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VEHICLE ROLE OF PETROLATUM 

A bsorprion Studies wirh Meta/lie Test Compounds i11 Guinea Pig� 

Jan E. Wahlberg 

From the Devart111e11t oj 0<'<'11pat1011al Demwtology, N1111011al lns1i111tt of Occ11pallonal Health, 

Karolinska .1j11J../111.<et, StocJ../ro/111, Swecle11 

Abstract. An in ,i,·o isotope techniquc !Jbappearancc 
mca,urements) wa, u,ed to comparc. 111 the guinca pig, 
thc pcrcutancous absorption of ,odium chromatc 
(Na,CrO,). cobaltou� and mcrcunc chlondc, mixed with 
pctrolatum and distilled w,11er. In 6 of thc 8 concentra
ttons studicd, absorption wa� h,gher from di,tilled "atcr. 
hut only ,n onc mercury concentration wa, the d,ffcr• 
cnce ,tatistically significant. Absolute absorpti.in incrcMcd 
with incr�a,ing concentrauon of the test suhstances. and 
"1th increa,ing volumc of the test subsianc.!-petrolatum 
mixwre. re,pcctivcly. From the point of view of ab
wrption thcrc was no advantage ,n ftr·,t dissolvinl( 
Na,CrO, in water before mixing with p�trolatum. 1 hc 
grcater reliabi111y in patch tc,ting obtaincd with test �ub
,tances in peuolntum cumpared with di�tilled water l)Ccm, 
10 be due to the ,ealing capacny of p�trolatum (among 
other factor, hydration and prevention of evaporation) 
nnd not to any absorption-promoting propcny. A com• 
parison betwccn diffcrcnt ways of admini,tering Na,CrO, 
,howed. howcvcr. that iontophoresis and thz ll'ie of ,odium 
lauryl sulph:uc as vehicle or pretreatment 3/!ent ga,e th� 
large,t ab,01 pllon. 

Patch tests showed that pctrolatum was preferable 

to water as a vehicle when using no11-occlwive 

adhesive tapes (5). Chromium in pctrolatum gavc 

a lower threshold of �cnsitivity than in distillcd 

water, with an occ/usive test mcthod (6). Con

sequently, it is conceivable that pctrolatum, bc

sides its sealing capacity (5), which prcvents cva

poration of the test substances and facilitates 

hydration, may also possess propcrtics promoting 

penetration and absorption of thc type for cx

ample. describcd (4) for dimethyl sulfoxide (pene
trant carricr). Such properties would warrant a 

more general use of petrolatum in, among other 

things, patch testing. In order to elucidate this 
problem, chromiurn, cobalt and mercury com

pounds were rnixed with p�trolatum and distillcd 

9*-712802 

water respectivel> and admin1s1ered to guinea 

pigs, aftcr which thc percutaneous absorption rate 

was dctcrmined by a method prcviously clcscribed 
(disappcarance measurcmcnts). In this conncction 

an occludcd skin depot (9) was used, so that it 

was unncccssary to take the cvapora!ion factor 
inta consideration. 

MATERIAL AND METHODS 

Expe,i111<•111al ani111als. White guinca pigs of hoth sexes 
werc u,cd in about thc same proportions; wcii:ht 300-
500 g. 

Disappearance 111ells11re111e11ts. Detail� wer\! gi,·en in a 
prc,iou, ,tudy (9). 1 he radioactivity above a Lopical de
po\it of the isotope-labclled penetrnnt on Lhe ,kin was 
continuously recorded for at least 5 hours bv a scintilla
tion dctcc1or. Thz dccrea,e in activity is an indication 
of ab,orption and i(. expres�ed mathe-matica!ly in term� 
of a d1,appearance con,tant (k nlln 1 ). 

Test s11hs/(111Ces. Sntli11m chromate (Na,CrO, ·4H,O).
analytical rcagent (Mollinckrodt Chcn11cal Works. USA). 

Coba/1011.i chloruli! (CoCIJ. analytical reag:ent !British 
Drug Houses, England). Mercuric chlortde (llgCI.J. 
analytical reagent (E. Merck AG, Germany). 

lsoropes. "Cr (half-life 27.8 day,), "'Co (half-life 71 
days), and "�Hg (hulf-lifc 47 days) were obtaincd from 
The Radiochemical Ccntre, Amersham, Enwand.

Ve/11cles. Petrolamm (Yasclinum, P/111rmacono1111a 

s,·ec,ca 1967) and distilled water. The mix1urcs with 
petrolatum were delivcrcd with crystals less than 0.3 mm 
of the test substance, (Fig. I). whcreafter thc rcspcctive 
isotopes were adde<l. In order to investigate whether 
higher absorption i, obtained if th� crystals �re first dis
solved ,n water bcfore mixing with petrolatum, 0.40°. 
Na,CrO, was prcparcd also from a 50% water solution 
of tbc salt (Fig, 2). 

Co11ce11tratio11s. The lowest concentration of the test 
subc..tnnce� was ncar lhat usually applied to man in patch 

testing. a,CrO,: 0.40, 1.87, and 5.59° •. CoCI,: 2.00, 
and 5.69•�. HgCI,: 0.14, 2.17, and 6.49%. 
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Fig. 1. 0.40 % Na,CrO,-petrolatum mixturc with cryslals 
less than 0.3 mm ( x 100). 

Vo/ume oj 111ixr11re app/ied. Of Na,CrO, in petrolatum 
0.25. 0.50 an<l 1.00 ml were applied; of CoCJ, and HgCI, 
0.50 anj 1.00 ml. Of th� water solutions c1nly 1.00 ml 
was applied, as smaller volumes did not cover the ex
posure area in the skin depot (9). 

Statistical <malrsis. z-square tests and analvsis of vari-
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Fig. 2. 0.40% Na,CrO,-petrolatum mixture. prepared from 
a 50% aqu�ous solurion of Na,CrO, ( x 100). 
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ance were carried om in order to e,timate the effect of 
varying the vehicle. In same series the absorption rate 
was reduced Lo such an cxtent tbat the disappearance 
technique (9) was not sufficiently sensitive to pennit a 
quantitative determination of tbe absorption (i.e. 1he dis
appearance constam was less than 3.4· JO·' min·•). Tn 
this case, Lhe z-square test was made, where the cell fre
quency, below and above respectively this scnsitivity limit 
of the disappearance technique, was given in a fourfold 
table. However. this method of analysis sometimes (8) 
gave results which were misleading. To lhe rest o( the 
experiments, wherc all values of lh: disappearance con
stanl were greater lhun 3.4 • I o-:'., mirr\ Lhc analysis of 

variance was applied. 

RESULTS 

Tables 1-Ul and Fig. 3 show relative (k min-1)

and absolute ,ug cm-2 h-1) absorption from mix
tures of Na2Cr0.1, CoCI�, and HgCJ� with petrola

tum and distilled water. As previously pointed 

out (9), in some series the disappearance tech
nique was not sufficiently scnsitive to permit 

quantitative determinations of the absorption. For 
results bclow thc slatcd sensitivity lim it (3.4 • I 0-� 
min-1), 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 cakulation was ap
plied, both values for the mean bave been given 

and are put in parentheses. In the series where 
all the values were higher than the stated sensi
tivity limit, lhe mean and the standard error wcrc 
calculated on the basis of the individual observa
tions. 

Petrolatum compared with distilled water 

as vehic/e 

Chromium (series, I, 4, 6, 9, 10, 13, Table I, 

Fig. 3). 1n the th ree concentrations higher ab

sorption was obtained from distilled water. At 

the concentration 5.59 % , this tendency was mast 

evident (0.01 < P < 0.05). 
Cobalt (series, 14, I 6-18, Table Il). At the 

concentration 2.00 % , absorption wi:s slightly 
higher from distilled water (0.3 < P < 0.5). At lhe 
concentration 5.69 % absorption was the same 
(0.7 < P < 0.8). 

1\11 ercu ry (series 

the concentrations 

19. 21-25, Table III). At 

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 I. Absorption oj chromium from petrolatum and distilled water

k· 10" min 1 
. . . . .  ·•' . . . . . .  ' '  . .  ' . . . . . . . . . . . . . . . .

Volume of Total 
mixture no. of 

Series a1CrO, applied, experi• 
no. conc. % Mixed wilh ml ments 

0.40 OiS!illed 1.00 10 
water 

2 0.40 Pc1rola1un1 0.25 10 
3 0.40 Pctrolatum 0.50 10 
4 0.40 Petrolatum 1.00 10 
5 0.40 Petrolatum 1.ooa 10 

6 1.87 Distilled 1.00 12 
watcr 

7 1.87 Petrolatum 0.25 JO 

8 J.87 Pe1rola1um 0.50 10 
9 1.87 Pctrolatum 1.00 10 

10 5.59 Distilled 1.00 10 
water 

Il 5.59 Pc1rola1um 0.25 10 
12 5.59 Petrolatum 0.50 JO 
13 5.59 P�trolatum 1.00 10 

• Prepared from a 50 °0 aqueous solution of Na,CrO,.
b Standard crror.
c Scc text.

<3.4 

No. 

3 

2 

4 
6 

I 

6 
4 
3 

sorption was highcr from petrolatum (0.0 I < P < 
0.02). 

Absolute absorption 

Expressed as ,ug Cr, Co, and Hg cm 2 h 1, it in
creased with incrcasing chrornium (Table l, Fig. 
3), cobalt (Table Il), and mcrcury (Tab!e 111) con
centration applied. 

Effec/ of voh,111<' of te.,t subsfl111rt•-pl'lr0Ja111m 

111ixture applied 

On increasing the volumc of the applied mixture 
from 0.25 to 0.50 and 1.00 mJ thc absolute ab-

3.4--6.6 6.7-10.1 10.2-
Mcnn absorption 

Relative Absolute 
No. No. No. (k· 10' min ') (Jig Cr cm ' h-')

4 4 2 8.8 1.4b 1.5 

2 4 I (5.4-6.4)° (0.2-0.3) 
3 6 I 7.4 +0.7b 0.6 
6 4 7.4 + 1.2b 1.3 
3 4 I (5.9�.6)° (1.0-1.)) 
6 4 2 6.9 0.6° 5.6 

I s (4.8-6.2)° (1.0 1.2) 
I 2 (3.4 S.4)' ( 1.4-2.2) 
7 I (5.4 5.8)° (4.3-4. 7) 
s 2 3 7.6-t 0.7b 18.3 

4 ( 1.5-3.6)° (0.9-2.2) 
4 I (3.9-5.2)c (4. 7 6.3) 
4 2 (5.1-6. lf (12.3 14.7) 

sorption of chromium increased for all thc con
centrations (Table I, Fig. 3). The same results 
were obtained for cobalt and mcrcury when the 
volume was increased from 0.50 to 1.00 ml 
(Tables Il, lll). 

Comparison between di/ /erent methods o/ prepar

ing Na,CrO 
1
-petrolat11111 mixture 

Absorption from a mixture of Na�CrO I in crystal
line form (series 4, Fig. I) was somewhal higher 
(0.10 < P < 0.20) compared with a mixturc pre
pared from a 50% aqucous solution of thc salt 
(series 5, Fig. 2). 

Table Il. Absorption oj cobalt from petrolatum and distilled water

k· 10" min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
<3.4 3.4--6.6 6. 7 10.1 10.2 

Volumc of Total Mean absorption 
mixture no. of 

Series CoCI, npplied. experi- Relative Absolute 
no. conc. 

0� Mixed with ml ments No. No. No. No. (k· 10' min l) (Jig Co cm-• h ') 

14 2.00 Distilled 1.00 10 6 3 (3. l-5.2)a (3.0--5.0) 
water 

15 2.00 Petrolatum 0.50 10 8 2 (1.3-4.0t (0.6-1.9) 
16 2.00 Petrolatum 1.00 10 8 2 ( 1.1-3.S)a (1.J-3.7) 
17 5.69 Distilled 1.00 10 4 s (3.3-4.7)4 (9.0--12.8) 

water 

18 5.69 Pe1rolatum 1.00 10 6 2 (3.2-5.3)4 (8.7-14.5) 

" See text. 
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Table Il I. Absorption of mercury from petrolarum and distilled water 

k.· Jo> min ······•····· 3.4 

Volumc or Total 
HgCI mixture no. of 

Series conc. applied, expcrr-
no. " " Mixed with ml mcnts No. 

19 0.14 Ois111led 1.00 10 2 
water 

20 0.14 Pctrolatum 0.50 10 3 
21 0.14 Pctrolatum 1.00 10 2 
22 2.17 Dlstllled 1.00 20 

wuter 
21 2.17 Pctrolatum 1.00 10 5 

24 6.49 Distilled 1.00 15 13 
water 

25 6.49 Pelrolatum 1.00 10 4 

4 See te>.1. 
b Standard error. 

DISCUSSION 

A review of the literaturc (1-3. 7, 15) �hO\�s that 
1hcrc is no gencrally acceptcd definition of a 
Yehiclc. Most authors considcr that a ,ehiclc is 
therapcutically inactivc and cxcrts its effect by 
carrying the active ingrcdient. 8y definition therc 
docs 1101 appcar to be a clear distinctt.:>n b.:t\\ een 
a vchiclc and an adjuvant. 

When comparing absorption from the vchicles 
pctrolatum and di�tilled water 1t wa� found that 

5 

0.25 0.50 1.00 Volume (ml) of Na
1
cro,-

m1�1ures opplled 

Fig. 3. Ab,olute absorption of chromium from mixtures 
of Na,CrO, (0.40, 1.87. and 5.59°0) wi1h p:trolaium and 
distilled water. 0-0, mixccl with p21rol:1LUm: •• mixed 
witb distillcd water (pH 8.0-8.4): '-□, mi\ed wi1h dis
tilled wa1cr _. HCI (pH 2.9-3.0). 
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3.4 6.7- 10.2-
6.6 JO.I 13.5 1'.\.6-

Mcan absorption 
Relative Ah�olute 

No, No. No. No. (/.; 10' min-1) (f,g Hg cm 'h-•)

4 
3 
3 

2 

7 (7 5-8.2)0 (1.5 1.6) 

3 (4.8 5.8)Q (0.5-0.6) 

3 2 (6 . .5-7.2)° (l.3-1.4) 
6 5 6 I0.8:.,0.8b 3.\.4 

2 (S.1-6.8)° (I 5.8-21.1) 
I 11.3-4.2)4 (12.1 39.0) 

3 (4.8-6.2)4 (44.6-.57.6) 

this was highcr from distilled water in 6 of thc 8 
concentrations studied c:i 3 chromium. 1 2 cobalt
and 2 a mercury conccntrations). The ciiffercnces 
were not !arge, howcver, and only in one mcrcury 
concentration was it statistically significant. In the 
rcmaining cobalt concentration the absorption was 
th;! same. and in the rcmaining mercury concen
tration higher absorption was obt:1ined from 
pctrolatum. 

In a previous investigation (6) the threshold of 
scnsit1v1ty was determ111ed ror hypers.:r>sitivt: pa
tients. for chromium in an alkaline t--uffcr (pH 
12.0). in petrolatum and in dbtilled watcr (pH 
4.1-5.2). and parallcl with this the pcrcutancous 
absorplion rate was determincd in guinea pigs. 
"Excellent" agreement between thc Jest rcsults 
for man and thc experimental finding� for guinea 
pigs was obtained: chromiurn in the a!kalinc buf
fer (chromate) gave thc lowest threshold of sensi
tivity and showcd simultaneously the highest ab
sorption: next came chromium in petrolatum. and 
finally in distillcd water (b:chromate). Th.::sc re
\ults do not contradict the present which werc ob
tained with chromate in distilled wate, (pH 8.0-
8.4). Corresponding determinations of the threshold 
of sensitivity in patients hypersensitive to cobalt, 
nickel and mercury ( 14) �howcd small differcnccs 
b.:tween pctrolaturn and distilled water: and the 
results seem to be connected, among other fac
tors. with the simultancous occurrence of hyper
s.!nsitivity to o:her metal compounds. Thus. it 
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D1st.w:iter.-lontOl)h. 5min al 2mA 
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bensalk.ch!or. 

F11(. 4. Ab,olute ab,urpt1on from 0.40% 
Na,CrO, in diffcrcn1 vehicle,, alter ionlo
phoresis and prctreaiment. 1.00 ml of thc 
re�p�ctive mixlures wa, applied, if not 
otherwi�c ,tated. 

36-- -- Berol F 1050. 

o.s 1.0 1.5 2.0 2.5 Absolute absorption /J9 Cr cm' h( 1 

wa� not possiblc to demonstratc any absorption
promoling propcrty of petrolatum comparcd with 

distilled water, but thc grcatcr reliability of pe

trolatum in patch tcsting is duc to its sealing ca

pacity (5). 
As is evident from Tables T-1 lf and Fig. 3 

absolute absorption increascd with the increasing 
volumc of test :.ubstance-pctrolatum m1xturc. Con
sequently. from a practical point of view it is 
de,1rablc to apply thc rcspect1ve test ointmcnts 
in �ufficiently largc amounts in patch tcsting. 

With rcgard to absorption. thcre is nCI apparent 
advantage in dissolving thc Na�CrO, crystals in 
watcr before m1xing with pctrol::itum. 

Fig. 4 shows a comparison bctwcen chromium 
ab�orption from Na�CrO4-pctrolatum mixturcs. 

from a buffercd and an unbuffcred solution with 
varying initial pH (11 ), from mix.turc\ with de
terg.:nts (10), aftcr pretreatment of thc exposure 
area with these detergents (10), and after ionto

phoresi\ ( 12) (concentration 0.40 % Na�CrO 1). 
The largcst absorption was obtaincd after ionto
phoresis for 15 mm at 2 mA (serie, 33). then 
aftcr pretrcatmcnt with sodium laur}' sulphatc 
(series 34). Whcn 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 alkalinc buffer (11) gave highcr chromium 
ab�orption than from petrolatum. 

An analogous comparbon for HgCl2 showed 
that dimethyl sulfoxidc both as vchicle and as 

prctreatmenl agent ( 13), al kyl aryl su!phate and 
soap (8) gave higher mercury absorption than 

from pctrolatum. 
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