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ABSTRACT : Thermal decomposition of 3-(1,4-epidioxy-4-methyZ-l,4-dikydro-l-napktkyi!~propionic 
acid 121 has been used to measure both the physica and chemical quenching rate constants of 
lO2 (ky and kR, respectively) by water-soZubLe 8,8'-diapocarotenoids suck as crocin (1-f) and 
its derivatives il_b,c). The value of kq was found to be slightly -Lower than the diffuszon con- 
trolled rate constant in all the solvents examined, whereas kR showed strong dependence on the 
medium, going from ea. lo8 in Hz0 to lo6 fllsV1 . zn DMF and DMSO. These findings suggest that 
both energy- and electron-transfer mechanisms are involved in the quenching of O2 (In,) by 
croeinoids. 

The protective role played by carotenoids 
1. 

in photodynamic oxidation 
2 

conti- 

nues to be a matter of considerable chemical, biological and industrial interest 

Although crocin (l_a), the water-soluble pigment of saffron3, is a well recogni- 
4 

zed quencher of singlet oxygen , no determination of quenching rate constants 

has been report--d so idc. 3,~ i:ne ot.hcr :-.;nd, ~3tiu,aiziOll si such constants is 

crucial to a better use of crocin as an 
1 
02-monitor as well as to understanding 

the physical and chemical mechanisms by which carotenoids interact with singlet 

oxygen in vitro 5 and in vivo2'4. -- -- 
We report here a measurement of rate constants for both reaction and physi- 

cal quenching of O2 (lAg) by crocin (la) and its derivatives (lb,c) in water 5_ 

and other solvents. 
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a R1=R2=J3-D-gentiobiosyl R1=R2=13-D-gentiobiosyl 

b R1=H R2=R-D-gentiobiosyl 

C R1=R2=H 
% 

+ 

=I I 

2 
H2CH*COOH 

To avoid undesired side reactions accompanying a sensitized photooxygena- 

tion, e.g. cis-trans isomerization of the polyene chain 
lb,3 

and 0' -- 2 production6, 

the water-soluble 1,4-endoperoxide of 3-(4-methyl-1-naphthyl)propionic acid (2) 
7 

was chosen as a thermal source of singlet oxygen . 
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In a typical experiment two separated solutions (10 ml) of- crocin (12, 

4.1x10 
-5 M) and z (94% by KI-starch test: 5.3x10 

-3 
M) in 0.1 M phosphate buffer 

(pH 7.4) were mixed at O°C. After deoxygenation by nitrogen hubbLLny, the resul- 

ting solution was rapidly heated to 35tl°C and allowed to stand a! 35+0.1oc _ 

(under N ). 
2 

Electronic absorption spectra of samples taken at i-min. intervals 

were recorded in the range 350-520 nm after rapid cooling to 0°C and appropriate 

dilution with the buffer. The disappearance of crocin was monitor-ed by the de- 

crease in 443 nm absorption. 

For all the experiments performed, linear relationships of the type : 

In Ct= 
[ 1 -kCt + cost. (where C 

[ 1 t is the concentration of the carotenold in the 

reaction mixture at time t) were obtained with satisfactory correlation coeffi- 

cients in the interval l-25 min. This appeared coherent with a steady-state ap- 

proximation and allowed the rate of bleaching, Vt, to be calculated at a gi- 

ven C 
1 1 t- 
According to the following sequence of reactions for the 

1 
02-mediated inte- 

ractions between 2 (A02) and the carotenoid (C) : 

1) A02 
53 b A+ 

1 
Q2 3) lo2 

kQ ) 3 
0 ,1 

+c 
i 

102 
k 

2) 
S 3 

) O2 
4) lo, + C 

kR 
) Products 

(bleaching18 
quantitative kinetic analysis gives : 

5kJl 
kS + (kQ+kR) C 

[ 1 
where k D is the decomposition rate constant of the endoperoxide 

9 
corrected for 

the yield in 
1 
O2 (82%)-7, kS the rate constant for the natural decay of 102'0, 

kQ , 
and k R the bimolecular rate constants for physical and chemical yuench~ng 

of lo*, respectively. 

reaction temperature) 

At a given time t (typically 3 min. after- reaching the 

Z(t) 1 
-= a.- 

V 
t ( 1 E 1 Ct 

and Z(t) = kL, A0 
[ I= 2t 

+b where 
kS 

b- 
kR 

rk 
a .: - ; Q 

k 
R kR 

kD [AQ2]oexp(-kDt) ([A021il being the initial concentration 

Thus the plot of (Z(t) / V,) vs. (1 / [Cl,) (Foi- the same of the endoperoxide). 

instant t) qives a straight line, If one carrres out a set of experlnents luslnq 

the same parametric variable, 
[ 1 A02 0' 

but varying the initial concentration of 

the carotenoid. The quenching rate constants, kR and k 
Q' 

can then be calculated 

from the slope a and the intercept b. 

The data of Table 1 indicate that in water 8,8'-diapocarotenolds (seven non- 

carboxy double bonds) have a quenching capacity for 02 (ia,) comparable to 

that shown in organic solvents by other polyene compounds having a more exten- 

ded conjugation 
5b-f . llnlike those, however, croclnoids exhibit an appreciable 

rate of chemical reaction (bleaching). 
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Table 1 - '02-quenching rate constants (M 
-ls-1 ) and oxidation potentials of 

crocin and its derivatives at 35+0.1°C 

SOLVENT 
(pH) (V ":PXXE)(b) 

CROCIN (It&‘) H20 (7.4) 0.56 1.8 0.58 

EMI-CROCIN (l.)(') H20 (7.4) 1.3 5.1 0.57 

CROCETIN (12) Cd) H20 (7.8) 2.5(e) 5.5(f) 0.55 

CROCETIN (l_c) DMF to.05 17 0.82 

CROCETIN (lc) DMSO to.05 22 0.87 

(a) mean values of 4 independent measurements each based on 5 bleaching expts. 
(r >0.996); (b) peak potentials measured by cyclic voltametry (glassy carbon 
electrode and SCE reference electrode; 0.1 M KC1 and 0.1 M TEAP as supporting 
electrolytes in H20 and organic solvents, respectively); (c) isolated from al- 
coholic extract of saffron according to Ref. 3 (Rt 10.2 and 16.1 min. for I.. 
and 12, respectively, in analytical HPLC); (d) obtained by acidic hydrolysis of 
lalb ; (e) 4 in D20 (Ref. 5~); (f) 2.5 in D20 (Ref. 5~). 

Taking into account the fact that triplet crocetin (1~) results from quen- 

ching of singlet molecular oxygen in D20, Matheson and Rodgers proposed 5a a 

slightly endothermic11 energy transfer as the major 
1 
02-scavenging mechanism. 

In agreement with this suggestion we found that 13-cis-crocin (2) 
12 

undergoes 
1 13 
02-induced isomerization to the all-trans-polyene (12) with high efficiency . 

In fact, using the decrease of the cis-peak 3 at 328 nm as a measure of double 

bond inversion (in short-term experiments characterized by no significant blea- 

ching of absorbance at 443 nm) we obtained the following second order rate con- 

stants in water : k I (isomerization) = 1.2~10' M-'s-l and k 
Q 

= 6.1~10~ M-~s-~. 

On the other hand, 
13 

an electron-transfer mechanism cannot be ruled out . 

Inspection of the data of Table 1 reveals that a marked decrease of the kR 

(about two ordersof magnitude) is found on going from water to solvents charac- 

terized by lower dielectric constants, more positive Eox for crocetin, and mo- 

re negative redox potentials for 02/Oz (E" = -0.71 V vs. SCE in DMF14a and 

-0.58 V vs. SCE in DMSO 
14a , adjusted for unit cont. of O2 14b). This strongly 

suggests that electron transfer is involved at least in the bleaching of 8,8'- 

diapocarotenoids in aqueous solution 
15 . 

Thus our results show that an electron-transfer process could be a major 

factor in the decomposition of carotenoids in fruit juices 
lb and in viva' in -- 

the presence of light and oxygen. 
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