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Photosensitization and photoprotection properties of 
nicotinic acid derivatives 
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The photosensitizing action of  nicotinic acid, nicotinamide, and nicotinehydroxy* 
methylamide on the photooxidation of glycylttyptophan (Gly-Trp) in an aqueous solution using 
UV light (240--41.0 rim) was found. The photooxidation was monitored by measuring chemilu- 
minescence (CL) resulting from the decay of one of the oxidation products, dioxethane. The 
photosensitizing action decreases in the following sequence: nicotinamide > nicotine- 
hydroxymethylamide > nicotinic acid. The addition of benzoquinone (0.01 mmol L - t )  results 
in a substantial decrease in the yield of sensitized eL ,  which indicates that the superoxide 
radical anion participates in the photooxidation. 
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Curren t  interest  in studying the photosensi t izat ion 
and pho topro tec t ion  propert ies o f  drugs, vi tamins,  and 
o ther  substances is due to a recent  increase in the role o f  
UV radiation as a damaging  factor  in the envi ronment .  
This is associated with both changes  in the boundary  o f  
opt ical  t ransmiss ion o f  the a tmosphere  due to a decrease 
in the ozone  con ten t  and the broad use o f  sources o f  UV 
radiat ion in med ic ine  and industry, t - 4  

Noxious  results o f  UV irradiat ion increase when an 
organism conta ins  photosensi t izers ,  which include sev- 
eral vi tamins and drugs. 4-7 At the  same t ime,  drugs can 
perform pho topro tec t ion  funct ions  acting, for example ,  
as acceptors  o f  free radicals formed by irradiation, s The  
present  work is devoted  to the study o f  the photosensi t i -  
zat ion and pho topro tec t ion  propert ies  of  nicot inic  acid 
(NA) ,  n i co t i namide  ( N A m ) ,  n i co t inehydroxymethy l -  
amide  ( N H M ) ,  and reduced n ico t inamide  adenine  di-  
nuc leo t ide  ( N A D - H ) .  

Nico t in ic  acid (v i tamin PP) and its derivatives are 
componen t s  o f  coenzymes  and are used as vasodilat ing 
medic ines  as well as for prophylaxis  and medical  t reat-  
men t  o f  pellagra and diseases o f  the  gastroenter ic  tract ,  
the  liver, and o ther  organs. 9 

Exper imenta l  

Glyeyltryptophan (Gly-Trp) (Reanal), NA and NAm (NPO 
Vitamin), NHM (pharmaceutical drug), and NAD-H (Boehrin- 
ger) were used. 

The photosensitization and photoprotection properties of 
nicotinic acid derivatives (ND) were studied by their effect on 
the chemiluminescence (CL) that accompanies the photooxi- 
dation of Gly-Trp peptide. 

Study of the photoseasitiTing action of ND. Solutions of 
Gly-Trp (with or without additions of  ND) in a 0.01 M 
phosphate buffer (pH 7.4) were irradiated at room temperature 
using the UV light from a DRK-120 high-pressure mercury 
lamp through BS-4 and UFS-I  glass filters or without light 
filters. The thickness of the irradiated layer of the solution was 
0.5 era, and the du~tion of the irradiation was 60 s. The 
solution was continuously stirred with a magnetic stirrer during 
irradiation. The CL signal was measured 15 s after the irradia- 
tion was stopped to exclude the short-lived CL of the buffer 
solution. In order to monitor the signal, the irradiated solution 
was pumped into the cell of a high-sensitive photometric 
unit. 10 When experiments were performed in an atmosphere of 
02, oxygen was passed through the solution for 3 rain. Irradia- 
tion was started 1 min afar  the oxygen flow was stopped, i.e.. 
after the equilibrium concentration of oxygen was established 
in the solution. 

Study of the photoprotecting action of ND. Irradiation 
was carded out using light with the following wavelengths: 
(l) k = 436 rtm in the presence of  the sensitizer riboflavin 
(2" 10 4 tool L-t) ,  which generates the superoxide anion 
(02 . - ) ;  (2) k = 546 nm in the presence of the dye Rose 
Bengal (1-1.0 -5 tool L-t) ,  which produces singlet oxygen 
(IO2); and (3) k > 290 nm in the presence of hydrogen 
peroxide (0.3 mol L-l) ,  which gives hydroxyl and superoxide 
radicals as well as free radicals of additives. The concentration 
of the initial solution of H202 was determined by the densim- 
etric method. 

Results and Discussion 

Photosensitizing action of  nicotinic acid derivatives 

All studied N D  absorb l ight  in the UV spectral  
region (kmax = 260 nm, e = 2900 L mol  -s c m - l ) .  11 In 
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addition, N A D - H  exhibits an additional absorption band 
in the region of  330--340 nm. 12 The chemilumines- 
cence method used for testing the photosensitization 
activity is based on the fact that the yield of CL during 
UV irradiation of  solutions of  tryptophan-containing 
peptides increases in in the presence of  photosensitiz- 
ers. le A BS-4 light filter transmitting light with X > 
290 nm is usual ly  used for test ing medicines for 
photosensibil ization activity. However, in the ease of  
ND,  which have no considerable absorption in this 
region, the sensitization effect is weak. Therefore, all 
main experiments were carried out using an UFS-  1 light 
filter, which transmits in the 240--420 nm region. Tak- 
ing into account  the absorption spectrum of  ND and the 
emission spectrum of  a medium-pressure mercury lamp, 
the line at ~. = 254 nm should be the most efficient one. 

Under  these conditions,  NA, N H M ,  and NAm en- 
hanced and N A D - H  decreased the intensity of CL of  
glycyltryptophan. Nicot inamide was the most efficient 
sensitizer, and NA was the weakest one. The depen- 
dences of the relative yield of  CL y = I / I  o ([o is the 
intensity of  CL in the absence of  ND,  I is the intensity 
of  C1 in the presence of  additives) on the content of  N D  
in the irradiated solution reach a maximum at the con- 
centration of  the sensitizer of an order of  1 mmol L -I  
(Fig. 1, a). The optical density of  the irradiated solu- 
tions at these concentrat ions is greater than unity; there- 
fore, it can be assumed that the occurrence of a plateau 
is related to the screening effect. The dependences pre- 
sented in Fig. 1, a can be linearized in the coordinates 
log [ 1 - O' - l)/Ymax] --  CND, where Ymax is the limit- 
ing value of  amplification and CND is the concentration 
of  the corresponding derivative (Fig. 1, b). The slope of  
the line (1300 L mol - j )  coincides with the value of  the 
product el for N D  at Z. = 254 nm. This linear depen- 
dence corresponds to the following equation: 

y = I + Ymax(l - 10-~ (1) 

where D = elCND. The  y values calculated from this 
formula agree well with the experiment up to the con-  
centrations of  N D  o f ~ l  mmol  L - l  (see Fig. 1, a). The 
decrease in the yield of  CL at high concentrations is 
probably associated with intermolecular  interactions. 

The dependences  of  the intensity of  CL (in relative 
units) on the concentrat ion of  Gly-Trp  (Fig. 2) are 
satisfactorily described by the equation 

I = l~Coly_rrp/(CGly.Yr p + a), (2) 

where I| is the limiting intensity of  CL and a is the 
dimensional i ty parameter  of  the concentration. 

Similar  dependences  have been observed previously 
for X-ray chemiluminescence  and photosensitized C L )  ~ 
They indicate that Gly -Trp  is involved in competitive 
processes leading to both an increase and decrease in the 
yield of  CL. 

Experiments on the effect of oxygen and benzo- 
quinone (acceptor of  superoxide radicals) on the effi- 
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Fig. 2. Dependence of the intensity of CL on the concentration 
of Gly-Trp in the presence of ND: 1, NA (0.04 mrnol L-t); 
2, NHM (0.02 mmol L-I); 3, NAm (0.02 mmol L-l); 4, in 
the absence of additives. Points indicate experimental data, solid 
lines indicate calculation by Eq. (2). 
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Fig. 1. a. Dependence of the relative yield of CL (y = I / l  o) on 
the concentration of ND: l, NA; 2, NHM; 3, NAm; 
CGly_Tr p = 0.1 rnmol L - t .  Points indicate experimental data, 
solid lines indicate calculation by Eq. (1). 
b. Linear anamorphoscs of the dependences presented in 
Fig. 1, a (for designations, see Fig. 1, a). 
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Table 1. Effect of oxygen and benzoquinone on the yield of 
CL at concentrations of Gly-Trp from 0.02 to 0.40 mmol L -I 

Compound I '0 /1A " IBO/Io b 
0.02 'c 0105 c 0.10 e 0.20 c 0.40 c 

NA 1.00 1.00 1.00 0.98 1.05 0.16 
NHM 0.98 1.00 0.95 0.95 1.02 0.10 
NAm 0.74 0.79 0.87 0.82 1.00 0.09 

a I^ and I o are the intensities of CL at the concentrations of 
oxygen in an aqueous solution equilibrium with air 
(0.28 mmol L - l  at 20 ~ and equil~rium with oxygen at 
atmospheric pressure (1.3 mmol L-I),  respectively. 
b la Q and I 0 are the intensities of CL in the presence of 
benzoquinone (I �9 10 -5 tool L - l )  and in the absence of ben- 
zoquinone, CGly_Tm = 0.1 mmol L -I .  
c CGly.rrp/i/Lrno I L-l .  

ciency of sensibiliz~ation were carded out in order to reveal 
the mechanism of  the photosensitizing action of ND. 

Experiments with different oxygen concentrations 
make it possible to elucidate the role of  IO 2 and triplet 
states of  the sensit izer in the appearance of  CL. IJ For  
this purpose, the ratio of  the intensities of  CL was 
determined when the experiment was carried out in an 
atmosphere of  oxygen and when it was carded out in air. 
It turned out that  oxygen exerts no effect on the 
sensibilization o f  NA and N H M  and decreases the yield 
of  C L in the presence of  NAm (Table 1). Benzoquinone 
added in a concentrat ion of  0.01 mmol L - l  decreases 
substantially the  y ie ld  of  CL sensitized by N D  (see 
Table 1). These results show that  the photosensitizing 
action of N D  is not related to the formation of  tO 2. If 
this were not the case, we would observe an enhance- 
ment of  CL as the concentrat ion of  oxygen increases; in 
addition, small concentrat ions of  benzoquinone do not 
affect reactions involving IO 2. 

The effect of  the addition of  benzoquinone allows us 
to assert that  the  reactions of  the radical anion O 2 ' -  
play the main role in the appearance of  CL. The mecha-  
nism of its format ion is not quite clear. The superoxide 
radical anion can be generated in the reactions of triplet 
states of  N D  by analogy with other  sensitizers, for 
example, riboflavin. 13 An increase in the oxygen content 
at small concentrat ions of  Gly -Trp  should result in a 
strong decrease in the yield of  CL (3--4-fold)  due to the 
efficient quenching of  the triplet states by oxygen. In the 
experiments with ND,  a decrease in the intensity of  CL 
(by 25%) was observed only for NAm, which confirms 
the participation of NAm T in the formation of  O 2"-.  
For other ND,  tr iplet  states ei ther  do not appear or have 
very short lifetimes. 

Another possible route for the appearance of 0 2 ' -  is 
the photoionizat ion of ND followed by the interaction 
of  a hydrated electron with oxygen. The following ion- 
ization scheme can be suggested. 

c...o c-.O 
"~'R h v  - ~  R 0 

The degree of  conversion o f  this process depends on 
the stability of the radical cat ion  formed. The most 
stable radical cation should be formed in the case of  
NAm due to the positive mesomer ic  (+M) effect of  the 
amino group. The negative induct ion ( - / )  effect of  the 
hydroxyl group results in a decrease in the stability of 
the radical cations of  NA and N H M .  

This hypothesis explains the  efficiency effect of  the 
drugs as sensitizem. However, it  is impossible finally to 
conclude which process is the pr imary  stage of  sensitiza- 
tion: photoionization or  the format ion of  triplet states. 
Neither concept contradicts the  published and cxperi- 
mental data. 

Photoprotecting action of nicotinic acid derivatives 

When solutions of  G l y - T r p  are irradiated with UV 
light through an U F S - I  light filter in the presence of 
NAD-H,  a decrease in the intensi ty of  CL is observed, 
which is evidence for the photoprotee t ing  action of  
NAD-H.  The intensity of  C L  decreases 2.5-fold at 
CNAD_ H = 0.02 mmol L - l  and  decreases 5.8-fold at 
CNAD.I. I = 0.1 mmol L - I .  Under  the experimental  con- 
ditions, the optical densities o f  N A D - H  in the solution 
do not exceed 0.05 and 0.25, respectively. Therefore, 
this effect cannot be explained by screening and is 
probably related to seavanging of  the free radicals that 
participate in the appearance o f  CL. 

Experiments using H20 2 as the photoini t ia tor  of  CL 
of glycyltryptophan ( i r radiat ion with light with X > 
290 nm)  and the pho tosens i t i z e r s  r iboflavin (k = 
436 nm) and Rose Bengal (k = 546 nm) were carried 
out to study the photoprotect ing act ion of  N D  in more 
detail. When hydrogen peroxide was used as the initia- 
tor, N A D - H  in a concentration o f  0.04 mmol L - l  halved 
the intensity of CL. Of  the o ther  ND studied, only 
N H M  exhibited inhibition activity: a decrease in the 
intensity of  CL by 30% was observed at CN~ M = 
4 mmol L - l .  However, this effect is two orders of  mag- 
nitude weaker than that in the case of  N A D - H .  In this 
system, the hydroxyl radical ' O H ,  the radical anion 
O2"-  , and the peroxide radical o f  glycyltryptophan RO 2" 
are the main active species part icipat ing in the appear- 
ance of  CL. Compounds reacting with one or several 
these radicals cause a decrease in the yield of  CL. 

When riboflavin is used as the photosensi t izer ,  
N A D - H  and N H M  decrease the yield of  CL. The experi- 
menta l  da ta  are l i n e a r i z e d  in the  coord ina tes  
I o / [ -  CND. For N A D - H ,  the concentration of ND 
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necessary for 50% inhibition is equal to 0.04 mmol L - t ,  
and in the case of  NHM,  it is 0.6 mmol L - l .  In this 
system, the yield of CL can decrease in the presence of  
acceptors of  0 2 " -  and RO 2' radicals and quenchers of  
the triplet states. 

In the system with Rose Bengal used for generation 
of  IO 2, the concentrat ion of  N A D - H  necessary for 50% 
inhibition was 0.6 mmol L -1. The rate constant of  
quenching of the triplet states of  Rose Bengal under the 
action of N A D - H  is equal to 8.5" l0 s L mo1-1 s - I  (see 
Ref. 14). The calculation using the published data on 
the lifetime of  the triplet states of  Rose Bengal I (68 ps) 
and the rate constant  of  their  quenching by oxygen 
(1.5" 109 L mol - j  s - t )  Is showed that the observed de- 
crease in the intensity is caused almost completely by 
quenching of  the triplet states. 

Thus, NA, NAm,  and N H M  are sensitizers of  the 
photooxidation of  the Gly-Trp  peptide during irradia- 
tion with light in the Z. = 240--420 nm range. The 
efficiency of  sensitization increases in the order NA < 
N H M  < NAm and correlates with the structure of the 
compounds studied. In addit ion,  N H M  and N A D - H  
exhibit photoprotect ive action related to quenching of  
the triplet states and reactions with the superoxide and/or  
peroxide radicals o f  Gly-Trp.  

The authors are grateful to Dr. I. I. Sapezhinskii for 
discussion and valuable remarks. 

References 

l .J .  Moan, J. Photochem. Photobiol. B: Biol., 1991, 9, 244. 
2. M. B. McElroy and R. J. Salawitch, Sc/ence, 1989, 2A3, 763. 
3. A. D. Strzhizhowskii, Pad. BioL Padioekol., 1995, 35, 435. 
4. I. I. Sapezhinskii and E. L. Lozovskaya, Rad. Biol. 

Radioekol., 1993, 33, 601 [Radiat. Biol. Ecol., 1993, 33, 63 
(Engl. Transl.)]. 

5. L. C. Haa'ber and D. R. Bickers, Photosensitivity Diseases, 
Saunders, Philadelphia, L981, 372 pp. 

6. G. M. J. Beijersbergcn van Henegouwen, J. Photochem. 
PhotobioL B: Biol., 1991, 10, 183. 

7. I. E. Kochcvar, Photochem. Photobiol., 1987, 45, 891. 
8. E. L. Lozovskaya and I. I. Sapezhinsldi, Biofizika, 1993, 

38, 31 [Biophysics, 1993, 38, 25 (EngL Transl.)]. 
9. M. D. Mashkovskii, Lelcamtvenny~ sredstva [Medicinals], 

Meditsina, Moscow, 1988 (in Russian). 
10. I. I. Sap~zhinskii, Biopolimeey: Klnerika radiatsionnyk.h and 

fotolchimicheskik.h prevrashchenil [Biopolymers: Kinezics of 
Radiation and Photochemical Transformations], Nauka, 
Moscow, 1988, 216 pp. (in Russian). 

11. H. H. G. JeUinek and M. G. Wayne, J. Phys. Colloid. 
Chem., 1951, 55, 173. 

12. R. M. C. Dawson, D. C. Elliott, W. H. EUiott, and K. M. 
Jones, Data for Biochemical Research, Clarendon Press, 
Oxford, 1986. 

13. E. L. Lozovskaya and I. I. Sapezhinsidi, ~ .  FTz. Khim., 
1990, 64, 1012 [Russ. J. Phys. Chem., 1990, 64 (En81. 
Transl.)]. 

14. T. Sarna, J. Zajac, M. K. Bowman, and T. G. Truscott, 
Z Photochem. PhotobioL A: Chemistry, 1991, 60, 295. 

15. E. Reddi, C. R. Lambert, G. Jori, and M. A. J. Rodgers, 
Photochem. Photobiol., 1987, 45, 345. 

Received October 11, 1996 


