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Then, in order to characterize the extent of the inter-action, the constant of the possible association was cal-
i4

//,_ culated by the B e n e s i- H i 1 d e b r a n d' s formula
I.o /'._\ /_" ":_ (fig. 2), which is pertinent to the case in which one of

t\ the components is in great excess and does not showany absorption at the examined wave length, zJE
measurements were made for each couple of reagents

0.5 \\ for various partner concentrations at a constant wave
length at the maximum of absorption of the difference
spectrum. K values were obtained from the 1/Cp against
1/AE plot. These values are reported in table 3.

I

0300 #00 500 Partner K AGo
_. fnmJ _" [mole -1] [cal mole -1]

Fig. 1. Optical absorption spectra of neutral ravin and a
complex in aqueous solution (t=3 °C). _ Riboflavin nL-Amphetamine 8 --1214
(0.35 x 10 -t M); -- -- -- Riboflavin (0.35 x 10 -s _)-Mesca- DL-Noradrenaline 13,3 --1516

line Hydrochloride (0.35 x 10 -1M). DL-Adrenaline 20 --1755
Mescaline hydrochloride 25 --1886

caused by addition of the interacting molecule were Indole 35 --2083
DL-Tryptophane 60 -- 2398

measured. DL-Hydroxytryptophane 110 --2753
These measurements were done by means of a Lange Serotonin Hydrogenoxalat 190 --3074

fluorimeter. Table 2 reports the fluorescence quenching LSD 140 --2085
values together with the data of qualitative observa-
tions made at -190 °C, and the colour changes of the Tab. III. Stability constants and AG* of flavins in different
ravin solutions as a consequence of the interaction, molecular complexes in aqueous solution.

Partner cone. pH Quenddng Colour
[Mole/lxlO'l [$1

DL-Amphetamine-Riboflavin 10 7 0 Yellow-green (--)
10 0 Yellow (--)
10 13 Yellow-light brown(--)
20 7 0 Yellow-green (-- )
30 7 0 Yellow-green ( + )

DL-Amphetamine-FMN 10 7 0 Yellow-green (--)
10 0 Yellow-green ( -- )
10 13 Yellow-light brown(--)

vL-Adrenaline-Riboflavin 2 7 32.8 Yellow-orange (+)
2 0 Yellow-orange (+ )

vL-Adrenaliue-FMN 2 7 36.2 Yellow-orange (+ )
vL-Noradrenaline-Riboflavin 2 7 26.5 Deep orange (+)

2 0 Deep orange(+)
DL-Noradrenaline-FMN 2 7 29.8 Deep orange (+)
Mescaline Hydrodlloride-Riboflavin 7 7 65 Light brown(+)
Mescaline Hydrochloride-FMN 0.7 7 67.2 Light brown (-4-)
Indole-Riboflavin 0.7 7 22.2 Yellow-orange (-4-)

2 7 47.7 Yellow-red (+ )

Indole-FMN 0.7 7 37.1 Yellow-orange (+)
DL-Tryptophane-Riboflavin 0.7 7 20 Red-orange (-4-)
nL-Tryptophane-FMN 0.7 7 28.1 Deep orange (+)
DL-5-Hydroxytryptophane-Riboflavin 0.7 7 44 Red-brown (+)
DL-Hydroxytryptophane-FMN 0.7 7 38.7 Brick red (+)
Serotonin Hydrogenoxalat-Riboflavin 0.7 7 49.3 Dark orange (--)
Serotonin Hydrogenoxalat-FMN 0.7 7 50 Deep orange (+)
LSD-Riboflavin 0.14 7 22.6 Dark yellow(+)
LSD-FMN 0.14 7 26 Dark yellow

Tab. II. Flavin fluorescence quendling in riboflavin-partner mixtures at 18"°C. Assumed colour at different pH. The mark
(+) indicates that the colour is varied in comparison to the one assumed by the acceptor alone in the same conditions. The

mark (--) indicates that the coulour is not notably varied. Riboflavin and FMN concentration : 0,0007 M.

t
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//C! 1! f /.;._ 3 of FAD strongly suggest the existence of an inter-energy as-

action between flavins and the compounds studied.
• ../ . Such a behaviour which was regularly observed

in our experiments (see fig. 1 as an example of ob-
tained results) is characteristic of the formation of

complexes (WEsER S).

To get some information about the interaction,

!)'__ I J we calculated the free variation for the

sociative process from the association constantIo 20 30 401/AESO'_ values. Such values were subsequently compared to

those of the energy ascribable to the highest oc-

Abb. 2a cupied level of the interacting molecules whose

I/CftO2 parameters are well-known (for 16 values see

l _ I fig. 3 0).tO _ 13 I/Cp'102 I

t 'I:, I o

i ,o , li ":. t _- 1ooo
!" t .

s i" -20oo

t "_-3ooo_sI
ol i

". _ o.2 e,_ o.6 as w

l/ / ' ] Fig. 3. Reaction AG Obetween some psrehodrugs and flavins
_ q as a function of the HOMO. 1 : Amphetamine ; 2 : Noradrena-

/ I line; 3: Adrenaline; 4: Mescaline; 5: LSD.
i/ i

i" 'J// t Although the data are not yet complete and the

_/v ://o ' _ calculation is still approximate, the values of _G off ttt seem to be linear function of the electron-donor

_'/o/p t power of the drug. i
2 _ t Consequently we may also state that the inter-

s z t actions between flavins and the substances examined

V.• t are of the charge transfer type; more precisely, weI
t should say that the charge transfer plays quite an

o to 2o 30 t important role in this kind of association.

'/_ "i o I/ to' alor As for the compounds which have a benzene ringr I/AE as well as for indole derivatives (using the same
l flavin acceptor) it is likely that the electrons in-

Abb. 2 b Abb. 2 c volved in the charge transfer are the zr electrons of
the ring. As a matter of fact, the spectrum varia-Fig. 2. Plot of inverse concentration of Riboflavin partner,

1/Cp, versus inverse extinction 1dE. The Riboflavinwas tions observed for the examined molecules seem to
0.25 x 10-3M in both the sample and the reference cell be similar to those observed under the same condi-

a) 1: Riboflavin-Amphetamine; 2: Riboflavin-Noradrenaline; tions for solutions containing pyrocatechine as a3 : Riboflavin-Adrenaline; 4 : Riboflavin-Mescaline. b) 1 : Ri-
boflavin-Indole; 2: Riboflavin-Tryptophane; 3: Riboflavin- donor.

Hydroxytryptophane; 4: Riboflavin-Serotonin, e) Riboflavin- On the contrary, no variation occurs when ethyl-LSD.
amine is used as a donor• As for indole ring com-
pounds it seems evident that the more the electron

Results and Discussion i
s G. WEBEr.,Flavins and Flavoproteins, Bd. 15, E. C. Slater

Ed., Amsterdam 1966.
The fluorescence quenching as well as the change 9 s. H. SNYDERand C. R. MERRIL,Proc. nat. Acad. Sci.

in the absorption spectra of riboflavin, FMN and USA54, 258 [1965].






