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Study on inhibitory effects of methoxsalen and its isomers on drug metabolic
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LIU Shihao', WANG Lili', LIU Wenli', JIN Chaoqun', CHEN Jiaping’, HE Xin"?
1. Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China
2. Guangdong Pharmaceutical University, Guangzhou 510006, China

Abstract: Objective To study the inhibitory effects of methoxsalen and its isomers on drug metabolizing enzyme CYP450.
Methods The interaction of methoxsalen and its isomers bergapten, isobergapten and six CYPs were studied by computer
simulation technology. Amber (ff99SB) software was used to simulate the dynamics of zanthoxylin, bergamot lactone, isobergamot
lactone and CYP2A6. The results of computer simulation were verified by "Cocktail" drug probe method, and their half maximal
inhibitoryconcentration(IC,,) values to CYP2A6 and CYP1A2 were determined. Result Methoxsalen, bergapten, isobergapten had
different binding to the six CYPs, among which the binding to CYP2AG6 is significantly different. The results of molecular docking
and molecular dynamics showed that ASN297 . HD22-M . O4 was the most important and stable hydrogen bond between
methoxsalen and CYP2A6, The results showed that the stability of intermolecular hydrogen bond between bergapten and ASN297
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was lower than that of methoxsalen system, and the hydrogen bond of isobergamot lactone in isobergapten was unstable. The
complementary of hydrophobic amino acids and pocket shape in receptor active pocket was an important factor to promote ligand
receptor binding. The "Cocktail" drug probe method showed that the three isomers have different degrees of inhibition on CYPs,
which had significant inhibition on CYP1A2. The relative remaining enzyme activities were 2.67%, 4.64%, and 13.58%, and their
IC;,values were 1.42, 2.29, and 5.12 pmol/L; the inhibitory effect on CYP2A6 was different, the relative remaining enzyme
activities were 8.10%, 38.91% and 74.98%, and the IC,, values were 3.89, 44.03, and 103.30 umol/L. Conclusion Methoxsalen,
bergapten, isobergapten have significant inhibitory effects on CYP1A2, and there are significant differences effects on CYP2AG6.
Molecular docking and molecular dynamics results show that the substitution position of the methoxy group and the position of the
furan ring have a greater impact on the binding of the three compounds to CYP2A6. ASN297 in the CYP2AG6 active pocket is the
key amino acid for the binding of protein receptors and ligands.

Key words: methoxsalen; bergapten; isobergapten; isomers; CYP450 enzymes; computer virtual technology; "Cocktail" drug probe
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Fig.1 Structural formula of three isomers
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Table 1 CYPs enzymes' metabolites and internal

standard's MS parameters

WA e TR

J5 1 Fm/z m/z

X B R (CYP1A2) ESI” 152.1 110.1
LA FEVIF(CYP2D6) EST’ 258.1 199.1
1-FFE R IA M (CYP3A4) ESI” 342.1  203.1

S-FRFEEERM(CYP2C19) ESI"  362.1  214.1
A-FBFEH IR T JR(CYP2C9)  ESIT 284.8 1857
7-$2 5 AH E Z (CYP2A6) ESI" 1629  106.8
RE NG SETIRD ESI' 2371  194.1
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Table 2 Docking structure’s RMSD

HA RMSD/A(1A=0.1 nm)
CYP3A4 1.065 3
CYP2C19 0.792 5
CYP1A2 0.373 6
CYP2C9 0.7215
CYP2A6 0.801 8
CYP2D6 0.555 1
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Table3 Threeisomers and CYPs docking consistence score

EH WHEEER  EMAEE 0TS
CYP3A4 5 2 5
CYP2C19 6 6 5
CYP1A2 5 5 5
CYP2C9 7 4 4
CYP2D6 7 5 4
CYP2A6 7 4 1

3ANE G AR 5 CYP2A6 S #5 1 — Bk 17 4>
SRINT AL ERE . N T BT 3 AR R AR
HCYP2A6 4 G A ZE R, R4FHIH T 3G
Y5 CYP2A6 4567750 B3R 34N [F 4 54
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Table 4 Binding modes of three isomers with CYP2A6
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HEI500-1: BRIR ¥R (4.214)
G SR AL B S 2 (5 1 R T4 5 04, Ho A% 53K [ PDB $UIE B2 R S vk St

After computer simulation, the number of oxygen on the carbonyl be defined as O4, and the other numbers are from the amino acid residue

number of PDB database
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Fig.3 Molecular docking diagram
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Fig. 4 RMSD monitoring results of three systems
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33 EWHEREERS FAEST CYPs BERIHIH
W 5.6 Fios , fE B EE 28 2 # Y G S 5 T Al
WHERT CY Ps 24145 A AR BE (4], 75 5 1150 pmol/L I
B CYP1A2 % tH A& 0 B i # /B FH . £E
NADPH f£1E T , fE WU 2R 2 & AT N B 55 00 A A
Fig i & A 50 pmol/L i, CYP A2 FAH X 58 42 B 1o
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x5 EHREESEBEES N
Table 5 Stability analysis of hydrogen bond among different systems

BEMER fEAR-SZ 44 A /% TR/ A T8 ) 1
CYP2A6-1E T R ASN297:HD22-M: 04 64.54 2.84 154.93
CYP2A6-7 H M g ASN297:HD22-B: 04 50.61 2.86 154.07

CYP2A6-5¢ 1l T4 P4 I SER369:HG-1: 04 1.09 2.79 153.39
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Table 6 Analysis of interaction energy of each system

HEMR &R G/ (kJ-mol ) G./(kI-mol ") G/ (kJ'mol D Gu/(kI'mol ) G/(kJ-mol 1)
CYP2AG6-{L B = —129.89 —63.00 77.10 —16.58 —132.36
CYP2A6-7 N I —120.80 —48.43 67.60 —16.86 —118.50

CYP2A6-7 1l T+ A s —132.78 —64.25 104.44 —15.19 —107.78
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