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Metabolic abnormalities associated with ketamine-associated
bladder toxicity based on metabolomics
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Abstract: The aim of the present study was to determine the metabolic changes and possible toxic mechanisms
of ketamine-associated bladder toxicity. Twenty-four male Sprague-Dawley (SD) rats were randomly allocated into
a control group, a low-dose group and a high-dose group. The behavior of these rats was observed every day. In
addition, the weight, 2 h urinary frequency and organ coefficient of the bladder were measured. Serum IL-6 and
TNF-a levels were measured using an enzyme-linked immunosorbent assay (ELISA). Urinary metabolites were
analyzed using gas chromatography-mass spectrometry (GC-MS). This research was approved by the Ethics
Committee of the Animal Experiment Center of Southwest Medical University (No. 201901-98). After 12 weeks of
administration, the frequency of 2 h urination and the bladder mass index were significantly different in the low-
dose and high-dose groups compared with the control group. Serum IL-6 and TNF-a levels were higher than those
of the control group (P<0.05). Bladder HE staining showed that long-term administration of ketamine could induce
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cystitis. The concentrations of the three common differential metabolites, including 3-aminoisobutyric acid, citric
acid and uric acid in the low-dose and the high-dose groups were increased compared with those in the control
group. This study indicates that 3-aminoisobutyric acid, citric acid and uric acid and their related metabolic path-
ways may be closely related to ketamine-associated bladder toxicity.
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Figure 1 Two-hour urinay frequency and organ coefficient of the bladder in rats. A: Two-hour urinary frequency; B: Organ coefficient of
the bladder. Organ coefficient of the bladder was calculated by the equation: weight of bladder (g)/body weight (g)*100%. "P<0.05, "P<0.01
vs Con; #P<0.01 vs Con. Con: Control; Low-Ket: 10 mg-kg* Ketamine group; High-Ket: 50 mg-kg™* Ketamine group
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Figure 3 Histopathological changes of the bladder. Hematoxylin-eosin staining was used to examine histopathological changes. Magnifica-

tion, 200x

A Scores plot B Scores plot C Scores plot
— 10 — 10+ I —
:W"ﬂ * Lowr-bt * High-at
& @l ° — -
é‘\. 3 e §a 54 o § Eh -1=4 e
i e i e
= 00 ) -] o
o e, ® °. & 5 & ° 8
‘E 0 8 e o o E [ o E 0 ® 2 °
£ .. o E- 0 0 ® o4 g .. 5
£ oo g0 & 0°
g o e8 g % g -51
(8] o (8]
=54
-104
10 + . . . - : - : T T
-5 0 5 10 -5 0 ] 10 -5 0 5

Component 1 (19%)

Component 1 (23.6%)

Component 1 (25.8%)

Figure 4 Partial least squares-discriminant analysis (PLS-DA) score plot among different groups. A: Control group vs low-dose ketamine

group and high-dose ketamine group; B: Control group vs low-dose ketamine group; C: Control group vs high-dose ketamine group
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Table 1  Differential substances between control group and low-dose ketamine group. RT: Retention time; FC: Fold change; VIP: Variable

importance in the projection

Metabolite HMDB RT/min VIP P FC Trend (vs control)
2,3-Butanediol HMDBO0003156 5.645 19124 0.000 183 0.210 69 1
3-Aminoisobutyric acid HMDBO0001906 9.505 24513 0.001 624 0.117 72 1
Citric acid HMDB0000094 15.715 25247 0.004 112 0.465 18 1
Uric acid HMDB0000289 18.504 2.0759 0.005 461 0.327 89 1

Table 2 Differential substances between control group and high-dose ketamine group

Metabolite HMDB RT/min VIP P FC Trend (compared with control)
3-Aminoisobutric acid HMDB0001906 9.505 1.719 2 0.000 114 0.109 87 1
Pentitol HMDB0000508 13.548 1.5804 0.000 810 2.22100 !
Citric acid HMDB0000094 15.715 16741 0.000 233 0.175 69 1
D-Gluconic acid HMDB0000625 17.201 1.7919 0.000 029 2.52130 !
Uric acid HMDB0000289 18.504 1.5412 0.001 269 0.143 57 1
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Table 3 Mass spectral information of different metabolites

Compound RT/min Ta?rget Fre.igment Fre}gment
ion1 ion 2
3-Aminoisobutric acid 9.505 248 174 73
Pentitol 13.548 217 147 103
Citric acid 15.715 374 273 147
D-Gluconic acid 17.201 319 147 205
Uric acid 18.504 456 441 73
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