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A b s t r a c t  

Photo-induced changes in three phannacons (Fmmethazine llCI. Carh;dopa a~ld Niph~dipine), under exposure to (igl~t rich in UV 
component, could be characterised with the rate constants of the occurr!n.g ~r~esse.~. Fartial rate constants cou!d be determined after e~p-~sure 
to selected wavelength regions ,:mined by the light source. The most effectixc wavetcn~.th r.:gions charactcri.~:ic for the single pharmaco~s 
could b " derived from the calculated r,.:~rti-',l rate c,.,n.,,tants. Six compo-.ite pta.',tic films were applied for ~h¢ "~ired light protection. A m.at,,-ix 
LDPE film was particle tilled - -  keeping the tran,parenc2r of the extruded films --- with colloidal titaniurn dioxide. By using three particle 
filled film~ of three differe,at TiO, con~.entrafions together wi;h ,,wo commercial products. "he ph;~toac'ive ranges of wavelength could be cut 
off from the illuminating light. Sati:Xactory light stability of the pharmacon~ could be est.".blished with the hcip of the mos,' appropriate single 
light screening films or with their best binat)' combination. ~ 1997 Elsevier Science S.A. 

Ke.vw,r,l.~: t.ight xcn,~itive Imarmact,:l~;: Promethazinc HCI: t'arbidt~pa: Niphedipine. Light ~tabilisatitm: Light .,,crooning. pl~,.tic fihn: High dispersiiy titanium 
dioxide 

!. Introduction 

Light-induced changes occur rather often in th,- production 
and storage of different goods. This phenomenon generated 
problems to be solvcd on the field of many industrial 
branches, including among others the textile and the phar- 
maceutical industries. The protection of coloared textiles 
belong to the actual tasks ol the former branch, whereas ~he 
determination and control of photodegradation of pharma- 
cons is a living problem of the second one [ I ]. Sint.e, due to 
legal regulations, the addition of auxiliary products to the 
pharmacon is strictly prohibited, their protection against 
light-induced changes can mainly be solved by means of 
externally applied light screening systems [21. it has been 
demonstrated 131 that uitrafine TiO, particle filled plastic 
films are very good UV absorbers providing this effect with- 
out toxic and migrating character and keeping the original 
transparency of the film unchanged. If the matrix of the film 
is light sensitive (e.g. polypropylene) this type of pavicle 
filling also provides simultaneously its light protection. Light 
sensitivity and its possible reduction has been the task of the 
present work related to three pharmaeot~s: Promethazinc HCI, 
Carbidopa and Niphedipine respectively. The light-induced 
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changes in Niphedipine i2,4-101 and in Promethazi:re HCi 
[ 1 I. 121 have already been studied, whereas that of C~-bidopa 
has n,,t yet been published. Local industrial experiences on 
their light sensitivity drew the attention to light stabilisation 
of the'~e three phurmacons. 

'rl-e aim ~f the work was the determination and reduction 
of light sensitivity of the. three pharmacons mentioned, iso- 
lation and characterisation of the products of light-induced 
changes, however, are not included. Experiments were car- 
ried out ~ith pharmacon solutions, following the kinetics of 
their ligt:t-induced changes in the function of wavcletlgth 
ranges emitted by the light source. Similar investigations 
were performed in systems, including appropriate light 
screening films I~etwce,a the light source nod the pharmocon 
solution. The effect of the best light screening films was also 
tested on pharmacon pills. 

2. Materials, equipment and testing methods 

2. I. Materials  

2. !. 1. Pharmacons 
The three pharmacons were placed at our disposai by EGIS 

Ph-irmaceulicais Ltd. (Hungary) and their structural for- 
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mulae are set out together with their appropriate solven:~ in 
Table 1. 

2./.2. Light screenh~g films 
T i ~  ien '~ FB-243-54 (LDPE) ,  ( TVK Ltd.. Hungary ) was 

exm~ded to a matriz film and the same extrusion was per- 
formed with the blends of LDPE and T:G, pigments of three 
various concentrations. A further two commercial plastic 
films were also used ('Fable 2).  

2.2. Eqtffpnzent 

A HP8482A ( Hey. le:t Packard) diode array spectropho- 
tometer was user? for spectroscnpic studies of  pharmacon 
sokm,-,ns and light screening films (LSF) .  ICS TEXICON 
TC4 ,, DATACOLOR ) was used for reflective colour meas- 
mcmeni.~. Brabender Plasti-Corder PL2(X)O (Brabender) was 
a.,~-~l for mixing and extrusion. The mixing die was of  350E 
ty}.-e and that of the single screw extruder was 19/25D. The 
tyl.~ of ro,,ating disintegrator was RMA- I ( Rezmaring Ltd., 
Hungz,~3 ). The de,, ice used for light exposure with the light 
intensity ~;f 6 mW cm -" is presented in Fig. i. 

2.3. Fr~a ,'dur,'.~ 

-..qd this was homogenised to a master batch on the Brabender 
Plasti-Corder PL2000, 350E mixing system. Working para- 
meters: t = 10 min, n = 20 mir,  ~. T =  180°C. 

2.3.2. Disintegration of the composite 
The master batch was disintegrated by an RMA-I disin- 

tegrator to a particle size of average 5 ram. applying rpm of 
1440. 

2.3.3. Extrusion 
Films were extruded from granules on a Brabender Plasti- 

Corder single screw extruder. Working parameters: temper- 
aturcs of zones, 170. 180, 190°C: temperature of die, 2 I O°C; 
n = 5 rain - t; speed of conveyor belt, 6 m rain - 

2.3.4. Expos,,re to light 
Dissolved and solid pharmacons were exposed to light on 

the optical bench ( Fig. 1 ) in such a way that the appropriate 
glass light screener (GLS)  was placed between the light 
source and the substrate. Exposure lasted for up to 180 rain. 

3. Results and  discussion 

3. I. Light-induced changes of dissolved ptmnnacons 

2.3.1. Master batch 
10 ~.z LIV-TITAN '' PI6( )  previously mixed with 0.5 g Zn 

:aear'ate was added to ItX) g Tipo. len '~ FB-243-54 (LDPE)  

Table I 

i'~1:lrlTl~.i~. ~.)/'., unLl , ,u l ' ,en l - .  

N, IJ ; I¢  S t r u c t u r e  

3. I. l. Kineti,'s of the reactions 
Kinetics of light-induced changes of dissolved PHI,  PH2 

and PH3 was followed under exposure without screening and 

M o l a r  ma.s,, Solvent  Concent ra t ion  ( m o l e  I o ) 

Fr, ,m, ' lhazm~- H(. I ~ PHI 

/ c , ,  

. ~ - . ~  
320.9 hidb,  t i l l ed  ~ater ~,I.79 x I0 4 

!v - i :  - i&, ,~lh>lamino~rol~l ] -  
~ . , ~ l u ~ a r ~  m o r ~ d r o c b J o r i ~  

Cari~id~,pa q PH2 

t .Jo. 

3-1 .~..4-dihydruxy-pi~ny I I-2- 
h'~dr~: rod- 2 -n~: hy I-inopionic 

226.23 hidistL4cd water "~ ~ . ._1 × I0 4 

Nlpilcuipm¢ t PHi) 

i; I 

. , - J~ .Nj '~  .~:. 

du:~rbomcid ~ n x ' t ~  Ic~0,er ) 

346.3 ethyl alcohol I..4.4 x I 0  4 
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Table 2 
Light screening film.,, 

No. Matrix l'a)lymer Pigment g/IIX) g L D P E  Auxiliary It) 'g] Thicknc~,, 
!(IO g LDPE of the lilm 

(l.tm) 

+~ i i  l | ,  i t  i " 

t r im) 

A.I.)~ I 

LSFI Tipolen ' FB 243-54 
LSFi Tilx)len" FB 243-54 
LSF2 Tipolen ~" FB 243-54 
LSF3 Tipolen" FB 243-54 
LSF4 Tipolen ~ FB 243-54 
LSF5" ONGROFOL ,~ 

KTEIOI/361 PVC film. red 
LSF6 a RE35BRARL )' polyethylene- 

therephtalate based multilayer lilm 

- I ( X )  

- - I 0 0  

O. I0 UV-TITAN '~ P160" 5.0 Zm stearate ~' 100 

0.15 UV-TITAN '~ P 160" 7.5 Zn stearate h 100 

0.20 UV-TITAN ~ PI60 ~ I0.0 Zn ~tearate" I(X) 

251) 

I00 

_~o 
3(x) 
3OO 
3(X) 
300 
248 
432 
-- 

0.5 
0.5 
i.5 
2.5 
4.0 
4.0 
2.1 
tran~mittaeece in 

the UV range 

UV-TITAN ~ Pi60, Kcmira. Finland: average panicle size. 20 nm. 
t, Zn Stearate, Merck. Gcnnany. 
' Ongmpack Ltd. Hungary. 
'J 3M. USA. 

A..u .... ). the wavelength at the ab~,orption peak. 
' A ...... the height of absorption peak. 

Disclo~d by the pn)ducer. 

. 

1. 3 .  4 .  5 .  
I. 250 W high pressur© mercury vapour lamp, 2. Stmxiard triang:dat optical I~nch, 3. Quartz blend 4. Filter c¢11, 5. Cuv=tt© hokter 

Fig. I. Schematic diagram oi" the de~,ice used for light exposure. 

behind glass light screeners ( GLS ). respectively. Changes in 

the UV-Vis  absorption spectra of  the dissolved pharmacons 

caused by light exposure were followed in the function of  

time. Evaluation of  the kinetics was based upon changes in 

absorbance of  selected highest or lowest absorbancies at the 

corresponding wavelength regions h,,~tc~,c,t ( At, A2 ), as shown + 4 

in Figs. 2-4. 1 z 
3. ) = 340 nm in Fig. 2 corresponds to an increasing absorb- 

ance in the course of  exposure specific to the generation of  ~ 0 

the light-induced product from the original compound.  It has ,,,8 ¢8 
been indicated [ I 1 ] that the main light-induced chaoge in 

PHI is oxidation, therefore the increasing peak has to corre- .~ 06 <. 
spond to the increasing concentration the modified product, o, 

A:, = 300 nm was a wavelength where absorbance occurred 

in the solution of  the original, and the modified product also 0_- 

had to show absorbance at the same wavelength. At the wave- 00 

length o f  3 ! 0 nm the detected constant absorbance throughout 
the whole duration of  exposure indicates that similar specific 

absorbance was characteristic at the wavelength o f  both the 

original and the modified products. 

A, = 310 nm in Fig. 3 is characteristic for the absorbance 

of  the unknown modified product, whereas At = 254 nm is 
characteristic lor both the original and the modified products, 

~.: =300 nm 240 

i l " I - - | , l ! • i I i 
260 280 300 320 340 360 ~ 400 

~av~m~, nm 
Fig. 2. Absorption spectra of Promethazine HCI (PHI) aqueous ~lution 
before mid after irradiation to different times in the rae.ge cfits UV spectrum 
fn)m 260 to 400 nm. 
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2o .~; 
.!.\ 
,,,'~ 

8 ~ 5 ','~,\ 
'!~ ;_a=254 nm 3r~X)~ 

~ o ?., / / ~  
~ ,. 

oo  , , i 2--::_;:~:~-_~._~ 
200 30O 400 5O0 

Waveren¢~, nm 
Fig. 3. Absorption ~,peclra of C"axbidop~, ( PH2 ) aqueou~ ,,olutitm belbre and 
after irradiation Io different time.,, in lilt: range of it', UV-Vis ~pectnnm Ih~m 
20(I m 5011 nm. 

15 
5 4 O  

/ 420 

120 see  

10 ~ . .  O.~.c 

~ o5 

;L2=2~ nm 

O0 , 1 , I , ' m : . i 
250 300 350 400 450 500 

WavelengUn. nm 

Fig. 4. Absorption spectra of dis,,olved Niphedipine ( Pi|3 ) ethantfl ,,t)lutitm 
before and idler irradiation It) different time.,, in the range of it,, UV-Vi~ 
spectrum from 2511 to 5(X) rim. 

but the increase in absorbance with the simultaneous increase 
of the concentration ot the modified product is much more 
sensitive than that of the original one. 

Note: Because of the extremely high light sensitivity of 
PH3 - -  in order to obtain proper data for evaluation - -  the 
intensity of the illuminating light had to be appropriately 
reduced in case of  exposure to unscreened light. However. 
further experiments in screened systems have been carried 
out with the original light intensity, 

At = 360 nm in Fig. 4 corresponds to the dihydro-pyridine 
structure 161 of  the original PH3 molecule, whereas A_, = 284 
nm is the absorption peak of  the nitroso-derivative of PH3 
151. The uccurring isobestic point can be explained as a 
constant absorbance made up of the simultaneous decrease 
in the concentration of the original molecule and the gener- 
ation of its modified derivatives at the same time. 

It has been demonstrated I6] that the light-induced mod- 
ification of PH3 is a first-order reaction. It has been assumed 
that a similar type of reaction is also lelevant for light-induced 
changes of PH ! and PH2. 

The calculation of rate constants was based upon Eq. ( 1 ). 

tc~/ 

where k is the reaction rate constant ( s -  t ). 7" the time of 
exposure ( s}, C, the initial concentration of  the pharmacon 
( mole I - ' ). and C~ the concentration of the pharmacon after 
r s of exposure ( mole I - ' ). 

As the absorption spectra of the light-induced modification 
of the pharmacons are unknown, it had to be assumed that A, 
might be the resultant absorbance of both the original and the 
modified pharmacon. 

Consequently: 

A~=( I - p ) A . + p A  o (2) 

where p is the degree of conversion from the original to the 
modified pharmacon (0 < p  < i ), and Ap is the absorbance of 
the modified pharmacon after exposure of z s. 

Eq. ( 2 ) could be transtbrmed to Eq. ( 3 ). 

A ~ - A .  
p =  ~ (3) 

A t +  ~,)  

If B -- An + A,. then 

A . - A , ,  
p =  ~ (4) 

B 

Eq. (5) can be derived from Eq. ( 1 ) and Eq. (4).  

k = / I n ( I - p )  (51 
7- 

if the light-induced change of the pharmacon was a first- 
order reaction, a linear function must exist between In( I - p ) 
vs. 7-. Appropriate values have to be found for B by means of  
iteration to fulfil this requirement. The two slopes (k;~ ,.ka: ), 
calculated at A, and A: wavelengths, should correspond to 
Eq. (6).  

kaI-Ka." _<0.1 (6)  
ka. 

3.1.2. Light-imhu'ed changes reduced by GLS 
As PH 1 and PH2 are light sensitive only in the UV region, 

according to preliminary investigations, the respective glass 
light screeners GLSI ,  GLS3, GLS4, GLS5 and GLS6 were 
used in studies with them. PH3 is, however, light sensitive in 
the visible range too 15 l, therefore the glass light screeners 
GLS2, GLS4, GLS5, GLS6, GLS7, GLS8 and GLS9 were 
applied in tile respective studies. The kinetics of  the light- 
induced changes of pharmacons investigated are presented in 
Figs. 5--7. 

Note: Because of the extremely high light sensitivity of 
PH3, the rate of  its light-induced changes under unscreened 
light was very rapid, that is why the kinetic curve is tnissing 
from Fig. 7. 

The rate constants can be calculated according to Eq. ( 7 ). 

~a k^,k^ + ^  k + . . . +  k + . . . +  k (7)  
- 2 2 - A ~  A,--A,~ I A.--An ~" I 
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-41 , l . l . , . , 

0 1000 2000 3000 40(30 

Fig. 5. Changes in kinetic~ of light induced m~Rlification of Promelhazine 
HCI ( PH I ) caused by the quality of the used glass light screeners ( sec Table 
3 ): ~. no screening: ©, (ILS I: 1. GLS3; OF. GLS4: +. GLS5: x. GLS6. 

O0 . . . . . . . . . . .  ~ ~ ,,~ 

~ -10- ~ 

~ -15' 

-2 0 

-2 5 O ~  

-30 

Fig. 6. Changes in kinetics of light-induced modification of Carhidopa 
(PH2) caused by the quality of the u~,cd glass light ,,creencr~ ( ',ee Table 3 ): 
o. no screening, e. GLSI: I (H.S3: O. GLS4; +. GLS5: x. GLS6. 

_ A.....JL. • • j. ..~ 

0 500 'tO00 1500 2000 2500 3GO0 3500 4000 45120 

I. s,~c 

Fig. 7. Ch~nge.~ in kinetics of light-induc,'d n~odilic~.tion ot Niphed;pin~: 
( PH3 ) caused by the quality of the used glass light .,,crcel:ers ( see T:tble ~ ): 
*. GLS2" O. GLS4: [Sl. GLS5: 0. GLS6: +. GLS7: x. GLSS: &. GLS9. 

where h., is the shortest wavelength in the ith range (nm) .  
A~ + a the longest wavelength in the ith range (nm) ,  k^,_ ,it,., 
is the reaction rate constant induced by the emitted light range 
from A,. through h,.+ i ( s - ' ), and ~^k is the measured reaction 
rate constant enabling the calculation of  the partial reaction 
rate constant ( s -  ~ ). 

A factor that corrects the actual light intensity values of 
the light source at any wavelength rang~: was introduced in 
Eq. (8) .  

AF.I 

f P(A) dA 

^l (8 )  JA,- ,It,. I ~ Am.,,, 

~ Pl}t) dA 

A m,,~ 

where A,,,,, and A,,,,x are the shortest and the longest wave- 
lengths in the spectrum of  the light ~ u r c e  and P(A) is the 
light intensity at wavelength A (mW cm-- ' )  

After dividing partial rate constants by the respective fac- 
tor. a corrected vah, e wa,; obtained corresponding to the 
assumed chemical changes of  the substrate, induced by expo- 
sure to light in the wavelength range between At "and Ai ,. ! lyat 
with the total light intensity of  the light .source emitted 
between A,,,,, and A,,~.,. The list of the corrected partial reac- 
tion rate constants is shown in Table 3. 

The corrected rate constant values are plotted against the 
mathematical mean values of the respective wavelength 
ranges in Figs. 8-10. 

The light-induced changes of  P!! i  ~ , u r r e d  intensively 
under exposure below A = 300 nm. An increase in the wave- 
length of  incidental light decreased its sensitivity practically 
to zero around A = 400 nm ( see Fig. 8).  

The light sensitivity of  PHI significantly exceeds that of  
PH2 at A = 420 rim. The difference in rate constant d i~ppears  
around A = 350 nm. The rate constant of  PH2 drops close to 
zero over A = 420 nm. 

Light sensitivity of PH3 exceeds by an order of  magnitude 
that of  PHI in the wavelength region of  300 nm-420  nm. 

Comparing the light ~nsi t ivi ty of  the PHs in the visible 
range from 400 to 450 nm. the following can be concluded. 
At A = 400 nm PH3 is three times more sensitive than the 
other two. At A = 420 nm PH 1 and PH2 are practically not 
sensitive to light, whereas the light sensitivity of  PH3 is still 
well measurable. At A = 450 nm none of  the three pharmacons 
is light sensitive. 

Evaluation of  the data in Table 3 and in Figs. 8-10 sug- 
gested that elaboration of  the most appropriate light ~reening  
films for particular wavelength ranges emitted by the light 
source, bringing about the fastest light-induced changes of  
the respective pharmacon, should be the next task of this 
work. 

3.1.3. Composition o f  LS'~ for  the' bnproved light s,ability o f  
pharmticons 

For the desired screening of the light emitted by the light 
source, particle filled polymer films were foreseen. Con- 
sumer 's  demand was full transparency of  the particle filled 
films without any turbidity. Cons~.quently, ultrafine disperse 
pigments could only be applied (2 l. TiO_, pigment of average 
particle size 20 nm proved to be appropriate. To enable the 
uniform distribution of  tile particles in the matrix polymer, a 
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Table 3 
List o f  the .,,tudied wa,.elength range,,, applied correction factors and calculated and corrected partial reaction rate constants of  the. pharmacons 

A: -A , . ,  1~, . . , , .  x l O  ~ 
( - )  

( n m )  

P r o m c t h a z i n e H C l ( P H I ) k x l O  ~ ( s  i) C a r b i d o p a ( P H 2 ) k × l O  ' ( s - ' l  N i p h e d i p i n e t P H 3 ) k x l O  ~ l s - ~ )  

Measured Corrected Measured Corrected Measured Corrected 

280-3211 4.8 2.245 467.7 0.28 58.80 - - 

300 -38 0  27.0 . . . .  32.660 1170.63 

320 -380  13.3 11.365 27.44 0.71 53.411 - - 

3 8 0 - - 1 ~  3.8 0.039 10.25 O. 14 38.72 4.346 155.78 

401)--430 36. I 0.093 1.79 O. I0 2.03 1.065 2(1.60 

4 3 0 - 4 8 0  4 .2  - - 0 . 0 3 0  7. I I 

4811-530 6.3 - - - 0.O311 4.07 

530-6 (K1  ! 3 .6  - - - O.(XX) ().IX) 

silo 

4 s o  

,oo.\ 
350- 

b 2so. \ 
I-  \ 

200. \ 

150- \ 
• \ 

l o o -  NN 
• x. 

50- ~'.~. 

0 , • , " ' i • , • - i 
300 320 340 360 380 400 420 

~.,nm 

Fig. 8. Correlation between the corrected reaction rule constant and the 
re~pecti~,'e mean wavelength values in the case of  Promethu,zinc HCI ( PHI ). 

5o. 

40.  

'to 
tn 
im 30. 

1o. 

..... 

0 

; , . n m  

\ 
"x 

\ 

\ 
\ 

\ 
\ 

\ 
\ 
\ 
\ 
/ 

~o ~o ,~o 

Fig. 9. Correlation between the corrected reaction rate COl)slant and the 

respecti,,e mean wavelength values in the ca~,c of  Carbidopa ( PH21. 

suffactant (Zn stearate) had to be, added to the system. The 
cornposi:ions of the prepared films are shown in Table 2. 
These films can also be characterised by their UV-Vis spectra 
(Fig. 11). 

For the selection of the most appropriate light screening 
film to a particular pharmaeon, the following has to be con- 
sidered: the light screening film, which exhibits the maximum 
absorbance (minimum transmittance) in the same wave- 
length range at which the particular pharmacon shows the 

1200. 

e00 I 

600 ,-- \ 
\ 

\ 
\. 

200- N 

\ 

350 400 450 500 5;0 600 

~, nm 

Fig. IO. Correlation between the corrected reaction rate constant and the 
rc~,pccti,,e mean  ~va,,elengTh value,, in the ca,,e of Niphcdipine I PH3 ). 

highest reaction rate constant, can most effectively protect 
the pharmacon against light-induced changes (k,. .... in Table 
4). Pharmacons PH 1 and PH2 LSF4 promised to 0e the most 
appropriate, although LSF2, 3, 6 have also been taken into 
consideration. No single light screening film seems to be 
appropriate for tb¢ protection of PH3. On!y the simultaoeous 
application of a binary system composed of LSF4 and 5 or 
LSF5 and 6 can solve the problem. 

Light-induced modification of PH ! in the absence of light 
screening films was very fast. In the presence of the matrix 
polymer LSFI no marked protection occurred. In the pres- 
ence of LSF2 the protection was practically complete, and 
therefore the use of LSF3 and 4 with higher TiO: content was 
not necessary. The light protecting effect of LSF6 was nearly 
equal to that of LSF2 ( Fig. 1 2 ). 

The light-induced modification of PH 1 was, in the absence 
of light screening films, significantly faster than that of PH2. 
The chemical change of PH2 was markedly slower in the 
presence of LSF! although the rate of reaction of PH2 in this 
system was still higher then the respective rate of PH2 without 
any light screening film. The light screening effect of TiO., 
filled films was significant and the protection grew up to 
O. 15% particle containing LSF3 but no further improvement 
was caused by LSF4. Light protecting effect of LSF6 was 
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LSF5 

v - i  • .4 

).., ~m 

LSF6  

45  - (b )  / LSF4 

r 
~ 2.5 ~ .L ~ j r  / /  

i ,o \ x ,  'y," ", 

: ~  15  , . . . . . . . .  - ' ~ , ,  

1 0 " .  .., - . .  . . . . . . . . . . . . . . . . . . . .  , ~ . . . .  ....:-:-" ,;,...~...j::..,~.. ....... / - .  
05 ............. ... - ~ - - ~ .  - - - ~ ~ _ _ ~ . ~ , , , , , . .  

O0 , i , , , . I , , , ' T ' ~ f f -  , " J 
200 3O0 4uO 500 6OO 7OO 800 

W a v e l e n g t h ,  n m  

Fig. I I .  UV-Vis spectra of light s~.'reening tilms disc0osed in Table 2. ( a ) A 
vs. transmittance, (b) A vs. absorbance. 

Table 4 
Glass liLzhl screeners 

No. A, ( n m  ) Transmittance I ~ ) 

In the ~cre,:ned !.-. the tran~mit.'.,z;J 
region ( A > ,t, I region ( A < ,~, ) 

GLSI 280 < 0.5 > 97.5 
GLS2 3{X) < 0.6 > 98.7 
GLS3 320 < 0.5 > 98.3 
GLS4 380 < 0.7 > 99.2 
GLS5 4(Hi < 0.9 > 96.2 
GLS6 430 < I. I > 96.4 
GLS7 4 8 0  < 1,8 > 97.8 
GLS8 530  < 2.9 > 98.5 
GLS9 600 < 3.0 > 95.5 

Z,, upper limit of the c u t  off xvax'¢Icn~;h region. 

higher than mat of LSF2 but lower than that of  I,SF3 (see 
Fig. 13). 

The light-induced change of PH3 was the fastest in the 
absence of light screening films among the three pharmacons 
studied. In the presence of LSFI, 2, 3, 4, 5 and 6 the rate of  
the light-induced change of PH3 decreased, but the reduction 
was not sufficient. Since PH3 is sensitive both in the UV and 
Vis regions, best protection could be expected only from the 

to~l~C 

Fig. 12. Light-induced change of Promethazine HCI ! PH ! ) in the presence 
of light screening film,,: e, no screening: B. LSFi, ~, LSF2: G. LSF6. 

o o - , ~ ~  ; - ;  

~ - 1 5  

-2 5 I I  

- 3  0 . . . .  , . , • • , 
0 600 1200 ~8C0 2400 3000 3 ¢ ~  

Fig. 13. Light-indnct:d dnunge of Carbidopa ( PH2 ) in ~he pre~ence of light 
.~creening films: l .  no ~creening: + ,  L S F I ;  # ,  LSF2; e. LSF6: * .  LSF3. 

-20 
o ~o ,-~ ~ 

"¢, Se¢ 

Fig. 14. Light-induced change of Niphedipin¢ I PH3 ) in the presence oflighl 
screening lilms: o, no screening (L.,, =0.5 mW ¢m :);  "~, L S F 3 : 1  LSFS: 
x. LSF4 * LSFS; o, LSF6. 

combination of LSF4 and 5. Experimentally it could be ver- 
ified that this combination (i.e. the two films behnnd each 
other and between the light source and the dissolved PH3) 
slowed down most significantly the studied light-induced 
reaction of  PH3 (Fig. 14). 

New reaction rate constants related to the selected combi- 
nations of  pharmacon-LSF systems could be calculated and 
are presented in Table 5. 



178 G. Tli.,3." et al. / Journal of Photochemisto' and Phou~biology A: Chemistra' i i i t 1997) 171-179 

Table 5 
Changes in the reaction rate constapl of the pharmacons measured behind the selected light screening films 

Films Pharmacon~, 

Promethazine HCI ( PHI I Carbidopa (PH2) Niphedipine ~ ( PH3 ) 

k,, k, k,/ k,, k,, k, k,/ k,, k,, k, k, l k,, 

x 10 -'~ x 10-: x 10 -4 .'< 10--" x 10 -'~ × 10--' 

LSF2 76.9 0.9 !. ! . . . .  
LSF3 - - - 9.8 0.2 2.3 29.6 33.5 12.0 

LSF3 + L S F 5  . . . . . .  29.6 !.2 4.0 

k,,. measured  rate constant  without  LSF; k,. measured rate constant  behind  LSFi ( i = serial number  of  LSF) .  

~' Due to h igh light sensit ivi ty o f  PH3. its k,, value determined at 0.5 m W  cm -' i l luminat ion intensity instead of  the usually used 6 m W  cm - '  intensity.  

Note: For the calculation of  the rate constant in the case of  
unscreened PH3 the values obtained with reduced intensity 
of  light source were applied. 

3.2. l~'ght-induced changes  o f  pharmacons  in pi l ls  

The most appropriate LSFs for the protection of dissolved 
pharmacons were investigated as protectors in the light- 
induced changes of the same pharmacons in pills. Experi- 
ments with PH3, however, could not be performed, because 
a strong change in the coiour of  the pill was observed already 
under the action of the light of  the reflective colorimeter. The 
results of  the investigations with the pills of  the two further 
pharmacons (PHI and PH2) are shown in Figs. 15 and 16. 

It can be understood that the rather fast change in the colour 
occurs exclusively on the surface of  the pill and the action of 
the light was negligible within it throughout the duration of  
light exposure. The change in colour of  PH 1 was rapid if no 
LSF had been used, (AE.,h* = 11 after 15 min). In case of  
LSF2, however, no detectable change in colour (AE~h* = 1 ) 
occurred within the first 15 min of  exposure. A remarkable 
change in colour (AE,,h* = 11) occurred - -  without light 
screening - -  within 15 min in the case of PH2, whereas 
exposure for 90 min was necessary under identical conditions 
for a similar marked change in the colour of  PH !. in case of  
LSF3 the change in colour of  PHI was AE.,h* = I after 40 
min and AE.~* = 2 after 90 min of  light exposure. It can be 
concluded that the same LSF provided the best protection 
against light-induced decomposition of  a pharmacon regard- 
less of  its dissolved or solid state. 

4. Conclusions 

zXE:, 
12 -  

10  - ~ "  

• . t  

8 " ~ "  ~" 

2 -  

0 • i - i • i • l • I • i - l - i 
0 2 4 0 0 10  ' f2  14  10  

I , ra in  

Fig. 15. The change it) coh)ur of Carbidopa ( PH2 ) pills induced by light 
exposure: *. no screening; +. LSF2. 
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Fig. 16. The change in coh)ur of Promethazine HCI ( PHI ) pills induced by 
light exlx)suru: I ,  no screening, e, LSF3. 

The photo-induced changes of  the pharmaeons PHI and 
PH2 are induced by the UV radiation of  the light source 
ranging from A = 200 through 450 nm. One possible way to 
neutralise the action of  the light in this case was the appli- 
cation of  light screening films filled with identical sized par- 
ticles (UV-TITAN ® PI60)  but in different concentrations. 
The PH3 was light sensitive in the region of A = 200-420 rim. 
Light stabilization of  the latter pharmacon could be achieved 

by the simultaneous use of two LSFs, one of which was 
protective in the UV region and the other one in a visible 
range. No difference in sensitivity could be detected for a 
particular pharmacon between its dissolved state and its sur- 
face in solid state. The best light stabilisation was performed 
by LSF systems which had the highest absorbance at the ~ame 
wavelengths where the pharmacon showed its highest partial 
.rate constants. 
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