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VEHICLE ROLE OF PETROLATUM

Absorption Studies with Metallic Test Compounds in Guinea Pigs
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Abstract. An in vivo isotope technique (disappearance
measurements) was used to compare. in the guinea pig,
the percutaneous absorption of sodium chromate
(Na,CrO,). cobaltous and mecrcunc chlorides mixed with
petrolatum and distilled water. In 6 of the § concentra-
tions studied. absorption was higher from distilled watcr,
but only in onc mercury concentration was the differ-
cnce statistically significant. Absolute absorption increased
with increasing concentration of the test suhstances. and
with increasing volume of the test substance-petrolatum
mixture, respectively. From the point of view of ab-
sorption therc was no advantage in first  dissolving
Na,CrO, in water before mixing with pztrolatum. The
greater reliability in patch testing obtained with test sub-
stances in petrolatum compared with distilled water seems
to bz due to the sesaling capacity of petrolatum (among
other factors hydration and prevention of evaporation)
and not to any absorption-promoting property. A com-
parison between different ways of administering Na,CrO,
showed, however, that iontophoresis and th2 use of sodinm

tauryl sulphate as vchicle or pretrcatment agent gave the
largest absorption.

Patch tests showed that petrolatum was preferable
to water as a vehicle when using non-occlusive
adhesive tapes (5). Chromium in petrolatum gave
a lower threshold of sensitivity than in distilled
water, with an occlusive test method (6). Con-
sequently, it is conceivable that pctrolatum, be-
sides its sealing capacity (5), which prevents cva-
poration of the test substances and facilitates
hydration, may also possess propertics promoting
penetration and absorption of the type for ex-
ample, described (4) for dimethyl sulfoxide (pene-
trant carrier). Such properties would warrant a
more gencral use of petrolatum in, among other
things, patch testing. In order to elucidate this
problem, chromium, cobalt and mercury com-
pounds were mixed with pztrolatum and distilled
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water respectively and administered to guinea

pigs, after which the percutaneous absoiption rate
was determined by a method previously described
(disappearance measurcments). In this connection
an occluded skin depot (9) was used, so that it
was unneccessary to take the evaporation factor
into consideration.

MATERIAL AND METHODS

Experimental animals. While guinea pigs of both sexcs
were used in about the same proportions; weight 300-
500 g.

Disappearance measurements. Details were given in a
previous study (9). The radioactivity above a topical de-
posit of the isotope-labelled penetrant on the skin was
continuously recorded for at least S hours by a scintilla-
tion detector. The decrease in activity is an indication
of absorption and is expressed mathematically in terms
of a disappearance constant (K nun-').

Test  substances. Sodium chromate (Na.CrO,-4H.0).
analytical reagent (Mallinckrodt Chemical Works, USA).
Cobalious chlorsde (CoCl,), analytical reagent (British
Drug  Houses, England). Mescuric  chloride  (HgCl.),
analytical reagent (E. Mecrck AG, Germany).

Isotopes. Cr (half-life 27.8 days), *Co (half-life 71
days), and **Hg (half-lifc 47 days) were obtained from
The Radicchemical Centre, Amersham, England.

Vehicles.  Petrolatum  (Vasclinum,  Pharmaconomia
1967) and distilled water. The mixtures with
petrolatum were delivered with crystals less than 0.3 mm
of the test substances (Fig. 1). whereafier the respective
isotopes  were added. In order to investigate whether
higher absorption is obtained if thz crysials are first dis-
solved in waler before mixing with petrolatum, 0.40%
Nua.CrO, was preparcd also from a S0% water solution
of the salt (Fig. 2).

Concentrations. The lowest concentration of the test
substances was near that usually applied to man in pawch
testing. Na.CrO.: 040, 1.87, and 5.59%. CoCl;: 2.00,
and 5.69%. HgCl,: 0.14, 2.17. and 6.49%.
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Fig. /. 0409 Nua,CrO,—petrolatum mixture with crystals
less than 0.3 mm ( x 100).

Volume of mixture applied. Of Na.CrO, in petrolatum
0.25, 0.50 and 1.00 ml were applied: of CoCl. and HgCl,.
0.50 and 1.00 ml. Of th2 water solutions only 1.00 ml
was applied, as smaller volumes did not cover the ex-
posure area in the skin depot (9).

Statistical analysis. y-square tests and analvsis of vari-
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Fig. 2. 0.40% Na,CrO-petrolatum mixture, prepared from
a 50% aquzous solution of Na.CrO, ( x 100).
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ance were carried out in order to estimate the effect of
varying the vehicle. In some series the absorption rate
was reduced 1o such an extent that the disappearance
technique (9) was not sufficiently sensitive t0 permit a
quantitative determination of the absorption (i.e. the dis-
appearance constant was less than 3.4-10°%* min>). In
this case, the y-square test was made. where the cell fre-
quency, below and above respectively this scnsitivity fimit
of the disappearance technique, was given in a fourfold
table. However, this method of analysis sometimes (8)
gave results which were misleading. To the rest of the
experiments, where all values of the disappearance con-
stant were greater than 3.4-10°% min™', the analysis of
variance was applied.

RESULTS

Tables I-111 and Fig. 3 show relative (K min!)
and absolute ug cm~2 h-') absorption from mix-
tures of Na,CrO,, CoCl,, and HgCl, with petrola-
tum and distilled water. As previously pointed
out (9), in some series the disappearance tech-
nique was not sufficiently sensitive to permit
quantitative determinations of the absorption. For
results below the stated sensitivity limit (3.4-10 %
min-!), arbitrary values may be used (e.g.. cor-
responding to 0 and 3.4-10 %) for calculating the
mean values (9-11). In the series, shown in the
tables, where this method of calculation was ap-
plied, both values for the mean have been given
and arc put in parentheses. In the scries where
all the velues were higher than the stated sensi-
tivity limit, the mean and the standard error were
calculated on the basis of the individual observa-
tions.

Petrolatum compared with distilled water

as vehicle

Chro:ninm (series, 1, 4, 6, 9, 10, 13, Table I,
Fig. 3). In the three concentrations higher ab-
sorption was obtained from distilled water. At
the concentration 5.59 % . this tendency was most
evident (0.01 < P <0.05).

Cobult (series, 14, 16-18, Table II). At the
concentration 2.00 %, absorption was slightly
higher from distilled water (0.3 < P <0.5). At the
concentration 3.69% absorption was the same

(0.7< P <0.8).
Mercury (series 19, 21-25. Table I[II). At
the concentrations 0.14 and 2.17%. absorp-

tion was higher from distilled water, and for
2.17% the difference was statistically significant
(P<0.001). At the concentration 6.49%, ab-
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Table 1. Absorption of chromium from petrolatum and distilled water

A 108 MY e <34 3.4-6.6 6.7-10.1 10.2—
Volume of Total Mean absorption
mixture no. of
Series  Na,CrO, applied, experi- Relative Absolute
no. conc. %  Mixed with ml ments No. No No. No (k- 10°min ') (g Crcm-2h-))
1 0.40 Distilled 1.00 10 — 4 4 2 8.8+ 1.4° 1.5
water
2 0.40 Petrolatum  0.25 10 3 2 4 1 (5.4-6.4)° (0.2-0.3)
3 0.40 Petrolatum  0.50 10 — 3 6 1 74+0.7° 0.6
4 0.40 Petrolatum 1.00 10 y 6 - 4 7.4+1.2° 1.3
S 0.40 Petrolatum  1.00° 10 2 3 4 1 (5.9-6.6)° (1.0-1.1)
6 1.87 Distilled 1.00 12 = 6 4 2 6.9+0.6° 5.6
water
7 1.87 Petrolatum  0.25 10 4 1 5 = (4.8-6.2)¢ (1.0-1.2)
8 1.87 Petrolatum  0.50 10 6 1 2 1 (3.4-5.4)° (1.4-2.2)
9 1.87 Pctrolatum  1.00 10 1 7 ] 1 (5.4-5.8)° (4.3-4.7)
10 5.59 Distilled 1.00 10 — 5 2 3 7.6+0.7° 18.3
water
11 5.59 Petrolatum  0.25 10 6 4 — — (1.5-3.6)° (0.9-2.2)
12 5.59 Petrolatum  0.50 10 4 4 1 | (2.9-5.2)° (4.7-6.3)
13 5.59 Petrolatum 1,00 10 3 4 1 2 (5.1-6.1)° (12.2-14.7)

@ Prepared from a 50 % aqueous solution of Na,CrO,.
b Standard error.
¢ See text.

sorption was higher from petrolatum (0.01 <P <
0.02).

Absolute absorption
Expressed as ug Cr, Co, and Hg cm 2 h'1, it in-
creascd with increasing chromium (Table I, Fig.
3), cobalt (Table 1I), and mercury (Tabte 111) con-
centration applied.

Effect of volume of iest substance-petrolatum
mixture applied

On increasing the volume of the applied mixture
from 0.25 to 0.50 and 1.00 ml the absolute ab-

sorption of chromium incrcased for a!l the con-
centrations (Table [, Fig, 3). The same results
were obtained for cobalt and mercury when the

volume was increased from 0.50 to 1.00 ml
(Tables 11, III).

Comparison between different methods of prepar-
ing Na,CrO ,—petrolatum mixture

Absorption from a mixture of Na,Cr@®, in crystal-
line form (scries 4, Fig. 1) was somewhat higher
(0.10 < P<0.20) compared with a mixture pre-
pared from a 50% aqucous sofution of the salt
(series 5, Fig. 2).

Table [1. Absorption of cobalt from petrolatum and distilled water

K- 10Pmin~Y L. e <3.4 3.4-6.6 6.7-10.1 10.2-
Volume of Total Mean absorption
mixture no. of
Serics CoCl, applied., experi- Relative Absolute
no. conc. %  Mixed with ml ments No. No No. No (k-10°min!) (ug Coecm=*h")
14 2.00 Distilled 1.00 10 6 3 —= | (3.1-5.2)% (3.0-5.0)
walter
15 2.00 Petrolatum  0.50 10 8 2 — — (1.3-4.0)° (0.6-1.9)
16 2.00 Petrolatum  1.00 10 8 2 — — (1.1-3.8)% (1.1=3.7)
17 5.69 Distilled 1.00 10 4 S 1 — (3.3-4.7)% (9.0-12.8)
water
18 5.69 Petrolatum  1.00 10 [3 2 1 1 (3.2-5.3)¢ (8.7-14.5)
@ See text.
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Table 111. Absorption of mercury from petrolatum and distilled water

K105 min™® . omuon L L ERssheiEae T e E R =34 34- 6.7- 10.2-
6.6 10.1 135  13.6-
Volume of Total Mcan absorption
HeCl mixture no. of Relative Absolute
Series conc. applied, experi-
no. % Mixed with ml ments No. No. No. No. No. (k-10* min=1) (g Hgem~1h1)
19 0.i4 Distilled 1.00 10 2 7 I - (7.5-8.2)% (1.5-1.6)
water
20 0.14 Petrolatum  0.50 10 3 4 3 —_ — (4.8-5.8)¢ (0.5-0.6)
21 0.14 Petrotatum  1.00 10 2 3 k) 2 — (6.5-7.2)% (1.3~1.4)
22 217 Distilled 1.00 20 3 6 s 6 10.8+0.8° 324
walter
23 2.7 Petrolatum  1.00 10 5 1 2 | 1 (5.1-6.8)¢ (15.8-21.1)
24 6.49 Distilled 1.00 15 13 — I | (1.3-4.2)% (12.1-39.0)
water
25 6.49 Petrolatum  1.00 10 4 2% 3 1 == (4.8-6.2) (44.6-57.6)
% See text.
® Standard error.
DISCUSSION this was higher from distilled water in 6 of the 8

A review of the literature (1-3. 7, 15) shows that
there is no generally accepted definition of a
vehicle. Most authors consider that a vehicle is
therapeutically inactive and exerts its effect by
carrying the active ingredient. By definition there
docs not appear to be a clear distinction batween
a vchicle and an adjuvant.

\When comparing absorption from the vchicles
petrolatum and distilled water 1t was found that
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Fig. 3. Absolute absorption of chromium from mixtures
of Na.CrQO, (0.40, 1.87. and 5.599%) with petrolatum and
distilled water. O—O, mixed with pzairolatum: @, mixed
with distilled water (pH 8.0-8.4); —0, mixed with dis-
titled water + HCI (pH 2.9-3.0).
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concentrations studied (3/, chromium. !/, cobalt
and ®/, mercury concentrations). The cifferences
were not large, however, and only in one mercury
concentration was it statistically significant. In the
remaining cobalt concentration the absorption was
thz same, and in the remaining mercury concen-
higher absorption obtained from
petrolatum.

In a previous investigation (6) the threshold of
sensitivity was determined for hypersepsitive pa-
tients, for chromium in an alkaline bkuffer (pH
12.0). in petrolatum and in distilled water (pH
4.1-5.2), and parallel with this the percutancous
absorption rate was determined in guinea pigs.
“Excellent” agreement between the test results
for man and the experimental findings for guinea
pigs was obtained: chromium in the a'kaline butf-
fer (chromate) gave the lowest threshold of sensi-
tivity and showed simultaneously the highest ab-
sorption: next came chromium in petrolatum. and
finally in distilled water (bichromate). These re-
sults do not contradict the present which were ob-
tained with chromate in distilled water (pH 8.0-
8.4). Corresponding determinations of the threshold
of sensitivity in patients hypersensitive to cobalt,
nickel and mercury (14) showed small differences
bztween petrolatum and distilied water: and the
results scem to be connected, among other fac-
tors. with the simultaneous occurrence of hyper-
sensitivity to other metal compounds. Thus. it

tration was



VEHICLE:
Dist. water (pH 8.0).
Petrolatum, 0.25 ml
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, 0.50 ml.

Series No
~N

Petrolatum.

Dist. water « HCI (pH 2.9),

26 e—

e

Bensalk.chlor (1.0%,pH 8.7)
Berol F 1050 (1.0%,pH 87)

33 " .

34 Dist.water. - Pretreatm. sodium lauryl sulph,

35 e— " "

05 10 15 20 25

was not possible to demonstratc any absorption-
promoting property of petrolatum comparcd with
distilled water, but the greater reliability of pe-
trolatum in patch testing is due to its sealing ca-
pacity (5).

As is evident from Tables 1-1IT and Fig. 3
absolute absorption increased with the increasing
volume of test substance~petrolatum nuxture. Con-
sequently, from a practical point of view it is
desirable to apply the respective test ointments
in sufficiently large amounts in patch testing.

With regard to absorption, there is no apparent
advantage in dissolving the Na,CrO, crystals in
water before mixing with petrolatum.

Fig. 4 shows a comparison between chromium
absorption from Na,CrO,-petrolatum mixtures,
from a buffered and an unbuffered solution with
varying initial pH (11), from mixtures with de-
tergents (10), after pretreatment of the exposure
arca with these detergents (10), and after ionto-
phoresis (12) (concentration 0.40% Na.CrO)).
The largest absorption was obtained after ionto-
phoresis for 15 min at 2 mA (scries 33). then
after pretreatment with sodium laury! sulphate
(series 34). When comparing with detergents as
vehicles (series 29-31), absorption was lower from
petrolatum. A similar comparison {for 5.59 %
Na,CrO, showed that the detergents (10), but
also an alkaline buffer (11) gave higher chromium
absorption than trom petrolatum.

An analogous comparison for HgCl, showed
that dimethyl sulfoxide both as vehicle and as

Dist.water. - lontoph. 5 min, at 2mA

15 min. 8t 2mA.

bensalk.chior.
¢ ' ” Berol F 1050.
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- NaOH (pH 12.0) unbuffered.
v - - NaOH - Na,HPO, (pH 120) buttered.
Sodium laury! sulph, (10.0 %, pH 8.6)

Fig. 4. Absolute absorption from 0.40%
Na,CrO, in different vehicles, after ionto-
phoresis and pretreatment. 1,00 ml of the
respective  mixtures was applied, if not
olherwise stated.

. — e
Absolute absorption ug Cr cm’ hr'

pretreatment agent (13), alkyl aryl su!phate and
soap (8) gave higher mercury absorption than
from petrolatum.
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