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Synopsis—With the use of daily applications of a mixture of labeled HEXACHLOROPHENE
and TRICLOCARBAN (3,4,4'-trichlorocarbanilide) in a soap vehicle, the accumulation and
persistence of radioactivity on the dorsal surface of the hand were measured for five days.
After the fourth application the amount remaining on the skin after rinsing seemed to ap-
proach equilibrium. During any one day the amount of antibacterial ingredients decreased
by 509,. The accumulation of antibacterial agents on the SKIN may explain the observation
that the effect of ANTIBACTERIAL SOAP on the microflora of the skin is related to the
number of exposures.

INTRODUCTION

It is a peculiarity of washing with antibacterial soaps or detergents
that the antibacterial agents are deposited onto skin from vehicles whose
function it is to remove substances from the skin surfaces. Although the
mechanism whereby these agents are deposited is poorly understood (1,
2), the molecular structure of the deposited material (3-6) and the nature
of the vehicle (7-9) are involved. Deposition of particles on skin is stated
(10, 11) to be related to the psi and zeta potentials of the skin and the par-
ticles.

Several techniques have been used to measure the quantity of chemi-

cals deposited on viable skin from different types of vehicles. Compeau

* Research and Development Department, Armour-Dial, Inc., 3115 South Benson St., Chi-
cago, 111. 60608.

T Industrial BIO-TEST Laboratories, Inc., 1810 Frontage Road, Northbrook, Ill. 60062,
where investigation was conducted.

369

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



370 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

(2) and Manowitz and Johnston (12) used organic solvents to extract anti-
bacterial substances deposited on skin and analyzed the extracts spectro-
photometrically. Fahlberg et al. (9) assayed the extracted agent micro-
biologically. Investigating material deposited in particles large enough
to be observed directly, Parran (13) stripped the skin with sticky tape and
under magnification observed the amount of particles adhering to the
tape. Shemano and Nickerson (14) and Stoughton (15) used radioactive
hexachlorophene and measured the quantity sorbed onto the skin by sur-
face counting. Using radioactive soaps, Hopt and Burmeister (16) ex-
tracted the skin and examined the extracts for the amount of soap re-
tained after washing.

In the work reported here, which extrapolates the method of Shemano
and Nickerson (14) to humans, the accumulation and persistence of a
mixture of antibacterial substances deposited from soap onto human skin
were studied. It is well known that antibacterial cleansing products such
as hexachlorophene soaps or detergents exert their effect in a cumulative
manner, the bacterial population decreasing with frequency of use until
it is more or less stabilized at a level which is characteristic for each per-
son (12, 17-20). Our work indicates that the amount of antibacterial
agents on the skin approaches equilibrium.

The composition employed in this study consisted of a soap solution
containing a 1:1 mixture of hexachlorophene (2,2’-dihydroxy-3,3',5,5",6,6'-
hexachlorodiphenylmethane) and triclocarban (TCC, 3,4,4"-trichlorocar-
banilide),* the former compound being C-14 labeled in the methylene
group and the latter C-14 labeled in the carbonyl group. A 1:1 combina-
tion of hexachlorophene and triclocarban is found in a widely used anti-
bacterial-deodorant soap.

METHODS

The experimental work included both animal and human studies.
Albino rats were used to establish a relationship between skin surface
counts and absolute radioactivity present in and on the skin. It was as-
sumed that this relationship also would apply to the human studies.

Two male and two female albino rats weighing 250 to 300 g were em-
ployed. An area on the back (approximately 6 in.2) was closely clipped
and depilated? to effect complete removal of hair.

Chemicals were weighed to the nearest 0.1 mg and transferred quan-
titatively to a 29, soap solution; the formulations were homogenized in a

* Active ingredients in Dial® soap, Armour-Dial, Inc,, Chicago, 11l
t Nair, Carter Products, Inc., New York, N. Y.
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tissue homogenizer equipped with a tight-fitting pestle until successive
aliquots of the suspension gave counts reproducible to within 29, or less.
Before use, the formulation was warmed to 30°C and agitated continu-
ously with a magnetic stirrer.

The composition of the test solution is given in Table I. The activity
of the preparation was determined by scintillation counting of aliquots
after homogenization.

Table I

Composition of Test Solution

Ingredients g/100 ml
Hexachlorophene
Labeled 0.400 = 311.5 uc
Unlabeled 0.350
TCC
Labeled 0.092 = 311.5 uc
Unlabeled 0.658
Ivory Soape 2.0
Total pc/100 ml 623.0

a Procter & Gamble Co., Cincinnati, Ohio.

The formulation was applied 24 hours after depilation and after in-
spection of the animals to insure absence of abrasions or irritation. Prior
to application of test material, the rats were anesthetized and circles hav-
ing a diameter of 3.5 cm were circumscribed on each prepared skin site
with waterfast ink. A 0.1-ml sample of the test solution was spread
evenly over the test site by rubbing briskly with the tip of the delivery
pipet for 3 min. At various intervals after application, ranging from 0
to 8 min in order to permit deposition of variable quantities of material
on the skin, the test sites were thoroughly rinsed with tap water to remove
excess test material.

Immediately after rinsing, each animal was sacrificed and the skin at
each application site was excised, spread on aluminum foil, and counted
using a Nuclear Radiation Detector Model D-34* (mica window mass of
1.4 mg/cm? with an effective diameter of 2.778 cm) connected to a Nu-
clear-Chicago Analyzer/Scaler 8725.*

Triplicate skin samples, each having an area of 0.363 cm?, were taken
from each counting area using a cork borer. These samples were dried
and burned using the Schoeniger combustion method. The radioactive

* Nuclear Chicago, Des Plaines, I11. 60018.
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CO, formed was trapped in phenethylamine solution* and counted using
standard procedures. The averages for each set of samples (in micro-
curies) were plotted against the observed surface counts. The relation-
ship between surface counts and total radioactivity in and on the skin is
shown in Fig. 1.
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Figure /. Relationship between surface count and radioactive content of skin

The average counting efficiency for the recovery of radioactivity ap-
plied to skin using the Schoeniger combustion technique was 56.29,.
This efficiency was determined by burning samples of skin to which
known quantities of radioactivity had been applied.

For the human study, five adult male and five adult female subjects
were employed. The subjects were instructed to adhere to their usual
habits in washing their hands using a control bar soap identical with that
which was supplemented with bacteriostats when the antibacterial soap
solutions were prepared. The use of hand creams, lotions, or other prep-
arations was not permitted during the experimental periods.

* This solution consists of 279, v/v absolute methanol, 279, v/v 2-phenethylamine, 0.5%,

w/v PPO (2,5-diphenyloxazole), and 0919, w/v POPOP [p-bis-2-(5- phenyloxamlyl)benzene]
and toluene, g.s. to 1009, !
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The appropriate test formulation (0.1 ml) was applied once each
morning for 5 consecutive days to the dorsal surface of the left hand of
each subject on an area measuring 3.5 cm in diameter. The method of
application was as described for the animal studies. Excess material was
rinsed off with tap water 3 min after application.

The surface skin counts were determined immediately and 15 min,
4 hours, and 24 hours after each application of the test material. No
washing of the test sites was allowed for 4 hours following application of
the test material. Applications were made daily for 5 days.

Relationship of Surface Counts to Total Radioactivity in and on the Skin

The activity (in microcuries) in and on the skin of each subject treated
with the labeled soap suspension was determined by counting the surface
of the skin using a Nuclear Radiation Detector and converting surface
counts to total activity using the graph (Fig. 1) constructed from data
obtained in the animal studies, and assuming analogy between human
skin and rat skin.

REsuLTS

Efficiency of Surface Counting

From Fig. 1, a surface count of 30,000 cpm is equivalent to 0.0565
pc/cm? of skin. If all of the radioactivity were on the surface and if
counting were 1009, efficient, the detectable surface counts may be cal-
culated using the following conversion formula:

cpm®  pe X 2.22 X 10
6.06¢ 1.33¢

_0.0565 X 2.22 X 108 X 6.06
o 1.33

cpm

cpm = 5.72 X 10°

9, of radioactivity in and on the skin 30 % 10
detectable by surface counting = S
(9% efficiency) 5.72 X 10

X 100 = 5.25

“ Does not include a background of 65 cpm.

®1 uc = 2.22 X 10° disintegrations per min.

° The eflective surface area of the Nuclear Radiation Detector used was 6.06 cm?

¢1.33 is an aliquot adjustment. After combustion of a skin sample, the carbon dioxide
formed was collected in 20 ml of basic scintillator solution and 15 ml of the solution was
counted in a liquid scintillation counter.
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Table 11
Counting Efficiency

uc/cm? in

and on Skin Surface Counts 9% Efficiency
0.0202 7,500 3.65
0.0320 15,000 4.63
0.0565 30,000 5.25

Mean 4.51

Use of this value and others calculated similarly for different levels of
total radioactivity gave the results shown in Table II.

Persistence and Accumulation of Bacteriostats on the Skin

From Fig. 1, the surface counts for male and female subjects and for
the composite groups taken four times each day for a 5-day period were
converted to microcuries of total radioactivity in and on the skin. Since
there were no significant differences between male and female subjects,
only the composite data are presented (Table III). These data are shown
graphically in Fig. 2. Analysis of variance shows the differences between
days and time periods within any day to be significant (p < 0.01).

Table I1I
Accumulation and Persistence of Labeled Germicides on Human Skin After Repeated
Daily Applications®
(Mean Values for Five Male and Five Female Subjects)

Time of Increase
Determination After 5
Post-Dosing Day 1 Day 2 Day 3 Day 4 Day 5 Days
Immediate 25.00 28.0 29.4 30.8 32.3 7.3
15 Minutes 25.0 28 .4 31.3 33.3 32.3 7.3
4 Hours 22.2 24 .1 26.2 27.0 27.3 5.1
24 Hours 11.7 14.3 15.4 15.4 3.7

a Read across for accumulation and down for persistence.
® All values are given in uc X 10%/cm? of skin.

DiscussioN

Inspection of Table III indicates an apparent gradual leveling out
of the amount of sorbed material by day 4, the values for that day being
about 259, greater than on day 1. It is likely that this represents equilib-
rium conditions related to the quantity of antibacterial agents applied
per unit area of skin. Of interest is the decrease of activity during any
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one day: 24 hours after application the amount of agent present de-
creases by 509,. Our results differ from those of Compeau (2), who found
no difference between the amount of hexachlorophene extractable from
skin immediately after scrubbing the hands with an antibacterial de-
tergent or after using the product exclusively for five days, but are in
agreement with those of Manowitz and Johnston (12), who measured the
hexachlorophene extractable from the entire forearm. Using a detergent
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Figure 2. Relationship between number of applications to lhumans of soap solution contain-
ing labeled hexachlorophene and triclocarban and the radioactive content of skin
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containing radioactive hexachlorophene, Stoughton (15) found that only
0.59, of the hexachlorophene applied to the skin remained one day after
application, unlike the 509, of the mixture of agents found by us. A
major difference between the two experiments, aside from the fact that
we used soap, not detergent, as the vehicle, and a mixture of antibacterial
agents rather than hexachlorophene, is that Stoughton washed the test
site with plain soap and water immediately after applying the detergent,
a procedure which can be assumed to remove a considerable portion of
the deposited chemical.

Diminution of the amount of antibacterials with time probably is due
to a great extent to normal shedding, turnover of the statum corneum,
and, to a lesser extent, penetration (21). At the end of our experiment,
application sites were stripped with cellophane tape followed by two
washings with soap and water. Two such treatments failed to remove all
of the radioactivity from the skin, but about 64 hours later skin surface
counts had reverted to background level.

The accumulation of bacteriostats in skin may explain the observation
(12, 17) that the effect of antibacterial soap or detergent on the micro-
flora of the skin is related to the number of exposures to the product.
Our data suggest that an antibacterial bar soap may be most effective if
used regularly to allow maximum buildup of bacteriostatic film on the
skin.

(Received December 9, 1970)

REFERENCES

(1) Goldemberg, R. L., Keratin substantivity, Drug Cosmet. Ind., 85, 618 (1959).

(2) Compeau, G. M., The adsorption of dodecylbenzencsulfonate and hexachlorophene on
the skin, J. Amer. Pharm. Ass., Sci. Ed., 49, 574 (1960).

(3) McNamara, T. F.,, Steinbach, M. L., and Schwartz, B. S., Skin substantivity in the evalua-
tion of antimicrobials, J. Soc. Cosmet. Chem., 16, 499 (1965).

(4) Taber, D., Yackovich, F.,, and Brown, J., Jr., The microbiological availability of soap
bacteriostats, J. Amer. Oil Chem. Soc., 44, 473 (1966).

(5) McNamara, T. F., and Steinbach, M., In vitro evaluation of the tissue substantivity of
selected antibacterial agents, 7bid., 44, 478 (1966).

(6) McNamara, T. F., Skin substantivity. fome biological and chemical considerations,
CSMA Proc., 53, 145 (1967).

(7) Panzarella, F. P, and Dexter, D. D., Germicidal liquid skin soap, Soap Chem. Spec., 37,
No. 12, 73 (1961).

(8) Gibson, J. W, Comparative antibacterial activity of hexachlorophene in different formu-
lations used for skin disinfection, J. Clin. Pathol., 22, 90 (1969).

(9) Fahlberg, W. J., Swan, J. C, and Seastone, C. V., Studies on retention of hexachloro-
phene (G-11) in human skin, J. Bacteriol., 56, 323 (1948).

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



ANTIBACTERIAL AGENTS IN HUMAN SKIN 377

(10) Blank, 1. H., and Coolidge, M. H., Degerming the cutaneous surface. 1. Quaternary
ammonium compounds, J. Invest. Dermatol., 15, 249 (1950).

(11) Schwartz, A. M., The zcta potential and its application in cosmetic science, Proc. Sci.
Sect. Toilet Goods Ass., 39, 16 (1963).

(12) Manowitz, M., and Johnston, V. D., Deposition of hexachlorophene on the skin, J. Soc.
Cosmet. Chem., 18, 527 (1967).

(13) Parran, J. J., Jr., Decposition on the skin of particles of antimicrobial agents from de-
tergent bases, J. Invest. Dermatol., 45, 86 (1965).

(14) Shemano, I., and Nickerson, M., Cutaneous accumutation and retention of hexachtoro-
phene-C* (G-11), Fed. Proc., 13, No. 1, 1325 (1954).

(15) Stoughton, R. B., Hexachlorophenc deposition in human stratum cormeum, Arch.
Dermatol., 94, 646 (1966).

(16) Hopf, G., and Burmcister, J., Das Haftvermogen von Waschrohstoffen in Textilien und
auf der menschlichen Haut, Fette Seifen, 55, 178 (1953).

(17) Cade, A. R., Antiseptic soaps: a simplified in vivo method for determining their de-
germing efficiency, Soap Sanit. Chem., 26, 35 (1950).

(18) Best, R. R, Coe, J. D., McMurtrey, G. B., and Henn, M. J., Effectiveness of soaps con-
taining hexachlorophene for the surgical scrub, Arch. Surg., 61, 869 (1950).

(19) Travers, J. J., Rohloff, A. C., Ambya, E. L., and Vinson, L. J., Determining activity of
toilct bars—interpretation of bacteriological data from hand washing tests, J. Soc.
Cosmet. Chem., 10, 410 (1959).

(20) Price, P. B., The bacteriology of normal skin; a ncw quantitative test applied to a study
of the bacterial flora and the disinfectant action of mechanical cleansing, J. Infec. Dis.,
63, 303 (1938).

(21) Feldmann, R. J., and Maibach, H. I., Absorption of organic compounds through skin in
man, J. Invest. Dermatol., 59, 351 (1968).

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



