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THE QUANTITATIVE DISTRIBUTION OF GOLD IN SKIN DURING
CHRYSOTHERAPY
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Department of Dermatology and the Arthritis Division, Department of Medicine, University of Miami
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Gold concentrations in epidermis, dermis, and whole skin were measured by neutron
activation analysis after formation of suction bullae in 8 patients who had received
protracted chrysotherapy. Epidermis contained 3% (median) of the gold content of whole
skin. A direct correlation between cumulative gold dose and skin gold level was noted. These
findings suggest that apparent gold concentrations in skin are influenced by the depth of the
biopsy, that keratinous tissues have little affinity for gold, and that the gold storage
capability of skin is not saturated by large cumulative doses of gold. The beneficial effect of
gold in pemphigus may not be mediated at the site of blister formation.

Pemphigus is an acantholytic blistering disease
which may be managed successfully for extended
periods of time with gold compounds [1]. An initial
course of weekly gold injections, followed by a
maintenance schedule of injections every 2 to 6
weeks, is associated with clinical improvement or
remission, and reduction of antiepithelial antibody
titer in the majority of patients [2]. The loci and
mechanisms of gold action in pemphigus are un-
known. The findings of gold deposition in skin (3],
and the higher skin gold concentrations resulting
from prolonged chrysotherapy [4], raise the possi-
bility that the site of gold action is in the skin. The
quantitative distribution of gold within whole skin
has not been described previously.

We report the results of a study in which suction
blisters were induced in 8 patients with rheuma-
toid arthritis (RA) who had received protracted
chrysotherapy. Gold concentrations in epidermis,
dermis, and whole skin were measured using neu-
tron activation analysis.

MATERIALS AND METHODS

Suction blisters were raised on the upper thighs of 8
patients with definite or classic RA [5] who had received
a mean dose of 6,964 mg of gold sodium thiomalate
(Myochrysine)* or aurothioglucose (Solganal)* over a
mean of 6.8 years. These patients were selected for
study, in contrast to gold-treated pemphigus patients,
because of the large cumulative doses of gold they had
received (with one exception). Some characteristics of
the patients and their course of treatment are shown in
the Table. Blisters were raised at room temperature in
a standard manner using a simple piston-type suction
apparatus composed of a plastic cup attached to a
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* Myochrysine is made by Merck, Sharp & Dohme;
Solganal by Schering. Both compounds are approxi-
mately 50% gold by weight.

syringe in series with a pressure gauge. Generally a bulla
was produced after 30 to 60 min of suction. The blister
roof (epidermis) was removed with sterile stainless-steel
scissors, weighed in a Mettler balance, and placed in a
preweighed acid-washed 0.9-ml polyethylene capsule.
Four-millimeter punch biopsies of the base of the blister
(dermis), and of the adjacent whole skin, were taken
and similarly handled. Capsules with enclosed specimens
were dried for 6 hr under an infrared heat lamp and tis-
sue dry weight measured. Gold content in all specimens
was determined by neutron activation analysis at the
reactor facility of Union Carbide Corporation, Tuxedo,
New York. Four empty capsules, and three capsules
containing ashed fecal specimens of known gold content,
were included for purposes of control. Each of the blanks
had less than 5 ng of gold, while the fecal control speci-
mens contained 4.59, 4.75, and 4.75 ug gold per gm ash,
which was similar to results in previous studies in which
41 aliquots contained a mean of 4.6 + 0.5 ug gold per
gm ash.

RESULTS

The concentrations of gold, given as micrograms
of gold per gram of tissue wet weight, in epidermis,
dermis, and whole skin are shown in the Table.
Dermis contained higher levels of gold than whole
skin in 6 of 8 patients. Epidermis contained 3%
(median) of the whole-skin gold content. A higher
percentage of the whole-skin gold was in the
epidermis in patient A.H., as shown in the Table.
This subject differed from the remainder of the
group in at least two respects. She had the most
intense course of chrysotherapy (50 mg of Solganal
weekly for 17 consecutive weeks, increasing gradu-
ally to 100 mg weekly because of rapidly progres-
sive, severe RA), and a much lower cumulative
gold dose than all other patients (Tab.).

The relationship between cumulative gold dose
and gold concentration in whole skin is shown in
the Figure. Each point represents the result in a
single patient. A direct correlation between skin
gold concentration and total gold dose is observed.
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TaBLE. Patient characteristics, course of gold treatment, and gold concentration in epidermis, dermis, and whole skin

. Duration L ; Gold concentration
Patient | Age | Race | Sex PURA :}?er::gy EOEiOct:rln(:)(::nd Mg%dlg fiff;ly (ug Au/gm tissue wet weight)

n (yr) (mg) (mg/yn) Epidermis | Dermis | Whole skin
A.S. 59 W F 10 7 12,720 1,817 3.2 42.1 43.7
E.W. 66 W F 9 9 4,000 450 0.8 29.5 26.5
J.R. 53 w F 27 5 7,270 1,454 0.7 29.4 26.3
S.K. 33 W F 7 5 4,325 865 1.3 11.9 10.1
C.H. 60 w M 22 9 5,840 633 T 12.9 10.5
K.D. 33 w F 10 8 12,410 1,551 1.9 130.0 91.0
C:D. 67 4 M 15 11 7,420 675 0.8 56.0 83.0
A H. 46 4 F 1.5 0.5 1,730 — 2.1 13.6 7.6

[ng/8)

§81D CONCENTRATION IN WNBLE SKIN

[ M e s o
CUMULATIVE ELEMENTAL GOLD DOSE (ME)

Fic. Gold concentrations in whole skin correlated with
cumulative gold dose. Each point is the result from a
single patient. The solid circles indicate patients in the
present study. The closed triangles in the far left are the
last biopsy data taken from the patients shown in Table 2
of our previous work [3]. The open triangles are the
results of the control skin biopsies shown in Table 3 of
this same report [3], while the open circle is the result of a
control skin biopsy taken from another patient studied
earlier (Table 2in [4]).

DISCUSSION

This study shows that significant quantities of
gold are deposited in skin during chrysotherapy,
confirming earlier reports by ourselves [3,4,6], and
others [7-10]. Although the distribution of gold in
skin has been examined previously, using histo-
chemical [10] and laser microprobe techniques [7],
this is the first report in which gold concentrations
in epidermis, dermis, and whole skin have been
measured quantitatively using the most sensitive
and precise method currently available, neutron
activation analysis, and a blister technique that
produces clean separation of epidermis from der-
mis.

Knowledge of the relative gold concentrations in
epidermis and dermis is relevant to all studies
seeking to correlate skin gold levels with other
events such as the clinical response of RA [3] and
pemphigus [6] to chrysotherapy, and gold dermati-
tis [3,9], because skin gold content may vary
significantly according to the depth of the biopsy.
The finding of low gold levels in epidermis supports

our previous observation [3] that keratinous tissues
have little affinity for gold, in contrast to other
heavy metals such as lead and arsenic [11,12]. The
dermal localization of gold may result from its
localization in histiocytes [7], the slow turnover
rate of dermal material [13], or the affinity of
collagen for gold. Adam [14-16] found that gold
binds to collagen, increases the number of collagen
cross-links, and decreases collagen solubility, in
rats.

Gold treatment beneficially influences the
course of pemphigus [1,2]. Although the mech-
anisms of gold action remain unknown, the finding
that gold localizes in dermis, and not epidermis,
favors the hypothesis that its beneficial effects are
not mediated locally. Although normal epidermal
turnover is 14 days (basal cell layer to stratum
granulosum) [17], many pemphigus patients can
be managed successfully with infrequent gold in-
jections, suggesting that significant gold accumu-
lation above the basal cell layer is not necessary for
a therapeutic response. '

Of note in the Figure is the continuous rise in
skin gold levels found with greater cumulative
doses of gold, indicating the capacity of skin to
store large quantities of gold, and the absence of a
saturation effect. Additional factors, besides total
gold dose, such as intensity and duration of gold
treatment, and others yet to be defined, must
influence skin gold levels as shown by the variabil-
ity of skin gold concentrations at similar cumula-
tive gold doses for individual patients. The mean
gold level in the present study was 37.3 ug gold per
gm of skin after a mean of nearly 3.5 gm of
elemental gold, compared to 4.6 ug after 0.29 gm of
gold in our earlier report. Using the mean of all
data plotted in the Figure it may be calculated that
approximately 0.011 microgram of gold is depos-
ited in each gram of skin for every milligram of
elemental gold injected intramuscularly. Assum-
ing total body human skin weighs 3200 grams
(females) [18], 35 micrograms of gold will deposit
in skin for each milligram of gold administered.
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