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This study investigates the differences in the elimination of 63Ni (as NiCl,) in normal and nickel-sensitized guinea pigs. The 

urinary elimination, 72 h after an intracutaneous injection, was significantly diminished in the sensitized animal (55%) compared to 

the animals used for control (63%). After an oral gavage, the fecal elimination was only significantly slowed down in the Ni-sensitized 
animals. After an intracutaneous injection, significantly more nickel was retained in the dermis of sensitized guinea pigs than in 

normal ones. The 24 h autoradiography study after 63NiC1, intracutaneous injection shows a general nickel distribution with a very 

high activity in the kidney and cartilages. No qualitative difference can be seen between sections of untreated and Ni-sensitized 
guinea pigs. 24 h after 63NiC1, oral gavage, in both Ni-sensitized and control guinea pig, a high radioactivity is present in the 

gastrointestinal tract, and in the periarteriolar sheaths of the splenic white pulp. 

Introduction 

Nickel is an essential nutrient (Nielsen and 
Ollerich, 1974; Diekert et al., 1980) but it can also 
induce cancer and allergy in man (Brown and 
Sunderman, 1980). Ni and Ni compounds have a 
strong sensitizing effect on the skin. Ni has been 
claimed to be the most common sensitizer (F’lyv- 
holm et al., 1984). It is an important problem for 
the general population since dermatitis may be 
due to a direct contact with Ni-containing objects, 
such as coins, watches, kitchen appliances, jewelry 
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etc. and hand eczema occurs with a frequency of 
20-60s in nickel-sensitive patients (Menne et al., 
1982). 

In a healthy man, serum nickel concentrations 
range from 1.6 to 7 pg/liter and urinary con- 
centrations from 2 to 5 pg/liter, i.e., 2.6-9 pg/day 
for normal diuresis (Norseth and Piscator, 1979; 
Menne et al., 1978; Christensen et al., 1979; Cronin 
et al., 1980; Zober et al., 1984). An oral intake of 
25 mg nickel sulfate brings the level of nickel 
serum up to 23.6 pg/liter within 2 h; 14.3 pg will 
pass into the urine within 7 h (Christensen et al., 
1979), 35-50 pg on the first day, 35-45 pg on the 
second and 20-25 pg on the third day (Menne et 
al., 1978). 

In nickel-sensitive subjects manifesting der- 
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matitis, the Ni elimination and the Ni serum levels 
are either similar (Spruit et al., 1978; Gawkrodger 
et al., 1986) or inferior (Kaaber et al., 1979) to 
those of a healthy subject. The amounts of urinary 
excretion show that Ni-sensitive subjects tend to 
eliminate a smaller amount of nickel when daily 
absorbed than do healthy subjects (Christensen 
and Lagesson, 1981). Ingestion of nickel by pa- 
tients with hand eczema and nickel allergy causes 
a flare-up of their eczema (Christensen et al., 
1985); Flyvholm et al., 1984) and affects the Ni 
elimination. The oral intake of nickel sulfate ex- 
acerbates the allergic reactions; the serum con- 
centration increases up to 23-89 pg/liter and the 
urinary excretion up to 95-206 pg/day (Beurey et 
al., 1980, Cronin et al., 1980). Nevertheless the 
absorption and the metabolism of nickel vary 
considerably per individual (Gawkrodger et al., 
1986). The difference in the absorption rates is not 
the only factor responsible for clinical symptoms 
since the immunological state of the patient also 
interferes. 

As regards rodents, nickel distribution and 
elimination have been studied in normal (healthy) 
animals, using 63Ni-labelled nickel salts for liquid 
scintillation counting (Wase et al., 1954; Smith 
and Hackley, 1968; Sarkar, 1980). Whole-body 
autoradiography in mice given 63NiClZ (i.v. injec- 
tion), shows a localization of nickel in the kidneys, 
the parenchyma of the lungs, the cartilages, the 
connective tissues and in addition, at long survival 
intervals, in the brain and spinal cord (Oskarsson 
and Tjalve, 1979). 

Considering such disparate results, it was 
thought of interest to apply the experiments to 
guinea-pigs and to study the effects of nickel on 
healthy or sensitized animals, since the guinea-pigs 
proved to be fairly close to man in studies of 
sensitization (Magnusson and Kligman, 1969). In- 
deed, it seems that neither data nor autoradiogra- 
phy allowing a comparative study of the Ni distri- 
bution and elimination in healthy and sensitized 
animals have been published so far. This is why 
the following study was undertaken in order to 
investigate the fixation and the rate of nickel 
elimination both in healthy and Ni-sensitized 
guinea-pigs after parenteral and oral adrninistra- 
tions. 

Materials and Methods 

Animals 
Hartley female albino guinea pigs were housed 

in groups of 5 in wooden cages, in a room kept at 
a constant temperature of 20 o C and 60% relative 
humidity. This room was illuminated by daylight. 
Standard pellets (UAR 106 Villemoisson/Orge 
France) in galvanized iron containers and tap 
water in glass distributors were provided ad libi- 
turn. 

Sensitization 
Three month-old guinea pigs were sensitized 

according to the Maurer et al. (1979) method by 
repeated intracutaneous (i.c.) injections of nickel 
sulfate dissclved in Freund’s complete adjuvant. 
Reactions to i.c. and epidermal tests were 
evaluated in erythemic intensity by means of the 
Draize et al. (1944) scale. This scale grades from 0 
(no reaction) to 4 (a very intense redness). The 
measurement of the difference in thickness be- 
tween the skin of the inflamed sector and that 
immediately adjacent was carried out with a 
“Kroplin Metallex” skin fold gauge with flat discs 
(10 mm in diameter). The sensitized animals used 
for the experiments showed responses from 1 to 3 
to the i.c. and epidermal challenge tests. 

Kinetics of elimination and tissue distribution 
Intracutaneous (ix.) administration. 0.14 ml/kg 

of body weight (b.wt.) of a solution (A) of NiCl, . 
6H,O 1 g/liter, NaCl 9 g/liter labelled with 
63NiC12 (Amersham International PLC) were 
injected to 9 3-month-old Ni-sensitized guinea 
pigs (average weight 690 g) and 4 control guinea 
pigs of the same age (average weight 720 g). (Dose 
administered: 35.7 pg Ni/kg b.wt.; specific activ- 
ity: 45.1 Bq per ng of total nickel). 

Oral (p.0.) administration. 2.9 ml/kg b.w. of 
solution A labelled with 63NiC12 were adminis- 
tered by oral gavage to 6 Ni-sensitized and 4 
control guinea pigs (average weight 710 and 850 g 
respectively; age: 3 months; dose administered: 
714 pg Ni/kg b.w.; spec. act.: 2,22 Bq per ng of 
total nickel). 

Sampling. The administrations were made at 
08.00 h and the animals were placed straight away 
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in metabolism cages. Urine and feces were col- 
lected after 2, 6, 11, 24, 34, 48 and 72 h. Blood 

samples were taken by scarification of the margi- 
nal ear vein after 0.5, 1.5, 6, 11, 24, 34 and 48 h. 

For the study of dermal retention, the i.c. injec- 
tions were carried out on the depilated backs of 
the normal and sensitized animals using the same 

dose (35,7 pg Ni/kg). Sections of tissues (2 X 2 

cm) around the injection point were removed (epi- 
dermis and dermis) after ether anesthesia at inter- 
vals of 1, 2, 6 and 24 h. 

Analytical prqcedures. 63Ni was counted by 

liquid scintillation (SN 3000 counter, IN Inter- 

technique, Plaisir, France). The whole blood sam- 
ples and the urines were counted directly in a 

proportion of 15-50 ~1 per test. The feces were 

liquified by KOH (5 M) then 25 ~1 were taken for 

counting. The dermal sections were digested by a 

3% papain solution, then by KOH (5M). The 

samplings for the counting varied from 25 to 100 
~1 according to the Ni tissue concentrations. Ni 

was dosed by flameless atom absorption spec- 
trometry (Varian AA6-CRA 90) directly on drink- 
ing water and after sulfonitric mineralisation in 
standard pellets. 

Whole-body autoradiography 
I. c. injection. Two lZmonth-old guinea pigs 

sensitized for 9 months and one 3-month-old con- 
trol guinea pig were injected i.c. on the left side of 
the spinal column with 0.1 ml of solution A 
labelled with 63NiC12 (spec. act.: 148 Bq/ng Ni; 
dose administered: 35.7 pg Ni/kg b.w.). 

Oral administration. One lZmonth-old guinea 
pig sensitized for 9 months and two 12-month-old 
control guinea pigs were given 63NiCl Z dissolved 
in 2 ml of solution A (spec. act.: 6.66 Bq/pg Ni; 
dose administered: 714 pg Ni/kg b.wt.). The Ni- 
sensitized animals were challenged 15 days before 
autoradiography study and exhibited a strong re- 

action (3) on the Draize scale to the challenge 
dose. 

Autoradiography. The whole-body autoradio- 
graphic procedures were performed both on the 
Ni-sensitized animals (i.c. and p.o. administra- 
tions) and the i.c. control guinea pig according to 
Ullberg (1954). 

The animals were killed 24 h after the adminis- 

tration of ‘j3Ni by deep anaesthesia with ether. 

They were frozen by immersion in isopentane 
cooled with liquid nitrogen and then embedded in 

a carboxymethyl cellulose gel. The frozen guinea 

pigs were sectioned sag&ally with cryomat (LKB 
Cryomicrotome PMU 450). The freeze-dried sec- 

tions (20 pm thick) were exposed at low tempera- 

ture (- 2O’C) against Kodak Industrex A X-ray 
films for 20 days. The relative evaluation of radio- 

activity on various tissues was performed on a 
same film by means of a densitometer 
(Densitocolor Volomat, Paris). 

A series of dry sections of each guinea pig was 
treated twice for 2 min with a 5% (w/v) trichlo- 

racetic acid (TCA) solution and briefly (1 min) 
rinsed with distilled water. The sections were air- 

dried and then exposed against X-ray films. 

The two 12-month-old control guinea pigs 

which had been given the Ni p.o. were killed in 

the same way, 24 h after the Ni administration. 
The kidneys, spleen and intestine were im- 

mediately removed and then frozen as previously 
described. The procedure for organ sections and 
the exposure on X-ray film were similar to the 

method described above. 
Analysis of data. The results were analyzed 

statistically by the Student’s t-test. Differences 
with P < 0.05 were considered significant. 

Results 

Elimination kinetics 
The Ni blood concentration (concn) versus time 

profiles after i.c. and p.o. administrations are pre- 
sented in Fig. 1 (values are expressed in ng Ni/g 
of blood). Cumulated urinary and fecal elimina- 
tion amounts (Figs. 2-5) are given as a percentage 
of the initial dose administered and are sum- 
marized in Table 1. 

The plateau of the fecal cumulated elimination 
curves show that the excretion (Figs. 3 and 5) is 
nearly over 48 h after i.c. and p.o. administrations. 

The Ni urinary elimination is not completed 
after 72 h (Figs. 2 and 4). The total elimination 
(urine + feces) (Table 1) is important during the 
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T I ME C hours) 

Fig. 1. Concentration of nickel (mean* S.E.M.) in the blood of 
Ni-sensitized and control guinea pigs having received 35.7 ug 

Ni/kg i.c. (A) and 714 pg/Ni p.o. (B). 0, sensitized; 

0, controls. Significance from controls: a, P < 0.001; 

b, P -Z 0.02; c, P < 0.05. 

first 24 h for the i.c. injection and during the first 
48 h for p.o. administration; then the elimination 
process goes on much more slowly. 

It is possible to calculate the slopes of the 
urinary elimination curves between sampling times 
(Figs. 2, 4). The greatest slope is found in the 
interval 2-6 h on Fig. 2 and corresponds to the Ni 

% 
60. 

I.. 
2612 24 48 72 

TIME [hours) 

Fig. 2. Cumulated percentages (meanfS.E.M.) of nickel 
urinary elimination after an i.c. injection to Ni-sensitized and 

control guinea pigs (quantities administered and symbols 

as in Fig. 1). 

2612 24 48 
TIME Ihours) 

72 

Fig. 3. Cumulated percentages (mean f S.E.M.) of nickel fecal 

elimination after an i.c. injection to Ni-sensitized and control 

guinea pigs (quantities administered and symbols as in Fig. 1). 

2612 24 48 72 
TIME (hours) 

Fig. 4. Cumulated percentages (mean* S.E.M.) of nickel 

urinary elimination after oral gavage to Ni-sensitized and 

control guinea pigs (quantities administered and symbols 

as in Fig. 1). 
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Fig. 5. Cumulated percentages (meanfS.E.M.) of nickel fecal 
elimination after oral gavage to Ni-sensitized and control guinea 

pigs (quantities administered and symbols as in Fig. 1). 



105 

TABLE 1 

Nickel in urine and feces 

Ix. administration P.o. administration 

Control Sensitized Control Sensitized 

(4) (9) (4) (6) 

TABLE 2 

Bioavailabiliiy parameters ajter i.c. and p.o. administrations of 

nickel in control and Ni-sensitized animals 

24h 52.9i2.5 40.9f2 * 26.9 f 2.3 16.2 f 1.3 * 

48 h 65.2k22.4 53.3k1.9 * 41.8k3.9 36.8*1.8 
72 h 69.5 f 2.1 59.5 f 2.1 * 43.8 f 3.8 41.5 f 2.3 
96 h 72 f2.4 n.d. 45.1*4 n.d. 

120 h 73.3 k2.2 n.d. 45.8 f 3.7 n.d. 

Cumulated percentages (urine - feces) (means f S.E.M.) of 

elimination of the initial dose after intracutaneous and oral 

administrations of 63Ni in control and Ni-sensitized guinea-pigs 

(i.c. injection: 35.7 gg Ni/kg, oral gavage: 714 pg Ni/kg b.w.) 

Numbers of animals in parentheses, n.d., not determined. 

* Statistically different from controls (P < 0.01). 

blood concn peak (Fig. 1) after i.c. injection for 
both the normal and the sensitized animals. In the 
case of the oral gavage, the Ni blood concn 
reached its peak at 6 h which corresponds to the 
greatest slope (interval 6-11 h) for the urinary 
elimination curve (Fig. 4) for both the normal and 
the sensitized animals. 

The areas under the blood concn time curves 
from time O-24 h (AUC,_,) and from O-48 h 
(AUCO_48) were calculated by means of the linear 
trapezoidal rule. The relative Ni bioavailability for 
the two periods of time were calculated according 
to the following equation: 

AUC, 
Relative Bioavailability = m X 

Doseic 

1c Dose,, 

After the oral gavage, the relative bioavailability 
of nickel (cf Table 2) is very low (about 6%) both 
in sensitized and control animals, showing the 
poor gastrointestinal absorption of Ni. Fig. 6 pre- 
sents, as a function of time, the quantities of 
residual nickel in the dermis at the injection point 
in sensitized and untreated animals. The amounts 
are calculated in percentage of the initial quantity 
injected. 

Autoradiography studies 
Distribution picture after ic injection of 63NiCI,. 

The distribution picture of the control animal, 24 

Relative bioavailabilitv 

(I%) (reference i.c. route) 

Sensitized 

animals 

Control 

animals 

0+24h 6 5.6 

0+48h 6.3 5.9 

I.c. dose 35.7 gg Ni/kg, oral dose 714 pg Ni/kg. 

h after the administration (Fig. 7) is characterized 
by a general nickel impregnation. A black area 
reveals radioactivity (RA) on the original autora- 
diography. 

After measuring of optical densities on the film, 
the levels of RA in the various organs make it 
possible to notice a maximum activity in the kid- 
ney, the injection point, the cartilages. 

The lung, blood, feces in descending colon, the 
connective tissues and the outer dermal layer had 
the second highest activity. RA was lower in the 
remaining tissues: heart, liver, spleen, pancreas, 
pituitary, content of stomach and cecum. There 
was no noticeable RA in the brain and spinal 
cord. The RA in the kidney is localized in the 
cortex and corticomedullary zone, especially in 
distal and proximal convoluted tubules. The carti- 
lages can be easily seen at various locations such 
as conjugation cartilages of growing bones, hy- 
aline costal and tracheal cartilages, elastic carti- 
lages of the larynx and the ear. 

L, * I. 

1 2 6 24 
TIME (hours1 

Fig. 6. Residual nickel in the dermis at the i.c. injection point 

in Ni-sensitized (0) and control (0) 3-month-old guinea pigs 

(mean f S.E.M. of 5 tests). Values are expressed as percentages 

of the initial dose injected (quantities administered and sym- 

bols as in Fig. 1). 
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C k a SD ic ct b t 

i c’ae Si tih 
Fig. 7. Whole-body autoradiography of a control Hartley female guinea pig, 24 h after an i.c. injection of 63NiClZ (35.7 pg Ni/kg). a, 
adrenal; b, brain; c, cartilages; cae, cecum; ct, connective tissue; h, heart; i, intestine; ic, injection point; k, kidney, 1, liver; p, lung; 

ph, pharynx; sp, spleen; st, stomach; t, tooth. 

The medullary zone of the adrenal shows a 
higher RA than the cortical zone. 

The RA of the pituitary is similar to that of the 
liver and spleen. However, activity appears to be 
greater in the antehypophysis than in the post- 
hypophysis. 

The sections of the sensitized guinea pig (Fig. 

8) exhibited the same distribution picture as the 
control despite the different ages of the animals. 

When tape sections of the guinea pig were 
incubated in TCA solution, almost all RA was 
lost. Indeed the autoradiography reveals that only 
the kidneys had a very low intensity. 

Distribution picture after oral administration of 

k sp ic p t* 

i- st 1. Ii 
Fig. 8. Whole-body autoradiography of a nickel-sensitized Hartley female guinea pig, 24 h after an i.c. injection of 63NiC12 (35.7 ag 

Ni/kg) (same symbols as in Fig. 7). 
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Fig. 9. Autoradiography of various organs sections (spleen, 
kidney, intestine) of a control Hartley female guinea pig after 

oral administration of 63NiC1, (714 pg Ni/kg) (same symbols 
as in Fig. 7). 

63NiCI,. In Ni-sensitized guinea pig, at 24 h 
survival interval, high RA is present in the gastro- 

intestinal tract especially in the content of the 
cecum and intestine. A great activity is also ob- 

served in the periarteriolar sheaths of the splenic 
white pulp. 

The kidney shows low activity consistent with 
the small quantity of nickel absorbed from the 
gastrointestinal tract. The liver and the lung are 
barely perceptible on the autoradiography. 

The sections of the tissues removed from con- 
trol animals display activity fairly close to those of 
sensitized animals (Fig. 9). Nevertheless, by com- 
parison with RA in each animal, a stronger RA is 
to be noticed on the splenic white pulp of sensi- 
tized animal compared to the control one. 

Discussion 

Elimination 

Guinea pigs were chosen as experimental 
animals since Magnusson and Kligman (1969) 
consider that these laboratory animals exhibit epi- 

dermal reactions fairly close to those of a human 
being. If we are to believe Maurer et al. (1979), in 
the case of weak allergens as Ni, his sensitization 
method is more efficient with regard to the num- 
ber of sensitized animals than the classical method 
of Magnusson and Kligman (1969). 

The i.c. dose of 35.7 g Ni/kg of our challenge is 
not irritant and induced an allergic reaction in a 
Ni-sensitized guinea-pig (Buehler, 1965; Stevens, 

1967; Magnusson and K&man, 1969; Maurer et 

al., 1979). The p.o. dose was increased in order to 

obtain blood levels close to those found after ic. 

injection. 

It must be kept in mind that the standard 
pellets contain 0.6 pg Ni/g and that drinking 

water contains 3 pg Ni/liter (Beurey et al., 1980). 
These values correspond with those established by 
Smith and Hackley (1968) as well as Norseth and 

Piscator (1979). 
Considering that a guinea pig drinks an average 

of 10 ml of water per day and eats lo-30 g of 

pellets per day, it can be inferred that the daily Ni 
ingestion varies from 6 to 18 pg. Thus the doses of 

Ni injected by i.c. are equivalent to those daily 

ingested by the animals. Yet these doses appear to 
be 20-400 times inferior to the doses that are 

liable to affect (when administered by parenteral 
route in rats) as many parameters as the level of 

the seric glucose (Clary, 1975; Horak and Sunder- 
man, 1975), lipids (Hasan and Fatehyab, 1981) P 

450 cytochrome (Sasame and Boyd, 1978; Yawets 
et al., 1984), prolactine (Clemons and Garcia, 

1981) as well as the renal reabsorption rate (Linder 
and Foulkes, 1985) or the level of renal metal- 
lothionein in the case of mice (Maitani and Suzuki, 
1983) which could all interfere with the animal 

metabolism. 

Kinetics of elimination 
After i.c. injection, the blood concn and the 

urinary elimination appeared to be significantly 
diminished in sensitized animals: the fecal 

elimination amount was significantly diminished 
during the first 36 h only. 

After the p.o. gavage, the Ni elimination is 

weaker and slower than after an i.c. injection (cf 
Table 1). It should be remembered that the guinea 
pig is subject to nocturnal coecotrophy (Dorst, 
1973) which may entail important variations in the 
nickel excretion, particularly after an oral gavage. 
In Ni-sensitized animals, the urinary and fecal 
eliminations are significantly slowed down during 
the first 36 h. After 48 h, the amounts excreted are 
similar in both sensitized and control animals; 
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Fig. 10. Whole-body autoradiography of a nickel-sensitized 
Hartley female guinea pig 24 h after oral administration of 

63NiC1, (714 pg Ni/kg) (same symbols as in Fig. 7). 

there is scarcely any 63Ni left in the feces but the 
process of urinary excretion goes on slowly. 

Considering that the i.c. dose is nearly totally 
absorbed after 24 h (4% remaining in the dermis 
(cf Fig. 6), the bioavailability calculation reflects 
the very poor absorption of nickel by the oral 
route. Such figures are confirmed by the urinary 
excretion of nickel (see Fig. 4); the total urinary 

elimination after 48 h is about 5.5 and 6.8% of the 
initial dose for the sensitized and the control 

animals respectively. 
After 24 h, the feces Ni elimination which 

corresponds to the amount of non-absorbed nickel 

is about 16.2 and 26.9% of the administered dose 
for the sensitized and the control animals respec- 
tively. Therefore it seems that nickel, in addition 
to its being poorly absorbed is somehow retained 
along the gastrointestinal tract by various compo- 
nents such as, possibly, mucine or gastrointestinal 
contents (cf. Fig. 10). 

After 48 h, the relative bioavailability is around 
6% but it is to be noted that the Ni absorption 
goes on, as seen by the continuous process of 
urinary elimination in the period 48-72 h (Fig. 4). 
Thus, after 5 days, as much as 55% of the adminis- 
tered dose remains (cf Table 1) in the animals. 

Such data of urinary and fecal elimination after 
i.c. injections in healthy guinea pigs are consistent 
with the results found in rats; that is 60% 
eliminated in the urine and 6% in the feces 72 h 

after an i.v. injection (Smith and Hackley, 1968). 
Having used a different administration schedule 
(intratracheal injection), Clary (1975) reported an 
elimination of 75% in the urine and 15% in the 

feces 72 h after the injections in rats. Our data 
also seem to be relevant in the case of healthy 
mice since it has been shown that only a small 

percentage is absorbed through the digestive bar- 

riers (Oskarsson and Tjalve, 1979). 

Dermal location 
The Ni elimination curves in blood and urine 

(Figs. 1, 2, 4), both in sensitized and normal 

guinea pig, display identical profiles which means 
that the sensitization does not alter the elimina- 

tion process. 
After the i.c. injection, the Ni blood levels are 

always inferior in the sensitized animals compared 
to the normal ones. This fact is supported by the 
Ni dermic concn (Fig. 6) which is always signifi- 
cantly higher in sensitized animals than in normal 
ones. 

Thus, the decreasing Ni elimination could sug- 
gest that the sensitized animals retain the nickel 
longer in their skins; the formation of erythema 

and edema associated with a delayed hypersensi- 
tivity reaction entails an increase in the number of 
lymphocytes (Brulos, 1978) which could lead to 
the obstruction of the vessels surrounding the 
local injection point, due to the formation of 

“leucocyte thrombus” (Uhr, 1966). 

Autoradiography study 
The guinea pigs were killed 24 h after the 

administration of nickel. This survival interval is 
necessary to induce a delayed-contact hypersensi- 
tivity reaction to the i.c. challenge dose (Stevens, 
1967). As we have shown, however, the Ni 
elimination was already disturbed during this 
survival interval. Because the Ni excretion had 
caused the autoradiography prints to be slightly 
blurred, the specific activity of Ni was increased 
so as to improve the quality of the prints but the 
overall amount of administered Ni was un- 
changed. Similarly, the oral dose was increased to 
compensate for the poor Ni absorption by the 
gastrointestinal tract. 
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After an i.c. injection, the presence of 63Ni in 
the cartilages is due to the inorganic and organic 
binding properties of chondroitin sulfate (Waser, 

1977; Oskarsson and Tjalve, 1979; Larsson et al., 

1981). 
The distribution picture of 63NiC12 in the con- 

trol animal parallels the results found by Oskars- 

son and Tjalve (1979) in mice after i.v. injections. 

The TCA treatment of sections were undertaken 
in order to obtain information on the protein- 

bound RA (Blomquist, 1972). In fact, the loss of 
RA after TCA incubation was attributed to the 

acid strength and the concn used which are power- 
ful enough to desorb nickel-II from its cationic 

binding locations and valid conclusions cannot 
possibly be drawn regarding the fixation of nickel 

on the mucopolysaccharids and the proteinic 

structures. There was no appreciable difference in 

autoradiography distribution of 63Ni between nor- 
mal and Ni-sensitized guinea pigs, except for a 
slight difference in the RA intensity. It is particu- 

larly interesting to notice that no difference be- 

tween normal and Ni-sensitized animals could be 
observed in spleen and thymus RA, organs that 

are usually involved in sensitization processes. 

After an oral gavage, together with a consider- 
able RA in the gastrointestinal tract, an important 
activity was observed in the splenic white pulp of 
the sensitized animal (cf. Fig. 10). The white pulp 
is rich in T cells (long-lived circulating lympho- 

cytes) which mediate cellular immune reactions. 
Yet the very presence of the sheaths in the sec- 
tions of the control animals although they have a 
lesser activity (same activity as in the kidney) 
seems to prove that the sensitization is not re- 
sponsible for the phenomenon. Oskarsson and 
Tjalve (1979) have not reported such a Ni-splenic 
location after an oral gavage of 63NiC12 in mice at 
7, 24 h and 5 days survival intervals. The peri- 
arteriolar sheaths of the splenic white pulp are not 

perceptible after i.c. injection. The thymus, another 
central limphdid structure, does not appear on the 
autoradiography since lymphocytes recirculate to 
an extremely limited degree through the thymus. 
A very small activity can be seen in the lungs and 
an even smaller one in the liver. Oskarsson and 
Tjalve (1979) reported that the RA in these organs 
increased at 5 days survival interval in mice, which 

can be accounted for by the great amount of 
remaining nickel after 5 days. 

To conclude, the Ni-sensitive state is responsi- 
ble for a dermal retention leading to lower blood 

concns and lower urinary eliminations. We have 

shown by autoradiography that the qualitative Ni 

distribution after i.c. injection is not altered by the 

Ni-sensitive state of the animals. The behavior of 

nickel in healthy and sensitized animals presents 

the same pattern, with relation to the nickel urinary 
elimination reported by Christensen and Lagesson 

(1981) in Ni-sensitized men. The fact that the 
Ni-sensitized animal model responds differently to 

this metal will now allow us to study the influence 

of various chemical substances, such as chelating 
agents on the Ni retention, a research study which 

might be applied to man. 
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