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PHOTODYNAMIC ASPECTS OF SOME METAL COMPLEXES 

Göran Wennersten 

from the Departme11t vf Dermatvlogy. Karolinska .vj11khaset. Stockholm, Sweden 

Abstract The potential phototoxic capacity of somc meta! 
compound� of clinical significance in <lermatology ha, 
been investigated by meam of the photohemolysis tech­
nique. N o photosensitized hcmolysis of erythrocytcs wa, 
observe<l with the chromium. nickel. copper an<l cobalt 
compoun<ls studied. On thc contrary. nickel and cobalt 
compound� proved 10 be efficient in quenching singlet 
oxygen mcdiated photo-oxidative mcmbrane damage of 
red blood cells. Cadmium compound\ sho,�ed a pro­
nounced photohemolytic activity and the reaction wa� 
oxygen dependent. The deuterium test for singlet oxygen 
showed a significant increa�e in photohemolytic efficien­
cy. The addition of histicline. a known quencher of singlet 
oxygen, resulted in a significant inhihition of the photo­
hemolysis. Pronounced photo-oxidative damage to plasma 
membrane, was also observed in vitro cultivated cells by 
means of ,canning elcctron m1croscopy. 

Ke1· ll'ord,: Meta! compounds: Cadmium sulphidc: Pho­
to-oxidative damage; Photohemolysis: Elec­
tron microscopy scanning 

:Several meta! compound� wh1ch arc capable of in­

ducing allcrgic contact dermatitis in humans also 

interfere with ultraviolet light irradiation in different 

ways. Some of these compounds probably act as 

photosensitizing agents, but others scem to havc an 

inhibitory efTect on ultraviolet light induced reac­

tions. 

Photodynamic action may be characterized as the 

oxygen-dependent. sensitized photo-oxidation of a 

biological wbstance. Two major primary mech­

anisms are found lo occur. Type I, a direct reac­

lion bctween scnsitizer triplets and the oxidiza­

ble sub,trate, followed eventually by reaction with 

molecular oxygen. Type Il, a reaction which in­

volves thc transfer of excitation energy from the 

triplet �en,;1tizer to molecular oxygcn. with the for­

mation of singlet excited oxygen which thcn may 

react with the substrate (5. 10. 19). 

It is known that several biological photo,ensiti­

zers act by the way of singlet oxygen which is 

considcred to be an imponant intermediary in pho­

to-oxidative reactions. Examples of such endogen­

ously occurring photosensitizer� are bilirubin (2, 

16). the tryptophan metabolite kynurenic acid ( 15. 

21) and probabl y protoporphyri n ( 11. 13. I 'i). 

In clinical dermatology, it has been suggested

that light sensitivity occurs in a,,ociation with the 

following meta!<,: cadmium and various chromium 

salts. Other mctals of clinical importancc are not 

known to possess photosensitizing capacity. 

Cadmium in thc form of cadmium sulphidc, when 

used as a yellow pigment in talloos, regularly 

induces erythema and oedema on exposure to 

<;unlight (I, 7). The reaction is seen on 1he fir,t 

exposurc and is considcred to be phototoxic. 

Longwave ultraviolet light is re�ponsiblc for the 

reaction (I). Little is known about the way in which 

this photosensitivc reaction is mediated. 

Patients with chromium dermalllls have been said 
10 exhibit light ,ensitiv1ty which may thu!> be onc 

factor in the explanation of the scasonal variations 

observcd (4. 8. 22, 23). In photochemistry. various 

chrom1um complexes are known to interact with 

'linglet oxygen mechanisms in a rather complex 

manner (3. 18). 

The purpose of the present study was to investi­

gate the potential phototoxic capacity of some 

metal compound, of climcal significance regarding 

damage 10 biolog1cal membranes. as registered by 

the use of the photohemolysis tcchniquc (9, 17. 

20). hut photo-oxidative damage induccd by 

cadmtum sulphide has also been ,tudied hy mean, 

of in vitro cultivated cells and scanning electron 

microscopy. using a method reported recently (24). 

Furthcrmore. the biological relevance of the sing­
let oxygcn quenching capacity of nickel and coball 

compounds was studicd in reactions induced by 

the endogenously occurring metabolite. kynurenic 

acid. 
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Fig. J. The degree of photohemolysis as a function of 
concentration of cadmium sulphide. The experiments 
were performed with D,O and H,O as solvents and in 
deoxygenated blood (N,). 

MATERIAL AND METHODS 

Photohemo/ysis 

The experiments were performed with the photo­
hemolysis technique described by Peterka et al. ( 17), 
modified by Kahn & Fleischaker (9) and earlier used in 
our laborar.ories (I 5, 20. 21). 

Investigated substances wcre dissolved in 0.02 M 
phosphate buffer, pH 7 .4, containing 0.14 M NaCI based 
either on H,O or D,O (99.8%). AB Atomenergi. Studsvik, 
Sweden). 

The meta! compounds investigated K2Cr20,, Na,CrO,. 
CrCl3, NiSO,. CoCI,, CuSO,. CuCI,, CdCl2 • CdS. were 
tested in the following concentrations, 2, 4, 8, 16. 32 and 
64 mg per 100 ml. Molar concentrations of CdS were 
2.25X 10-". 4.5x 10-3

_ 9x 10-" M corresponding 10 32. 64 
and 132 mg per 100 ml. These higher concentrations of 
CdS were used in the experiments with longwave 
ultraviolet light (UVA) under experimental conditions de­
scribed below. In quenching experiments with kynurenic 
acid in a concentration of 5.3x 10-3 M. NiSO, and CoCI, 
were added in the molar concentrations of 0.4x 10-3

• 

0.75X 10-3, l.5X 10-•. 3X 10-•. 6x 10-3 and 12X 10-3 M.
Packed human red blood cells were washed three times 

in physiological saline and 0.1 ml was then added to 10 ml 
of the buf

f

ered solutions mentioned above, and poured 
into 2 mm quartz cuvettes. Controls were incubated in the 
dark at 37°C. Test suspensions were exposed lO ultraviolet 
light after about 10 min. which was considered sufficient 
for equilibration of the two types of water. Two types of 
ultraviolet sources were used. For screening purposes an 
Osram high pressure xenon arc lamp. XBO 150 W. in a 
Zeiss microscope lamp house with a quartz collector was 
used. Irradiations were performed at a distance of 40 cm 
from the lamp aperture to the test cuvettes. The lamp was 
equipped with a Schou WG 295 filter to give a sun­
spectrum-like radiation. The intcnsity of the beam under 
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these condition, was 48 mW cm-2 and exposure time
0.3 x 10' sec. For selected studies on cadmium compounds 
and in the quenching experiments with kynurenic acid, 
nickel and cobalt salts. the investigations were sup­
plemented with irradiation from a Black-Ray B-100 A lamp 
(Ultra Violet Products lnc.) giving a \ongwave ultraviolet 
radiation (UV A) ranging from 350 to 380 nm. with ils 
intensity maximum at 366 nm. In thesc experiments ir­
radiations were performed at a distance of 12 cm. The 
ir>'wsity of the lamp al this distance was 6.5 mW cm-2•
Measuremems were performed with a Hewlett & Packard 
Radiant Flux meter. 

After irradiation the test suspensions were centrifuged 
at 2 000 rpm and the optical density of the supernatant 
tluid determined al 540 nm on a Beckman DB Spectro­
photometer after an incubation time of 2 h at 37°C. Results 
were compared with the dark control and with a total 
hemolysis control (9, 20), and cxpressed in percent rela­
tive to the 100% hemolysed specimen. 

In order 10 study thc oxygen dependence of the photo­
hemolytic reaction induced by cadmium sulphide, the 
blood was deoxygenated by bubbling nitrogen through the 
sample for 2 min before the irradiation. The deuterium 
effect for identification of singlet oxygen (12. 13, 14, 15, 
21 l in photohemolysis induced by cadmium sulphide was 
studied by replacing the solvent H20 by D20. The H20 
content ofred cell suspensions with D20 as a solvent. was 
calculated to be less than I%. In the dark. no hemolysis 
was observed after 45 min. either in H20 or in D20. 
Furthermore. inhibition studies were performed by adding 
the singlet oxygen quencher histidine ( 14) in a concentra­
tion of3.2x JQ-4 M.

Ce/1 /ines and c11/t11re conditions 

Experiments with in vitro cultivated cells were performed 
on normal diploid human glia cells by using the mcthod 
established and reported in a previous investigation (24). 
The cells were grown in Eagle's minimal esscntial medium 
supplemented with 10% calf serum and antibiotics ( 100 
U/ml of penicillin. 50 1,tg/ml of streptomycin and 1.25 1,tg/ 
ml of streptomycin and I .25 1,tg/ml of amphotericin B) on 
12 mm round glass coverslips no. 0, placed on the bottom 
of plastic Petri dishes. The cells were harvested 3 days 
after subcultivation when they werc actively dividing, 
though not yet forming a confluent monolayer. 

Sca1111i11g electron microscopy (SEMJ 

Alterations induced by longwave ultraviolet light (UVA) 
from the Black-Ray lamp and cadmium sulphide in the 
concentrations of 4.5x 10-3 and 9x 10-• M were studied. 
The period of incubation prior to irradiation was I hour. 
Exposure time was 1.2 x 103 sec. 

Subsequent to fixation for 60 min at 37°C in 2 % gluta­
raldehyde in 0. I M Na-cacodylate HCI buffer with 0.1 M 
sucrose (pH 7.2; total osmolality=SIO mOsmol; vehicle 
osmolality=300 mOsmol), the cells were post-fixed in 2% 
0s0, in s-collidine buffer (pH 7.2) for 90 min at 22°C. A 
brief rinse in 0. 15 M cac buffer (pH 7 .2) at 22°C was 
interposed between the two fixations. Care was taken not 
to dry the cells during the replacement of medium with the 
aforementioned glutaraldehyde fixative, warmed 10 37°C. 
After post-fixation. dehydration was performed in a 
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graded series (509r. 70%. 75%, 80%, 85%. 90%. 95%. 
100%) of cthanol. The cells were then brought to acetone 
and critical-point dried from C02 in a Polaron E 3000 
apparatus. After mounting on stubs with silver conductive 
paint. rhe specimens were coated with a 300 Å thick layer 
of gold in a Polaron sputter apparatus. The specimens 
studied in a Jeol JSM-SL microscope al 10 kV (24). 

RESULTS 

Photohemolysis 

No significant photosensitized hemolysis of red 

blood cells was observed with the chromium com­
pounds investigated under the experimental condi­
tions used. when compared with controls. Similar 
negative results were obtained with the nickel, cop­
per and cobalt compounds studied. 

By contrast, when cadmium chloride was tested 
for sensitizing action in this system using the xenon 
arc lamp, a significant photohemolysis was ob­
served, augmented with increasing concentrations 
of cadmium and reaching a maximum of 30 o/c 
hemolysis. Cadmium sulphide was also photo­
hemolytically active with a roughly similar per­
centage of hemolysis, despite the insolubility of 
thc substance, which had to be used as a suspension 
not completely dissolved in the buffer. When irra­
diations with exclusively UV A were performed. a 
similar degree of hemolysis was seen as in the ex­
periments with the xenon arc lamp. 
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Fig. 2. Inhibition of photohemolysis induced by kynurenic 
acid in a concentration of 5.3x 10-3 M, by the addition of 
NiSO, (solid line) and CoCI, (dotted line) in increasing 
concentrations. 

Fig. 3. Scanning electron microscope picture of a control 
glia cell treated with cadmium sulphide only (9x !0·3 M) 
and no UV A irradiation. The cell show a quite normal 
appearance ( x 3 400). 

The oxygen dependence of the photochemical 
reaction induced by cadmium sulphide and UVA 
was studied by bubbling nitrogen through the sam­
ple in order to deoxygenate the blood. The degree 
of photohemolysis was 30% in the control sample, 
while only 2.5% was found in the deoxygenated 
blood (Fig. I). The deuterium test for singlet oxy­
gen showed a significanl increase in the photo­
hcmolytic efficiency in the perdenterated solvent 
which at the lower sensitizer leve! amounts toa fac­
tor of 10, though the increase is smaller at the higher 
sensitizer concentrations, with 73 % photohe­
molysis in D20 when compared with 30% in H20 
for the highest concentration of cadmium sulphide 
used (Fig. I). The addition of histidine in a con­
centration of 3.2x 10-• M to cadmium sulphide 
(9x 10-3 M) in H20 caused a slight though significant 
inhibition of the photohemolysis, from 30% to 20%. 

Singlet oxygen quenching capacity of nickel 

and cobalt compounds 

When the singlet oxygen quenching capacity of 
nickel and cobalt compounds was studied on photo­
hemolysis induced by kynurenic acid and UV A. 
a considerable inhibition was observed and the 
photohemolysis was reduced from 32% to 0% with 
about the same efficiency in both metals (fig. 2). 
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Figs. 4-5. Surface chamies of gl1a cells lreated with 
cadmium sulphide (9.0x 10 • M) and UVA ( l.2X 10'1 scc) a� 
sho\\n m lhe scanmng electron m1croscope. \dvanccd 

Sca1111i11R e/ectron m,croscopy (Sl:...11) 

The alterations caused by cadm1um sulph1de and 

UVA on in vitro cult1vatcd celb \\hen studied by 

scanning electron microscopy (SEM) consisted of 
advanccd cellular damage with enormous w,elling 

and blcbbing of the cells and the dcvelopment of 
1e1rnc11un fibrils (r1g-... 4 . .)). t cll-.. trealed \\llh 
cadmium �ulphide only and no l.JVA irradiation 
:,howed a quite normal appearance with no further 

alteration� ( Fig. 3). 

DISCUSSION 

The photoscnsiti,ing capacity of variow, meta! 

compound!-> of clinical importance n dermatology 

has been investigated with regard to e,pected 

photo-oxidative damage of cellular membranes. 
The technique of photohemolysis has been used. 

which is a reproducible and standardizable method 

suitable for the selecuve study of photobiological 
problems. It can be used for screening purpo,es on 

�ubstance� expected 10 cause photo-oxidat1ve rcac­

tions resulting in ccllular damage. Howevcr. photo­
,ensitizer, \\ hich do not requirc molecular o,ygcn 

for their action and/or react w1th n.iclear material 

will be ineffective in this system. Neverthele�:,. ery­
throcytes offer a unique material for the �tudy of 
cell membrane photo,ensitizat1on \\ ithout other 

complicatmg structurcs and several importanl i:n-
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cellular damage \\llh swelhng and blebbing of the .:elb" 
noted (Fig. 4. x I !l()(l. Fig. 5. x1 �00). 

dogcnousli, occurnng photoactive substances such 
as protoporphyrin ( 11. 17). bilirubin ( 16) and kynu­

renic acid (21 l are known 10 mduce a pronounced 

photohemoly,i,. Similar photo-oxidative mem­
brane damaged b scen w ith many other commonly 

u,c::d pharmacological photo,en'iitizer,. v1L. chlo1-
promaLine. dcmethylchlortetracycline. griseoful­
vin. etc. (9. 15. 20). 

Concerning chromium compounds. earlicr fiml­

mg, have indicated a pos,1ble photo,ensitizing 

capaCll}- in patti:nts w1th chromium dermatitis (4. 

22. 23). Furthermore. it ha, been shown that the

exdted state of :,ome chrumium complexes can be

quenched by molecular oxygcn to give :,inglet oxy­

gen. but the reverse proces'i-singlct oxygen
quenching by meta) chelate,-is abo conccivablc
(3. 18). In thc:: present study no significant hemolysis

of red blood cell-. \\aS observed with the chromium
compounds investigated under the prevailmg ex­

perimental conditions. Further studies on the prob­

ablc photosensitizing capacity of thcse :,ubstanccs
in other in vitro and in vivo ._y<;tems \\ill be required
and ,1andard1Lc<l photopat;;h testing of patienb

\\ 1th chromium dermatili» seems necessary. The se

invest1gations are now in progress.
1 he nickel compounds investigated failcd to elicit 

photohemolysb. Nor are dm1cal photoreaction:, in 
patients w ith manifest nickd dermatitis known to 
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occur. lnterestingly enough. nickel and cobalt com­

pounds proved to be efficient in quenching singlet 
oxygen rnediated photo-oxidative membrane darn­

age, here provoked by the use of kynurenic acid 
(Fig. 2). The biological implications of this finding 

are uncertain but may be of importance amongst 

other quenchers of singlet oxygen in pathological 

reactions mediated by this mechanism. 

Cadmium sulphide is used in the production of 

photoelectric cells, and thin crystals show absorp­

tion from 510 nrn through the region of longwave 

and shortwave ultraviolet light (6). 
Phototoxic reactions are known to occur in pa­

tients where cadmium sulphide has been used in 

lattoos and Jongwave ultraviolet light has been con­
sidered responsible for the reaction (I). This con­

cept is confirmed by the present study where 
photohemolysis could be elicited by UV A irradia­

tion exclusively. Little has been known about how 

this photosensitized reaction is mediated. The pres­

ent data reveals that the reaction is strictly oxygen 
dependent (Fig. I). In the deuterium test for singlet 

oxygen reactions the expected increase in lifetirne 

of singlet oxygen would be around tenfold. giving a 

corresponding increase in photohemolysis. The 
photohemolytic efficiency of cadmium sulphide is 
increased in the perdeuterated solvent, as compared 
with water. which at the lower sensitizer level 
amounts to a factor of 10 (Fig. I). The smaller effect 

observed at the higher sensitizer concentrations 

may be ascribed to the fäet that the extensive 
photohcmolysis observed in D,O at these levels 

approaches its maximum, and is no longer propor­

tional to the number of primary chernical events. 
These findings seem lo indicate (at least in part) a 

singlet oxygen pathway in photoreactions induced 

by cadmium compounds, which is further corrobo­
rated by the f act that the singlet oxygen quencher 

histidine, when added, gives a significant inhibition 

of the photohemolysis. 
In the present study cadmium sulphide showed a 

pronounced capacity for photo-oxidative damage to 

biological membranes, as seen in the experiments 

pe1formed with red blood cells. Similarly, pro­

nounced damage was also seen in in vitro cultivated 
cells with conspicuous plasma membrane altera­
tions revealed by scanning electron microscopy 

(Figs. 4. 5). Whether or not other cellular con­
stituents are damaged by cadmfom sulphide and 
UV A remains to be investigated by means of 

transmission etectron microscopy. 
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