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(XHP) were conducted using high-performance liquid chromatography quadrupole time-of-flight mass spectrometry
(HPLC-Q-TOF-MS/MS) technology. Network pharmacology was used to explore the potential anticancer mecha-
nisms of the ingredients against glioma, and their specific mechanisms were validated through molecular docking
and experimental verification. SD rats were intragastrically administered with XHP, and rat serum samples were
collected. Ingredients absorbed into blood and their metabolites were identified based on the retention time of
chromatographic peaks, accurate molecular mass, characteristic fragment ions, and comparisons with reference
substances and literature data. PharmMapper and SwissTarget Prediction databases were used to obtain the targets
of the XHP-medicated serum, while GeneCards, OMIM, PharmGKB, TTD, and DrugBank databases were used
to obtain glioma disease targets. The "component-target" network relationship diagram was constructed using
Cytoscape 3.9.1 software. The protein-protein interaction (PPI) network diagram was constructed using the STRING
database, and the targets were analyzed using GO and KEGG analyses. Molecular docking was used to verify the
binding ability of core targets with their corresponding compounds in XHP-medicated serum. The potential mecha-
nism of the anti-glioma effect of 11-keto-f-boswellic acid (KBA), a representative component of XHP-medicated
serum, was verified using CCK-8 and Western blot assays. A total of 40 compounds were identified in the XHP-
medicated serum, including 28 prototype components and 12 metabolites. The network pharmacology results
showed that elemonic acid, 3-acetyl-f-boswellic acid, KBA, a-boswellic acid, and other 5 compounds might be the
active ingredients of XHP-medicated serum in the treatment of glioma. Glutathione reductase (GSR), glucose-6-
phosphate dehydrogenase (G6PD), ATP-citrate lyase (ACLY), aldo-keto reductase family 1 member B1 (AKR1B1)
and glutaredoxin (GLRX) were identified as key targets, involving pathways such as glutathione metabolism and
the pentose phosphate pathway. Further cell experiments showed that KBA significantly inhibited the proliferation
of T98G cells with an IC,, of 30.96 pumol-L", and KBA (30 umol-L") significantly downregulated the protein
expression levels of GSR in T98G cells. In summary, XHP-medicated serum may exert its anti-glioma effect by
regulating GSR and G6PD-targeted pathways involved in glutathione metabolism. These results provide valuable
evidence for further investigating the mechanism of XHP in treating glioma. The animal welfare and experimental
procedures were approved by the Ethical Committee of Laboratory Animals at Nanjing University of Chinese
Medicine (approval No. ACU221001).
Key words: Xihuang pill; medicated serum; HPLC-Q-TOF-MS/MS; ingredient absorbed into blood; glioma
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Table 1

Identification analysis results of prototype ingredients in Xihuang pill (XHP)-medicated serum. *Compounds validated by

reference substances. MY: Myrrh; RX: Frankincense; NH: Bovis Calculus; SX: Moschus

Rt Measured  Calculated  Error
No. . Name Formula  Adduct MS/MS Source
/min mass mass /ppm
P1 40.73  16-Hydroperoxymansumbin-13(17)-en-  C,,H,,0, -H 3452437 3452435 0.6 345.2437 MY
3-one
P2 48.19 Lanosta-8,24-dien-21-oic acid, 3,7-di- Cc,H,0, -H 467.3170  467.3167 0.7 467.3170 RX
oxo-, (13a,144,17a,20S)
P3 49.83  11-Carbonyl-g-boswellic acid C,,H,0, -H 469.3323  469.3323 2.9 376.2762,407.3300, RX
391.299 1,451.321 4,
469.330 2
P4 56.11 (2a.,30,4f)-2,3-Dihydroxyurs-12-en-23-  C, H, O, -H 471.3475  471.3480 0.4 427.3591,441.3272, RX
oic acid 453.3115,471.348 2
P5*  56.39 11-Carbonyl-S-acetyl-boswellic acid C,,H,Oq -H 511.3427 5113429  -0.2 511.3427 RX
P6 57.28 Urs-12-en-23-oic acid, 3-(acetyloxy)-11- C,,H, O -H 5133586  513.3586 4.0 453.3396,495.3477, RX
hydroxy-, (3a.,4/) 513.360 6
P7*  57.58 Ursolic acid C,,H,0, -H 4553531  455.353 1 3.6 4553531 NH
P8*  61.36 Elemonic acid C,H,0, -H 4533374 4533374  -04 453.3374 RX
P9 62.73 Methyl 3-[(3aR,5aR,68,7S,9aR,9bR)- C,H,,0, -H 3292490  329.248 6 1.5 231.2120,285.2587, MY
9a, 9b-dimethyl-7-prop-1-en-2-yl-3a.4, 329.249 1
5,5a,6,7,8,9-octahydro-1H-cyclopenta
[a]naphthalen-6-yl]propanoate
P10 64.76 Incensole C,H,,0, -H 3052499  305.248 6 1.3 287.2389,305.248 2 RX
P11 66.14 Lanosta-8,24-dien-21-oic acid, 23-hy- C,H,0, -H 451.3218  451.3218 3.5 451.3234 RX
droxy-3-oxo-, y-lactone, (130,14/,20S5)
P12 66.56 9, 11-Dehydro-f-boswellic acid C,,H,0, -H 453.3378  453.3374 3.8 435.3313,453.339 1 RX
P13 67.44 a-Boswellic acid C,,H,0, -H 455.3534  455.353 1 3.3 4553546 RX
P14  69.52 Boscartol B C,,H,,0, -H 303.2330  303.2330 2.9 303.2338 RX
P15  71.99 3-Acetyl-B-boswellic acid C,H,0, -H 497.3648  497.363 6 5.0 59.0139,437.338 1, RX
497.365 1
P16 7223 Bomyl acetate C,H,0, -H 195.1328  195.139 1 0.4 195.1391 RX
P17  73.70 Mansumbin-13(17)-en-3,16-dione C,,H,,0, +H 3292423  329.2475 0.9 329.2478 MY
P18  65.02 12-Hexadecenoic acid, methyl ester C,,H,,0, -H 2672330  267.2330 2.6 267.2326 RX
P19  71.07 Methyl palmitate C.H,,0, -H 269.2495  269.248 6 2.7 269.2492 MY
P20  74.85 Stearic acid C,H,0, -H 283.2642  283.2643 1.9 283.264 8 RX
P21 7596 Arachic acid C,H,,0, -H 3112956 311.2956 2.6 183.0137,311.296 3 RX
P22 67.82 Asclepic acid C,H,,0, -H 281.2486  281.248 6 0.6 281.2484 SX
P23 18.58 Glycohyodeoxycholic acid C,H,;NOj -H 448.3075  448.306 9 8.9 74.0253,448.3099 NH
P24  19.12 Cholic acid C,H,,0, -H 407.2803  407.280 3 4.0 343.2653,345.2806, NH
407.2819
P25  70.35 Cholanic acid C,H,0, -H 3592956  359.2956 0.1 359.296 5 NH
P26 2.81 Taurine C,H,NO,S -H 124.0074  124.007 4 4.3 79.9575,124.006 9 NH
P27* 22.89 Quercetin C,H,0, -H 301.0352  301.0354 -0.5 301.0352 MY
P28  64.01 Guggulsterol-IV C,H,0, -H 415.3224 4153218 3.1 347.2193,415.323 1 MY

1.2 EF HPLC-Q-TOF-MS/MS KT & L& 2555
ANMRBZMEE LAY MIL 7B PR [M-H]
HE T B T8N m/z 645.368 8, T B 1 m/z 469.336 1
B3 1 %k — 4> 1 % 4 WS 2 (glucuronide acid,
GluA, 176 Da) 4 &, ¥ B ¥ m/z 59.017 3 NFFAEWE v
B B BB m/z 583.313 2 1 BEE T % 2k COOH
A1OH 2E &, LLAMEEF B8 F m/z 601.383 0 FHBEE 7 il 2%
— 03 CO, 2L i, HEMIAL &P M1 4 KBA 7 %) B 8% 1R
AR = EWM2 T [M-H] 57
BTN miz 485.328 3, 5 SCHRM G A R R B T
m/z 423.329 6, #EM 1k & 1) M2 2 KBA 2 240 AR i 7=

Yo AEMMS BT [M-H] #4515 7 IR
m/z 301.217 9, W F 85 F m/z 257.227 6 Fl m/z 283.207 5
H1 BEE 1 m/z 301.217 9 E Kk — 737 CO, M H,0 “E ..
tEYI M6 75 1B 2 4 miz 9 317.216 6 [M-H]
R HE 7y 1 88 1 U DL R B m/z 273.221 1 Ml m/z
299.201 6, $Ht M5 & 16 Da, HEM M5 F1 M6 43 51l 9 i &
PA T FROE S P= )RR IR 23R4 . (&M
BB F AU [M-H] #E 5T 55 70§ m/z 527.338 9,
FEAERE B T miz 59.015 0 il m/z 423.328 2, 45 4 3C
BRI AL S M7 9 AKBA #5408 2. th &
Yy M8 B TR [M-H] #E5 T 8 7 0§ N m/z
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Table 2

Identification analysis results of metabolites in XHP-medicated serum. M1, M2: Metabolites of P3; M3, M4: Metabolites of

lanost-8-en-21-oic acid, 3-(acetyloxy)-24, 25-dihydroxy-7-oxo-, d-lactone, (3a,13a,144,170,20S,24R); M5, M6: Metabolites of dehydroabi-
etic acid; M7: Metabolite of P5; M8: Metabolite of P15; M9: Metabolite of P13; M10: Metabolite of P12; M11: Metabolite of naringenin;
M12: Metabolite of deoxycholic acid

Rt/ Measured Calculated Error
No. K Pathway Formula MS/MS Source
min mass mass /ppm
M1  45.87 Glucuronidation C,H, 0, 6453688 6453644 -9.7 59.0173,469.3361,583.313 2,601.383 0 RX
M2  46.53 Hydroxylation C,H,O, 4853283 4853273 0.9 423.3296,485.3304 RX
M3 4551 Dehydrogenation of lactone C,H,O, 5253234 5253222 0.1 465.2989,481.298 9, 525.324 8 RX
M4  49.66 Deacetylation C,H,O, 4853264 4853273 0.9 467.3155,485.3287 RX
M5  58.18 Reduction C,H,, 0, 3012179 301.2173 0.6 257.2276,283.207 5,301.2179 MY
M6  54.00 Reduction+Hydroxylation C,H, 0, 3172166 317.2122 0.8 273.2211,299.2016,317.216 1 MY
M7  49.78 Hydroxylation C,H,O, 5273389 527.3378 0.6 59.0150,423.328 2,527.340 8 RX
M8  54.97 Hydroxylation+Glucuronidation —C,,H, O, 689.3997 689.3906 -84 513.3581 RX
M9  55.16 Glucuronidation C,H, O, 6313885 631.3852 1.0 455.3569 RX
MI10 61.01 Glucuronidation C,H, 0, 6293681 629.3695 3.7 453.3362 RX
M1l 12.64 Glucuronidation C,H O, 447.0938 477.0675 -9.1 151.0029,271.060 6 MY
M12 17.96 Acetylation C,H 0 433.2937 433.296 0 0.0 387.249 2, 433.2979 NH
H B
15000 469.3302 - 20 3112963
PLA m/z 451 150 "{"’K;" 2185
210000 > HOY\/\/W\/\/\/\/\/
'z 4073300 = ‘8 100 o
2 I HO" Y7 2
& 5000 2 'E
07 ~OH o] 180373101739
376.2762 451.3214
; L »
200 400 600 R00 1000 1200 1400 200 400 600 800 1000 1200 1400
m'z mz
C D
\448,3099 300 79.9575
200
250 e
- . HaN < S/P
%‘ %‘ /& oH
g 100 2 150 mz 79
= — 100
5o 740253 o] | meons
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Figure 1 Proposed fragmentation pathways of prototype ingredients in XHP-medicated serum. A: 11-Carbonyl-f-boswellic acid (KBA);

B: Arachic acid; C: Glycohyodeoxycholic acid; D: Taurine

689.399 7, £ K — 4 T GluA 15 B W A B T m/z
513.358 1, # 3- & Wi Bk -a-FL A& IR =1 16 Da, HENE A5
T m/z 513.358 1 7 3- &1 5= - - AL 75 TR Yo FE AL AR U 77
Y, LAY M8 N 3- LT 3 - a- 7L 75 TR #4234k A0 A 4 b
BERRALAR W . AL EYIMI2 703 TR [M-H]
ST BTN miz 433.293 7, 1 B F m/z 387.249 2
B 125 22 COOH 13 3, m/z 433.293 7 M m/z 387.249 2
51 EU 7 B AL S SRR BB 5 1 151 42 Da, HEMIE S
YIM12 Ry 5 E MR AR =4

2 AR AMENKERENME AR FE S
21 FAEABHMBERDFESAIFUN  PharmMapper
B FE 1S 43 20.7 1 #E 5 AN SwissTarget Prediction %4
2 TR 1D s, A ) ok O, 75 B R HE A 35
22 MRREBERRVETFIE M GeneCards HL i

i . OMIM %4 [ . PharmGKB ¥ #5 £ . TTD %1 #% FE .
DrugBank %4 2 3K B fisi f52 53 88 92 95 1 4 0, 5 FE
Wi 52 00, 15 280 A Jg o R i B RS 634 . 49 B P 3K
KL 245 ML P i S I R P A A A 144

23 PHEABSAHMB“HST-Ha"ME X RE R PPI
BU#FE  Cytoscape3.9.1 #4472 “ 43— #E 057 WX &%
KAKWE 2, B id 35 458 5, % H 5 N\ STRING
B 12, W ik £ “Homo Sapiens” #) & PPI, 53 %] 25 4>
AHEAE T 5 (B 3), Ho 1 GSRLG6PD . 73 ik £
M (glutaredoxin, GLRX). B B it & B§ 1 o &% Bl
(AKRI1B1) fl ATP #7 5 I8 % fi# I (ATP-citrate lyase,
ACLY) AAZ% 0B 55, J 2 S 00K [l 48 B HE 4 A 2 (1)
08 £ (GSR 1 G6PD) F &
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Ingredients-targets network of XHP-medicated serum.

N

Figure 2
Pink rectangle: Active components; Blue rectangle: Disease-

related targets

Figure 3 Glioma-related PPI network regulated by XHP-medi-
cated serum based on string database. Red circle: Core targets.
Degree of glutathione reductase (GSR) and glucose-6-phosphate
dehydrogenase (G6PD): 8; Degree of glutaredoxin (GLRX), aldo-
keto reductase family 1 member B1 (AKRI1BI) and ATP-citrate
lyase (ACLY): 6

W& 4. KEGG 73 #i 1) 45 2R o, 28 e H AR i i 2%
(glutathione metabolism). i % & 4 & 72 (pentose phos-
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TR RIORLIE 5 5 Th g EONERERE: NADP+1-44L
EJREBEEE 5 S R S

3 aTFXHR

H [ B i

Par
gtk

H Vina-1.1L.1 B 58NS S A ReHE AT S
I AP0 5 3 5 2 AN SO0 2, IR0 S Pymol-2.4.0 123
TR, th &9
P4.M7.P12.P7 5 GSR #L j5 2 (M) & & 66 J 5k, (L&
YIM3.P2 5 G6PD #I 55 2 [ 45 & e /1 B i o

T3DMEHE, R WEIFE S, MHET X

Table 3 Molecular docking results for components and potential

active targets

Target
Ingredient Affininty / kcal-mol”

GSR G6PD

P4 -11.4 -8.5
M3 -9.9 -10.2
M7 -10.3 -8.6
P12 -10.9 -8.5
P18 -5.0 -4.4
P24 -84 -8.4
P2 -9.9 -9.7
P9 -8.2 -6.4
P7 -11.2 -8.9
Control -10.0 -9.4

4 CCK-8#& T98G 4HAEE /1

ANFIHSE KBAVE T T98G 4 fitd 24 h 4 i 7]
TE S5 R IR, B KBA YR30, TOSG 21 Hu il %tk
w1 (P <0.01), FHAM SR EE 1C,, 24 30.96 umol- L™, J& &
SOG4 KBA 4L EE T9SG 21 il 24 h 1) 1C, {8 v fi =y 9
FE, AR IR RE 2 4%, S 3 MR FETT R

Figure 4 Pathway enrichment analysis (A) and GO enrichment analysis (B)
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s
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Figure 5 Molecular docking of active ingredients to GSR and G6PD. Green marked with "letter-number": Amino acid residues; Wheat-

colored structure: Molecules; Dashed line: Forces; Green: Hydrogen bonds; Purple: Hydrophobic action; Orange: Electrostatic action

5 KBA Xt T98G 4+ GSR.G6PD & HAI M

W1 6 iz, KBA (15 pmol-L™) %} T98G 4l + GSR
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R RN BRI AW, AU 8 A% 6 55 % 4 b I R
GANEE 2 ANV R AN ALY % =R
JS2 o AT LATE 35 LR 245 K HLN I JR AR R gy ki, Z
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Figure 6 Effects of KBA of different concentrations on the

protein expression of GSR (A, B) and G6PD (A, C) in T98G cells.

n=3,xx 5. P <0.01 vs control group
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7, GSR AT 4ERFE AL B H K (GSSG) AR JR A7 bk
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o 52 F A BT, B W 7L B GSR W] 3 I 4 F GSSG Al
GSH FJ -7 i /v 5 1 5 BE 41 i /i 26 141252, 5 G6PD
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