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PreventiOn of NiSO. mduced allergic contact dermatitis (ACD) usmg ZnSO. m drmkmg water was 
studied m a gumea pig model. Without ZnSO. mtervention, mckel (Ni)-exposure resulted m signifi­
cantly higher (p<0.05) stimulation mdices (Sis) as compared to non-exposed controls, usmg NiSO. 
as an allergen m the lymphocyte transformatiOn test (LTT). Oral mtake of ZnSO. at both 250 JLg/ml 
double-distilled dewmzed water (DDD) and 500 JLgfml DDD resulted m lower Sis than those of 
control gumea pigs drmkmg only DDD; the 250 JLg ZnSO.jml group had Significantly lower Sis (p= 
0.025) than controls. There was no significant correlation between mtradermal test responses and the 
SI values of mdividual gumea p1gs exposed to NiSO •. Mean zmc (Zn) concentrations m skm and m 
whole blood were not statistically different between the NiSO. exposed control and Zn supplemented 
groups, nor between Ni-sens1tive and non-sensitive ammals withm groups. The role of Zn homeostasis, 
role of the Langerhans cell, effect of Zn supplementation on Ni ACD m other spec1es, and possible 
blockmg effects of other metals should be mvestigated m future studies. 

Key words: allergy; dermatitis; mckel; zmc; lymphocyte transformation test; gumea pig maximization 
test; blockmg effect; dietary supplementation. 

Accepted for publicatiOn 6 January 1988 

Nickel IS a leading cause of allergic contact 
dermatitis (ACD) m many mdustnal natiOns 
(1-3). EpidemiOlogic studies of human patch 
testmg w1th mckel sulfate (NiS04) revealed a 
prevalence of Ni allergy from 5-6% m the 
general public (4, 5) to 11% m dermatology 
clime patients (6). 

Sprmt et a!. (7) reviewed problems associ­
ated with vanous approaches to treatmg and 
preventmg Ni ACD, but attempts to treat or 
prevent Ni ACD by explmtmg metal:metal 
mteractwn were not found m the literature. 
Because of a possible blockmg effect of an­
other metal and because an excess or de-
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fic1ency of an essential metal might contribute 
to mcreased resistance or susceptibility to Ni 
ACD, It was decided to explore such possibilit­
Ies m the gumea pig ACD model. 

Gumea p1gs have successfully been sensi­
tized to NiSO. usmg different protocols (8-11 ), 
the most sensitive of which Is the gumea p1g 
maximizatiOn test (GPMT) of Magnusson & 

Kligman (10). Th1s test shows a h1gh degree of 
correlatiOn w1th Similar tests m humans 
(12-13) and IS an accepted procedure for Jden­
tifymg weak allergens, mcluding NiS04 (14). 

Nickel and other metals that cause ACD 
penetrate the skm and act as haptens, complex­
mg with selected peptide/ammo acid ligands 
to distort mtercellular or cellular protems, stl­
mulatmg a Type IV delayed (cell-mediated) 
hypersensitiVIty (15-16). A chemically similar 
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metal such as zmc should theoretically be able 
to block the site(s) where Ni complexes to 
protems (17-18). 

Zinc was chosen for this tudy for several 
reasons: Zn IS m the 4th penod of elements 
which mcludes Ni; Zn has been shown to mter­
act with Ni m vitro and m VIVO (19,20); and 
Zn mteract10n has been noted dunng ammal 
feeding tnals, with vanous purified diets and 
selected mmeral supplements (21-22). Hill (23) 
found that oral Ni toxicity m chicks could be 
prevented by mcreased dietary Zn. Zinc has 
also been shown to mteract with cadmmm (24, 
25) and other heavy metals (26). 

Zinc and, to a lesser degree, Ni are both 
concentrated (20-38% of total Zn) m ammal 
and human skm and ectodermal denvat1ves 
(27, 28). Under certam physiOlogical con­
ditiOns, sweat may constitute a significant ex­
cretory route for both Ni and Zn (29, 30). Zinc 
IS recogmzed as a keratogemc element and IS 
considered by many climc1ans and authors to 
be essential for optimal wound healing (31). 
Vanous forms of Zn therapy are beneficial m 
treatmg a wide range of dermatological prob­
lems (27, 29). 

Therefore, this study was undertaken to: (i) 
determme if Zn supplementatiOn m dnnkmg 
water dunng Ni sensitization and challenge 
had an effect on Ni-mduced ACD m the gumea 
pig, (ii) compare m vitro lymphocyte trans­
formatiOn test responses with m vivo mtrader­
mal hypersensitivity test responses m Ni ex­
posed and nonexposed gumea pigs, and (iii) 
determme if Zn supplementatiOn resulted m 
mcreased concentratiOns m skm and whole 
blood that could be correlated with the 
amount of Zn supplement and the gumea pigs' 
Ni sensitivity status. 

Material and Methods 

Expenmental ammals 
Non-pregnant female Hartley stock gumea 
pigs, 200-300 g, were housed mdividually m 
transparent, solid-bottomed, polycarbonate 
cages contammg heat-treated, screened soft-

wood bedding. The cages were fitted With 
stamless steel tops which accomodated a stam­
less steel J-feeder and 2 water bottles. 

Gumea pigs were given commercial gumea 
p1g pellets and tap water ad libitum for a 7-10 
day acclimatiOn penod. Four lots of pelleted 
feed were used dunng the expenment and con­
tamed mean jJ.gjgm ( ± SE) amounts of the fol­
lowmg essential elements: Ca 10,07 5 ± 363; P 
7,700±378; Cu 19.2± 1.1, Mn 131.3±8.1, Zn 
126.8±8.2; Mo 2.4±0.1, and Ni 4.3±0.3. The 
mean (±SE) concentratiOns (Jl.gjml) of essen­
tial elements m two samples of tap water, one 
collected at the begmmng and one at the end 
of the expenment, were: Ca 29.5±3.5; Cu 
<0.002; Mn 0.002±0.001, Zn 0.35±0.05; and 
Ni <0.001. 

Double-distilled, dewmzed water (DDD) of 
18-M.Q-cm resistance was used throughout the 
expenment for prepanng dnnkmg water sup­
plements, reagents, media, and for nnsmg 
glass and plastic ware used m handling samples 
for flame atomic absorptiOn (AA) spectropho­
tometry. Two samples of this water, one col­
lected at the begmnmg and one collected at 
the end of the expenment, were analyzed by 
the OhiO Department of Health, Water Chem­
Istry Laboratory, and contamed the followmg 
mean ( ± SE) concentratiOns (Jl.gjml) of these 
essential metals: Ca < 5.0; Cu 0.55 ± 0.05; Mn 
<0.03; Zn <0.03; and Ni <0.10. 

Zinc supplementation m dnnkmg water 
Followmg the acclimatiOn penod, gumea pigs 
were randomly assigned to one of 4 groups: [I] 
250 11g ZnS04/ml DDD, [II] 500 Jl.g ZnS04/ 
ml DDD, [III] DDD (Ni-exposed controls), or 
[IV] tap water (non-exposed controls). Zinc 
sulfate heptahydrate (ZnS04 7 HzO) was used 
(Mallinckrodt, Inc., St. Loms, MO). Zinc sup­
plemented DDD, DDD alone, and tap water 
were the sole sources of dnnkmg water for 
each group from 4 weeks before sensitizatiOn 
through the challenge phase of the expenment. 

Nickel sensitization of gumea pzgs 
Gmnea pigs received their assigned water for 
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4 wk and then were exposed (sensitizatiOn) 
to Ni (NiS04 6 H20); Mallinckrodt, Inc., St. 
Loms, MO) by the mtradermal and topical 
routes. The GPMT was modified by substitut­
mg non-IOniC Tnton X-100 (alkyl phenoxy po­
lyethoxy ethanol) for sodium Iaury! sulfate, as 
the topical surfactant or wettmg agent (II). 
The Ni sensitizatiOn penod was from day 0 
through day 22. On day 23, the animals were 
challanged With NiS04 mtradermally. 
Lymphocytes were collected and the gumea 
pigs were sacrificed on day 25. 

The first exposure to Ni was by mtradermal 
InjectiOn m the scapular area (day 0). Injec­
tions of 0.1 ml were made with Freund's com­
plete adjuvant (FCA) emulsified with an equal 
volume of physiologic saline; I% 
NiS04 6 H20 (w fv) m physiologic saline; and 
2% NiS04 6 H20 (w/v) m physiologic saline 
emulsified wtth an equal volume of FCA (1% 
NiS04 m FCA). A 4 x 6 em area on the dorsal 
mtdline over the scapular area was clipped of 
hatr. Three pairs of intradermal Injections were 
made 2 em lateral and parallel to the mtdline 
(one row of three Injections on each stde of 
the midline) to sensitize test anima1s. InjectiOns 
were made w1thm the clipped area cranial-to­
caudal m the followmg order: (i) 0.1 m1 of 
FCA emulswn; (ii) 0.1 ml of 1% NiS04 6 H20, 
and (iii) 0.1 ml of 1% NiS04 6 H20 m FCA. 
Because of the high viscosity of FCA emul­
stons, a 1-ml glass tuberculin synnge fitted 
wtth a disposable 26 g, 3/8" tuberculin needle 
(Becton Dickmson and Co., Rutherford, NJ) 
was used. Gumea ptgs m the non-exposed con­
trol group (tap water) received the followmg 
InjeCtiOns: (i) 0.1 ml FCA emulsiOn; (ii) 0.1 
ml physiOlogic saline; and (iii) 0.1 ml FCA 
emulsiOn. 

On day 6, the scapular area was agam clip­
ped and then shaved With an electnc shaver. 
A mixture of I% Tnton X-100 m whtte petrol­
atum, USP (wfw) was massaged wtth wooden 
applicator mto the 4 x 6 em area of bare skm to 
provoke a mild mflammatory reactiOn which 
favors sensitizatiOn (9). Tnton X-100 was used 
m thts senes of expenments, as the surface 

active agent, because It IS non-IOniC and has 
been used successfully to senstttze gumea pigs 
to NiS04 (11 ). 

On day 7, 5% NiS04 6H20 m petrolatum 
(w/w) was spread m a thick even layer onto a 
3 x 5 em ptece of non-adherent surgical dress­
mg. The NiS04-petrolatum patch was placed 
over the shaved skm and held by adhesive 
tape. This was secured by an elastic adhesive 
bandage twice the stze of the patch. Non-ex­
posed controls (tap water) was treated m the 
same manner, except Ni was not added to the 
petrolatum. The occlusive topical patch was 
removed after 48 h, on day 9 

Intradermal challenge 
On day 23, the nght flank of each gumea pig 
was clipped and shaved. One-tenth ml Intra­
dermal InjectiOns of 0.25, 0.125, 0.0625, and 
0.03125% NiS04 6 H20 m physiOlogic saline 
(wfv) and 0.9% NaCl (control) were placed m 
a row mto the flank. The diameter of distmct, 
well-circumscribed erythematous reactiOns 
was measured m millimeters (mm) wtth a 
transparent plastic gnd 48 h after InJeCtiOn 
(11). InduratiOn was not always pronounced 
and was not recorded. All sites were measured 
m the same room, under the same artifictal 
lightmg, by the same technician who was mten­
twnally not told which were treatment or con­
trol groups. 

Collection of blood and separation of penpheral 
blood lymphocytes 
On day 25, blood was collected by percu­
taneous cardiac puncture With a disposable 
10 ml plastic synnge contammg 200 units of 
heparm. 8 ml of hepannized blood was placed 
mto 24 ml (1 4 dilutiOn) of calcmm- and mag­
nesmm-free Hank's balanced salt solutiOn 
(CMF-HBSS) contammg 5 mM disodium di­
hydrogen ethylene diammetetra-acetate dihy­
drate (EDTA) (32). Up to 4 ml of hepannized 
blood was retamed for a complete blood count 
and/or frozen at -!Soc for later Zn determi­
natiOns. 

The lymphocytes were separated usmg a 
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combmation of 10.00 vol Hypaque sodium 
50%® (Winthrop Laboratones; New York, 
NY) added to 27.86 vol Ficoll-based Lympho­
prep® (Nyegaard and Co. A/S, Oslo, Norway). 
The resultmg solutiOn had a density of 1.085 
gfml. Followmg centrifugatiOn at 400 x g for 
40 mm at room temperature, cells m the trans­
lucent layer at the plasma-gradient mterface 
were removed with a sterile Pasteur pipet. 
These cells were washed m 22.5 ml hepanmzed 
(2 umtsfml) CMF-HBSS and centrifuged m 
30-ml round-bottomed polycarbonate (Oak 
Ridge-type) tubes at 200 x g for 10 mm. Pellet­
ed cells were resuspended m 25 ml CMF-HBSS 
and centrifuged at 200 x g for 10 mm. After 
this second wash, pelleted cells were resus­
pended m 1.8 ml of RPMI 1640 medium With 
L-glutamme supplemented With 10% mem­
brane-filtered, cell culture grade, heat-mactr­
vated fetal bovme serum and 50 ,ug/ml genta­
miCin sulfate. Nucleated cells from each con­
centrate were counted m a hemacytometer 
chamber. Cell viability, by the trypan blue 
dye-exclusiOn test (33) ranged between 
94.0-99.0%. Lymphocyte concentrates from 
each gumea pig were then adjusted to I x I 06 

live cells/ml with the RPMI 1640 supplement­
ed medium. 

Lymphocyte transformation test 
Lymphocyte concentrates standardized to 
1 x l06 live cellsfml were cultured m sterile, 96-
well, flat-bottomed microtiter plates for 5 days 
at 37°C m a humidified atmosphere of 5% 
C02 m air. The C02 content of the mcubatwn 
chamber was momtored usmg a Fynte® atmo­
sphenc C02 analyser (Bacharach Instrument 
Co; Pittsburgh, PA). Each of 5 wells of the 
microtiter plate was seeded With 1 x 105 live 
lymphocytes (I 00 ,ul of standardized suspen­
siOn); 0.5 jig mucophyto-hemagglutmm (PHA­
M) from Difco Laboratones, m I 00 jil me­
dium, was a positive mitogemc control well; 
and NiS04 6 HD was added m 100 Jil medium 
to give final concentratiOns of 5.40 x I0- 6, 

2.70 x IQ-6, 1.08 x IQ-6 M m 3 allergen wells. 
2 higher concentratiOns (2.70 x IQ- 5 and 

1.08 x I0- 5 M NiS04 6H20) were used m 
early tests but they were discontmued because 
these concentratiOns appeared to be cytotoxic. 
A negative control well had 100 Jil medium 
added. All LTT wells were run m quadrupli­
cate for each gumea pig. 18 h before the end of 
the 5-day mcubation penod, 0.5 jiCi tntrated­
methyl-thymidine (lHTdR) m 50 ,ul medium 
was added to each well. At the end of the 5-
day mcubatron penod, cells were harvested 
onto glass micro fiber filter stnps, usmg a semi­
automatic multiple-well cell harvestmg umt 
and dned overmght at room temperature m a 
drymg oven. Resultmg circular filter discs were 
placed m 20-ml glass scmtillatron vials contam­
mg 10 ml of a toluene-based scmtillation cock­
tail and counted m a liqmd scmtillation system 
for 10 mm. 

StimulatiOn mdices (Sis) were calculated for 
each concentratiOn of allergen for each ammal, 
usmg the followmg formula; each value bemg 
the anthmetic mean of quadruplicate determi­
nations m counts per mmute (cpm): 

SI = allergen well cpm- background well cpm 
control well cpm- background well cpm 

Background cpm ongmated from "blank" 
microfi ber filter discs m 10 ml of the cocktail. 
Stimulation mdices of 2.0 or greater were con­
Sidered mdicative of sensitiVIty to NiS04 be­
cause NiS04 IS considered a weak or moder­
ately weak sensitizer of gumea pigs (1 I) and 
humans (34). 

Analyses of tissue samples for zmc 
On day 25, 2 to 4 ml of hepanmzed blood 
from each gumea pig was placed mto a snap­
top polystyrene test tube and frozen at - 18 °C. 
Followmg sacrifice, the left rear quadrant of 
each ammal was closely clipped of all hair. A 
rectangle of skm, approximately 5 x 6 em, was 
removed from over the !om and dorso-caudal 
hip, stored m a sealed polyethylene sample bag 
and frozen at -l8°C. 

Randomly selected blood and skm samples 
from both Ni-sensitive and nonsensitive gumea 
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p1gs were thawed at room temperature. 2 ml 
of whole blood and 4 gm (max1mum) of skm 
were placed m 17 or 30 ml porcelam crucibles, 
respectively, and covered w1th a matchmg 44 
mm porcelam lid. Crucibles were then placed 
m a convectiOn-type drymg oven and heated 
at 65°, 95°, 145°, 195°, and 225°C for approxi­
mately 8 h at each settmg, m successwn. The 
samples were dry-ashed overmght at 550°C m 
a muffle furnace; then 300 ,ul of 30% hydrogen 
perox1de followed by 200 ,ul of 70% analytical 
grade HNOJ was added to each crucible. An 
additwnal 9.5 ml of 1 N analytical grade 
HNOJ was added to the crucibles and the re­
sultmg solutwn was decanted mto 1-oz poly­
ethylene bottles. Blood samples were further 
diluted to 15 ml, and skm samples to 25 ml, 
w1th IN HNOJ. Dilutwn of samples was based 
on expected levels of Zn m blood and skm 
(35-37). Flame AA analyses of gumea p1g skm 
and blood samples were performed w1th a Va­
nan, Model AA-775, double-beam atom1c ab­
sorptiOn spectrophotometer eqmpped w1th a 
deutenum lamp for simultaneous background 
correctiOn of nonatom1c absorptwn. 

The least-squares equatiOn resultmg from 
calibration of spectrophotometer w1th Zn stan­
dards, for each batch of samples, was used 
to calculate the Zn concentratiOn m diluted 
samples. These values were corrected for di­
lutwn factors, and Zn was expressed as ,ug/g 
(wet we1ght of skm) or ,ug/ml (blood). 

Statistical methods 
The two-tailed mdependent-samples t-test (38) 
was used to test a null hypothesis of no differ­
ence m means of gumea p1gs between groups, 
or of Ni-sens1t1ve versus non-sens1t1ve ammals 
w1thm a treatment or control group. Stimula­
tion mdices were calculated for each of the 3 
NiS04 concentratiOns m the lymphocyte trans­
formatiOn test. The Wilcoxon rank sum one­
tailed test (38) was employed usmg the h1ghest 
SI value for each gumea p1g from two mdepen­
dent groups to test a null hypothesis that 
underlymg populatiOn distributiOns were 
identical. Tests of the null hypothesis that a 

populatiOn linear correlatiOn (38) equals zero 
were also conducted for m VItro and m v1vo 
data. All tests were evaluated for Significance 
at the 0.05 level. 

Results 

Lymphocyte transformation test 
Allergen concentratwns of 2.70 x 10-5 and 
1.08 X w-s M NiS04 6 H,O suppressed 
transformatwnjblastogenes1s (Fig. 1). At these 
h1gh concentratiOns, the Sis were < 1.76, while 
the 3 lower concentratiOns (5.40 x I0-6, 

2.70 x I0-6, and 1.08 x I0-6 M) produced Sis 
equal to 4.80. The 2 highest NiS04 concen­
tratiOns produced significantly lower Sis when 
compared to the other concentratiOns by the 
one-tailed Wilcoxon rank sum test (p < 0.025), 
and they were excluded m subsequent tests. 

Of 37 gumea p1gs exposed to Ni by the 
GPMT, 9 (24.3%) had at least one of three 
Sis~ 2.0. None of the non-exposed control 
(tap water) ammals had an SI > 1.67 Usmg 
the highest SI for each gumea p1g, and rankmg 
them m the Wilcoxon test, the group consum­
mg DDD (Ni-exposed controls) had signifi­
cantly h1gher values (0.025 <p < 0.05) than the 
non-exposed control group. 

The effects of ZnS04 consumptiOn m drmk­
mg water, dunng mtradermal and patch Ni 
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Fig. 1. Penpheral lymphocyte stimulation mdex for 
mckel-exposed gumea p1gs, by concentratiOn of 
NiSO. · 6 H,O used m lymphocyte transformation 
test. 
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Table I. Mean counts per mm (cpm)' m transformatiOn tests of female gumea p1gb lymphocytes', usmg 3 
NiSO, concentrations, by type of drmkmg water dunng Ni exposure 

Mean ( ± SE) cpm, by contents of test well' 

Ammals NiSO, concentratiOns 

Ni m PHA-Md 5.40 X 2.70x 1.08 X Media 
Dnnkmg water exposure group controls 10-6 M 10-6 M I0-6 M controls 

500 11g ZnSO.jml DDE' yes 12 10,026 (2819) 433 (36) 472 (42) 484 (67) 383 (43) 
250 11g ZnSO.jml DDD yes 12 7,037 (1284) 274 (32) 391 (56) 406 (60) 484 (67) 
DD (controls) yes 13 6,725 (1382) 501 (87) 539(66) 633(90) 376 (57) 
tap water (controls) no 13 4,414 (1172) 265 (37) 354 (43) 382 (53) 614 (79) 

'cpm's are arithmetic means of quadruplicate determmations (58.9% effic1ency) for each ammal; 5-day 
culture mcluded a termmal 18-h spike of 0.5 11Ci 3H-methyl-thym1dine per well. 

b Hartley stock, non-pregnant; 467.5 ± 51.4 g (x±SE) at begmmng of sensitization. 
' 1 x 105 v1able lymphocytes per well; flat-bottomed m1crotiter plates; RPMI 1640 medium; 10% mactivated 

fetal bovme serum, 37°C and 5% humidified CO,. 
d 0.5 11g mucophytohemagglutmm (PHA-M) m 100111 medium. 
' DDD =double-distilled dewmzed water, solvent for ZnSO, dietary supplement. 

Table 2. ProportiOn of female gumea p1gs' with a specific stimulation mdexb (SI) for NiSO, m the lymphocyte 
transformatiOn test' by type of drmkmg water supplied 4 weeks before and durmg the NiSO, sensitization 
and challenge protocold 

Ni Number SI equal to or greater than 

Dnnkmg water exposure tested 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 

500 11g ZnSO.jml DDE' yes 12 0.58 0.33 0.25 0.17 0.17 0.08 
250 11g ZnSO.jml DDD yes 12 0.17 0.08 0.08 
DDD (controls) yes 13 0.46 0.46 0.39 0.39 0.23 0.15 0.15 0.08 
Tap water (controls) no 13 0.15 

' Hartley stock, non-pregnant; 467.5 ± 51.4 g (x±SE) at begmmng of sensitization. 
b SI = allergen well CPM-background CPM 

control well CPM-background CPM 
' 1 x 10'lymphocytes per well m 96-well flat-bottomed m1crot1ter plates; RPMI 1640 media, 10% fetal bovme 

serum, 37"C and 5% humidified CO,, 5-day mcubat10n penod, mcluding termmal 18 h w1th 0.5 11Ci 3H­
methyl-thymldine. NiSO, concentrations m wells were 5.4 x I0-6 M, 2.70 x 10-6 M and 1.08 x J0-6 M. 

d Gumea pig maximizatiOn test (10). 
'DDD=double-distilled dewmzed water, solvent for added metal salts. 

exposure, on subsequent lymphocyte trans­
formatiOn by NiSO, are shown m Tables 1, 2. 
The mean counts per mmute (cpm) for all 3 
concentratiOns of NiSO, used m the lympho­
cyte transformatiOn test were lower for both 
the 250 Jl.g and the 500 Jl.g ZnSO, treatment 
groups than for the Ni-exposed controls (Table 
1). Usmg Sis~ 1.5 to compare Ni-exposed 
treatment groups to the Ni-exposed controls 
(DDD), the group consummg 250 fl.g ZnSO,j 
ml DDD had significantly lower Sis (p = 0.025) 

than the Ni-exposed controls (Table 2). The 
Sis for gumea pigs consummg 500 fl.g ZnSO.j 
ml DDD were consistently lower than those 
for the Ni-exposed controls; however, this dif­
ference was not statistically significant. 

Intradermal hypersensztlvlty test 
Saline control and 0.03125% NiSO, 6H20 m­
traderma1 test sites were rarely measurable; 
1.e., 46 of 50 (92.0%) saline sites and 32 of 50 
(64.0%) of the 0.03125% NiSO, Sites showed 
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diameter (mm) of skm test response for mckel-ex­
posed gumea p1gs. 

no reactiOn at 48 h. Of the sites that could be 
measured, there were no consistent patterns or 
trends Withm or between treatment and con­
trol groups. 

The largest mtradermal reactiOn m ammals 
exposed to Ni was 8.3 mm m diameter. The 
largest reaction Site m a non-exposed control 
ammal was 7.5 mm. Mean diameters 
(mm±SD) of the largest mtradermal reac­
tiOns, by treatment or control group, were: 
5.1 ± 1.6, 500 Jlg ZnS04(ml; 5.4± 1.4, 250 Jlg 
ZnS04(ml; 5. 7 ± 1.2, tap water; and 6.1 ± 1.4, 

DDD. There was no significant correlatiOn be­
tween diameter of mtradermal reactiOn and 
lymphocyte response m the same ammal ex­
posed to Ni (Fig. 2). 

Zinc concentrations zn skzn and blood 
The differences m Zn levels of skm or blood 
between the control and two treatment groups 
exposed to NiSO. (Table 3) were not statisti­
cally significant. Skm and blood Zn concen­
trations m sensitized and nonsensitized am­
mals were mconsistent. When these concen­
tratiOns were plotted for mdiVIdual Ni­
sensitlve and non-sensitive gumea pigs, there 
was no significant correlatiOn between skm 
and blood Zn. 

Discussion 

The modified GPMT protocol used m this 
study provided m VItro eVIdence of Ni ACD 
m the Ni-exposed gumea pigs. Based on the 
LTT results, the Sis of the Ni-exposed controls 
receivmg no Zn m thetr dnnkmg water, were 
higher than those of the non-exposed controls. 

Zinc supplementatiOn m the dnnkmg water 
from 4 weeks pnor to Ni exposure through 
the challenge phase had a significant affect on 
lymphocyte response as measured m the LTT. 

Table 3. Zinc content• of skm and whole blood of female gumea p1gsb, by type of dnnkmg water consumed 
dunng dermal exposure to NiSO.c and by sensitivity status• 

Ni 
Drmkmg water exposure 

500 pg ZnSO.{ml DDD yes 
(double-distilled, de10mzed water) 

250 pg ZnSO.{ml DDD yes 

DDD controls yes 

• Flame AA spectrophotometry. 
b Hartley stock, non-pregnant; mdividually caged. 
c Gumea pig maxirmzation test (IO). 

Status of 
sensitivity 

not sensitive 
sensitive 

not sensitive 
sensitive 

not sensitive 
sensitive 

• Sensitivity to NiSO. defined by stimulation mdex ;::: 2.0 m the LIT. 

no. 

4 
2 

6 
1 

8 
3 

Mean Zn content 

skm blood 

(pgfg) no. (pgfml) 

20.86 5 3.87 
25.05 2 3.68 

21.46 5 4.24 
16.89 1 4.05 

22.28 7 4.09 
19.02 2 3.94 
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Although only the 250 flg ZnSO.jml DDD 
group had significantly lower Sis than the ap­
propnate controls, both the 250 flg and 500 
flg groups were consistently lower. Therefore, 
dietary Zn supplementatiOn should be ex­
plored further as a regimen for preventiOn of 
Ni ACD m other spec1es mcluding man. 

The levels of Zn used m this study did not 
alter Zn homeostasis, as reflected by Zn con­
centratiOns m skm and blood. Aughey et al. 
(35) found no significant difference m the Zn 
content of liver, skm, or spleen between mice 
recelVlng distilled water or water w1th 0.5 gm 
Zn/1 (in the form of ZnSO.) over a 6-month 
penod. However, m that study 0.5 g Zn per 
liter of dnnkmg water did mcrease plasma Zn 
Significantly. Several authors agree that the Zn 
content of most tissues, excluding plasma, can 
only be Significantly mcreased by large Zn sup­
plements if Zn nutnture IS 1mtJally marginal 
or deficient (39-41). Future studies which 
evaluate the effects of Zn on metal-mduced 
ACD could employ Zn-suffic1ent and Zn-de­
ficien! diets. Other metals (copper, magnesmm, 
and manganese) should also be mvest1gated 
m regard to probable mteractwns that could 
block Ni and other Important mdustnal metals 
(e.g., beryllium, chrommm, or cobalt) that are 
known to mduce the ACD syndrome m hu­
mans. 

StimulatiOn mdices have been reported to 
be more quant1tat1ve and obJective measure­
ments of delayed hypersensitiVIty than either 
the mtradermal or patch test challenges (11, 
42). In the present study, 64% of the lowest 
NiSO. concentratiOn mtradermal challenge 
Sites m prev1ously Ni-exposed gumea pigs had 
no observable reaction at 48 h. No consistent 
pattern Withm or between treatment groups 
was observed. In a study usmg only epicutane­
ous sensitizatiOn With NiSO. and 48 h closed 
skm patch contammg 0.5 ml 2% NiSO. m 
distilled water, two groups of gumea pigs had 
sensitizatiOn rates of 63% and 80% based on 
macroscopic exammat10n of the challenge site 
6 h after removal of the bandage (43). There­
fore, m future studies the skm patch challenge 

may be more reliable than the mtradermal 
challenge as an m vivo measure of ACD and 
a basis for evaluatiOn of the LTT. 

The absence of a correlatiOn between m vi­
tro (LTT) and m VIVo (intradermal site) re­
sponses m the Ni-exposed gumea p1gs 1s con­
Sistent w1th the work of Al-Tawil et al. (44), 
who reported no correlatiOn or very weak cor­
relatiOns between LTT and patch test re­
sponses m humans with climcal Ni ACD. Re­
search to determme mfluencmg factors and 
kmetics m the m vitro expressiOn of ACD 1s 
needed (45). Supplementmg m vitro assays of 
ACD w1th Langerhans cells might mcrease the 
sensitivity and specific1ty. Much research IS 
now bemg focused on th1s cell and 1ts role 
m cutaneous Immune responses ( 46-48). One 
recent electron-microscopic mvestJgatwn 
found that these cells were not damaged m 
contact dermatitis m humans (49). 

Inter-study vanatwn m sensitizatiOn routes, 
sensitizatiOn dosage, use of adjuvants and time 
of exposure affects compansons of challenge 
results. In contrast to human climcal Ni ACD 
cases wh1ch often develop after several years 
of exposure, these gumea pigs were exposed 
for only 23 days. Thus, future studies of this 
type should mclude multiple penods or longer 
penods of ammal exposure to NiSO.. More 
attention should be given to mductwn of Ni 
sensitizatiOn w1th greater Sis and skm test re­
actiOns. The gumea pigs could have been ex­
posed by skm pamtmg, occlusive bandage 
only, or combmatwns of these with mtrader­
mal exposure usmg a different adjuvant. Fur­
thermore, there may be a stram of gumea pig 
that IS more sensitive to Ni than the outbred 
Hartley stock. 

Nickel sulfate concentratiOns of 2.70 x w-s 
and 1.08 x w-s were considered mhibitmg or 
toxic to gumea pig penpheral blood lympho­
cytes (PBL) dunng 5-day LTT assays. The try­
pan blue dye-exclusiOn test might have pro­
vided ev1dence of direct toxicity to PBL; how­
ever, It was not performed. Nordlind (50) 
found that IQ- 3 and to-• M concentratiOns of 
NiSD. were mhibitJng m m VItro cultures of 
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unsensitized gumea pig lymphmd cells at 5 and 
48 h. Both of these observations are consistent 
With other findings ofNi toxicity. For example, 
It was shown that 10 pg Ni ++ fml produced 
cytological changes, espectally altered nuclear 
morphology, m rat myoblast cultures (51), 
while mckel sulfate transformed and reduced 
the clomng effictency of hamster embryo cells 
(52). Several mckel compounds transformed 
baby hamster kidney cells m VItro (53), and 
NiCh transtently suppressed T-cell mediated 
tmmumty m mtce (54). 
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