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Serum metabolomics study of ADB-BUTINACA intervention in rats
based on UHPLC-Q-Orbitrap-HRMS
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(1. Key Laboratory of Drug Prevention and Control Technology of Zhejiang Province, Zhejiang Police College,
Hangzhou 310052, China; 2. Dian Regional Forenic Science Institute:Zhejiang, Hangzhou 310007, China)

Abstract: Synthetic cannabinoid N- (1-carbamoyl-2, 2-dimethylpropyl) -1-butylazole-3-formamide (ADB-
BUTINACA), as a new psychoactive substance, shows strong stimulant and hallucinogenic effects. It can cause
cardiovascular, renal and gastrointestinal diseases, and in severe cases, it can lead to death. However, there are few
reports on toxicology studies of the ADB-BUTINACA metabolic pathway and its long-term effects on the organism
and the molecular mechanisms behind it. In this study, the metabolic profile of rat serum after low, medium and
high doses of ADB-BUTINACA (0.1, 1, and 5 mg-kg") intervention were analyzed using UHPLC coupled with a
Q-Orbitrap-MS (UHPLC-Q-Orbitrap-HRMS). The results showed that the intervention of ADB-BUTINACA could
cause significant changes of 50 metabolites such as L-glutamate and 3-hydroxybutyrate, and nine metabolic

pathways including alanine, aspartate and glutamate metabolism, retinol metabolism, and TCA cycle were
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disturbed. These findings provide a novel experimental and theoretical framework for further investigation of the

toxicological mechanisms underlying ADB-BUTINACA-induced dysregulation of lipid and energy metabolism.
Furthermore, they offer valuable insights that could facilitate the diagnosis and prevention of ADB-BUTINACA
toxicity, thereby underscoring their significant implications for public health. The study was conducted in
adherence to both the Declaration of Helsinki and the National Institutes of Health's Guidelines for the Care and
Use of Laboratory Animals, and received approval from the animal experimental center at the Zhejiang Chinese

Medical University (Ethical number: 20220718-11).

Key words: synthetic cannabinoid; N-(1-carbamoyl-2,2-dimethylpropyl) -1-butylazole-3-formamide; serum;

non-targeted metabolomics; UHPLC-Q-Orbitrap-HRMS
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Figure 1 Total ion chromatograms of metabolites in serum of rats under positive ion modes (A) and negative ion modes (B). C: Control

group; L: Low-dose group; M: Medium-dose group; H: High-dose group
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Figure 2 Principal component analyses (PCA) scores plot (3D) generated from serum samples data sets for QC (quality control, green dot-
ted ellipse), control group (dark blue dotted ellipse), low-dose ADB-BUTINACA-treatd group (red dotted ellipse), medium-dose ADB-
BUTINACA-treated group (yellow dotted ellipse) and high-dose ADB-BUTINACA-treated group (wathet blue dotted ellipse). A: PCA
scores plot for all samples in positive mode; B: PCA scores plot for all samples in negative mode. ADB-BUTINACA: N-(1-Carbamoyl-2,2-
dimethylpropyl)-1-butylazole-3-formamide

A | (¢ B Hc
300000 L mL 300000 — L

200000 . _, 2000001 - . o

= 100000 A . ° \ = 100000{ % N

My 0 w® [ 28 : T 0 ° : ;

3 -100000 \ / 2-100000{ Y

& -200000 L ] ° = 200000 L]

& - ) - o
-300000 —1 -300000 S S
-400000 . -400000

~400000-300000-200000-100000 0 100000 200000 300000 ~400000-300000-200000-100000 0 100000 200000 300000
100123 * 1] 10013 * 1]

C mc D A [ ¢
600000 e L HH 150000 e — HL
400000 = 1000001 <

. . N

= 200000{ 8 \ = 50000

2 - 8 2 pel ‘

s 0 $ 5 ot = e

8 2000001 - 8 -s0000{ "8 /

S -400000 ° & -100000{

= T J &

-600000 — ~150000
-800000 -200000 .
-300000 -200000 -100000 0 100000 200000 -100000  -60000  -20000 20000 60000
1#41] 1.00346 * {[1]
mc mc

E o F e |
150000 — — i 150000 - — L
100000- / 100000 i N

— b / \

= 50000 / \ = 50000 /

( \ o] [

) [ ) : £ 0 | s v

2 -50000: ¢ L y. 2 -s0000 & .

= 2100000 - S = -100000 N _d
-150000 N e -150000
200000 ; ! -200000 .

-150000 -100000 -50000 0 50000 100000 -150000 -100000 -50000 0 50000 100000
100003 * {[1] 100278 *{[1]

Figure 3 OPLS-DA models derived from the UHPLC-MS/MS analysis for the ADB-BUTINACA and control groups. Data were acquired
by positive ionization (A —-C) and negative ionization (D-F). Dark blue points represent the ADB-BUTINACA-treated group and green

points represent the control group
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Figure 4  Statistical validation of the OPLS-DA model utilizing permutation analysis (200 times). R represents the explanatory capacity of

the model-the variance explained, while Q° indicates the model's predictive accuracy. Data were acquired by positive ionization (A—C) and

negative ionization (D-F)
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Table 1 Information of significant differential metabolites in the ADB-BUTINACA-treated rat serum. n = 6. P < 0.05, "P < 0.01
M(?de mlz Component Chemical t/min  CvsL CvsM CvsH Content
of ion formula
1 [M+H]" 113.084 10 Caprolactam CH, NO 7.99 * 1
2 [M+H]" 129.15162  Octylamine C,H, N 8.29 * l
3 [M+H]" 262.228 87  Farnesylacetone CH,,0 16.87 oK 1
4 [M+H]" 221.10468 Carbofuran C,,H,.NO, 19.58 * 1
5 [M+H]" 327.27635 N-Heptadecanoylglycine C,,H;,NO, 16.50 HoE 1
6 [M+H]" 162.05252 Diethylpyrocarbonate CH,,0, 1.33 ok 1
7 [M+H]" 127.13582  Coniine CH N 19.57 * 1
8 [M+H]" 208.08442 L-Kynurenine C, H.NO, 6.83 ok !
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Continued
o M(?de mlz Component Chemical t/min - CvsL CvwsM CvsH Content
of ion formula

9 [M+H]" 30222370 Eicosapentaenoic acid C,,H,,0, 15.48 Hk )
10 [M+H]" 174.11144  DL-Arginine CH N,O, 1.25 * !
11 [M+H]" 203.11542  Acetyl-L-carnitine C,H,)NO, 2.24 *x 1
12 [M+H]" 117.078 56  Betaine C,H NO, 1.34 * 1
13 [M+H]" 103.09991 Choline CH ,NO 1.30 ** 1
14 [M+H]" 117.07926  L-Valine C,H, NO, 2.11 ** 1
15 [M+H]" 164.04712  2-Hydroxycinnamic acid C,H,O, 3.76 *E 1
16 [M+H] 86.037 08  Crotonic acid CHO, 7.22 *x i
17  [M+H]" 278.15401  Diisobutylphthalate C,H,,0, 15.98 * 1
18 [M+H]" 131.06932  Creatine C,HN,O, 1.43 * !
19 [M+H]" 131.09451  L-Norleucine CH,;NO, 4.04 woE 1
20 [M+H]" 199.03975  Fenclonine C,H,,CINO, 7.85 * 1
21 [M+H]" 523.362 68  Platelet-activating factor C,H,NO.P 16.61 * 1
22 [M+H]" 10697840 p-Xylene CH,, 13.00 * 1
23 [M+H]" 134.07291  2,4-Dimethylbenzaldehyde CH, 0 113.01 * 1
24 [M+H]" 146.10534  DL-Lysine CH N0, 1.15 ok 1
25 [M+H]" 140.10591 Hexamethylenetetramine CH, N, 19.58 *x 1
26 [M+H]" 132.02433  3-Methylsulfolene C,H,0,8 2.33 * 1
27 [M+H]" 146.068 94  DL-Glutamine CH N0, 1.29 * 1
28 [M+H]" 175.09937 DMACA reagent C, H, ,NO 13.00 ** 1
29 [M+H]" 131.09451 L-Isoleucine CH,NO, 4.17 * i)
30 [M+H]" 223.12029  DL-Cerulenin C,H NO, 1.47 * 1
31 [M+H]" 331.18856  (1R,3R,5R)-2-[(25)-2-Amino-2-(3,5- CH,\N,O, 14.24 *x 1

dihydroxyadamantan-1-yl)acetyl]-2-azabicyclo
[3.1.0]hexane-3-carbonitrile

32 [M+H]" 145.15769  Spermidine CH N, 1.10 ok !
33 [M+H]" 117.05788 Indole C,HN 13.00 ok i
34  [M+H] 157.14640  2,2,6,6-Tetramethyl-1-piperidinol (TEMPO) C,H,;)NO 12.67 o 1
35 [M+H]" 281.27109  (92)-9-Octadecenamide C,H,NO, 16.50 ** 1
36 [M+H]" 147.05287  L-Glutamic acid CHNO, 1.34 ** i)
37 [M+H]" 111.04336  Cytosine C,HN,O 2.25 * 1
38 [M+H]" 301.297 10  Sphinganine CH,)NO, 13.04 * 1
39 [M+H]" 194.11512 PEG-4 C,H O 7.13 *x !
40 [M+H]  340.24015  2,2'-Methylenebis (4-methyl-6-tert-butylphenol) C,,H,,0, 17.40 * *x !
41 [M+H]  90.031 67  L-(+)-Lactic acid C,HO, 2.18 * * * !
42 [M+H] 35421948  Etretinate C,,H, 0, 16.26 * !
43 [M+H]" 179.058 24  4-Acetamidobenzoic acid C,HNO, 8.54 * i
44  [M+H] 133.03749  L-Aspartic acid C,HNO, 1.25 * i)
45 [M+H]  131.069 44  Creatine C,H)N,O, 1.40 * !
46 [M+H]  104.047 34  3-Hydroxybutyric acid C,H.O, 3.82 * *x 1
47 [M+H]  130.063 04 (Hydroxyethyl)methacrylate CH, 0, 8.61 wok *E Hok 1
48 [M+H]  116.04749  Levulinic acid C,H,0, 5.35 ** o 1
49 [M+H] 200.01435  4-Vinylphenol sulfate CH,0,S 9.84 ** ** 1
50 [M+H] 256.10597 Edoxudine C H NO 8.75 * 1
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Figure 5 S-plot models associated with the OPLS-DA models of data. Data were acquired by positive ionization (A -C) and negative

ionization (D-F)

%Class

Class
a-Ketoglutaric 2 Ic
L-P \ ic aci H
'DL-Cerulenin 1
PEG-4 0
L-Kynurenine
Diethylpyrocarbona
Spermidine '

1

Leu-Leu 2

DL-Arginine

Octylamine

all-trans-retinal

Eicosap ic acid
2-Aminoethyl (2R)-3-
PAF C-18:1

4-Acetamidobenzoic acid

|
Cl C2 C3 C5 C4 C6 H4

L-Aspartic acid

\L-(+)-Lactic acid
4-Vinylphenol sulfate
Levulinic acid

il |(18,65)-6-Aminooctahydro
(Hydroxyethyl)methacrylate
(92)-9-Octadecenamide
N-Heptadecanoylglycine
Choline

Betaine

H6 HS H3 HI H2

Figure 6 Heatmap of the significant metabolic variations between two study groups: high dosage (class H) of ADB-BUTINACA treatment

and a control group (class C). In this visual representation, each column signifies a separate sample, whereas each row corresponds to a

distinct metabolite. Metabolites demonstrating a substantial upregulation are represented in red, while those with significant downregulation

are depicted in blue
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