STUDIES ON THE PERMEABILITY OF THE SKIN
TO MERCURY*

By Epwin P.A Lave

From the Division of Pharmacology, Food and Drug Administration,
Federal Security Agency, Washington 25, D. C.

THE QuEsTION of permeabil-
ity of the skin should hold par-
ticular interest for the - cosmetic
chemist. This is so because the
usual older criteria of acceptability
‘of skin preparations, namely good
physical properties, may no longer
be adequate in characterizing an
ointment or lotion. We should like
to know, for example, whether am-
moniated mercury applied as a
surface bleach penetrates the skin,
to what extent propylene glycol, or
glycerol functions as a percutaneous
vehicle, etc.

I realize that the use of mercurials
in cosmetic chemistry probably has
a very limited interest. Therefore,
in presenting the problem of mer-
cury penetration in considerable de-
tail, I wish to emphasize that the
individual findings are important
only to the extent that they help to
illustrate the principles and tech-
niques involved. My chief interest,
therefore, is to demonstrate a new
method of approach in evaluating
the properties of ointments, and I
hope that these studies may stimu-

* Presented at the May 13, 1947, Meetmg,
New York City.
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late further work in this direction.

The work on the skin perme-
ability of mercury which is to be
reported here is the outgrowth of
studies made during the war under
Office of Scientific Research and
Development contracts. The ob-
ject of the study was to reinvesti-
gate the use of mercurial ointments
for venereal prophylaxis of skin
and mucous membranes, and to de-
velop more efficient preparations.
This involved the screening of a
considerable number of ointments
containing mercury in the form of
calomel. For a calomel ointment to
be acceptable, it had to possess (1)
good mechanical properties, such
as stability, spreadability, resist-
ance to drying, etc.; (2) a minimum
of irritating properties; (3) ability
to penetrate the skin in amounts
therapeutically effective both locally
and systemically. The last of these
three criteria was the one upon
which we concentrated our atten-
tion.

That the skin is permeable to
mercury has been well established,
and its therapeutic usefulness ade-
quately investigated by.Cole and his
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associates (1, 2, 3). Proof aof the
cutaneous penetration of mercury
has rested chiefly upon the finding
of mercury in the urine, although
systemic symptoms of mercurialism
have also been frequently noted.
While clinical studies on humans
can be carried on with reasonable
care to prevent contamination of
excreta with mercury, this is not so
easy with animals. Furthermore,
in the screening of a large number
of ointments, a rapid means for
quantitative differentiation was very
necessary. In this respect, the
urinary excretion method left much
to be desired and, in fact, could be
regarded as hardly sufficiently quan-
titative. _

Because of the fact that the new
methods which we have adapted for
the assay of mercurial ointments
have applicability for other heavy
metals, as well as the routine testing
of numerous cosmetic preparations,
it seems advisable to describe the
procedures somewhat in detail.

A. MetHODS FOR CUTANEOUS
- APPLICATION

Obviously stringent precautions
are necessary in determining cu-
taneous permeability in order to
avoid serious errors. There must
be assurance that the substance
under study enters the body viz the
skin and only via this route. All
oral contact through licking, etc.,
must, therefore, be avoided. In
addition, if examination of excreta is
to be made, ways must be found to
prevent contamination by a flaking
or running off of the test substance

from the skin into the collection -
trays.

Rabbits used in our study were
immobilized in a special head-hip
stock (4). Hair from the back and
flanks was removed by clipper.
Shaving or chemical methods of
depiliation were avoided because
of the possibility of injury to the
skin. An area of 4 X 6 in. [155
(cm.)? which is 8 per cent of the
total body surface of a 2.5-kg.
rabbit] was laid off saddle fashion
from the back around to each flank.
To avoid creeping of ointment the
area was limited by strips of tape.
An excess of ointment (4 gm.) was
inucted with a glass rod for 3 min-
utes. Without removing the excess
ointment the inunction site was then
covered with rubberized cloth and
the animal kept in the stock for 24
hours. ]

Because of greater availability
and ease of handling, the rat proved
to be more desirable as a test animal
than the rabbit. But since it was
not feasible to confine rats in indi-
vidual stocks like rabbits, a tech-
nique for wrapping the animals was
developed which proved rapid and
effective. 'The animals were lightly
etherized and the hair removed
around the trunk between shoulders
and hips. An area of 1!/, X 3 in.
[29 (cm.)? which is 8 per cent of the
total body surface of a 250-gm.
rat] was laid off on the back in a
manner similar to that for the rab-
bit. An excess of ointment (0.4

‘gm.) was inuncted with glass rod

for 3 minutes. After inunction, and
without removal of the excess oint-
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ment still remaining on the skin,
the animal was wrapped in a piece
of celluloid sheeting formed into a
cylinder fitted snugly around the
trunk. The edges of the cylinder
were cemented to the skin at the
shoulders and hips so as to prevent
slipping of the shield or possible
seepage of the ointment. The pro-
cedure is illustrated in Fig. 1. As

additional protection, the celluloid

Figure 1.—For studies on the permeability of
the skin to mercury

shield was covered with a layer
of adhesive tape applied in such a
way as to overlap the edges of the
shield by about ¥/, in. Thus
“trussed,” the animals were placed
in individual cages with access to
food and water. Experience with
several hundred rats so prepared
has shown that the celluloid shield
proved to be sufficiently rigid to
prevent the animal from getting in
oral contact with any part of its
trunk, yet did not interfere with
walking.  Although the animals
occasionally struggled, the celluloid-
to-skin seals were effective in con-
fining the ointment beneath the
shield.

B. MeTHops ror DETECTING
CutaneEous PENETRATION OF
MERCURY

The method for detecting and
quantitating the cutaneous pene-
tration of mercury depends on an
entirely new principle. This method
substitutes storage of mercury for
excretion of mercury as a measure
of how much has penetrated the
skin. Of all the organs of the body,
the kidney has the greatest capacity
for storing mercury. This is shown
very clearly in Table 1. Here it
can be seen that the concentration
of mercury in the kidney, following
24— and 48-hour exposures to calo-
mel ointment, is of an entirely dif-
ferent order of magnitude than in
other tissues. Convenient also for
purposes of assay is the fact that the
concentration of mercury in the
control kidney is so low as to be of
no quantitative significance. At
any time following exposure to
mercury, the amount in the kidney
may be assumed to be a balance be-
tween three dynamic factors: (1)
the rate of entrance of mercury,
(2) the rate of excretion of mercury,
and (3) the rate of storage of mer-
cury. If the rate of excretion is
slow (experiments have proved this)
and the rate of storage rapid (intra-
venously injected mercury finds its
way into the kidney in maximum
amount with 11/, hours), then it
becomes possible to use the mercury
content of the kidney as a measure of
how much has penetrated the skin.
Obviously this measure is only a
relative one, but is chiefly useful in
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& comparing the penetrating abilities
g g S 8 R of efficient types of mercurial oint-
g M|l © o © ments. This method is so sensitive
= that if as little -as 9 micrograms
g ¥ sz enter the body of a 250-gm. rat,
- ='Eg & .~ 92 .
S| Egsd i 25 to 50 per cent thereof can be
- o O . . .
el “5 8 detected in the kidneys in 24 hours.
8 The procedure which we have
o < 1 used for assaying mercurial oint-
Ay g & —~ 00
p g8 8 RS ments may be summed up as fol-
« os g - o © .
< a3 lows: A clipped area on the back
8 isinuncted for 3 minutes with a mer-
g g ©° cury ointment, covered with rubber
5 ;)3. o o - sheeting or celluloid, and contact
2 of the ointment with the skin main-
B .
<3 tained for 24 hours. At the end of
vl 4 ., .8 @ oy H . . . . .
2la w2 = A this time, the animal is sacrificed
gl gl © o o L
z|3 by exsanguination under ether an-
5 5 . % esthetic, and the kidneys removed
N «a (] o .
‘;O.. & .59 8R for analysis of mercury (5). All
§ 5 = % §P §.° results are expressed in micrograms
3 o g o of mercury per gram of wet tissue.
Qo . “ oqe
o|g |0 8.3 Owing to the natural variabilit
=8 S Lo IO . g Y
3ls Bl dogo in test animals, 6 to 8 are used for
bl .
o 2 - an assay in order to be able to
& £ recognize significant differences be-
if N o Oy . . .
S g %" R tween inunction procedures or oint-
=] [e=} — —
b= - ments.
ﬁ Before discussing the findings of
o w 2l 5 o g, chief interest, namely, the effects
3 é s o o8 of various types of ointment bases
o, g and mercury compounds on the
= g cutaneous penetration of mercury,
Q .
% "8’ 3 ] '§ a number of factors relating espe-
% 2] © o2 cially to the test animals and the
[=] . .
° 2 methods of application must be con-
2 ol o w «|.E sidered briefly.
5 g 2 2 71§
m ] O o — . .
2 ~ 5 7. Effect of Covering the Inunction
Sy .
g S Site
=)
> .
i) E SR i:; According to Rothman (6), cover-
g G| ° 8 7|« ing the skin results in interferences,
] . «
& * with the normal escape of moisture.

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



STUDIES ON THE PERMEABILITY OF THE SKIN TO MERCURY - 85

Moisture thus accumulated may
produce softening and maceration
of the stratum corneum, a condition
which may be favorable to the re-
tention of substances in close con-
tact with the skin, and possibly also
to penetration. While in our assays
the inuncted areas of skin were al-
ways kept covered to avoid con-
tamination errors, it seemed desir-
able to test whether this technique
affected skin penetration. The re-
sults are ‘shown in Table 2. It is
clear that covering the inuncted
area increases the absorption of
mercury from every one of the six
different ointments tested.

TasLe 2—Errect oF COVERING THE IN-
uNcTED SKIN ARea oN THE CUTANEOUS
PENETRATION OF MERCURY IN THE RaBBIT

Storage of mercury in_the kidney is used as
a measure of penetration

Micrograms Mercury per
Gram Wet Kidney

Calomel Covered Uncovered
Ointment Skin* Skin*

1 26 7

2 45 13

3 17 8 .

4 20 9

5 6 4

6 22 5

Av. 23 8

* Average of two animals on each treat-
ment,

2. Location of the site of Inunction

Generally speaking the abdominal
skin in the rat and rabbit is con-
sidered thinner than the back skin.
A comparison of the penetration of
mercury at these two sites was,
therefore, made and is shown in
Table 3. It is to be noted that the
site of inunction does not signifi-

cantly affect absorption of mer-
cury. "

3. Size of the Inunction Site

In spite of the best precautions,
seepage of the ointments sometimes
occurred so that in effect a larger
area of skin came into contact with
the ointment than originally
planned. In Table 4 are shown the
results of deliberately halving the
inunction areas which were rou-
tinely 8 per cent of the total body
surface. The amount of mercury
stored in the kidney is not halved
but reduced by roughly one-third. -
From these data it can be inferred
that small changes in exposure area
cannot seriously influence the out-
come of the results.

4. Effect of Weight, Sex, and Litter

The studies were generally con-
ducted on groups of rats homogene-
ous with respect to age, weight, and
sex, but heterogeneous with respect
to litter. As examples of three pos-
sible variants, litter, sex, and weight
were studied. It may be presumed
that these variants could operate
to produce differences between skin
as characterized by such factors as
texture, thickness, subcutaneous fat,
number of hair follicles, etc., or”
differences between organs, such-as
the ability of the kidney to excrete
or store.mercury. .It was found,
however, that the cutaneous pene-
tration of mercury, as judged by
the level in the kidneys, is not sig-
nificantly affected by the above fac-
tors.
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TaBLE 3—EFreECT OF THE LOCATION OF THE
Iyuncrion SitE oN THE CuTANEOUS PENE-
TRATION OF MERCURY IN THE RaBBIT

Storage of mercury in the kidney is used as a
measure of penetration

Micrograms Mercury per
Gram Wet Kidney

Calomel
Oirfitment Back Skin Belly Skin
1 26 35
2 45 38
3 17 27
4 20 18
5 6 7
6 s 2
Av. 23 25

The results are averages of two animals on
each treatment,

TasLe 4—Errect oF Size ofF INuncTiON
Area oN THE CUTANEOUS PENETRATION OF
MEeRCURY IN THE RAT

Storage of mercury in the kidney is used as a
measure of penetration

Micrograms Mercury per Gram

Wet Kidney
Half of
Calomel Standard Area Standard Atea
Ointment 29 (Cm.)2 14.5 (Cm.)2.
C 5.3 3.6
D 29 23

The results are averages of six animals on
each treatment.

5. Species Difference

Provided the same percentage of
total body area is treated with an
excess of ointment, no significant
difference between the skin perme-
ability of the rat and rabbit can be
demonstrated by measuring the
“storage of mercury in the kidney.
This was tested with two ointments
otwidely different penetrating capac-
ities. The results are shown in

‘Table 5.

6. Removal of Excess Qintment

Excess ointment was allowed to
remain in contact with the skin

routinely. The effect of removal
of the excess by mechanical means
causes quite a marked decrease in
the absorption of mercury. This is
shown in Table 6. These results are
in consonance with the chemical ex-
perience of Cole and coworkers (7)
who have reported that there is
less penetration of mercury after
the so-called “clean” inunction.

7.  Skin Conditioning

(@) Washing.  Ordinarily. the
openings of the skin., such as the
hair shafts and sebaceous ducts
which are regarded as the avenues
of entrance for mercury, may be
partially occluded by the presence
therein of cell detritus and oily
secretions. Cleansing the skin with
soap and water would be expected
to remove some of this “plugging”
material without the more vigorous
effects which follow the application
of lipoid solvents such as alcohol
or ether. However, a comparative
study of washed and unwashed
skins in two groups of rats showed
definitely that treatment of the
skin with soap and water, prior to
inunction, had no effect on cutane-
ous penetration of mercury as
measured by storage of the metal
in the kidney even though the
cleaning operation was seen to re-
move a visible yellowish scale of
dander-like material.

(6) Pretreatment  With  Lard.
“Softening” of the skin by thor-

- oughly inuncting lard into the site

24 hours before application of a
mercury ointment had a tendency
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TaBLE 5—EFrrFEcT OoF ANIMAL SPECIES ON
THE CuTaNEOUS PENETRATION OF MERCURY

Storage of mercury in the kidney is used as a
measure of penetration through 8 per cent
of the total body area

Micrograms Mercury per
Gram Wet Kidney

Calomel
Ointment Rat Rabbit
C 5.3 4.5
D 29 25

The results are averages.of six animals of
each species on each ointment.

TasLe 6—ErrecT oF REmovaL oF Excess
OINTMENT REMAINING ON THE SKIN OF THE
Rat Arrer 2 MiNuTES’ INUNCTION

Storage of mercury in the kidney is used-as a
measure of penetration

Micrograms Mercury per Gram Kidney
Excess Removed Excess Remained

After 2 Min. 24 Hr.
22 41
20 ) 29
4 . ’ 22
10 31
15 18
: 21 23
Av. 13 ' 27

to increase the permeability of the
skin for mercury.

All of the ointments presented to
us for evaluation contained 30 per
cent calomel, which was suspended
in vehicles representative of three
generally recognized classes, namely,

fat, water-in-oil, and oil-in-water.
It soon became apparent, however,
after a number of assays had been
made, that while it was easily pos-
sible to demonstrate marked dif-
ferences in penetration of mercury
from different types of vehicles, it
was not easy to explain these dif-
ferences. This was so because the
ordinary multicomponent ointment
presented such a formidable array of
possible variables affecting penetra-
tion ot mercury that the task of un-
ravelling these would become hope-
less. It must be admitted that the
complete picture of® absorption of
mercury, or for that matter, of any
substance, must not-only take into
account the individual effect of each
component of an ointment but also
the likelihood of interaction between
components.

8. Single Component Vehicles

In attempting to arrive at a par-
tial answer we have considered the
following components of ointments
and used them as separate vehicles
for calomel: water, petrolatum,
mineral oil, anhydrous lanolin, hy-
drous lanolin, corn oil, lard, pro-

TasLe 7—Tue Cutaneous PENETRATION OF MERCURY WHEN ApPLIED AS A 30 PEr CENT ~
SuspENSION OF CALOMEL IN A NUMBER oF. SINGLE CoMPONENT VEHICLES

The measure of penetration is the storage of mercury in the kidneys of the rat

Micrograms Mercury per Gram Wet Kidney

. Anhy- . Propy-
.Petrola- Mineral drous Hydrous: Corn lene Oleic
Control ~ Water tum Oil Lanolin Lanolin Oil Lard Glycol Acid
l Series A, Females*
0.07 4.4 6.0 5.6 6:0 5.9 13 11 19 26
Series B, Males*
0.17 =~ 4.1 5.6 5.2 5.6 11 10 16

* Average of six animals on each treatment.
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pylene glycol, and oleic acid. The
result of this study is shown in
Table 7. Itis atonce apparent that
the vehicle exerts a profound in-
fluence.on absorption. One of the
most striking facts, however, is that

petrolatum, mineral oil, and lanolin,

which have found such extensive
use in many ointment bases, sup-
port a penetration of mercury which
is quite low, in fact, not markedly
greater than" when the calomel is
merely applied as a simple paste
with water. It is at present not per-
missible to extend the interpreta-
tion of these surprising findings to
other penetrants besides mercury,
but it is, nevertheless, very tempt-
ing. Such results suggest very
strongly that a reinvestigation of
some of our commonly accepted
vehicles should be undertaken.

9. Double Component Vehicles

An attempt was next made to
determine what effect two-com-
ponent vehicles would have on the
penetration of mercury. Four of

these were constructed from the
single substances investigated under
Table 7. FEach vehicle consisted
of equal, parts of the two com-
ponents. The results are shown in
Table 8 with values for the separate
components added from Table 7
in order to facilitate comparison.
It would appear that when a sub-
stance which supports good pene-
tration of mercury is mixed with
one which supports poor penetra-
tion, the properties of the combina-
tion resemble the former rather than
the latter, as shown with vehicles
A, C, and D. On the other hand,
vehicle B gives penetration of mer-
cury which is indistinguishable from
that of either component. No-
tably, neither component separately
gives good penetration.

70. Effect of Lard and Petrolatum

It had been suspected for some
time that the presence of petrolatum
in large proportions in many ve-
hicles was not conductive to good
penetration of ‘mercury. To con-

TaBLe 8—TuE CuraNEous PENETRATION OF MERCURY WHEN APPLIED As A 30 Per CeENT
SuspeENsioN oF CaLoMEL 1N DousLE CoMPONENT VEHICLES

The measure of penetration is the storage of mercury in the kidneys of the rat

Kidney*, Kidney, .
Micrograms Micrograms
Mercury Mercury
per Gram per Gram
Double Component Vehicle = Wet Weight  Single Component Vehicle = Wet Weight
A . 509, Lard . » Lard ’ 10
509, Anhydrous lanolin 11 Anhydrous lanolin 5.8,
B 50% Mineral oil
509, Anhydrous lanolin 5.9 Mineral oil 5.4
C 50% Corn oil 10 Corn oil 12
509, Petrolatum Petrolatum 5.8
D 509, Propylene glycol 14 Propylene glycol 17

509 Petrolatum

* Averages of six animals,
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firm this, four different mercurials,
ammoniated mercury, metallic mer-
cury, yellow oxide of mercury, and
calomel were suspended, re-
spectively, in each of two double
component bases consisting of equal
parts of lard and lanolin and equal
parts of petrolatum and lanolin.
These vehicles wefe selected for
study because they frequently form
the main base for a number of com-
monly used ointments. The’ con-
centration af mercury was 25 per
centin all cases. In Table 9is shown

ammoniated mercury, while of little
or no significance in vehicle E, is
highly significant in vehicle A. Pre-
sumably this marked effect of the
vehicle may be attributed to some
interaction with the compound, as
has been suggested by Moncorps
(&) who observed that the stability
of ammoniated mercury was some-
what uncertain. It is, therefore, not
unlikely that the reactivity of a
compound with its vehicle may be
one of the causes of differences be-
tween compounds.

TaeLe 9—ComparisoN BETweeN Two Typres oF VEHICLES CoNs1sTING OF LARD AND PETRO-
LATuM WrtH LANoLIN As CommoN CONSTITUENT ON THE PENETRATION OF Four DIFFERENT
. ’ MERCURIALS

The concentration of mercury in all ointments is 25 per cent,

The measure of penetration is”

the storage of mercury in the kidneys of the rat

Micrograms Mercury per Gram Wet Kidney

Ammoniated Metallic Yellow Oxide
Vehicle Calomel Mercury Mercury Mercury
E 509% Petrolatum .
00 Langin % 4.2 5.5 7.9 11
A 509, Lar , .
300 Lanclin | 8.8 19 14 23

The results are averages of six animals on each treatment.

the marked superiority of the lard-
component vehicle over the petro-
latum-component vehicle. The in-
crease in penetration of mercury
from calomel, metallic and yellow
oxide is roughly twofold, but in the
case of the ammoniated mercury the
increase is nearly fourfold. Besides
the profound difference in penetra-
tion of mercury, which can be at-
tributed directly to the influence of
the vehicle, it must be emphasized
that the compound of mercury also
has an effect on penetration, yellow
oxide giving the highest and calomel
the lowest. It is to be noted that
the difference between calomel and

71.  Effect of Wetting Agents

Numerous observations have indi-
cated that the presence of wetting
agents might be very important to
the penetration of substances
through the skin. In order to study
the effect of wetting agents on mer-
cury penetration, two factors were
considered: (1) type of wetting
agent, (2) type of vehicle. For the
first experiment a well-known aryl
alkyl polyether alcohol (Triton NE)
was mixed in 2 per cent concentra-
tion in three different bases, repre-
sentative of (A) a pure animal fat,
(B} a pure mineral base, (C) an oil-
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in-water emulsion type, the latter
being chosen because its properties
might be expected to be most modi-
fied by the presence of a wetting
agent. The results are given in
Table 10. There was no effect on
B, the vehicle which contained no
water. In the case of vehicles A and
C, marked increase of mercury pene-
tration was brought about by the
wetting agent. The effect of the
wetting agent on C is pérhaps to be
expected but on A more difficult
to interpret because, like B, the
vehicle contained no water.

With the indication that in cer-
tain bases, Triton NE enhances
the penetration of mercury, it
seemed of interest to determine
whether differences between wetting
agents could be demonstrated. The
. ~ effect of 2 per cent concentration of
Triton NE, Aerosol OT (sodium
dioctyl sulfosuccinate) and Duponal
C (sodium lauryl sulfate) in base
A was studied. No differences
In cutaneous penetration of mer-
cury were found. Whether this
would hold for the oil-in-water base
or certainother typesremainsat pres-
ent undetermined. The most that
can be said for the tests with wetting
agents is that the degree of increased
penétration of mercury is . disap-
pointingly small as compared with
that observed by Duemling (9).

72, Effect of Stiffening of the
Vehicle
Many of the ointments submitted
for assay were rather stiff and did
not spread easily. It was noted
that this characteristic seemed to

Agent
13
0.02
17.09,

With 29, Wetting

Ointment C

Without Wetting
Composition of Vehicle C

Propylene

Significant p
Glycerol monostearate

KOH

Cetyl alcohol
Stearic acid

Borax
Water

Agent
6.7

y

With 29, Wetting
7.0

Agent
100%,

BY THE ADDITION oF TrR1iToN NE 10 TurEE DIFFERENT TyPEs oF VEHICLES

The measure of penetration is the storage of mercury in the kidneys of the rat
Ointment B

Without Wetting
Not Significant p >0.05

Composition of Vehicle B

Difference Between Groups
White petrolatum

5.7

Micrograms Mercury per Gram of Wet Kidne
Agent

ﬁ
Wetting
nt

Age

47.89%
2.19%

With 29,
13
= 0.03
50%
0.1%

intment A

Without Wetting
Significant p

Composition of Vehicle A

Anhydrous lanolin

Agent
9.1
The results are averages of eight animals on each treatment.

d-Isoascorbic acid palmitate

Lard

TasLE 10—CuranEous PENETRATION oF MERCURY AS AFFECTED
Beeswax
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cause a lower penetration of mer-
cury. To test the effect of the stif-
fening, an inert diluent, talc, was
added in 15 per cent concentration
to an oil-in-water base of the fol-
lowing composition: :

Propylene glycol........ 259,
Starch glycerite........ 349,
Stearicacid........ oo 49
Glyceryl monostearate.. 29,
Spermaceti............ 29,
Water. ............... 329,

Penetration of mercury from the
. above base, with and without 15 per
cent talc filler, was compared. The
result is shown in Table 11. Here
it can be seen that the addition of an
inert agent, with resultant stiffening
action, reduces the penetration of
mercury. In addition to these ob-
servations the problem had another
more practical aspect: Ointments
were designed which contained in
addition to 30 per cent calomel,
also 15 per cent sulfathiazole, the
latter being-added in powder form
as a diluent of the base. All of the
bases containing the sulfathiazole
were stiffer and somewhat less
spreadable. Upon examination of
6 different ointments representing
oil-in-water, animal fat, and petro-
latum base, it was clearly shown that
the presence of sulfathiazole reduced
the penetration of mercury by about
33 per cent. In no case was there
evidence of chemical action between
the mercury and the sulfur.

73.  State of Subdivision of Calomel

Distinction was made between
two different calomel powders on
the basis of particle size. (a) Ordi-
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nary fine milled: range of size 10 to
100 micra. (b) Micronized: range
of size 1 to 10 micra. It seemed de-
sirable to determine what effect

TasLe 11-—EFFECT OF A STIFFENING AGENT

(Tavrc) ox THE CUTANEOUS PENETRATION OF

Mercury THROUGH THE SKIN OF INDIVIDUAL
RaTs

The measure of penetration is the storage of
mercury in the kidney

Micrograms Mercury per Gram of Wet

Tissue
Calomel Qintment Calomel Ointment
+159%, Talc Without Talc

13 23
14 18
17 16
13 . 13
19 . 24
1 2

Av. 15 20

particle size would have on the pene-
tration of mercury. Four different
types of vehicles were wused, oil-
in-water, water-in-oil, 100 per cent
petrolatum, and 100 per cent pro-
pylene glycol. In selecting these -
vehicles cognizance was taken of the
possibility that the'effect of particle
size on penetration might be re-
lated to solubility of the finely
divided calomel. Hence, two of
“the vehicles contained water and
propylene glycol. Table 12 shows
the results. It is clear that better
penetration is obtained with micro-
nized calomel but the effect is not
favored by any particular vehicle.
Possibly the better penetration of
mercury from the ointment con-
taining micronized calomel may re-
sult from the greater facility with
which these 'small particles can be
forced into the skin appendages.

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



92 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

174. Concentration of Mercury

Since the application of mercurial
ointments was always designed to
leave an- excess on the skin, the
question arose whether reduction in
concentration of the mercurial might
be affected without -seriously re-
ducing its cutaneous penetration.
The possibility of conserving mer-
cury by this means was obvious.
Four different mercurials were ex-
amined, of which three, the metallic
50 per cent and 10 per cent, the
ammoniated 4 per cent, and the
yellow oxide 0.93, per cent are
official U.S.P. preparations. Ad-
justments were made to give a large
range of concentration of mercury.
The results are given in Table 13.
With the exception of the yellow
oxide, where a 25-fold increase in
mercury produced a significant rise
in cutaneous penetration, it can be
seen that changes in concentration
" of mercury produce relatively little

TasLe 12—ErrecTt oF ParTiCLE S1zE OF
CaLomEL oN THE CuTaNEOUs PENETRATION
oF MERCURY

The measure of penetration is the storage of
mercury in kidney tissue of the rabbit and
* the rat

Micrograms Mercury per Grain Wet Kidney
Range of Size of
Calomel Particles

. 10-1000 1-10

Type of Vehicle Micra  Micra
1009, petrolatum* 16 26
Oil-in-water* 18 35
Water-in-oil* 11 32
1009, propylene glycolt 15 28
Av. 15 30

Increase in penetration 1009,

* Average of two rabbits on each treat-
ment.
1 Average of six rats on each treatment.

change in mercury penetration. It
should be emphasized that these re-
sults can only be interpreted strictly
from short 24-hour exposures.
When the skin exposure schedule is
extended up to 4 days these higher
concentrations of mercury do lead
to greater penetration of mercury.
This is in consonance with clinical
experience of Cole, e a/~(1). '

TasLe 13—Errect oF MErcURY CoONCENTRATION IN THE CuTaANEOUsS PENETRATION OF
MERCURY

The measure of penetration is the storage of mercury in the kidney tissue of the rat

Ammoniated Yellow Oxide
Calomel Metallic Mercury Mercury Mercury
Per Cent Metallic Mercury
25 8.3 50 25 10 25 4 25 0.93
Micrograms Mercury per Gram of Wet Kidney
7.9 6.8 12 13 10.5 12 11 13 7.0
Vehicle Vehicle Vehicle Vehicle

Petrolatum 1009, Oleate of mercury 4% Anhydrous Anhydrous

_ lanolin '5.39% lanolin 1.09,

Lanolin 609% White petro- Yellow - - ‘
latum 94.7% petrola-

‘ tum 99.0%

. ) White wax 109, .

White petrolatum 269,

The results are averages of six animals on each treatment.
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15. Effect of Aging

Generally speaking, reassay of
ointments after standing for months
gave check results. In ointments
containing lard, however, a measur-
able increase in penetration of mer-
cury was observed. The work of
Menschel (10) indicates that inter-
action between mercury and the
lard base may take place with for-
mation of mercuric oleate. Accord-
ing to our results, mercuric oleate
gives by far the best penetration.
In Table 14 are shown two assays of
a lard containing calomel ointment,
with an interval of 16 months inter-
vening. It can be seen that after
the prolonged contact between calo-
mel and lard, significantly greater
penetration of mercury occurred
than from the freshly prepared
ointment. By contrast no change
occurred .in the petrolatum vehicle.
TasLE 14—FErrecT OF AGING ON THE PENE-

TRATION OF MERCURY From Two CaLoMEL
OINTMENTS

The measure of penetration is the storage of
mercury in the kidneys of the rat

Micrograms Mercury per
Gram of Wet Kidney
Assayed Assayed After

Immediately 16 Months
309, Calomel 11 17
70% Benzolin-
ated lard
309, Calomel 5.6 5.5
70% Petrola-
tum .

The results are the averages of six animals
on each treatment.

SuMMARY

A new method for determining
penetration of mercury through the
skin has been worked out. This
method depends on the principle

that the quantity of mercury which
accumulates in the kidney during a
24-hour cutaneous exposure to mer-
cury is a measure of the penetration
of this metal through the skin. The
results of a study of a number of
factors concerned in cutaneous pene-
tration of mercury are as follows:

1. Covering the site of the skin
inunction increases penetration
nearly fourfold.

2. Lot¢ation of the inunction
site appears to have no effect on
penetration.

3. Penetration through the skin
of the rat and rabbit is approxi-
mately equal.

4. “Clean
penetration.

5. Skin conditioning has no
marked effect on penetration.

6. Adjustments of the size of

inunction” reduces

‘the exposure area age not critical

for penetration.

7. Sex, litter, and weight have
no significant influence on penetra-
tion.

8. The vehicle has the greatest
influence on penetration, the com-
pound of mercury less, and the con-
centration of mercury least.

9. Reduction in the particle
size of calomel increases penetration.

~10. “Stiffening” of an ointment
tends to reduce penetration.

11. The effectiveness of wetting
agents in increasing penetration is
dependent on the type of vehicle.

12. There is evidence to show
that the aging of certain calomel
ointments, notably those contain-
ing lard, increases penetration.
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