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Abstract. The disappearance of 0.1 ml I mM °'CrCl1 in­
jected intracutaneously was studied in two chromium 
hypersensitive and two non-sensitive men. Chromium dis­
appeared at a decreasing rate. I lolf of thc injected 
chromium had disappcnred in 5-12 days, while after 3 
months 39-44 % remained at lbe injection site. Chromium 
in blood was demonstrated only in plasma. The main 
part of the chromium not bound at the injection sitc was 
excreted in the urine. 

Delayed reactions to chromium in allergic human 

subjects may be elicited both by epicutaneous and 

intracutaneous testing (7). In studies concerning 

the strength of a test reaction in relation to tlie 

quantity of hapten used, it may be more con­

venient to employ intracutaneous testing in order 

to avoid the problem of transepidermal absorp­

tion and the adherence of hapten to the patch 

(2). In investigations of contact allergy to chro­

mium, hexavalent chromium has usually been 

used as a hapten, but trivalent chromium also 

el..icits positive reactions when injected intrader­

mally into persons allergic to potassium di­

chromate (8). The purpose of the present study 

was to trace the disappearance of intracutane­

ously injected chromium trichloride in chromium­

allergic and non-allergic subjects. 

MATERIALS AND METHODS 

Th? investigation was cnrried out on 5 men. Subject E. 
aged 59, and subject F, aged 62, had earlier bad 
chromium dermatitis and reacted positively to tests with 
potassium dichromate. Control subjcct G, aged 60, had 
never had any skin discase, while thc two other control 
subjects, H and I, agcd 39 and 38, had severnl months 
previouc;ly had a moderate irritanl dermatitis o{ lheir 
bands. 

The tes1-sol11tio11s from "CrCl3 (Radiochemical Centre, 

Amcr,ham, Buck�, UK) were mixed with an appropriate 
volume of a solution of inactive chromium trichloride in 
order to obtain concenlrations of I mM and 0.1 mM, and 
an activity of 250-500 µCi/ml. The conccntrations of 
te,1-,olutions wcrc controllcd by an atomic absorpuon 
spcctrophotometer (Perkin-Elmer 303). 

The i11tracuta11t!OIIS tests were pcrformed with plastic 
syringes (Johnson & Johnson Ltd., Stough, 0ucks, UK), 
graded in 0.01 ml. To minimi1e adh:sion of chromium 
trichloride to the surface of the syringe, the solution was 
kept in lbe syringe only a short while. Ouring the test 
and subsequent measurements, the test subject was re­
clining with his arm supine. 0.1 ml of the test solution 
was injccted intracutaneously on the volar side of the 
forearm. The I mM-solulion was used in both chromium­
hypcrsensilive persons and in two control subjects. The 
solution of 0.1 mM chromium tricbloride was used in 
the third cont rol person. 

Th� mea.mrements of thc activity (I) at thc test site 
were done with a Nal (TI) scintillation detector (</J 7.5 
cm x 5 cm) shielded by a lcad collimator having a 
cylindrical openina 24 mm in diameter and RO mm long. 
As soon as possible after injection, i.e. I 0-30 seconds, 
thc collimator was placed with barely perccptible pres­
sure against tho skin around thc test site. The activity 
during the first hour was rccorded continuously for 96-
or 50-second periods by means of a muhichannel muhi­
scaling analyser technique (lntertecbnique SA 40 8). The 
disappearance curve was extrapolated to lime O to obtain 
the starting value. All the individually countcd values 
were corrected to represenl the correct count-rate in suc­
cessive lime intervals of I 00 seconds. The same time 
histogram representathe for the activity-disappearance 
was thus obtained in all the 5 subjects. Aftcr the first 
hour, the pulscs were registered for periods of I 00 sec­
ond� with a single-channel analyser (Nuclear Enter­
prio;cs), at first several times daily, and later, when the 
disappearance-rate decreased, al longer intervals. The 100-
second measurements were perforrued four times on each 
occasion. The activity al thc test site was observed for 
3-4 months in the 4 subjects where testing witb 1 mM 
chromium trichloridc bad been performed. In the fif1h 
subject tested with 0. I mM chromium trichloride, the ac­
tivity was observed for a period of 4 weeks. 

Acta Der111atove11er (Stockholm) 53 



128 N. Bang Pedersen and Y. Naversren 

1()(/ 
90 
80 
70 

60 

so·� 
o ... e..>.-,.o. .!O o 
� • • • "� ,.. .t.• 

40 ",· o,io Coc nD Q n. 

JO 

0 

E 
F 

G 

Cr sensitivo subjects 

20 

• •  H control subjects 
0 U 

A 0 

10+------,------r-----.-------,,-------.--

Fig. 1. Skin dcpot retention after intra­
cutaneous injcction of chromium as pcr­
centage of thc starting value. I mM CrCI, 
was given lo subjects E, F, G and H. 0.1 
mM CrCI, was given to subject I. One 
standard deviation on each observation is 
less than indicated by the borders of the 
symbols. 
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The backgro1111d pu/se-rate was counted over lite cor­
re,ponding ,ite on the other forearm 

Blood u1111ples from the ;.ubjects tcsted with I mM 
chromium trichloride were taken twicc lite fir>t day nnd 
than every 1-5 days during 2-3 wceks after lbe rnjec­
tion. The blood wa� centrifugated and separated in a 
portion of blood cells and in a pol'lion of plasma (I). 
The activity of Lhe blood fractions was measured in a 
wcll-type Nal (TI) scintillation detector (Nuclear Entcr­
priscs). 

Urine from lbe subjects tested with I mM chromium 
trichloride was collected in the form of 24-hour speci­
mens for 2 weeks, ond from control subject 11, urine was 
collected for a further 30 days. The activity of the urine 
was measured in a pla,tic container standing on a 
cylindrical Nal (Tl) scintiJlation dctector (r!J 7.5 cm x 
5 cm). 

Standard.r. A standard source used for adjustment of 

Fig. 2. Early depot retention after intraculaneous injec­
tion of cbromium in 3 control subject,, Le. I mM CrCI, 
(subjcct H) and 0.1 mM CrCI. (subject I) in the present 
s111cly, and 0.1 mM Na,Cr·O, (subjcct A) in an e.irlicr 
study (1). 
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tbc singlc-channel analyser consistcd of a test patch 
containing 0.1 ml of the te>1 solution. The test patch was 
scaled bctwecn 2 adhesive tapes. Ouring thc adill5tmcn1, 
the standard sourcc was placed in a jig al a fixed dis­
tance from the detector. Furthermore, a standard source 
uscd as refcrence for the urinc ac1ivi1y was rnade from a 
container of the same 1ype as used for urine sampling. 
0.1 ml of lbe test solution was thorougbly diluted in 
900 n1l wutcr. To prevent adhesion of the radionuclide, 
a surplu, of chrome-carricr was .rdded. To prevem 
prccipitation and subsequent scdimentation of the chro­
mium trichloride, the pH of the solution waq adjustcd to 
3 by hydrochloric acid. 

Two ml of lbe abo,e-mcntioned solution was used as 
a referencc for mensuremcnb o{ rndioacti•.-ity in bluu<.I 

frnclions. 
In order 10 estimate lite crrors in ndmini,tcring a vol­

urne of 0.1 ml with a plasuc ,yringc, 0.1 ml of a I mM 
1e,1 solution was drawn up in cach of 25 syringes. The 
contcnt of cach syringe wa, cmplied on a test patch and 
the activity o[ each of the patche, was measured. This 
test gave a rcproclucibility of S.O. = 2.3 % . 

RESULTS 

In one of the chromiurn-hypersensitive subjects a 

positive test reaction was observed after I day. 

A redne�s aboul 5-7 mm in diameter. and an in­

filtrate, remained at the test sice for 3 months. 

In the other chromium-hypersensitive person the 
te�l was positive from the 2nd lo 5th day after 
injcction. The intracutaneous test was negative in 
lhe 3 control individuab. 

Fig. 1 shows the chrornium disappearance from 

the skin dcpot. The values measured <luring the 
l-4 month periods are presented as pcrcentages

of the starting value. One standard de, iation of
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the mean value of the four measurements made 
on each occasion was always between 0.2-0.8 % of 

the initial value. The disappearance rate decreases 

with time, and after 2 weeks seems to be rather 
constant. Individual regression analysis was per­
formed for that part of the disappearance course 
covering ihe 4 subjects tested with 1 mM 

chromium trichloride. As four measurements 

were made on cach occasion, a test of linearity 
was also carried out, but it was not possible to 

adequately match the disappearance courses to a 

monoexponential function. For estimating the dis­
appearance rate, all measurements for the sub­
jects from 2 weeks onward were pooled and 
analysed by the best fit of the least squares devia­
tion and the half-Iife time was found to be 380 
days. 

The disappearance of chromium from the test 
site of the subject given 0.1 mM chromium tri­
chloride was initially more rapid than for the 
other cases, as is seen in Figs. I and 2. Half of the 

injected chromium had disappeared during the 
first 24 hours compared with 5-10 days in the 
other cases. 

Fig. 3 shows the plasma concenlration of 
chromium in relation to time. Maximum activity 
was found in samples No. 2 taken 8-11 hours after 
injection. The blood corpuscles were not labelJed 
at all or were labelled with insignificant activity. 

Fig. 4 gives the accumulated amount of 

chromium excreted in urine <luring 2 weeks in the 

4 persons tested with I mM CrCl
3. The excretion

was on the level of 600-900 ng on the first day, 
and decreased to a level of 30-40 ng per day after 
10 days. In control H the urine was collected for 
as long as 43 days. Throughout this period, 
chromium was still detectable in the urine, as the 
activity was more than 50% above background 
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Fig. 3. The chromium concentration (ng/1) in blood 
plasma after imracutaneous injection of 1 mM CrCI,. 
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Fig. 4. The accumulated cbromium excretion in urine af. 
ter intracutaneous injection of I mM CrCI •. 

level. During the first day 12-17% of the amount 
injected was excreted in the urine, and <luring the 
first 10 days 23-30 % . 

DISCUSSJON 

Chromium disappeared from the injection site at 
the same rate in both hypersensitive and control 
subjects tested with the same amount of hapten. 

This is in agreement with the results of an earlier 

study (1). In some studies (11, 19, 23) antigens 
have been reported to disappear from the test 
site of sensitized guinea pigs at a rate different 
from that in the control animals. 

The disappearance-rate decreases with time. The 
main disappearance, i.e. during the first days fol­
lowing injection, is probably by way of the blood 
and lymph. This assumption is supported by rapid 
labelling of plasma 2-2.5 hours after injection. 
The further disappearance at a slower rate may 
reflect transport of chromium bound to protein 
via the lymph, as trivalent chromium is easily 

bound to proteins (5, 13, 16, 22). There are great 
regional differences of transport-rate of intra­
cutaneously injected albumin (6), but recently 
Cavill & Jacobs (4) found a 21-hour half-life of 
albumin in the skin of the forearm. 

The slower disappearance may also be caused by 
the development of various chromium compounds. 

At the pH of the body trivalent chromium will 
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slowly start building olates and polymeric com­

plexes with such substances as organic acids, 

amino acids, peptides, proteins etc. (20). These 

compounds are firmly bound to collagen in vitro 

and thus possibly influence the rate of disappear­

ance. Furthermore, trivalent chromium may form 

a precipitate (14) of chromium hydroxide. 

Chromium hydroxide is practically insoluble, as 

the solubility-constant at room temperature is 

10-:�o (3). Olates of' chromiurn or other chromium 

compounds are firmly bound to collagen in vitro 

(15). The turnover of collagen in animals is very 

low ( 12). The estimated half-life time of 380 days 

may reflcct a turnover of collagen or a disap­

pearance of macromolecules. 

Statistical analy�is of counting values showed a 

wider sprcad of data from time to time than 

could be expected from the accuracy of the 

counting statistics (Fig. I). This indicates a slight 

irreproducibility of the counting system from time 

to time. and therefore no attempt \\,as made to 

divide lhe disappearance curve into monoexpo­

nential components. 

The present in\e,tigation may be compared 

with an earlier one (I). In the present study, 5.2 

µg chromium as trichloride was injected intra­

cutancously in 4 of the subjects, and in the earlier 

study 0.5 µg chromium as sodium chromate was 

used. There was thus a difference of a factor of 10 

in the two studies, but the quantities of the two 
chromium compounds were chosen to elicit test 

reactions of the same strength. 

A comparison of the transport-rates shows that 

sodium chromate disappears much more rapidly. 
Half of the injected sodium chromate disappeared 

within 10-15 minutes, and after 2 days. when the 

delayed reaction was well developed, only 15 °(, 

was left at the injection site. 

Ten minutes after injection of I mM chromium 

trichloride, only 6-7 % had disappeared, after 2 

days 58-60 % was found in the skin. and half of 

the injected chromium trichloride had not dis­

appeared un til 5-12 days af ter injcction. In con­

trol subjcct T. 0.1 ml of a solution of 0.1 mM 

chromium trichloride was injected intracutane­

ously. The amounc of chromium was thus the 

same as in the earlier study tlone with sodium 

chromate, hut one-tenth of the amount otherwise 

used in the present investigation. Half of the in­

jected 0.1 mM chromium trichloride disappeared 

in I day. The disappearance curve is inter-
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mediate to that of 1 mM chromium trichloride 

and that of O.J mM sodium chromate (Fig. 2). 

The different disappearance rates of the same 

amount of chromium given as chromium tri­

chloride and sodium chromate show that the 

chemical properties of lhe chromium compound 

are of importance for the disappearance rate. The 

disappearance rate of chromium trichloride de­

pends on the concentration, as the initial slope of 

the disappearance curve of 0.1 mM chromium tri­

chloride is steeper than that of I mM chromium 

trichloride (Figs. I and 2). This indicates a 

threshold in the mechanism of transport. Tf the 

disappearance rate had depended on the binding 

capacity at the injection site, the opposite results 

\\OUld have bcen found. 

,·an Kooten & van eer (18) studied the dis­

appearance of sodium bichromate and chromium 

trichloride injected intracutaneously in guinea 

pigs. They found that sodium bichromate at first 

disappeared rapidly from the skin of non-sen­

sitized guinea pigs. and later at a slower ra:c. 

compared with the disappearancc of bich romatc 
from the skin of sensiti1ed animab. The disaj)­

pearance of chromium trichloride from the skin 

of normal guinca pigs had an intermediate coursc. 

The amount of antigen available for a certai,1 

period of lime after the intracutaneous injection 

may be of importance in causing a delayed reac­

tion. It is necessary to inject more chromium tri­
chloride than hexavalent chromium in order to 

elicit a positive test in hypersensitive hum,rns (9). 

The difference in immunological capacity is not 

due to the faster disappearance of chromium tri­

chle>ride. On the contrary, more trivalcnt chre>m­

ium than hexavalent chromium is retained in 

the skin (Fig. 2). This indicates that less of the 

retained test substance, chromium trichloride. i� 

present in the form of a hapten as compared with 

sodium chromate. 

Posith-e test reactions elicited by sodi11m 

chromate in the earlier study (I) healed within the 

first week after the intracutaneous test. One of 

the positive test reactions in this study hcaled in 

4 days. \\hilc the test rcaction in the other sub­

ject (F) \\US positive, with signs of redness, in. 

filtration and r,eriodic itching during chc entirc 3 

months. 

Fregert (10) has reportcd cwo cases of repeate:1 

··nare-up·· reaction at test sites up lo 3 and t,

years after intracutaneous testing with chromiL?m
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trichloride. Chemical analysis of the excised test 
sites revealed remanent chromium. Thus, the pre­

sumed precipitates of chromium tr:ichloride are 
not totally insoluble and may still be immunologi­

cal ly active. 

The labelling of the blood and the disappear­

ance of chromium from the blood was the same 

in hypersensitive and non-sensitive subjects. There 

was, as a rule, no lahelling of hlood corpuscles. 

Sometimes activity slightly above background leve) 

was found, but it was too low to be converted to 

significant nanogram values. The distribution of 
chromium between plasma and blood corpuscles 
is the same as if chromium trichloride had been 
injected intravenously ( 13). Maximum labelling 
of the plasma was seen on the first day (Fig. 3). 

The activity of samples No. 2, taken 8 -11 hours 

after injection, exceeded that of samples No. I 

taken 2-2.5 hours after the injection. This may 
be due to an initially faster transport from the 
blood to urine and extravascular compartments 
than the transport from the injection site to the 
blood. 

van Tongeren & Majoor (22) found the half-life 
of 1'111-albumin in blood after intravenous injec­

tion to be 21-24 days, while the half-life of �•1Cr
given as chromium trichloride or as chrome­
albumin was, in both cases, 6-9 days, probably be­

cause chromium is bound to, or shifts to, trans­

ferrin (5, 16, 22). Jarnum & Lassen (17) found a 

half-life of 8.7 days for 1311-transferrin. The dis­
appearance rate of plasma activity in our study 
indicales a binding of chromium lo transferrin 
rather than to albumin. 

The rate of chromium excretion in urine de­
creased with lime. During the first day 12-17% 
of the amount injected was excreted, which is 
the same as 35--44 % of the chromium fraction 
that had disappeared from the skin depot. The 

proportion excreted in urin e in the present study 

is somewhat higher than the proportion excrete::l 

after injection of CrCla directly in the blood­

stream (21, 22). According lo van Tongeren & 
Majoor (22), a higher excretion rate may indicate 

that some of the chromium has been bound to 
other compounds than plasma proteins. 
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