) CsaHosOg [M+NHd]* 836.7702 836.775 6 6.4952 2276 14, 36
17 TG 49:2; TG(15:0/17:1/17:1) CsaHosOg [M+Na]* 839.709 9 839.7108 1.0608 21.89 14, 36
18 TG 50:4; TG(14:0/18:2/18:2) Cs3HosOg [M+NHyJ/[M+Na]® 844738 9/849.694 3  844.740 8/849.698 7 2286752297 20.76 14, 21
19 TG 50:5; TG(14:0/18:2/18:3) Cs3Ho06 [M+Na]* 847.678 6 847.682 1 4.1204 1999 14, 21
20 TG 50:5; TG(16:0/16:3/18:2) Cs3He06 [M+NHd]* 842.7232 8427194 —4.5368 20.18 14, 21
21 TG 50:6; TG(16:0/16:4/18:2) Cs3HooOe [M+NHy]/[M+Na]*  840.707 6/845.6630  840.704 4/845.6619 -3.7738/12544 195 14, 21
22 TG 51:1; TG(16:0/17:0/18:1) CseHiOs ~ [M+NH4]" 864.801 5 864.801 3 -0.196 8 2342 14, 36
23 TG 52:1; TG(16:0/18:0/18:1) CssHiwOs  [M+NH4]/[M+Na]"  878.8171/883.7725 878.8144/883.7762 -3.0979/-4.1789 23.92 14, 36
24 TG 52:2; TG(12:0/18:1/22:1) CssHinOs ~ [M+Na]* 881.756 9 881.760 6 42452 2173 14, 21
25 TG 52:2; TG(16:0/18:1/18:1) CssHinOs ~ [M+NH4]" 876.801 5 876.803 6 24315 2318 14, 36
26 TG 52:3; TG(16:0/18:1/18:2) CssHiooOs ~ [M+Na]* 879.7412 879.739.4 -2.0592 2094 14, 21
27 TG 52:4; TG(16:2/18:1/18:1) CssHosOg [M+Na]* 877.7256 8777128 1 2.8962 20.19 14, 21
28 TG 52:6; TG(16:1/18:2/18:3) CssHosOg [M+Na]* 873.6%4 3 873.6973 34822 2005 14, 21
29 TG 52:7, TG(16:3/18:2/18:2) CssHo0g [M+NHd]* 866.723 2 866.7224 -0.946 9 1933 14, 21
30 TG 52:8; TG(16:4/18:2/18:2) CssHaoOg [M+Na]* 869.663 0 869.669 0 6.950'5 18.62 14, 21
31 TG 53:6; TG(15:2/19:2/19:2) Cs6HoeOs [M+Na]* 887.709 9 887.7137 42728 2095 21, 36
32 TG 53:6; TG(17:2/18:2/18:2) Cs6HoeOs [M+Na]* 887.709 9 887.713 6 4.1601 2050 14, 21
33 TG 54:5; TG(18:1/18:2/18:2) CsHinOs  [M+NHJ]" 898.785 8 898.790 1 4766 1 2173 14, 21
34 TG 54:6; TG(18:2/18:2/18:2) Cs7Hos0s [M+NH4]* 896.7702 896.774 8 51674 2094 14, 21
35 TG 54:7; TG(18:2/18:2/18:3) Cs7Hos06 [M+NH4]* 894.754 5 894.754 0 —0.5817 20.19 14, 21
36 TG 54:8; TG(18:2/18:3/18:3) Cs7Ho406 [M+NHq]/[M+Na]* 892738 8/897.6943  892.738 0/897.6918 -0.9753/2.7425 19.40 14, 21
37 TG 56:3; TG(18:0/18:2/20:1) CsHisOs  [M+NHJ]" 930.848 4 930.8516 34194 2395 14, 21
38 TG 56:4; TG(18:0/18:0/20:4) CsoHios0s ~ [M+Na]* 933.788 2 933793 8 6.0450 2383 14,21
39 TG 56:6; TG(16:0/18:2/22:4) CssHinOs ~ [M+Na]* 929.756 9 929.7612 46717 2228 14, 21,
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40 TG 58:10; TG(18:2/18:3/22:5) Ce1HosOs [M+NH,4]* 944.770 2 944.768 9 -1.3453 19.88 21, 36
41 TG 58:11; TG(18:2/20:4/20:5) CetHos0s [M+Na]* 947.709 9 947.708 9 -1.066 5 19.60 14, 36
42 TG 58:6; TG(18:1/18:1/22:4) CetHi0606 [M+Na]* 957.788 2 957.788 6 0.459 8 22.83 21, 36
43 TG 60:10; TG(16:0/22:5/22:5) CesHi0206 [M+Nal* 977.756 9 977.759 8 3.0092 21.15 14, 36
44 TG 60:10; TG(19:2/19:2/22:6) Ce3Hi0206 [M+Nal* 977.756 9 977.749 9 -7.123 8 21.73 14, 21
45 TG 60:12; TG(18:2/20:4/22:6) Ce3HosOs [M+Nal* 973.725 6 973.729 1 3.6382 19.95 14, 21, 36
46 TG 60:12; TG(20:4/20:4/20:4) Ce3HosOs [M+Nal* 973.725 6 973.726 9 13772 19.61 14, 36
47 TG 60:13; TG(18:2/20:5/22:6) Ce3HosOs [M+Nal* 971.709 9 971.7150 52420 19.20 14, 36
48 TG 62:11; TG(18:1/22:4/22:6) CesHi0406 [M+Nal* 1003.772 5 1003.770 4 -2.1037 2147 14, 21, 36
49 TG 62:12; TG(18:2/22:4/22:6) CesHi0206 [M+Nal* 1001.756 9 1001.753 4 -34565 20.68 14, 21, 36
50 TG 62:13; TG(18:2/22:5/22:6) CesHi0006 [M+Nal* 999.741 2 999.740 3 09109 19.96 14, 36
51 TG 62:14; TG(18:2/22:6/22:6) CesHosOs [M+Nal* 997.725 6 997.722 1 34704 19.55 14, 36
52 TG 62:14; TG(20:4/20:4/22:6) CesHosOs [M+Nal* 997.725 6 997.734 6 9.0672 19.56 14, 36
53 TG 62:15; TG(18:3/22:6/22:6) CesHosOs [M+Nal* 995.709 9 995.703 6 63417 18.74 14, 36
54 TG 62:15; TG(20:4/20:5/22:6) CesHosOs [M+Nal* 995.709 9 995.704 8 51357 18.88 14, 36
55 TG 64:16; TG(20:4/22:6/22:6) Ce7HosOs [M+Na]* 1021.7256 1021.724 4 -1.136 1 19.24 14, 36
56 TG 66:18; TG(22:6/22:6/22:6) Ce9HosOs [M+Na]* 1045.7256 1045.7250 —0.5359 18.85 14, 36
57 Cer [NP] 34:0; Cer [NP](t18:0/16:0) ~ C34sHgoNO4 [M—HJ 5545143 554518 1 6.8773 12.12 21
58 FA 161 Ci6H3002 [M—HJ 2532162 2532180 70751 3.63 14
59 FA 192 Ci9H3402 [M—HJ 293.2475 293.248 5 33788 5.23 21
60 FA22:5 CnH3402 [M—HJ 329.2475 329.2483 24012 442 21
61 FAHFA 38:4; FAHFA(18:1/20:3) CssHe604 [M—HJ 58548717 585.4872 -0.923 1 5.80 21
62 FAHFA 38:6, FAHFA(18:2/20:4) CssHe204 [M—HJ 581.456 4 5814573 1.4802 424 21
63  LysoPE l6:1 CaHoNOP [M—HJ 450.261 5 450.263 7 48444 225 14
64  PI32:0; P1(16:0/16:0) CaiHr9013P [M—HJ 809.5175 809.514 5 -3.658 8 10.24 36
65 PI34:1; PI(16:0/18:1) CyHs1013P [M—HJ 835.533 1 8355305 =3.1257 10.41 14, 36
606 PS 38:4; PS(18:0/20:4) Ca4H7sNO1oP [M—HJ 810.528 0 810.5322 52346 11.00 14
67  PS40:8; PS(20:4/20:4) CagHraNO1oP [M—HJ 830.496 7 830.501 0 52289 8.79 14
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Fig. 5 Changes of differential metabolites content in different phases of diseases
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