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Abstract: Objective To explore the potential mechanism of aqueous extract from Dictamnus dasycarpus (DDAE) in the treatment
of psoriasis by using serum metabolomics technology. Methods Fifty rats were randomly divided into control group, model group,
Kegyin Pill (positive drug, 0.9 g-kg™!) group, and DDAE high and low dose (2.7, 0.8 g-kg™!) groups. A psoriasis model was established
by applying 5% propranolol hydrochloride cream externally. The rats were administered ig once a day for 14 d. HE staining was used
to observe the pathological changes of rat skin tissue and perform Baker scoring. Immunohistochemistry was used to detect the
expression levels of proliferating cell nuclear antigen (PCNA) and cytokeratin (CK-17) in rat skin tissue. Real-time fluorescence
quantitative PCR (qQRT-PCR) was used to detect the mRNA expression levels of inflammatory factors interleukin (/L)-1f, IL-174, IL-
22, IL-234 and tumor necrosis factor (TNF)-a in rat skin lesions. Meanwhile, serum metabolomics analysis was conducted on the rats

to screen for differential metabolites and perform pathway enrichment analysis. Results Compared with the control group, the model
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group showed hyperkeratosis, epidermal thickening, parakeratosis or hyperkeratosis in the skin tissue; Kegyin Pill group and DDAE
high and low dose groups had a small amount of hyperkeratosis and mild epidermal thinning in the skin tissue, with significantly
reduced pathological changes compared to the model group. Compared with the control group, the Baker pathological score of the
model group increased (P < 0.001), and the expression of PCNA, CK-17 protein and IL-1, IL-17A, IL-22, IL-234 and TNF-a mRNA
significantly increased (P < 0.001). Compared with the model group, the Baker pathological scores of the Kegyin Pill group and the
high and low dose DDAE groups significantly decreased (P < 0.05, 0.01, 0.001), and the expression of PCNA, CK-17 protein and /L-
1, IL-174, IL-22, IL-234 and TNF-o. mRNA significantly decreased (P < 0.05, 0.01, 0.001). Through serum metabolomics, it was
found that there were 35 differential metabolites in the serum of the control group and the model group, mainly related to four metabolic
pathways; there were 77 differential metabolites in the serum of the model group and the high dose DDAE group, mainly related to
five metabolic pathways. The common metabolic pathways were arachidonic acid metabolism and glyoxylic acid and dicarboxylic acid
metabolism, involving the main metabolites arachidonic acid and glyoxylic acid. Conclusion DDAE has a therapeutic effect on
psoriasis and may inhibit the occurrence of psoriasis by regulating arachidonic acid metabolism and glyoxylic acid and dicarboxylic
acid metabolism.

Key words: Dictamnus dasycarpus Turcz.; psoriasis; inflammation; metabolomics; arachidonic acid metabolism; glyoxylic acid and

dicarboxylic acid metabolism
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Fig. 8 Heat map of serum differential metabolites between control and model groups
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Table 3 Serum differential metabolites between control and model groups
9 HMDB o7 3 48R me W e BTRES
min B XTHR
1 0000849 rhamnose B A= 165.076 7 2.88 CeH120s 1IE 1 77, 91, 115
2 0060389 4-hydroxy-5-phenyltetrahy 4-$23L-5-JKFEPUS-  387.1584  6.59 C10H11NO3 IE 1 117, 129, 131
dro-1,3-oxazin-2-one  1,3-3&MEE-2-f
3 0001514 glucosamine A B 359.1616  6.82 CeH13NOs 1IE - " 67, 91. 105
4 0001119 4-hydroxy-4-(3-pyridyl)- 4-#3E-4-(3-MEne3k)-  363.1577  6.82 CoH1iNOs3 IE 1t 77.79. 105
butanoic acid TR
5 0002513 lithocholate 3-O- FHBE3-0- 570.3561  5.06 CaoH4g0g IE 1 91, 115, 141
glucuronide B B
6 0253436 immepip — 331.2563  7.31 CoHisNs 1IE 1 83, 97. 107
7 0000060 acetoacetic acid VN Y 120.066 0  1.30 C4HsO3 IE | 102. 103. 120
8 0000606 D-2-hydroxyglutaric acidD-2-¥2%E /% — 13 166.0717  1.30 CsHsOs E ] 91. 103. 120
9 0000017 4-pyridoxic acid 4-IE TR 184.0593  4.78 CgHsNOs4 IE | 184
10 0000034 adenine JlpngEng 136.0610  1.20 CsHsNs IE | 107, 119. 136
11 0000510 aminoadipic acid HECL R 184.0597  5.02 CeH11NO4 IE " 166, 184
12 0006454 L-2-amino-3- L2-8FE-3-540T .  118.0503  1.39 C4H7NOs IE | 117, 118
oxobutanoic acid
13 0001552 2-keto-glutaramic acid 2 -4 [ 9k e 5 146.0454  1.39 CsH7NOs IE | 89. 130. 146
14 0000008 2-hydroxybutyric acid 2 -¥23& T g 122.0816  1.52 C4HsOs IE | 103. 105. 107
15 0013675 1,3,5-trihydroxybenzene 1, 3, 5-=§JE3 144.0659  1.40 CeHsO3 IE | 127, 143
16 0012312 3-O-sulfogalactosy- 3O SR L4 752.504 2 5.62 CasHisNOuS  1E | 91. 115. 128
Iceramide (d18:1/14:0) Z[%(d18 : 1/14 : 0)
17 0001280 2-aminomuconic acid  2-Z3-2-Fi . "M% 159.0770  1.39 CsH7/NOs3 IE | 140, 142, 143
semialdehyde
18 0000119 glyoxylic acid VN3 149.0094  5.30 C2H203 IE P 105, 121
19 0001198 leukotriene C4 1 =Hc4 12516271 8.93 CaHa7N3OeS IE  |** 101, 113, 119
20 0006900 S-2-aceto-2- S2-Z.k-2-¥2F TR 164.0926  2.32 CeH1004 E | 105. 122
hydroxybutanoic acid
21 0011149 lysoPC (0-18:0/0:0) — 510.3862  1.94 CxsHseNOsP IE | 509
22 0000648 galactosylsphingosine 3| b 3L i a 4443342  1.90 C2sHa7NO7 IE | 396. 444
23 0010384 lysoPC (18:0) — 568.366 2  6.07 CsHsaNO7P  f71 1** 283, 508. 568
24 0001043 arachidonic acid TE2E DY 4R 303.2357  6.82 CaoH3202 i 1% 259. 303
25 0010351 11-beta-hydroxyandroste 11-B-#23E 1R -3- 481.2372  5.90 CasHasOo i 1 433, 481
rone-3-glucuronide T 20 R R P
26 0012250 L-aspartyl-4-phosphate L- K& & Bt-4-# 1R 212.0028  1.63 C4sHsNO-P i 1 79. 163. 357
27 0004708 9, 12, 13-TriHOME — 3292498  7.31 CigH3s0s fi ¥ 285. 329
28 0000138 glycocholic acid B 4643177  6.33 C26HasNOs i 1 303. 403. 464
29 0000518 chenodeoxycholic acid 2 & fHER 4372919  3.81 C24Ha0O4 i % 279, 303. 378
30 0000929 L-tryptophan Lt 203.0830  1.39 CuH1N202 it 116, 142, 159
31 0000036 taurocholic acid AR IR R 5142862  2.53 CosHasNO7S it 1% 514
32 0005783 gingerol B3 8 293.1768  3.31 Ci7H260s fii 1% 236. 293
33 0004113 Se-methylselenocysteine ffi- FILAA{C 2 B:  227.9905  2.59 C4HoNO.Se it 1#%* 63, 146, 227
34 0014021 N-desmethylcitalopram N-25 FF 3 PG ik 35 24 619.2908  5.22 CioH1oFN20 it 1 619
35 0031340 cyclamic acid NS 3571017  2.27 CeH1sNOsS  fi | 79, 132, 21
x4 #P<0.05 #P<<0.01 **P<<0.001.

#P<0.05 *P<0.01

#P < 0.001 vs control group.
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Fig. 9 Heatmap of serum differential metabolites between the model group and DDAE group

#*4 15E4A5 DDAE A= SR
Table 4 Differential metabolites between model and DDAE group

% HMDB 47 44k me Y ppst DUDDAR
min L vk 7Y
0000220 palmitic acid FRAEER 2742626 2.99 Ci6Hz20> iE 1 70. 88. 102
0060363 2, 5-dichloro-4-oxohex-2- 2, 5-—4(-4-% 48 -2- 226.9383 0.61 CeHaClo0s iE 1 90. 226
enedioate I R

0000119 glyoxylic acid LIEER 149.0095 5.30 C-H203 iE 71 105. 112. 121
0001713 m-coumaric acid SR 165.0403 1.20 CoHgOs iE 1 77. 95. 119
0012312 3-O-sulfogalactosylceramide 3-O-filif:EF L pE#H4 7525046 5.62 CasHsNOuS iE 1 91. 266. 339

(d18:1/14:0) k% (d18:1/14:0)
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FE HMDB {47k P4 me 7oyt PIRODAE
min = sty
6 0002369 9-cis-retinoic acid 9- M- HH B T 301.2055 4.43 Ca0H20: IE 1™ 115, 128, 135
7 0005998 20-hydroxyeicosatetraenoic acid 20-%3%: —+FRPUMGER  303.221 7 5.05 CaoHz0s3 IE 1 60. 71. 86
8 0001514 glucosamine A B 359.144 1 5.05 CeH1sNOs IE 1™ 91, 105, 117
9 0004680 16R-HETE 16R-IM 2 FEE 343.216 4 5.06 C20H0s3 IE ™ 91, 105, 117
10 0000244 riboflavin i 377.155 2 5.05 C17H20N4O6 IE ™ 91, 117, 131
11 0014710 vinblastine KE 811.4215 1.77 CasHssN4Oo IE 1 86. 117. 143
12 0030124 prenol S IR 104.092 5 0.64 CsH100 IE 1 86. 104
13 0001858 p-cresol ot 91.0406 3.61 C7H3sO E 1t 77.9
14 0000725 4-hydroxyproline A IR 132.062 1 0.69 CsHoNOs IE | 70, 118, 132
15 0000005 2-ketobutyric acid 2-Ji T W2 120.066 0 1.31 C4HgOs E 1 103. 104. 120
16 0059655 2-hydroxyglutarate 2-BREIN R 166.0718 1.30 CsHsOs IE 1 77. 103, 104
17 0000259 serotonin I 159.077 1 1.39 C1oH12N20 IE 1 91, 115, 117
18 0062406 4-0xo0-1-(3-pyridyl)-1- A4S AR-1-(3-THEBERL)-1-  146.0455 1.39 CoHoNO2 IE 1 89, 117. 146
butanone TR
19 0000262 thymine g Jines e 144.066 0 1.40 CsHsN202 IE 1 117, 118. 143
20 0000076 dihydrouracil AR 115.039 6 1.39 C4HsN202 E 1 89. 115. 118
21 0000363 17a-hydroxypregnenolone  17o-F53& 7447 EENR 333.232 4 2.99 Co1Hz0s r 1 70. 88. 102
22 0001383 sphinganine 1-phosphate B E-1- TR 382.264 0 4.02 CigHaoNOsP IE ™ 207. 266. 284
23 0001342 thymidine-5'-triphosphate — 500.0126 5.62 C1oH1i7N2OwPz  1E 1 80. 89. 117
24 0003073 gamma-linolenic acid RN 279.2210 4.61 CigHz02 E 1™ 67, 193, 235
25 0012115 3S,55-3,5-diamino 35,55-3,5- & & 293.217 6 6.59 CeH1N202 IE [ 131, 145, 173
hexanoate [N
26 0000821 phenylacetylglycine HROBEH R 387.158 7 6.59 CioH1NO3 IE | 77. 170. 215
27 0003072 quinic acid %R 385.162 1 6.59 C7H1206 IE ™ 91, 105. 117
28 0011136 19S-HETE 19S-1M#: ZE 303.223 7 6.18 CaoH320s IE | 60.71. 86
29 0004366 hordenine — 331.256 8 7.31 C1oHisNO IE 0 77,91 121
30 0006216 11-cis-retinol L1 2 287.228 2 6.82 C2oHz0 E | 79. 81, 93
31 0001043 arachidonic acid oA DI TR 305.239 2 6.82 CaoH320, IE 0 163, 177, 191
32 0000856 N-a-acetylcitrulline N-Z. 79 N 218.1252 1.25 CgH1sN304 IE ™ 115, 117. 130
33 0005083 8-isoprostaglandin F2a 8-F I I IR F20 377.212 4 6.91 C20H0s IE ™ 55, 69. 83
34 0003533 3a,7a,12a-trinydroxy-5b-  3a, 7, 120-=F23k- 4573485 7.41 CarHas04 IE | 59, 71, 413
cholestan-26-al 5B-JIH £ 4-26-1%
35 0011668 6-(alpha-D-glucosaminyl)-  6-(a-D-HIHifiEHE)-1D-  359.181 7 6.98 C12H2sNO1o IE|° 91, 105. 119
1D-myo-inositol JUTLRE
36 0010351 11-beta-hydroxyandrosterone-11p-# 3 ik ¢ fii-3- 965.661 6 7.77 CasHasOo E 0 77, 91, 107
3-glucuronide Gk s
37 0001211 diadenosine tetraphosphate it U G 854.070 2 6.52 CaoH2sN10O1Ps  1E | 835, 854
38 0001022 succinyl-CoA BRHBEAHEEA 885.1745 8.94 CosHaoN/OwPsS  IE | 59, 101. 119
39 0011106 5-amino-6-ribitylamino uracil 5-%3&-6-12% Wi ik 277.132 2 2.88 CoH16N4Os IE | 121, 128, 133
PRIGEE
40 0014900 irinotecan — 11735611 8.94 Cs3H3sN4Os = 59. 115. 117
41 0005805 p-cymene — 269.218 1 6.81 CioHu IE | 67,93 121
42 0010330 cholesterol glucuronide R ] P A 2 W 580.440 6 8.77 CasHs4O7 E | 184, 185
43 0011618 all-trans-13, 14-dihydroretinol 4=z 3-13, 14- 311.229 2 6.59 CzoH320 E | 93. 105. 107

A
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K5 HMDB {247 o 48 me st T DDAE )
min R vshsizy
44 0060493 N-acetylmuramate N- 2Tt BE R 1 311.1556 6.04 C11H1sNOs E | 184. 185
45 0002513 lithocholate 3-O-glucuronide 3-O-F &M% 570.380 0 6.87 CaoHasOo IE |© 57,71, 83
JRR
46 0006059 20-carboxy-leukotriene Bs  20-23& 4 —J#iB4 389.194 1 7.79 CaoH300s IE ™™ 93, 122, 129
47 0004708 9, 12, 13-triHOME — 331.257 3 6.96 CisHaOs IE | 72,99, 157
48 0062198 2-S-glutathionyl acetate 2-S-BMEH IkZ.BefE  383.108 6 0.65 CioH1gNaOsS I |© 58, 118. 203
49 0003831 beta-tyrosine B-Fi¥ 2 R 363.176 5 7.38 CoH1:NOs IE ™ 95
50 0003550 calcidiol B 401.337 4 8.74 Ca1HuO: IE|° 59, 117, 123
51 0000763 5-hydroxyindoleacetic acid ~ 5-¥215| W 2,12 383.160 0 6.59 C1oHgNO3 IE ™ 91, 115, 128
52 0036896 gibberellin A19 FREEHRALY 385.177 2 6.97 CaoHas06 1IE ™ 59, 119, 128
53 0003447 tryptophanol o R 162.098 2 0.66 C10HuuNO 1IE ™ 58, 84, 118
54 0001369 pyrroline hydroxycarboxylic Mg kEs K41 130.050 7 2.42 CsH7NOs iE ™ 103, 117, 128
acid
55 0000099 L-cystathionine L- i ik 240.088 6 5.87 C7H14N204S IE | 87. 89, 177
56 0029920 beta-D-3-ribofuranosyluric ~ B-D-3-iZHERKIRIFERE  301.067 7 7.16 CioH12N4O7 E | 123. 153
acid PRI
57 0001138 N-acetylglutamic acid N-Z. P55 %R 207.113 4 8.99 C7HuNOs E | 113, 117. 133
58 0003208 thromboxane iRy 593.604 0 8.82 Ca0H400 IE | 256. 282, 327
59 0006809 nicotinate D-ribonucleoside  XHEE-D-% W% 279.084 6 8.99 C11H1NOs"* IE | 87, 201. 279
60 0033984 6-deoxocastasterone 6-Z3 A T HS 468.419 1 6.91 CasHs00s4 IE | 111, 128. 165
61 0031817 cuminyl alcohol — 151.109 7 8.99 C1H10 IE | 89. 109. 135
62 0000319 18-hydroxycorticosterone  18-¥53 J Jii fif 407.2209 5.62 C21H300s ffi 1" 207. 353. 407
63 0004706 8R-hydroperoxylinoleic acid 8R-Zd4ALIFMIEE  311.2229 4.43 CigHaO4 it 1 253, 293, 311
64 0000619 cholic acid JIHER 453.286 5 2.85 CasHaoOs fi 1™ 303. 405. 407
65 0004702 12, 13-EpOME 12, 13-F 5 =1 295.228 3 4.62 C1sH30s3 i 1 195, 233. 277
=IAR
66 0000072 cis-aconitic acid IR AT A B 172.991 2 1.58 CsHgOs fit ™ 159, 172
67 0029571 1, 2-dichloroethane 1,2- & H 96.958 9 0.69 C2H4Cl2 i " 95. 96
68 0004158 D-urobilinogen D-JRIE 5 1179.6511 4.41 CasHa2N4Os fi | 552
69 0000951 taurochenodesoxycholic acid Zf-fiifs 2= U IHER 498.2904 2.93 C26HasNO6S i ™ 79, 271, 498
70 0003955 19-hydroxyandrost-4-ene-  19-FEJEHE K5 -4-17-3, 347.1736 5.37 CigH2603 i | 285. 301
3,17-dione 17-—F
71 0041865 delta 9-tetrahydrocannabinol  A9-JU % KR 627.4119 1.73 CaH3002 fi  |™ 546, 564. 600
72 0032616 sinapic acid IR 447136 0 3.37 Cu1H120s i | 431, 447
73 0012250 L-aspartyl-4-phosphate L- R HBE-4-BRLE 212,002 8 1.63 C4HsNOP i | 79. 132, 212
74 0006756 21-hydroxy-5b-pregnane-3, 21-f£3&-53-%24¢-3,11, 391.2127 2.71 Ca1H3004 fi | 72, 85. 99
11, 20-trione 20-=F
75 0000277 sphingosine 1-phosphate B IR 378.242 8 3.82 CisHssNOsP i | 78. 152. 279
76 0010384 lysoPC(18:0) — 568.365 8 5.87 CasHssNO7P fi | 283. 508. 568
77 0010217 5-KETE 5-flil- — Ak —JETR 317.213 2 4.43 CaoH300s3 fi 1 177, 191, 317
R "P<0.05 P<0.01 P<0.001.

*P<0.05

P <0.01

P <0.001 vs model group.
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