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Table S1. The values of pK, for DA (determined by point by point spectrophotometric analysis in

comparison to literature data) and other catecholamines (taken from literature).?

Ref Method PKyo pKa pKa  pKas
DA

this work point by point spectrophotometric analysis 8.37 10.25 12.49
Baba et al.! density functional theory calculations 859 11.16 14.08
Sanchez-Rivera et al.? spectrophotometric titration 861 995 12.04
Antikainen and Witikainen®  potentiometric titration 8.85 10.31

Aydin* potentiometric titration 8.85 10.32 12.62
Kiss et al.® potentiometric titration 8.89 1041 131
Kiss and Gergely® pH-metric titration 8.89 1041 13.10
Nagy and Takécs-Novak’ potentiometric titration 8.92 10.50

Sedeh et al.® potentiometric titration 8.93 10.49

Rajan et al.’ pH-titration 8.96 10.50

Gh Bagheri® spectrophotometric titration 9.03 - 13.15
Gerard et al.' protometric titration 9.05 10.55 12.81
Sanchez-Rivera et al.? point by point analysis 9.05 10.58 12.07
Bretti et al." potentiometry and spectrofluorimetry 9.06 10.41
Grgas-Kuznar et al.™ pH-titration 9.06 10.60 12.05
Charkoudian and Franz™* Combines potentiometric/spectrophotometric 959 10.14 13.11
L-DOPA

Martin®® potentiometric titration 231 876 984 134
Kiss et al.® potentiometric titration 880 9.83 134
Jameson et al.*® 'H NMR titration” 8.77° 9.81°

NOR

Nagy and Takécs-Novak’ potentiometric titration 8,51 9.63

Gergely et al.'’ pH-titration 858 953 129
Aydin’ potentiometric titration 858 9.53 1293
ADR

Aydin’ potentiometric titration 8.63 9.84 13.13
Gergely et al.'’ pH-titration 864 984 131
Nagy and Takécs-Novak’ potentiometric titration 8.66 9.96

Jameson et al.*® 'H NMR titration” 8.67° 9.91°

% Values determined by potentiometric titration: for catechol pK., =9.25 and pK,, =13.0,"® and for

ethanolamine, 2-phenylethylamine, and ethylamine are, respectively, 9.52, 9.89, and 10.68."°

b Measured in D,O and recalculated to H,O.
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Table S2. Kinetic data for the reaction of L-DOPA with dpph” determined by stop-flow
measurements. Experiments were performed in water / methanol systems (v/v = 1/1) at 23°C, pH
5.5 or pH 7.4 with dpph” at concentrations 28.4 uM and 5.69 uM, respectively. L-DOPA
concentrations, [L-DOPA], pseudo-first-order rate constants, kexp, sSecond-order rate constants, k°,
confidence interval of the slope for the 90% confidence level, Ak®, and coefficients of
determination, R?, are given for each data series. The calculated mean second-order rate constants

are given as k® £ absolute error.

pH 5.5 pH 7.4
series #1 series #2 series #1 series #2
[L-DOPA] Kexp 10° [L-DOPA] Kexp 10° [L-DOPA] Kexp 10° [L-DOPA] Kexp 10°
/ mM /st / mM /st /mM /st / mM /st
0.517 249 0.517 242 0.0444 3200 0.0444 2960
0.402 200 0.402 197 0.0346 2690 0.0346 2 470
0.313 158 0.313 165 0.0269 2 260 0.0269 2030
0.235 120 0.235 127 0.0202 1 930 0.0202 1 600
0.176 93.6 0.176 104 0.0151 1710 0.0151 1560
0.126 67.7 0.126 84.9 0.0108 1 380 0.0108 1230
0.0898 53.5 0.0898 66.2 0.00771 1 030 0.00771 943
0.0599 37.8 0.0599 51.8 0.00514 807 0.00514 627
0.0399 27.4 0.0399 38.2 0.00343 429
k® = 466 k® =421 k® = 58 990 k® =58 680
Ak =7 AK° =16 AK® =5 683 AK® = 6 662
R? = 0.9996 R?=0.9972 R?=0.9842 R?=0.9739
k*=440+30 M s? k®=59 000 + 7 000 M* s
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Table S3. Kinetic data for the reaction of DA with dpph’ determined by stop-flow measurements.
Experiments were performed in homogenous water / methanol systems (v/v = 1/1) at 23°C, pH
5.5 or pH 7.4 with dpph’ at concentrations 24.4 uM and 5.27 uM, respectively. DA
concentrations, [DA], pseudo-first-order rate constants, kex,, Second-order rate constants, k°,
confidence interval of the slope for the 90% confidence level, Ak®, and coefficients of
determination, R?, are given for each data series. The calculated mean second-order rate constants

are given as k® £ absolute error.

pH 5.5 pH 7.4
series #1 series #2 series #3 series #1 series #2
[DA] kep 10°  [DA] kep 10°  [DA] Kexp 10° [DA] Kexp 10° [DA] Kexp 10°
/ mM /st / mM /st /mM /st /' mM /st /' mM /st
0.591 724 0.459 503 0.349 467 0.0203 3370 0.0152 2570
0.459 617 0.345 400 0.262 367 0.0152 2790 0.0114 2130
0.345 479 0.185 244 0.187 266 0.0114 2090 0.00815 1460
0.258 402 0.132 162 0.134 180 0.00815 1 590 0.00582 1080
0.185 303 0.0879 118 0.0891 119 0.00582 1 160 0.00388 683
0.132 220 0.0586 76.2 0.0594 77.1 0.00388 797 0.00259 542
0.0879 151 0.00259 553
0.0586 85.8
k®=1186 k® = 1062 k® = 1364 k® =162 235 k® =167 873
AK® =113 AK® = 80 AK° =73 AK® =10 841 AK® =14 619
R?=0.9845 R? =0.9941 R? =0.9970 R®=0.9938 R? = 0.9920
k*=1200+200M*s? k®= 170000 + 10 000 M s*
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Table S4. Kinetic data for the reaction of NOR with dpph’ determined by stop-flow

measurements. Experiments were performed in homogenous water / methanol systems (v/v =
1/1) at 23°C, pH 5.5 or pH 7.4 with dpph’ at concentrations 24.4 uM and 1.46 uM, respectively.

NOR concentrations, [NOR], pseudo-first-order rate constants, Kexp, Second-order rate constants,

k®, confidence interval of the slope for the 90% confidence level, Ak®, and coefficients of

determination, R?, are given for each data series. The calculated mean second-order rate constants

are given as k® = absolute error.

pH 7.4
series #1 series #2 series #1 series #2
[NOR] Kexp 10° [NOR] Kexp 10° [NOR] Kexp 10° [NOR] Kexp 10°
/ mM /st / mM /st /mM /st / mM /st
0.733 217 0.733 237 0.0376 1 840 0.0292 1390
0.570 176 0.570 185 0.0292 1 550 0.0227 1120
0.443 150 0.443 145 0.0227 1370 0.0171 849
0.333 134 0.333 113 0.0171 1070 0.0128 679
0.249 102 0.249 97.4 0.0128 868 0.00914 506
0.178 68.7 0.178 70.0 0.00914 636 0.00653 379
0.127 53.1 0.127 52.2 0.00653 488 0.00435 261
0.0848 39.3 0.0848 41.4 0.00435 335 0.00290 183
0.0566 29.1 0.0566 31.8 0.00290 240
k®=278 k® =299 k® = 46 762 k® = 45 550
AK® =29 Ak =9 AK® = 4 545 AK® =1 341
R?=0.9776 R? =0.9981 R? = 0.9807 R? = 0.9985
k*=290+30M?'s? k® =46 000 +5 000 M* s
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Table S5. Kinetic data for the reaction of ADR with dpph’ determined by stop-flow
measurements. Experiments were performed in homogenous water / methanol systems (v/v =

1/1) at 23°C, pH 5.5 or pH 7.4 with dpph’ at concentrations 28.4 uM and 5.48 uM, respectively.
ADR concentrations, [ADR], pseudo-first-order rate constants, Keyp, second-order rate constants,
k®, confidence interval of the slope for the 90% confidence level, Ak®, and coefficients of
determination, R?, are given for each data series. The calculated mean second-order rate constants

are given as k® = absolute error.

pH 5.5 pH 7.4
series #1 series #2 series #1 series #2 series #3

[ADR]  Kep10°  [ADR]  Keyp 10° [ADR]  Kexp10°  [ADR]  Kexp10°  [ADR]  Keyp 10°
/ mM /st / mM /st / mM /st / mM /st / mM /st
0.458 342 0.589 512 0.133 3 840 0.0400 1400 0.0485 1600
0.357 269 0.458 439 0.104 2920 0.0311 1090 0.0377 1380
0.267 209 0.357 365 0.0806 2410 0.0242 884 0.0293 1080
0.201 162 0.201 300 0.0604 1910 0.0181 744 0.0220 855
0.143 146 0.143 230 0.0453 1640 0.0136 558 0.0165 714
0.102 123 0.102 210 0.0324 1160 0.00971 411 0.0118 540
0.0682 83.9 0.0231 919 0.00694 291 0.00841 439
0.0455 65.2 0.0154 648 0.00462 208 0.00561 306

0.0103 467 0.00308 160 0.00374 198

k® = 640 k® =614 k® =26 527 k® =33 313 k® =31 300

AK® = 47 AK® =65 AK®=1243 AK® = 1594 AK® =1 990

R?=0.9909 R?=0.9883 R? = 0.9955 R?=0.9953 R?=0.9917
K=630+60M*s? k* =30 000 +3 000 M?ts?
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Acid / base equilibrium equations applied for calculation of the ionization degree of

catecholamines

Dopamine (DA):

Tribasic DA exists in four ionization states, i.e. as a cation (DA-H3"), zwitterion (DA-H,),
monoanion (DA-H"), and dianion (DA%). The molar fractions of these forms of DA were
calculated from equations 1 — 4 with the values of acidity constant pKa, = 8.37, pKa2 = 10.25, and
pKas = 12.49, obtained within this work.

Ht +13
X (DA-H;) = [DAH,T_ 5 ; (H] (S1)
[DA],  [H'T +Ku[H' ]+ K K, [H ]+ K K, K
+72
X(DA‘HZ) — [DA HZ] — . . Kal[H ] (82)
[DAl, [H'T +Ku[HT + K K,[H ]+ KK, Ky
X(DA_H—) — [DA-H-] — - 2I<alKa2[H ] (83)
[DA]O [H+] + Kal[H+] + KalKaZ[H+]+ KalKaZKaS
2-
X(DAZ) — [DA ] _ KalKaZKa3 (54)

[DAl, [HT +Ku[H T + KK, [H 1+ KK, Ky

L-DOPA:

L-DOPA undergoes four-step ionization and five different ionization states can be distinguished
depending on pH: cation (L-DOPA-H,"), zwitterion (L-DOPA-H3), monoanion (L-DOPA-H,),
dianion (L-DOPA-H?%), and trianion (L-DOPA®). Molar fractions of L-DOPA at different
ionization states were calculated from equations 5-9 with pKy = 2.31, pKa1 = 8.76, pKaz = 9.84,
and pKas = 13.4 [1].

[L-DOPA-H}]

[L-DOPA],
[H+]4 (85)
[H+]4 + KaO[H+]3 + KaOKal[HJr]2 + KaOKalKaZ[H+]+ KaOKalKaZKaS

X (L-DOPA-H}) =
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[L-DOPA-H,]
[L-DOPA],
— KaO[HJr]3
[H+]4 + KaO[H+]3 + Klaxol‘(al['_rr]2 + KaOKalKaZ[H+]+ KaOKalKaZKa3

X (L-DOPA-H,) =
(S6)

[L-DOPA-H;]

L-DOPA
[ :llgaOKal[HJr]z (7)

[H+]4 + |<210|:H+:|3 + KaOKal[H+]2 + KaOKalKaZ[H+] + KaOKalKaZKa3

X (L-DOPA-H;) =

[L-DOPA-H*] _

[L-DOPA], S8
KaOKalKaZ[H+] ( )

[H+]4 + KaO[HJr]3 + KaOKal|:|_|+:|2 + KaOKalKaZ[H+]+ KaOKalKaZKaS

X (L-DOPA-H*) =

_[L-DOPA*] _

[L-DOPA], 59
KaOKalKaZKa3 ( )

[H+]4 + KaO[H+]3 + Ka\OKelll:|_|+:|2 + KaOKalKaZ[H+]+ KaOKalKaZKa3

X (L-DOPA®)

Noradrenaline (NOR):

NOR undergoes four-step ionization and five different ionization states can be distinguished
depending on pH: cation (NOR-H,"), zwitterion (NOR-Hs), monoanion (NOR-Hy), dianion
(NOR-H?), and trianion (NOR®). The hydroxyl group in the ethylene side chains of NOR is very

basic (with pK, > 13)™ and its deprotonation is neegligible over the evaluate pH range 2-12.

Molar fractions of NOR at different ionization states were calculated from equations 10-13 with
pKa = 8.58, pKaz = 9.53, pKaz = 12.9.

Mt +13
X(NOR-HD:[NOR Hal _ — — H] - (S10)
[NOR]O [H ] + Kal[H ] + KalKaZ[H ]+ KalKaZKaS
+72
X(NOR-H3)=[NOR Hal _ KalH'] (S11)

[NOR], _[H+]3 + Kal[H+]2 + KalKaz[H+]+ KaKa2Kaz
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[NOR'HE]_ KalKaz[H+]

X(NOR -H,;) = =
( 2) [NOR]O [H+]3 + Kal[HJr]2 + I<.':11Ka2|:l_|+:|+ KalKaZKas

(S12)

[NOR'HZ-] _ KalKaZKa3
[NOR], [H+]3 + Kal[H+]2 + KK [H T+ K Ko Kas

X (NOR -H?%) = (S13)

Adrenaline (ADR):

ADR undergoes four-step ionization and five different ionization states can be distinguished
depending on pH: cation (ADR-Hy"), zwitterion (ADR-Hs), monoanion (ADR-H;), dianion
(ADR-H%), and trianion (ADR¥). The hydroxyl group in the ethylene side chains of ADR is very
basic (with pK,s > 13) [2] and its deprotonation is negligible over the evaluate pH range 2-12.
Molar fractions of ADR at different ionization states were calculated from equations 14-17 with
PKa1 = 8.64, pKaz = 9.84, pKys = 13.1 [3].Y

Mt +13
X(ADR-HZ):[ADR Hal_ — — H] n (S14)
[ADR], [H] + Kyu[H7]" + Ky K [H ]+ Ky Ko Kas
ADR-H K..[H"]?
X(ADR-H3):[ ol _ — — alf] . (S15)
[ADR], [H']" + Ku[H' ] + Ky Ko [H T+ Ky Ko Kas
-H, KK [H"
X(ADR'H5)= [ADR H2] — 3 5 al 62[ ] - (516)
[ADR]O [H ] +Ka1[H ] +Ka1Ka2[H ]+KalKa2Ka3
- 2-
X(ADR- HZ-) — [ADR H ] _ KalKaZKaS (817)

[ADR]O - [H+]3 + Kal[H+]2 + KalKaZ[H+] + KalKaZKaS
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Figure S1. Dissociation diagram of DA over the pH range 2 — 14 obtained from the acid-base
equilibrium equations collected in Appendix S1 with the experimental pK, values obtained within
this study. Abbreviations: DA-Hs" - cationic DA; DA-H, - zwitterionic DA; DA-H - DA

monoanion; DAZ - DA dianion.

Figure S2. Dissociation diagram of L-DOPA over the pH range 2 — 14 obtained from the acid-
base equilibrium equations collected in Appendix S1 with the literature pK, values [1].
Abbreviations: L-DOPA-H," - cationic L-DOPA; L-DOPA-H; - zwitterionic L-DOPA;
L-DOPA-H, - L-DOPA monoanion; L-DOPA-H? - L-DOPA dianion; L-DOPA* — L-DOPA

trianion.
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Figure S3. Dissociation diagram of NOR over the pH range 2 — 14 obtained from the acid-base
equilibrium equations collected in Appendix S1 with the literature pK, values [3]. Abbreviations:
NOR-H," - cationic NOR; NOR-H; - zwitterionic NOR; NOR-H, - NOR monoanion; NOR-H*

NOR dianion.

Figure S4. Dissociation diagram of ADR over the pH range 2 — 14 obtained from the acid-base

pH

pH

equilibrium equations collected in Appendix S1 with the literature pK, values [3]. Abbreviations:

ADR-H," - cationic ADR; ADR-H; - zwitterionic ADR; ADR-H, - ADR monoanion:; ADR-H>

ADR dianion.
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Figure S5. Plots of oxygen uptake, A[O], recorded during the peroxidation of MeLin in LUVS
composed of DMPC: uninhibited peroxidation proceeding at rate Rox; (dashed line); peroxidation
inhibited by 1 uM PMHC (solid line) and 5 uM DA (dash-dotted line). Inhibited processes
proceed at the rate Rj,, during induction period (zing) and at the rate Rox, after the end of zjng. For
the values of parameters Rox1, Rinn, 7ing @and Rox2 See Table S6. Experiments were performed at 310
K at pH 7.0 with 10 mM ABAP used to initiate the peroxidation of MeL.in.
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Figure S6. Plots of oxygen uptake, A[O,], recorded during the peroxidation of MeLin in LUVS
composed of DMPC and DMPG at molar ratio 1:1: unihibited peroxidation proceeding at rate
Rox1 (dashed line); peroxidation inhibited by 1 uM PMHC (solid line) and 5 uM DA (dash-dotted
line). Inhibited processes proceed at the rate Rj, during induction period (zing) and at the rate Rox.
after the end of zj,q. For the values of parameters Rox1, Rinh, 7ing @Nd Rox2 See Table S6.
Experiments were performed at 310 K at pH 7.0 with 10 mM ABAP used to initiate the
peroxidation of MeL.in.
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Figure S7. Plots of oxygen uptake, A[O], recorded during the peroxidation of MeLin in LUVS
composed of DMPC and DMPG at molar ratio 1:3: unihibited peroxidation proceeding at rate
Rox1 (dashed line); peroxidation inhibited by 1 uM PMHC (solid line) and 5 uM DA (dash-dotted
line). Inhibited processes proceed at the rate Rjn, during induction period (zing) and at the rate Roxz
after the end of zjng. For the values of parameters Rox1, Rinn, 7ing aNd Roxz See Table S6.
Experiments were performed at 310 K at pH 7.0 with 10 mM ABAP used to initiate the

peroxidation of MeL.in.
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Figure S8. Plots of oxygen uptake, A[O,], recorded during the peroxidation of MeLin in LUVS
composed of DMPG: unihibited peroxidation proceeding at rate Rox; (dashed line); peroxidation
inhibited by 1 uM PMHC (solid line) and 5 uM DA (dash-dotted line). Inhibited processes
proceed at the rate Ri,, during induction period (zing) and at the rate Rox, after the end of zjng. For
the values of parameters Rox1, Rinh, Zind @nd Rox2 See Table S6. Experiments were performed at 310
K at pH 7.0 with 10 mM ABAP used to initiate the peroxidation of MeL.in.
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Table S6. Kinetic parameters determined for the peroxidation of 2.74 mM MeLin in DMPC /
DMPG LUVs inhibited by 1 uM PMHC or 5 uM DA the length of induction period, zjng, the rate
of uninhibited peroxidation, Rox1, the rate of inhibited peroxidation, Ri,, (during the induction
period); the rate of peroxidation after the end of induction periods, Rox. Experiments were
performed at 310 K at pH 7.0 with ABAP as an initiator. All numbers represent the average

values obtained from series of measurements with calculated standard deviations.

uninh 1uM PMHC 5 tM DA
Ry, 10° . Ripn10°  Rgyu10° . Riph -10° Rz 10°
model /Ms™ fing / Min /Ms” /Ms” fing / min /Ms" /Ms™
micelles* | 42.2+3.3 7305 21+0.1 26.0£1.2 no antioxidant activity
LUVs:”
0.00 | 6.0+t0.4 9.6 0.8 1.3+0.2 6.6 +0.9 57.0 £ 5.4 1.3+ 0.1 5.0 £ 0.3
o 0.25 7.9+0.4 6.0+ 0.4 1.2+ 0.1 8.8+0.6 55.7 2.4 2.0+0.3 8.0+0.7
Z 050 8.0+ 0.9 5.0+ 0.1 1.4 £ 0.2 91+0.3 51.2 * 4.1 23+0.2 6.8+0.5
= 0.75 7.6 £11 5.9 + 0.2 1.4 £ 0.2 7.8 £1.2 54.9 7.7 23+0.2 6.5+0.8
1.00 73 +0.6 5.3+0.5 15+ 0.2 7.7+0.5 53.3+ 4.5 2.2+0.1 3.8+03

? Kinetic parameters obtained for 2.74 mM MeLin peroxidation in Triton X-100 micelles were added for comparison;
> LUVs were composed from DMPC and DMPG, with Xpypg — the molar fraction of DMPG in phospholipids:

[npmec/ (Npmpg + Npmec) -
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