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In previous publications (1, 2) the production
of a hyperkeratosis of the skin of calves from
topically applied, oil-based livestock sprays was
described. The skin effect was caused by the
mineral oil base alone and was not dependent
on the presence of added insect toxicants (1).
Various oil preparations differed greatly in their
ability to cause skin changes in calves, but the
dermatoxic effects of an oil could not be antici-
pated by knowledge of its crude source, viscosity,
unsulfonatable residue (i.e., content of aromatic
and other unsaturated hydrocarbons) or of the
acid used in refinement (2).

In order to make feasible the fractionation
and testing of mineral oils to ascertain the fac-
tor(s) responsible for the skin damage it was
decided to use a small laboratory animal. The
guinea-pig proved to be useful for this work. The
purpose of this publication is to describe the re-
sults of experiments with guinea-pigs which,
not only have bearing on the formulating of min-
eral oil vehicles for topical application to the
skin of animals, but also are believed to be of
fundamental importance in dermatology.

METHOD5

Male, albino guinea-pigs (300—500 gm) individ-
ually housed in hanging screen-bottom cages were
used. In some experiments females were also used
and as far as could be ascertained they responded
to treatment like the males. On the first day of
each experiment the hair was closely clipped with
a small animal clipper from each side of the guinea-
pig leaving a narrow dorsal strip of hair and the
hair on the ventral surface. The mineral oil prep-
arations were applied with a small atomizer to the
left side of the guinea-pig and the right side was
left untreated. The amount of oil applied was
ascertained by measuring the amount of the
preparation in the atomizer reservoir before and
after spraying the animal. All experiments in-
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eluded an untreated control group along with the
test groups. Usually three, but occasionally two,
guinea-pigs were used for each treatment. Topical
applications of the oil preparations were made on
days 1, 3, 5 and 7 of each experiment; the amount
used per treatment varied somewhat but usually
was 0.6 ml per guinea-pig.

Subjective skin evaluations of the treated areas
were made every other day for 20 days following
the first treatment; in some experiments body
weights were also recorded at these same intervals.
The skin characteristics grossly evaluated, each
on a scale of 1 to 5, were: (1) erythema, (2) thick-
ening, (3) hyperkeratinization, (4) desquamation
or sealing and (5) formation of fissures and open
lesions. From the total ratings for the five char-
acteristics throughout the 20-day period relative
overall skin ratings from 0 to 8 were given, 0 repre-
senting no detectable change in the skin and S the
most severe effects. This subjective method was
shown to be reasonably reproducible. As will be
seen, the differences in skin damage caused by
various oil preparations were so great that the
subjective evaluation scores presented a clear and
concise picture.

The histopathology of the lesions due to a
typical preparation (oil No. 1, Mid-Continent
mineral seal oil) was examined. The left sides of
twelve male albino guinea-pigs weighing 250—400
gm were treated with oil No. 1 as previously de-
scribed in amounts of 0.7 ml on alternate days for
a total of not more than four treatments. The
guinea-pigs were sacrificed according to the fol-
lowing schedule:

3, 4
5, 6
7, 8
9, 10

11, 12

No. Days After First
Application to Day

of sacrifice

Skin samples were taken from both treated and
untreated sides of each guinea-pig for sectioning,
routine staining with hematoxylin-eosin and
histological examination.*f

* Sections of liver and spleen were also ex-
amined. The various mineral oil preparations were
provided by the American Oil Company, Research
and Development Department, Whiting, Indiana.
Fraetionations and treatments of the oil prepa-
rations were also conducted in the American Oil
Company laboratories. Detailed data will not be
presented in this paper on the methods used,
however, further description of procedures can be

Guinea-Pig No.

1, 2
4
6
8

12
20

No. of Oil
Applications

1
2
3
4
4
4
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TABLE I
Effects of various mineral oils on the skin of guinea-pigs

Oil No. Brief Description of Oil' ReIs'eScin

1 Mid-Continent mineral seal oil 6—8

2 Mid-Continent, highly refined, white oil in light lubricating oil viscosity
range

1

3 Mid-Continent oil, similar to oil No. 1, but treated with a different acid 8
4 Mid-Continent oil, similar to oil No. 1, but more highly refined 8
S Mid-Continent, low viscosity deodorized kerosene 4
6 Mid-Continent pale oil (not refined) of high viscosity 4
7 Mineral seal oil from an asphaltic base coastal crude 8
8 Highly paraffinic Pennsylvania oil in the mineral seal range 8
9 Untreated Mid-Continent oil in the mineral seal range 8

75% 2 Proportioned to give viscosity of mineral seal range 1

25% 5

50% 1 Harmful oil diluted with a low viscosity oil 6
50% 5

* See reference no. 2 for detailed descriptions of oils.
t Approx. 0.7 ml of each oil was sprayed onto the treated side of each guinea-pig on alternate days for

4 treatments. See text for skin evaluation system; 0 represents no damage, 8 represents maximal damage.

RESULTS

Effects of various light mineral oils. Eleven dif-
ferent oil preparations which had been tested
for skin effects on calves (2) were applied to the
skin of guinea-pigs (Table I). In general, those
oils which caused the greatest degree of hyper-
keratosis in calves also produced more severe
skin effects in guinea-pigs. Oils No. 5 and 7 ap-
peared to have relatively greater effects on
guinea-pigs than on calves. However, results ob-
tained with oil No. 7 on calves were questionable.
Oil No. 5 produced on calves a desquamation
but no skin thickening. In guinea-pigs the effect
of this oil was also distinguishable from that
caused by the more dermatoxic mineral oils. It
caused the deposition of a hard, keratinized layer
at the site of application, but shortly after oil
applications ceased, this layer peeled off leaving
an unaffected, normal-appearing skin except for
some loss of hair. There was no irritation to the
affected guinea-pigs as evidenced by the absence
of scratching. In the ease of oils such as No. 1,
3 or 4 near the peak of skin thickening and kera-

supplied by the American Oil Company upon
request. General descriptions of the separation or
treatment procedures are presented as footnotes
to the tables.

t The histopathological examinations were
kindly performed by Dr. S. H. McNutt, De-
partment of Veterinary Science, University of
Wisconsin.

tinization, at about 10—14 days following the
first oil application, the guinea-pigs often ex-
perienced convulsive seizures of scratching along
the sides, shoulders, and behind the ears, many
times resulting in open lesions.

Oil No. 2 (also the mixture of 75% No. 2 and
25% No. 5) caused no skin changes in calves and
very little effect on guinea-pigs, only slight cry-
thema and desquamation. Figures 1 and 2 show
guinea pigs at the peak of skin damage from oil
No. 1 and 2, respectively. With guinea-pigs, as
with calves, the dermatoxic effects of an oil
could not be anticipated by knowledge of its
crude source, viscosity, unsulfonatable residue
(i.e., content of aromatics and unsaturates) or of
the acid used in refinement.

Histopathological effects of oil No. 1 (mineral
seal oil). The skin involvement of guinea-pigs
appeared to be a noninfiammatory process which
affected only the epidermis. The reddening of the
skin observed in living animals was not evident
in the tissue sections, as the guinea-pigs were
bled before tissues were taken for examination.
Other than this congestion, there was no evidence
that the oil caused an inflammation.

As early as two days after a single oil applica-
tion the thickness of the cellular epithelium had
reached its maximum, which was about four cells
compared to the two cells in the untreated skin.
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FJG. 1. Guinea-pig showing the severe skin damage caused by mineral seal oil (oil No. 1).
FIG. 2. Guinea-pig showing the very mild effects of equivalent amounts of oil No. 2. The hair on the

sides of the animals had been clipped prior to the oil applications.

The number of cells showing mitotic figures was
greatly increased. The cells were also hyper-
trophied. As oil treatments were continued,
thickening of the epithelium about the hair shafts
occurred, beginning most superficially and gradu-
ally extending into the hair follicles and by the
sixth day the process involved all the hair follicle
except the hair bulb.

Increased keratinization was only a step be-
hind the response of the cellular elements; two
days after a single oil application increased sur-
face keratins were evident. While the epithelial
increase had reached a maximum by this time,
the keratinized material continued to accumulate
into thicker layers reaching a maximum at about
8-12 days. This keratinized material consistently
stained red with hematoxylin-eosin in contrast
to the blue-staining stratum corneum of un-
treated skin. As the epithelial increase progressed
down the hair follicles it was followed by hyper-
keratinization until the hair shaft was surrounded
by a dense, keratinized mass, however, the hair
bulbs remained active and essentially normal.

By 20 days following the initial oil application
(14 days after the final application) the abnor-
mally keratinized layer had been shed as large
flakes accompanied by loss of hair. The surface
epithelium at this time was essentially normal,
except that it was often only one moderately thin
cell deep and showed very few mitotic figures,
and hair growth was quickly restored.

Examination of livers and spleens of the guinea-
pigs showed only those slight changes in the liver
that could be caused by inanition. Oil No. 1 and
a number of other preparations tested caused a

rather marked depression of body iveight gains
which was later shown to be due primarily to the
aromatic hydrocarbons.

Attempts to separate or eliminate the dermatoxic
components of oil No. 1. The data in Table II
illustrate the effect of fractional distillation of oil
No. 1. Twenty fractions of gradually increasing
boiling point each representing approximately
5% of the volume of the original oil were ob-
tained and the even numbered fractions tested
for skin effects on guinea-pigs. An aliquot of each
of these fractions was also treated with fuming
sulfuric acid and thoroughly washed before ap-
plication to the skin. This was done to reduce the
concentration of aromatic compounds, which
have often been associated with toxicity. None
of the fractions tested were free from a skin-
damaging effect, however the potency of the
fractions appeared to increase through fraction
number 16, while numbers 18 and 20 definitely
had less effect on the skin. The skin-damaging
effects of Oil No. 1 and of certain of the distilla-
tion fractions were reduced by the acid treatment,
but usually this effect was not marked.

Because fractional distillation did not effec-
tively separate dermatoxic components from oil
No. 1, attempts were made to separate this oil
into its various component classes of hydrocar-
bons: Aromatics, n-paraffins, isoparaffins (i.e.,
branched-chain paraffins) and naphthenes (i.e.,
cyclic, saturated hydrocarbons). These fractions
were concentrates of the respective hydrocarbon
classes and were undoubtedly not completely
free from cross-contamination. Unsaturated hy-
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TABLE II
Effect of fractions obtained by fractional distillation

of mineral seal oil (oil No. 1) on, the
skin of guinea-pigs

Fraction No.*
Relative Skin

Effectt of Un-
treated Fraction

Relative Skin
Effect of Acid

Treated Fraction

2 4 4
4 4
6 5
8 6 5

10 7
12 8 6
14 8
16 6—8 4
18 2—4

20 1 1
Oil No. 1 6—8 3—6

Reconstituted
OilNo.1 6 3

* Distilled at reduced pressure into 20 fractions
of approximately equal volume in a spinning band
fractional distillation column of approximately
80 theoretical plates.

t All fractions applied at rate of 0.6 ml to treated
side of each guinea-pig on alternate days for 4
treatments. 0 represents no skin damage; 8 repre-
sents maximal damage.

Fractions "refined" by treating with fuming
sulfuric acid at a rate of 5 lb of acid/gallon to
remove aromatic compounds.

drocarbons such as olefins had already been re-
moved during refinement.

The effects of such fractions on the skin of
guinea-pigs are shown in Table III. When oil
No. 1 was used as source material for this separa-
tion, the aromatic-rich fraction and the iso-
paraffin-rich fraction produced greater skin
effects than did the n-paraffin-rich and naph-
thene-rich fractions. When similar fractions of
the more potent series of samples from oil No. 1
(fractional distillation composite of fractions 12,
14 and 16, Table II) were tested, all fractions
were damaging to the skin, the n-paraffin fraction
apparently producing the least effect. The skin
damage caused by mineral seal oil appeared to
be a general reaction to all types of hydrocar-
bons, however, the relative skin damage from
the various classes of hydrocarbons depended
upon the boiling range of the starting material.
Data in Table III also show that hydrogenation
and caustic treatment of this composite fraction

failed to reduce its skin-damaging potency and
acid treatment produced only a slight decrease
in skin damage.

Fractional distillation of oil No. . Oil No. 2
was essentially non-dermatoxic, but from the
same crude petroleum source as was oil No. 1.
Compared to oil No. 1 it WaS more highly refined
to a medicinal grade (the unsulfonatable residue
was 100%) and it was "heavier" or more viscous
(ASTM distillation from 540°F to 736°F com-
pared to 510°F to 665°F for oil No. 1). Oil No. 2
was fractionally distilled and the individual
fractions or various combinations of fractions
tested on guinea-pigs (Table IV). The higher
boiling fractions were completely innocuous to
the skin while the lower boiling fractions caused
severe skin damage. Furthermore, the transition
from maximum skin damage to no skin damage
was quite abrupt and represented a difference in

TABLE III
Effects of separating two oil preparations into

component classes of hydrocarbons on the
resulting skin damage to guinea-pigs

Source Description of Preparation
Rela-

Effect**

Oil No. 1 Unfractionated 6
(mineral seal Aromatic-rich fraction* 6
oil) n-Paraffin-rich fractiont

Isoparaffin-rich fractiont
Naphthene-rich fractions

2
5
1

Composite of TJnfractionated 8
fractions 12, Aromatic-rich fraction* 8
14 and 16 n-Paraffin-rich fraetionf 4
from frac- Isoparaffin-rich fractions 6
tional distil- Naphthene-rich fractions 6
lation of Oil Hydrogenated 8
No. 1 Acid treated

Caustic treated
6
8

* Obtained by silica gel chromatography.
t Obtained by urea adduction of dearomatized

product.
Obtained by liquid thermal diffusion of

dearomatized, "n-paraffin-free" product with
isoparaffins representing N21 range from 1.4459
to 1.4497 and naphthenes from 1.4547—1.4681.

** All preparations applied at the rate of ap-
proximately 0.6 ml to the treated side of each
guinea pig on alternate days for 4 treatments.
0 represents no skin damage; 8 represents maximal
damage.
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2
4
6
8

10
12
14
16
18 (Bottoms)
All even numbered

cuts combined
Reconstituted oil (all

cuts)
llJnfractionated oil
2 + 18 (1:1)
4 + 18 (1:1)
6 + 18 (1:1)
8 + 18 (1:1)

10 + 18 (1:1)
6 + 16 (1:1)
6 + 14 (1:1)
6 + 12 (1:1)

* Distilled in a spinning band column of ap-
proximately 80 theoretical plates at reduced
pressure: Fractions 1—4 at 50 mm Hg, fractions
5—18 at 10 mm Hg. Odd numbered fractions were
not tested for skin effects.

f Approx. 0.6 ml sprayed onto treated side of
each guinea-pig on alternate days for 4 treat-
ments. 0 represents no skin damage; 8 represents
maximal damage.

Converted to atmospheric pressure by use of
modified Cox charts (Anal. Chem., 18: 99, 1946).

boiling point of only about 30°C. Admixture of
"high-boiling" with "low-boiling" constituents
prevented the skin damage, the highest-boiling
fraction being the most effective. This demon-
strated conclusively that the lack of skin damage
from oil No. 2 resulted not because of its high
degree of refinement but because of its content
of "high-boiling" components.

Fractional distillation of the component classes
of hydrocarbons from light mineral oil. A blended
petroleum stock representing approximately the
boiling range of oil No. 2 was separated into its

component classes of hydrocarbons as described
previously except the naphthene fraction was
further separated into monocyclic and polycyclic
naphthenes. Each of the separated classes of
hydrocarbons was then fractionally distilled,
certain "cuts" combined to give sufficient volume
for application to guinea-pigs, and the skin dam-
age evaluated. Some cuts were retained for
further physical characterization. Estimates were
made of the average number of carbon atoms
in the hydrocarbons of each fraction by com-
parison with the boiling temperatures for homol-
ogous series of compounds. Such an estimate may
not be accurate because of the incomplete knowl-
edge of the relative amounts of various hydro-
carbons present within each hydrocarbon class
and such estimates should be used only as a
guide. For n-paraffins, the one class for which
the estimate could be checked, it proved to be
quite accurate. Data for some of the tested frac-
tions are presented in Table V.

For each of the classes of hydrocarbons except
the aromatics, a point was reached by fractional
distillation at which the fractions were completely
without effect on the skin. Within each of these
four classes (i.e., n-paraffins, isoparaffins, mono-
cyclic naphthenes, and polycyclic naphthenes)
this transition in skin-damaging potency oc-
curred with fractions representing approximately
the same boiling point (i.e., those above about
350°C were innocuous). Figures for the estimated
number of carbon atoms in the various classes
of hydrocarbons at this transition point were
also similar (i.e., 21—23 carbon atoms), and maxi-
mum skin effects in each case were from hydro-
carbons estimated to have about 14 to 19 carbon
atoms. Whether or not some differences exist
in the boiling points or number of carbon atoms
at this transition point for different types of
hydrocarbons cannot be ascertained from this
experiment. In the case of aromatics, it is not
known whether a distillation point is finally
reached at which such hydrocarbons become in-
nocuous to the skin; at the maximal boiling point
studied, at which skin-damage was still evident,
the polycyclic aromatic components would still
represent fairly small molecules.

Effects of certain purified compounds on the skin.
of guinea-pigs. Certain highly purified paraffins
(contained small amounts of paraffins of slightly
longer or shorter chain length but essentially
no other contaminants) were applied to guinea-

TABLE IV

Effects of fractions obtained by fractional
distillation of oil No. 2 on, the skin

of guinea-pigs

Fraction No.*
Volume % Boiling

of Charge to Range
Distillation (°C) I

5.0—10.2
15.5—20.6
25.6—34.6
39.9—46.8
52.0—57.0
62.0—67.0
72.5—77.5
82.9—87.9
92.1—100

272—293

307—310

322—333

340—352

355—361

365—372

381—384

392—400
402

Rela-
tive

Skin
Effectt

5
7
8
3
1

0
0
0
0
1

1

1
0
0
0
0
0
1

1

1
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TABLE V

selected fractions from fractional distillation of separated classes of
light mineral oil*

ci fl tassi ca 1° Vol. % of Charge to
Distillation Ditillationi1 Estimated Average No.

Carbon Atoms
Relative Skin

Effect**

N-paraffinsl'f 1.5— 4.7
16.9—19.9
36.7—39.8

61.0—63.9
76.3—79.3
80.3—83.4

234—251

278—280

311—317

335—341

354—358

358—362

13—14

15—16

17—18

19—20

20—21

21—22

5
6
7
4
2
0

Isoparaffins 0—19.8

26.3—45.9
45.9—65.6
72.1—92.2

220—280

297—317

317—337

348—385

13—17

17—19

19—21

22—25

5
6
6
0

Monocyclic
naphthenes

1.6— 4.9
7.9—16.7

25.6—34.4
43.2—52.1

61.0—70.0

78.9—87.9

241—255

295—306

315—323

344—345

354—367

>367

14—15

18—19

19—20

21—22

23

>23

6

7

6
5
1

0

Polycyclic
naphthenes

1.4— 4.6
10.7—14.1
22.6—26.1
37.3—40.4
57.3—60.5
61.7—64.7

240—260

277—285

299—305

318—320

343—346

347—351

14—15

16—17

18
19—20

22
22—23

5
6
6
5
3
0

Aromatics 2.4— 5.9

31.6—35.2

59.7—63.3

71.2—74.7

82.2—86.1

87.2—90.5

248—262

311—316

345—348

357—362

375—379

383—388

14—1514
19
22

23
24

>24

1214
16—17

20

21

22

23—24

14

14-15
15-16

17

17-18

5
7
8
4
4
4

* Distilled at reduced pressure in spinning band column of approximately 80 theoretical plates.
Separation of component classes of hydrocarbons are described below Table IV except naphthenes
further divided on basis of refractive index.

Converted to atmospheric pressure by use of modified Cox charts (Anal. Chem. 18: 99, 1946).
Carbon atoms corresponding to boiling temperature for homologous series estimated from D. Van

Nes and H. A. Van Westen, "Aspects of the Constitution of Mineral Oils," Fig. 19, page 99 and from
American Oil Co. data.

** Applications of 0.6 ml to treated side of each guinea-pig on alternate days for four treatments.
o represents no skin damage; 8 represents maximal damage.

if Because some of the higher-boiling n-paraffin fractions were solids, all paraffin fractions were
mixed with an equal volume of n-heptane (non-damaging) and 1.2 ml applied to provide 0.6 ml of the
paraffin. All other fractions were liquids and were applied directly.

14 Monocyclic, dicyclic, and tricyclic in that order.

Skin effects of hydrocarbons from
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TABLE VI

Effects of certain purified compounds on the skin
of guinea-pigs

Compound Applied
No. Carbon

Atoms
Relative Skin

Effect'

n-Heptane 7 0
n-Dodecane 12 5
n-Tetradecane 14 5
n-Pentadecane 15 6
n-Hexadecane 16 6—8f

n-Heptadecane 17 6
n-Octadecane 18 7

n-Eicosane 20 2
n-Docosane 22 0
n-Hexadecene 16 8
Oleic acid 18 1

* Appliedat a rate of 0.5 to 0.6 ml to the treated
side of each guinea-pig on alternate days for 4
treatments. 0 represents no skin damage; 8 repre-
sents maximal damage.

f Hexadecane has been tested many times;
therefore, the range is reported.

These hydrocarbons were not available at
the time the others were studied but have recently
been tested in cooperation with Mr. John D.
Rossmiller. Because they are solids they were
mixed with an equal volume of n-heptane and
applied at twice the amount of the other com-
pounds.

pigs. The 16 carbon unsaturated compound,
hexadecene, and oleic acid, which has been shown
by other workers to produce effects on the skin
(3), were also tested for comparison. The results
are presented in Table VI. All paraffins from
C12 to C18 caused marked skin damage with the
apparent peak of effect being from C15 to C18.
Heptane (C7) produced no noticeable effect on
the skin in the amounts used, perhaps because of
its high volatility. The C20 paraffin produced only
slight skin damage and the C22 paraffin was with-
out noticeable effect on the skin. Paraffins with
an odd number of carbon atoms caused as severe
effects as did those with an even number of car-
bon atoms. N-hexadecene also produced severe
skin damage however, it was clear that unsatura-
tion was not necessary for this effect. Oleic acid,
under the conditions of this experiment, pro-
duced oniy slight scaling.

Admixture of hexadecane, mineral seal oil, and
aromatic hydrocarbons with higher-boiling mineral
oil components. To determine whether the pre-
viously observed alleviation of skin damage by
the "high-boiling" oil components (Table IV)
resulted only from the application of less of the
dermatoxic material, hexadecane was applied
at a constant amount per unit of skin area with
increasing amounts of "high-boiling" hydro-
carbons. The data presented in Table VII show

TABLE VII
Effects of a "heavy" mineral oil upon the dermatoxic effects of hexadecane

Description of Preparation Amoun(tPPlied* Reltvekin

Hexadecane (H) 0.6 7
0.6 ml H + 0.1 ml U.S.P. heavy mineral oil 0.7 6
0.6 ml H + 0.2 ml U.S.P. heavy mineral oil 0.8 5
0.6 ml H + 0.4 ml U.S.P. heavy mineral oil 1.0 2
0.6 ml H + 0.6 ml U.S.P. heavy mineral oil 1.2 1 (very slight

effect)
0.5 ml H + 0.1 ml U.S.P. heavy mineral oil 0.6 5
0.4 ml H + 0.2 ml U.S.P. heavy mineral oil 0.6 1

0.3 ml H + 0.3 ml U.S.P. heavy mineral oil 0.6 0

0.3 ml H (hexadecane) only 0.3 4

0.6 ml H + 0.2 ml U.S.P. heavy mineral oil + 0.2 ml dodecane 1.0 4

0.6 ml H + 0.4 ml U.S.P. heavy mineral oil + 0.2 ml heptane 1.2 2

0.6 ml H + 0.6 ml U.S.P. heavy mineral oil + 0.36 ml heptane 1.56 1

1.0 ml H + 1.0 ml U.S.P. heavy mineral oil 2.0 4

* The specified amount was sprayed onto one side of each guinea-pig on alternate days for 4 treat-
ments.

0 represents no skin damage; 8 represents maximal damage.
Proportioned to give approximately the viscosity of hexadecane.
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that admixture of U.S.P. heavy mineral oil
(medicinal grade product commonly designated
as mineral oil) with hexadecane reduced and at
higher levels essentially eliminated the skin
damaging effects of 0.6 ml of hexadeeane per
treatment. However, larger amounts of such a
mixture did produce a significant skin effect.
The effect of heavy mineral oil was not the result
of the increase in viscosity, because the skin
damage was the same when the viscosity of the
mixture was adjusted to that of hexadecane by
also adding dodecane or heptane. Other experi-
ments showed that a fractional distillation "cut"
from oil No. 2 boiling just above the transition
point from severe skin-damaging ability did not
reduce the dermatoxic effect of hexadecane, while
one which boiled considerably above the transi-
tion point had a marked alleviating effect. The
same high-boiling component also decreased
markedly the dermatoxie effect of oil No. 1 (min-
eral seal oil). Also an aromatic hydrocarbon frac-
tion isolated from oil No. 1 was most dermatoxic
in the intermediate boiling fraction of oil No. 2
(376—381°C) next in heptane, and least in the
higher-boiling fraction (468—479°C). The higher-
boiling fraction did not reduce the skin damage
caused by the aromatic hydrocarbons nearly as
effectively as it did that of hexadeeane or oil
No.1.

DiscussIoN

The ability of petroleum components and cer-
tain other lipid-soluble compounds to produce
effects on the skin and hair of man and animals
is well known. Butcher (3), for example, demon-
strated that upon application to the skin of rats
xylene, oleie acid and olive oil all increased mi-
tosis, produced parakeratosis and caused des-
quamation. Wool fat had no effect and a mineral
oil had a mild effect. While there has been con-
siderable disagreement on the dermatoxie effects
of petroleum to man, it appears certain that
dermatoses are common among workers exposed
to contact with a number of petroleum products
(4). Much of the disagreement concerning derma-
toses caused by petroleum products undoubtedly
stems from a failure to recognize the actual hy-
drocarbons which contact the skin. Because the
occurrence of dermatitis among workers in the
manufacture of paraffin wax (mostly long-chain
paraffins) decreases in proportion to the purity
of the paraffins they handle (4) and because the

known carcinogens isolated from tars and oils
are aromatic in nature, there has been a tendency
to associate the dermatoxic properties of petro-
leum with degree of refinement (i.e., their content
of aromatic compounds) and to consider paraffins
nondermatoxie. Although the aromatic hydro-
carbons of petroleum are potent skin-damaging
agents, the above assumption is an over-simplifi-
cation.

Other workers have also demonstrated the
effects on the skin of simple hydrocarbons such
as n-paraffins. Brooks, Lalieh and Baumann (5,
6, 7) showed that a number of mineral oil frac-
tions and the alkanes from C5 to C15 produced a
marked hyperplasia of the skin of mice with the
C14 compound, tetradecane, producing the maxi-
mal hyperplasia. Long-chain carbon compounds
with aldehyde, earboxyl, sulfhydryl, or amine
groups also produced hyperplasia, indicating
that no single chemical property distinguishes
hyperplasia-indueing compounds from others.
Bujard and coworkers (8, 9, 10, 11) studied the
effects of various compounds on the rate of mi-
tosis in the epidermis of the nipples of guinea-pig
mammary glands. Paraffins from C5 to C18 caused
an increase in mitosis as demonstrated by the
colehieine technic. The mitotie stimulus was
maximal for hexadecane, the C15 paraffin. Pre-
vious studies had demonstrated a peak of mitosis-
stimulating activity for the homologous series
of alcohols and of aldehydes to be at C,1 and
C8-9, respectively.

Although the effects may not be identical to
those in the present study, there has been con-
siderable interest in the depilatory action of
organic compounds. Fleseh and Goldstone (12)
produced in mice, guinea-pigs, and rabbits a
thickening of the epidermis, loss of hair, and
anomalies in keratinization by topical application
of such substances as chloroprene dimers, allyl
laurate, allyl benzoate, allyl diphenyl acetate,
vitamin A, squalene, and oleie acid. It was pos-
tulated that these materials inactivated —SH
groups in the skin because of their reactive
double bonds. All except vitamin A were shown
to react with —SH groups in vitro. A mineral oil
had no effect on hair or —SH. In a later study
Fleseh (13) demonstrated that complete satura-
tion of four depilatory substances (vitamin A,
squalene, oleie acid and linoleie acid) abolished
their depilatory action. The depilatory effect of
sebum from human skin was not eliminated by
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partial hydrogenation, but Flesch postulated
that complete hydrogenation would have abol-
ished this effect.

Investigating the depilatory effect of human
sebum on mice, guinea-pigs and rabbits, Henseke
and Neinass (14) fractionated the grease ob-
tained by acetone extraction of human hair
clippings. The nonsaponifiable fraction was far
more depilatory than the saponifiable fraction
which contained mainly palmitic, stearic and
myristic acids. Depilatory substances isolated
from the non-saponifiable fraction were identified
as saturated hydrocarbons of 26—30 carbon atoms
of unknown structure. Unsaturation was not a
requisite for depilation as proposed by Flesch
(12, 13). It was suggested that the effect of these
saturated hydrocarbons might be explained by
impeded skin breathing when the hydrocarbon
layer covers the skin.

The chain length of the depilatory paraffins
isolated by Henseke and Neinass is considerably
above that estimated to be dermatoxic in the
present study, however, the structures of these
hydrocarbons from skin sebum and from petro-
leum are not established and degree and position
of branching may have a marked effect on the
dermatoxic and depilatory properties.

The present study demonstrated that all of
the types of hydrocarbons found in petroleum
when applied to the skin of guinea-pigs can initi-
ate hyperplasia, hyperkeratosis, and depilation.
The effect appears to be a very general response
to lipid solvents and not related to specific re-
active groups or to type of structure. Molecular
size seems to be of great importance in deter-
mining the dermatoxic properties. Although the
very short-chain hydrocarbons may under cer-
tain conditions, have some effect on the skin
through their "defatting" action, they did not
produce skin damage in this study, probably
because of their high volatility. Intermediate-size
hydrocarbons produced the maximal skin effect
and as boiling point, and presumably molecular
weight, of the component hydrocarbons increased
there was a sharp transition to hydrocarbons
which were apparently innocuous to the skin.
The reason for such an effect has not been dem-
onstrated but it is most readily explained by
assuming that the skin barrier is permeable only
to hydrocarbons of a certain maximal effective
size and that penetration into or through the
barrier is essential for the initiation of the general

response, a hyperplasia and hyperkeratosis. In
formulating mineral oil-based vehicles for ap-
plication to the skin of animals and presumably
man, it would appear important to use the higher
boiling or very low boiling fractions or suitable
mixtures of these and exclude aromatics and
those non-aromatic fractions boiling in the most
dermatoxic range.

The marked ability of the "higher-boiling"
mineral oil components to reduce or eliminate
the effect on skin of the "lower-boiling" com-
ponents might be ascribed to an affinity of the
dermatoxic hydrocarbons for the larger molecu-
lar weight hydrocarbons which cannot penetrate
the skin barrier; thus, penetration of the derma-
toxic hydrocarbons is reduced. This, however,
remains to be proven. An explanation of the fact
that the more viscous, medicinal grade mineral
oils do not damage the skin is evident from this
work. Also stressed is the inadequacy of referring
to "mineral oil" without reference to the molecu-
lar sizes of the component hydrocarbons or some
associated property.

The reason for differences in the skin response
to the aromatic fraction compared to the other
hydrocarbons is not readily apparent. It may
indicate a difference in route of penetration (i.e.,
perifollicular vs. percutaneous) or may simply
be a reflection of the fact that the aromatic hy-
drocarbons with multiple ring components are
"high-boiling" but still small molecules.

The data presented explain why workers have
in the past found some association of degree-of-
refinement, viscosity, and distillation range of
petroleum fractions with their effects on skin
(15, 16). Inconsistencies among workers, how-
ever, are also explained. It is apparent that any
of the above properties will not necessarily indi-
cate a skin-damaging product; one must consider
more completely the hydrocarbon composition
of the mineral oil.

SUMMARY

A number of light mineral oils applied topically
to the skin of guinea-pigs caused a marked epi-
dermal hypertrophy, hyperplasia, hyperkeratosis,
and subsequent depilation. This dermatoxic
effect could not be closely related to crude source
of the oil or its viscosity, degree of refinement,
or the acid used in refinement.

N-Paraffin, isoparaffin, naphthene and aro-
matic fractions separated from light mineral oil
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each produced the dermatoxic effect as did highly
purified individual paraffins from C12 to C18.
Oleic acid caused only a slight dermatoxic effect.

Fractional distillation of an aromatic-free min-
eral oil demonstrated that while all lower-boiling
fractions were dermatoxic, a distillation range
was reached at which the fractions were innocuous
to the skin. This was also true for n-paraffin-,
isoparaffin-, monocyclic naphthene-, and poly-
cyclic naphthene-rich fractions derived from a
mineral oil. Fractional distillation of the aro-
matic hydrocarbons from mineral oil representing
the same distillation range did not yield fractions
without skin-damaging effects. Crude estimates
of the molecular sizes of the n-paraffins, iso-
paraffins, monocyclic naphthenes, and polycyclic
naphthenes by comparison with the boiling tem-
peratures of known, homologous series of hy-
drocarbons indicated that the maximum skin
damage resulted from hydrocarbons of about
14 to 19 carbon atoms. The transition point to
non-dermatoxic hydrocarbons occurred at about
21—23 carbon atoms. This was verified with puri-
fied n-paraffins. Variations may exist for the
different types of hydrocarbons.

Simultaneous application of the innocuous
"higher-boiling" mineral oil fractions with derma-
toxic "lower-boiling" fractions or with hexa-
decane greatly reduced or eliminated the skin-
damaging effects. The alleviation of the skin
damage from aromatic fractions by simultaneous
application of the "higher-boiling", non-aro-
matic fractions was much less pronounced.

The hyperkeratotie reaction of the skin to
petroleum hydrocarbons appears to be a very
general response to lipid solvents and is not re-
lated to any specific reactive group or type of
structure. Molecular size seems to be very im-
portant in determining the dermatoxie properties
of hydrocarbons, the larger molecules being in-
nocuous. Under the conditions of the experiments
the very low molecular weight hydrocarbons also
had little or no dermatoxie properties, presum-
ably because of their volatility. It is postulated
that the skin barrier is permeable only to hydro-
carbons of a certain maximal effective size and
that penetration into or through the barrier is
essential for the initiation of the hyperkeratotie
response. The alleviation of the dermatoxie effect
of hydrocarbons by admixture with innocuous,
higher molecular weight hydrocarbons, is like-
wise explained by a reduction in penetration of

the dermatoxic component through the skill
barrier.
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