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Table 1 Steady-state volume of distributions (V) of opioids, Charge at pH 7.5, and predicted V

No. Opioids Vi (I7kg)? Vi (kg)" (SD) or [range]® Charge at pH 7.5 Predicted V. (I/kg)
1 1L-Acetylmethadol 8.3 NA 0.996 4.47
2 Alfentanil 0.45 0.8 0.3) 0.502 0.71
3 Buprenorphine 4.9 1.44 (0.11) 0.991 4.39
4  Butorphanol 12.0 12.0 (4.0) 0.994 4.45
5 Codeine 3.5 2.6 (0.3) 0.980 4.22
6  Fentanyl 0.89 4.0 (0.4) 0.949 3.76
7  Hydromorphone 4.3 2.9 (1.31) 0.923 3.41
8  Meperidine 2.3 44 0.9) 0.820 2.33
9  Meptazinol 3.3 NA 0.980 4.22
10 Methadone 44 3.6 (1.2) 0.976 4.16
11  Methylnaltrexone 2.6 1.1 0.996 4.48
12 Morphine 2.3 3.3 (0.9) 0.975 4.15
13 Morphine-6-G 0.12 NA —0.025 0.10
14  Nalbuphine 4.6 NA 0.990 4.38
15 Nalmefene 8.2 NA 0.989 4.36
16 Naloxone 1.7 2.1 0.683 1.40
17 Naltrexone 7.6 19.3 0.958 3.88
18 Nortilidine 2.5 NA 0.959 3.91
19 Oxycodone 2.5 2.0 [1.1-2.9] 0.837 2.48
20  Pentazocine 34 NA 0.990 4.38
21 Piritramide 4.7 NA 1.134 7.49
22 Propoxyphene 12.0 19.0 [12-26] 0.990 4.39
23 Remifentanil 0.4 NA 0.505 0.72
24  Sufentanil 9.4 1.7 (0.6) 0.959 3.90
25  Tilidine 4.0 NA 0.927 3.46
26  Tramadol 2.8 2.7 [2.3-3.9] 0.982 4.25

a, values from the pharmacokinetic parameter database reported by Obach et al.”; b, values from the Metabolism and Transport Drug

Interaction Database ™(DIDB)*?.
NA means not available.
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Fig.1 Chemical structures of opioids.
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Fig. 2 Scatter plots between electric charges and log V., of opioids in biological pH conditions.
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Fig. 3 Scatter plots between electric charges and log V,. of 667 compounds listed in the
pharmacokinetic parameter database reported by Obach et al.” Solid and dashed lines mean
regression lines from opioids and whole compounds, respectively. @, non-opioid; O, opioid.
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Abstract: Understanding the relationships between physicochemical properties and steady-state volume of
distribution (V) in opioids gives useful information to estimate opioids without pharmacokinetic knowledge.
Therefore, the physicochemical properties of a variety of opioids were calculated based on chemical structures, and
significant properties related to V. were researched to construct V. -prediction models. Twenty-six kinds of V.-
known opioids were investigated. Many physicochemical properties were estimated by computational techniques
based on the chemical structures of opioids, and then relationships to V., were investigated. A result was that
properties of electric charges under biological conditions were found to significantly correlate with V.. This finding
will be useful to predict V, in opioids without pharmacokinetic information such as new-medication candidates,
active metabolites of opioids, and illegal narcotic drugs.

Key words: opioid, pharmacokinetics, volume of distribution, quantitative structure-pharmacokinetic relation-
ship, electric charge



