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SYNOPSES FOR CARD INDEXES

The following synopses can be cut out and mounted on 127 x 76 mm index cards for 
reference without mutilating the pages o f  the Journal.

Exaggerated exposure in topical irritancy and sensitization testing : N . J. V an
A bbé, P. N icho las  and E liza b eth  Bo o n . Journal o f  the S ociety o f  Cos
m etic Chemists 26 173-187 (1975)
Synopsis— The concept o f  a ‘ safety m argin ' provides a convenient expres
sion  for  the hazard o f  adverse reaction fo llow in g  topical administration. 
Exaggeration o f  exposure condition s in predictive testing helps to establish 
the safety m argin, but reliability o f  any prediction depends on  lim iting the 
effects o f  exaggeration to quantitative rather than qualitative enhancem ent 
o f  responses. G ross exaggeration often leads to qualitative changes defying 
interpretation in terms o f  hazard during norm al use.

Techniques fo r  safety evaluation based upon  causing on ly  threshold 
effects and com parison  o f  an unknow n with a well-established ‘ con tro l’ 
preparation o f  similar type are suggested as m ost suitable fo r  relatively 
innocuous cosm etics. H um an tolerance tests w ould  probably  be ideal for 
the purpose but extremely tim e-consum ing. I f  animal tests are used to 
screen for  skin and eye irritancy, there should not be any need for  grossly 
exaggerated exposure since the species m ostly used approxim ate quite 
closely to  man in their susceptibility to skin and eye irritants.

The prediction  o f  sensitizing potential by exaggerating exposure is un
satisfactory ow ing to  insufficiency o f  data on  dose-response behaviour for 
mild sensitizers. Experience in norm al use o f  a cosm etic by gradually 
increasing num bers o f  individuals w ould  seem to  be the only available way 
to establish sensitizing potential fo r  cosm etic form ulations, although a 
guinea-pig test m ay be useful fo r  screening new raw materials.

Four methods for the characterization o f  dentifrices and other sem isolids:
M . B l o c k . Journal o f  the S ociety o f  Cosm etic Chemists 26 189-204 (1975) 
Synopsis— D uring the course o f  developm ent w ork, the need arose for 
characterization and com parison  o f  batches o f  dentifrices. F ou r m ethods 
used in other technologies are reported for their utility in the evaluation o f  
these and other semisolids.

F orce-tim e traces were recorded  on  a m odified Instron tensiometer for  a 
piston m oving at constant speed dow n a full tube o f  toothpaste and again 
dow n the em ptied one. The difference was the corrected initial force  for 
extrusion. A t the same time, a num ber o f  extruded drops were weighed. 
The mean weight o f  a drop  was divided by the diam eter o f  the orifice to 
obtain  the tensile strength o f  the paste.

A  polyethylene disc resting on  the surface o f  a jar o f  dentifrice was with
drawn at constant speed on  an Instron tensiom eter. The force-tim e curve 
show ed a characteristic m axim um  cohesive force . T he final value obtained 
on  separation o f  paste and disc was a measure o f  stringiness.

A  notched d octor  blade was used to apply 10 parallel stripes o f  uniform  
width but increasing height u pon  a surface. R otation  through 90,: per
mitted sag o f  the sem isolid, giving a stripe num ber characteristic o f  
resistance to sag.
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Percutaneous absorption o f  Triclosan from  toilet preparations: J. G . B l a c k  
and D . H o w e s . Journal o f  the S ociety o f  Cosm etic Chemists 26 205-215 
(1975)
Synopsis— The absorption  o f  [3H] Triclosan (Irgasan*  D P300) through rat 
skin treated with sham poo contain ing 0 .0 5 %  (w /v ), and with aerosol 
deodorant contain ing 0 .1 %  (w /v ), has been measured. The products were 
applied in a m anner designed to  simulate consum er use, and the penetra
tion  was calculated from  the am ount o f  radioactivity excreted by  the 
animals. F rom  the sham poo, the penetration was 0.197 gg c m '2 which 
increased as the concentration  o f  [3H] Triclosan was increased but which 
was independent o f  duration o f  contact with the skin for  a given concentra
tion o f  [3H ] Triclosan. B lood  levels at 48 h after treatment were p ro p o r 
tional to  concentration  o f  applied [3H ] Triclosan and for  0 .05%  (w /v ) were 
less than the equivalent o f  0.1 ug m l-1. F rom  the aerosol deodorant the 
penetration was 6.85 gg  m b 1 and the b lo o d  level reached a m axim um , 
equivalent to  0.26 gg m l-1, at 6 h after a single application.

The calculated absorption  by the hum an is an extrem ely low  proportion  
o f  the no-effect level in rats.

A  parametric test to measure the cleaning power o f  toothpaste: W . B. D avis 
and D . A . R ees. Journal o f  the S ociety o f  C osm etic Chemists 26 217-225 
(1975)
Synopsis— A  sensitive in vivo m ethod  was developed to  quantify the 
cleaning pow er o f  dentifrices. Volunteers built up natural stain on  their 
teeth over a period  o f  5 weeks by  replacing their usual tooth p as 'e  with a 
non-abrasive paste. T he estimated %  area o f  the incisors covered by 
stained pellicle was observed to  increase, especially towards the end o f  
this bu ild-up period . The natural stain was progressively rem oved by a 
series o f  10 s brushing periods using an electric toothbrush and the pastes 
to be tested. T he logarithm  o f  the area o f  stain was plotted against the 
duration o f  brushing with the test paste and fou nd  to con form  to  a linear 
trace. Thus an equation  for  stain rem oval m ay be o f  the form  S = a c bt with 
the coefficient b being an expression o f  the ability o f  the test paste to 
rem ove stain.
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Exaggerated exposure in topical 
irritancy and sensitization testing

N. J. VAN ABBÉ,* P. NICHOLASt and
ELIZABETH BOON*

Presented on 26-30th August 1974 in London at the IFSCC VUIth 
International Congress on *Cosmetics— Quality and Safety’ 
organized by the Society o f  Cosmetic Chemists o f  Great Britain.

Synopsis— The concept o f  a ‘safety margin’ provides a convenient expression for the hazard of 
adverse reaction following topical administration. Exaggeration o f  exposure conditions in 
PREDICTIVE TESTING helps to establish the safety margin, but reliability o f  any prediction 
depends on limiting the effects o f  exaggeration to quantitative rather than qualitative enhance
ment o f responses. Gross exaggeration often leads to qualitative changes defying interpretation 
in terms o f  hazard during normal use.

Techniques for safety evaluation based upon causing only threshold effects and comparison 
o f  an unknown with a well-established ‘control’ preparation o f  similar type are suggested as 
most suitable for relatively innocuous cosmetics. Human tolerance tests would probably be 
ideal for the purpose but extremely time-consuming. If animal tests are used to screen for skin 
and EYE IR R IT A N C Y , there should not be any need for grossly exaggerated exposure since 
the species mostly used approximate quite closely to man in their susceptibility to skin and eye 
irritants.

The prediction o f  sensitizing potential by exaggerating exposure is unsatisfactory owing to 
insufficiency o f  data on DOSE-RESPONSE behaviour for mild SENSITIZERS. Experience in 
normal use o f  a cosmetic by gradually increasing numbers o f  individuals would seem to be the 
only available way to establish SENSITIZING POTENTIAL for cosmetic formulations, 
although a GUINEA-PIG TEST may be useful for screening new raw materials.

I n t r o d u c t i o n

The possible hazard of adverse reaction in response to topical 
administration needs to be assessed by means of suitable predictive tests. 
The extent of such a hazard is conveniently expressed in terms of the margin
* Beecham Products Research Dept., Leatherhead, England, 
f  Present address: Toxicol Laboratories Ltd, Ledbury, Herefordshire.

173



1 7 4 JO U RN AL OF THE SOCIETY OF COSMETIC CHEMISTS

between probable exposure of the skin or mucous membranes during 
normal use and the level of exposure which would produce an adverse 
reaction. In order to err on the side of safety, broad margins of safety are 
sought by exaggerating the levels and conditions of exposure in the test 
procedures. However, injury may result from grossly excessive direct con
tact of many tissues with even the most innocuous environmental chemicals 
and so a rational approach to exaggeration is essential.

The degree of chemical insult that the skin or mucous membranes might 
be expected to tolerate is somewhat problematical. The extensive testing 
carried out on the safety of ingested materials, such as food additives, offers 
little guidance as such investigations are principally aimed at demonstrating 
toxic effects after systemic absorption. The aspect of safety evaluation for 
ingested substances corresponding to topical administration is the direct 
effect, if any, of the test materials on the gastro-intestinal lining. Severe 
irritation of the lining would indeed be observed under conditions of gross 
exposure to many universally-accepted food materials and especially con
diments such as vinegar and mustard. In other words, although there should 
be a wide margin of tolerance once a test material has been diluted in the 
body fluids following absorption, a narrower margin is to be expected in 
the case of a tissue in direct contact with the test material.

Whilst acknowledging that there are likely to be considerable differences 
between direct exposure and exposure after absorption, it might be instruc
tive to consider the postulates on which the safety evaluation of food 
additives is based. A hundredfold safety factor (1) is commonly quoted; 
this may be deemed to offer a tenfold allowance for the greater suscepti
bility to systemic toxicants of man compared to laboratory animals, to
gether with a further tenfold allowance for variation in susceptibility between 
individuals. In terms of systemic toxicity, such a tenfold allowance for 
inter-species differences in metabolic transformation and excretion seems 
reasonable. Effects on the skin and mucous membranes, however, are not 
primarily dependent on species-specific metabolic pathways. Indeed, the 
skin of those mammals most often used for irritancy testing approximates 
quite closely to human skin in its susceptibility to irritation or even shows 
greater sensitivity to some irritants (2, 3).

The epidermal horny layer of the skin is an important barrier to the 
absorption of foreign chemicals (4) and provides the first line of defence 
against irritants. Thickness of the horny layer varies across the human skin 
and in some regions it is thinner than the horny layer of other mammals. 
However, human epidermis overall is much thicker (5) than in most
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mammals, including the rabbit, rat and mouse; this probably explains why 
applied substances do not easily penetrate human skin (6) and why, on the 
whole, it is no more susceptible to irritants than is the skin of these species. 
When irritancy tests are carried out on animal skin, it would therefore be 
irrational to allow a tenfold margin for interspecies differences.

The possible irritancy of cosmetic materials in contact with tissues of 
the eye is usually studied by instillation into the conjunctival sac of the 
rabbit eye. On the basis of wide experience of such tests, Davies (7) suggested 
that the rabbit eye was decidedly more sensitive to irritants than the human 
eye. Thus no allowance for interspecies differences seems necessary for 
extrapolating rabbit eye test results in terms of hazard to man.

A major factor involved in selecting the appropriate levels of exaggera
tion in iri'itancy testing is that a quantitative enhancement of responses may 
help to establish a meaningful safety margin, whereas a qualitative change 
in the type of response could well render the findings incapable of inter
pretation; qualitatively atypical responses might well result from gross 
exaggeration of exposure levels in tests for skin and eye irritancy (Fig. 1). 
To ensure that testing procedures give the information required for safety 
assessment, a critical re-appraisal of current methods is needed.

T e s t  m e t h o d s

In the study of systemic toxicity, suitably exaggerated dose-levels are 
administered to laboratory animals in the diet, by gavage or by injection. 
Exposure of the skin or mucous membrane to substantially exaggerated 
quantities of test material is seldom practical in the study of irritancy. 
Direct contact within a circumscribed area is essential; an exaggerated 
quantity applied to a larger area will not necessarily intensify the response.

Exposure to a raw material may often be exaggerated by applying con
centrated solutions, but this would not be feasible for complete formula
tions. Even with raw materials, unrealistic effects may occur, for example, 
owing to hypertonicity or grossly abnormal hydrogen ion concentration; 
such exaggeration could well produce effects totally irrelevant to the hazards 
of ordinary use, by producing qualitative rather than quantitative differences 
in response.

An alternative way of exaggerating topical exposure is to lengthen the 
time of contact compared with normal use or to make multiple applications. 
This is helpful if it influences the response quantitatively without provoking
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0  X50 XIOO X 300 0  X50 XIOO X 300 0  X 50 X I0 0 X 3 0 0

Estimated exaggeration of exposure to zinc pyridineth¡one in shampoo compared 
with normal human usage

Figure 1. Comparison o f skin irritancy produced by repeated shampooing 
(broken lines) and occlusive patch testing (solid lines). Breakage o f  the skin 
under occlusion suggests a qualitative change indicating excessive exaggera
tion. X , Erythema; O, breakage. *Scored according to Draize, J. H. (1959). 

Appraisal o f  the Safety o f  Chemicals in Foods, Drugs and Cosmetics.

a qualitatively different skin reaction. An example of a qualitatively altered 
response sometimes occurs when multiple exposures to a moderate irritant 
lead to an enhanced ‘fatigue’ response (8); this would be irrelevant in the 
study of short-term hazards. Thus fatigue may be pertinent to the safety of 
a face cream for daily use but not to a hair-waving lotion used only two or 
three times per year. Exaggeration by means of multiple applications should 
therefore be reserved for testing substances intended for frequently repeated 
topical use.

Another method of exaggerating exposure for irritancy testing is to 
apply the test material to damaged skin, which is more readily penetrated 
by irritants than intact skin (9). Damage may be artificially induced by 
abrasion, adhesive tape stripping or chemical pre-treatment. Direct effects
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due to contact with the underlying tissues, however, may prove misleading 
if extrapolated in terms of normal skin with an intact horny layer. Certainly 
it is helpful to know what will happen when a product is applied to damaged 
skin, but simple quantitative relationships to irritancy for normal skin 
cannot thus be established and the distinction needs to be recognized.

Chemical pre-treatment of the skin, for example, by applying formalde
hyde or sodium lauryl sulphate, may not produce grossly visible damage 
but will in many cases enhance penetration. Usually the degree of enhance
ment cannot be quantified in terms of relative irritancy to normal skin and 
the predictive value of a provocative test using chemical pre-treatment is 
therefore questionable. Furthermore, the intensity of adverse effects may 
be too severe to regard as reasonably justifiable for either animal or human 
studies.

Since the various methods used for exaggerating exposure by inflicting 
damage to the skin in one form or another so often produce difficulty in 
interpretation, a rational conclusion is that such damage should never 
exceed the minimum necessary to ensure a detectable response; discrimina
tion between test materials in terms of skin irritancy may even be improved 
by limiting the overall response, e.g. by testing after dilution of the product 
(T able I ).

Techniques involving grossly exaggerated exposure have led to serious 
problems of interpretation not only in skin irritancy testing but also in 
studies of eye irritancy. For example, it has long been customary to instil a

Table I. Improved discrimination between irritancy o f  shampoos applied to rabbit
skin at 10% dilution

Irritancy* after

5 h 24 h

Type o f  shampoo Neat 10% Neat 10%

Baby— based on
amphoteric detergents 7 1.1 4 0 Erythema

1.5 1 2 0 Oedema
Normal— based on

anionic detergents 7 1.5 15 1.5 Erythema
8.5 1 14 0.5 Oedema

Medicated— based on
0.5%  Zn pyridinethione 
and anionic detergents 10.5 6 17 7.5 Erythema

6 1 15.5 7 Oedema

* Scores according to Draize (Group means for six rabbits).
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fixed quantity of undiluted test material into the conjunctival sac of the 
rabbit eye without, as well as with, a subsequent rinse (10). The effects 
produced by instillation of undiluted material without rinsing may be 
qualitatively, as well as quantitatively, different from the results likely to 
occur during normal use of the material. Consequently, products are rarely 
if ever deemed unfit for human use because of severe eye irritation when 
tested under these grossly exaggerated conditions in rabbits. A safety 
evaluation test procedure giving rise to severe effects which are commonly 
and quite properly ignored, obviously has little predictive value and no 
justification in terms of the suffering caused to the experimental animals. 
A more meaningful way of designing studies concerned with eye irritancy, 
as well as skin irritancy, is to employ test conditions resulting in threshold 
or minimal irritation and to include a material with known irritancy in the 
study to serve as a control. Whenever possible, the control material should 
be closely similar in chemical structure and mode of use to the test material.

Gaunt and Harper (11) reported a procedure whereby shampoo diluted 
to 10% concentration was instilled into the rabbit eye with no subsequent 
rinse. This technique avoids grossly unrealistic exposure but it would still 
be expected to give some enhancement of irritant effects by eliminating the 
rinsing procedure. As the authors acknowledged and we have confirmed, 
their technique has the apparent disadvantage of militating against the 
recognition of any tendency to corneal or iridial injury ( Table II ) , but it 
may nevertheless have better predictive value than a test in which shampoo 
is instilled at 100% concentration. Improvements might be made by varying 
the shampoo concentration to some extent or by giving duplicate instilla
tions (12).

Table II. Rabbit eye test findings showing effect o f  dilution o f  shampoos with water. Results 
at 10% dilution apparently gave better prediction o f  human response, no corneal or iridial 

injury having been notified as consumer complaints

100% shampoo 10% shampoo
(no rinse) (no rinse)

Cornea Iris Conjunctiva Cornea Iris Conjunctiva

Non-medicated 
liquid shampoo 0 0 68 0 0 4

Non-medicated 
cream shampoo 35 10 108 0 0 12

Medicated cream 
shampoo 25 10 90 0 0 62

Scores according to Draize; each figure gives sum o f  scores for three rabbits 
after 1, 2, 3, 4 and 7 days.
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The questionable features of the more usual form of rabbit eye test, 
apply particularly to its use in the evaluation of detergent ingredients and 
shampoo formulations. For cosmetic products, however, normally used 
away from a washbasin and without rinsing, the instillation of undiluted 
product may be more meaningful and seldom leads to gross injury in the 
rabbit eye.

A particular difficulty in using laboratory animals is the choice of species 
and testing site for products such as dentifrices coming in contact with 
mucous membranes during normal use. The hamster cheek pouch has 
sometimes been used for predictive testing although the presence of a 
cornified epithelial lining of the buccal mucosa in this species may limit the 
sensitivity of the test. In view of the ease of handling of these animals and 
the relatively large area of tissue available for examination and biopsy, 
this seems nevertheless to be the test of choice at the present time; possible 
lack of sensitivity may be overcome by reasonable exaggeration of product 
concentration and duration of contact with the cheek pouch.

The need to limit irritant effects in the course of tests on human volun
teers is obvious, to avoid causing harm and to ensure continuing availability 
of willing panellists. It is also highly desirable to maintain and, if possible, 
to improve standards in the humanitarian treatment of laboratory animals 
and close attention should be given to the design of suitable procedures 
both for human and animal testing. The tests should preferably not, how
ever, be designed in such a way that they mostly lead to purely negative 
findings, since these are as hard to interpret as grossly abnormal positive 
results; this is an additional reason for favouring a threshold irritancy 
approach.

Designs for skin irritancy studies based on threshold irritation have been 
put forward by Kligman and Wooding (13). These authors suggested that 
findings should be recorded in terms of ID50 ( concentration  to yield thres
hold irritant effect in 50% of test subjects) or IT50 (tim e of exposure for 
threshold irritation in 50% of subjects). Choice between the two methods 
of expressing results would depend on the feasibility of testing diluted 
product and the level of irritancy of the test material. Whereas the ID50 or 
IT50 principle may be suitable for evaluating new raw materials, formulated 
cosmetics will often prove altogether too bland for such an approach and 
are more readily tested by direct comparison with an appropriately-chosen 
control product.
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P a t c h  t e s t in g

Skin irritancy is usually investigated by means of a patch test procedure
(14); frequently this involves the application of test material to the skin 
with relatively prolonged occlusion under an impermeable or semi
permeable dressing ( Table III ). Occlusion itself will produce minimal 
damage of the skin and a ‘closed’ patch test therefore embodies some 
degree of exaggerated exposure.

Table III. Occlusivity o f  patch test materials expressed as drying time o f  
hydrated CoC l2 paper on glass backing, exposed at I9 .5 ± l° , 49 .5±1 .5%  RH, 

beneath the patches, for pink ->  blue colour change

Material
Mean drying time 

(min) n = SD

Nil 20 i 6.3
Gauze (only) 45 6 7.8
Gauze 4-blenderm-backed lint square 65 6 8.4
M icropore+lint square 80 6 6.3
Micropore (only) 155 7 6.3
Micropore +  blenderm-backed lint square 200 7 33.0
Dermicel +  blenderm-backed lint square 230 6 21.0
Dermicel (only) 390 7 8.4
Blenderm (only) 1145 7 43.0

Micropore: supplied by 3M Co, London.
Dermicel: supplied by Johnson & Johnson Ltd, Slough. 
Blenderm: supplied by 3M Co, London.

In the hands of an experienced clinician, the occlusive patch test is a 
valuable technique for diagnosing the causal agents of pre-existing irritation 
and sensitization. Using occlusive testing in a prophetic manner, however, 
involves different considerations. Some preparations (antiperspirants, for 
example) are normally used under conditions tantamount to occlusion; 
relevance of an occlusive patch test is then obvious. For many other pro
ducts, e.g. face creams and shampoos, occlusive patch tests may be some
what less realistic. However, an occlusive or partially occlusive prophetic 
patch test is probably the best available procedure for predicting the effects 
of long-term exposure by means of a relatively short-duration test, taking 
into account the fact that many toiletries and cosmetics are used repeatedly 
over long periods of time ( Tables I V  and V ). Data showing quantitative 
results for occlusive vs non-occlusive exposure in 21-day human patch 
tests (2) indicate that occlusion gives a substantial enhancement of effect
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for many irritants. Skin irritancy testing carried out under ‘open’ patch 
test conditions (e.g. with the applied material under a loosely-woven gauze 
covering) might therefore be preferable in order to avoid too many ‘false 
positive’ results. However, since toiletries and cosmetics are invariably 
formulated to give minimal skin reaction, ‘open’ patch testing in practice 
would nearly always yield wholly negative results which would be hard to 
interpret. ‘Closed’ patch tests resulting in threshold irritation, preferably 
including controls with known irritant potential, allow decisions on the 
acceptability of a cosmetic ingredient or product to be reached with greater 
confidence.

Another important consideration in patch testing concerns the form 
and amount of test material applied. When a volatile solvent is present in 
the formulation, this should obviously be permitted to evaporate before a 
‘closed’ patch is applied to the skin ; if this precaution is not taken, irritant 
effects due to the solvent will tend to give ‘false positive’ responses in the 
sense that solvent evaporation during normal use would avoid any irritation 
from this source. A further complication is that some toiletry products are

Table IV. Detection o f  moderate increases in skin 
irritation, using partially occlusive human patch test 
(Uttley, M. and Van Abbé, N. J. J. Soc. Cosmet. Chem.

24, 217 (1973))

Product Irritancy score

Nil (blank lint patch) 6.6*
Lotion base 6.6
Base +  D H A (aged) 8.4
B ase+D H A  (aged) +  fresh D H A** 9.3
Base (fresh)+fresh D H A  (10%) 10.9*

D H A  =  Dihydroxyacetone.
* Difference significant at 1% level (Wilcoxon). 
** Adjusted to 10% concentration.

Table V. Correlation between partially-occlusive human patch test (Uttley and Van 
Abbé) and consumer reports

Irritancy
score

Interpretation o f
score

Consumer
reports

Moisturizing cream 6.3* Non-irritant N o irritation
Cheek gloss no. 1 11.0 + Slight irritant N o irritation
Cheek gloss no. 2 12.6* Slight irritant N o irritation
Cheek gloss no. 3 18.1 Moderate ->  severe irritant Irritation

* Significant at < 1 %  level (Wilcoxon). 
+  Significant at < 2%  level (Wilcoxon).
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rinsed off the skin during normal use soon after application. In these 
instances, loading a patch with the undiluted product and leaving it in 
contact with the skin at full concentration for many hours is highly un
realistic and may well prove intolerable for the volunteers.

For a shampoo, a more informative method of patch testing is to apply 
the product to the patches at a dilution of 10-20% with water. When a 
physiologically-active constituent occurs in the formula (e.g. an anti
microbial agent) an alternative procedure is to load the patch with a 
quantity based on an amount per unit area of skin equivalent to the residue 
left on the scalp after shampooing, as determined by assay.

Where the assay of actual residues presents serious difficulty, open 
patch tests may be carried out by actually shampooing a small test area of 
skin daily for several days; experience suggests that this procedure may 
even have better predictive value than a closed patch test based on estimates 
of residual quantities after rinsing.

There should thus be no insuperable difficulty in showing an adequate 
safety margin for the topical administration of cosmetics and toiletries by 
reasonable exaggeration of the exposure conditions in tests for irritancy. 
Since, for the reasons already stated, the present authors contend that no 
allowance is usually necessary for interspecies variation, the choice between 
using human volunteers or laboratory animals does not appear to have 
great significance from the investigator’s standpoint. If, however, the 
irritant potential of the test material really is unknown, initial screening is 
certainly best carried out with laboratory animals. Moreover, if effects on 
damaged skin are being examined, an animal screening test is obviously 
desirable before extending the study to human skin, as a reasonable safe
guard for the volunteers. Despite the similarity in responses to irritants 
generally shown, if interspecies differences are discernible when results for 
animal and human irritancy tests are compared, greater reliance should 
obviously be placed on the human data.

To avoid uncertainty in extrapolation from animal responses to man 
whilst minimizing the risk of serious harm to volunteers, human studies 
may sometimes take the form of tolerance tests. The degree of exposure 
(with respect to amount of test material applied, its concentration or the 
duration of contact) is gradually increased until a threshold response occurs. 
The predictive value of such a test should be satisfactory provided that 
precautions are taken to avoid fatigue by careful choice of site of application 
or interval between applications. Human eye irritancy testing should 
generally follow this type of cautious approach (12). The drawback to more
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widespread use of the human tolerance test, however, is its time-consuming 
nature and the difficulty of recruiting volunteers.

S e n s i t i z i n g  p o t e n t i a l

Sensitization is an important type of possible adverse reaction to 
toiletries and cosmetics; it usually involves the risk of causing an allergic 
contact dermatitis and needs to be considered separately from irritancy. 
Allergens may sensitize occasional individuals at concentrations which are 
without any significant effect on the majority of the population; this feature 
of allergenicity causes great difficulty in predictive testing. Some dermato
logists nevertheless take the view that exposing a group of randomly-chosen 
subjects under test conditions to an exaggerated concentration of a sus
pected allergen increases the chance of recognizing its sensitizing potential. 
If so, what degree of exaggeration is appropriate?

Marzulli and Maibach (15) recently reported a detailed investigation of 
sensitizing properties using exaggerated concentrations of test materials. 
For example, with sorbic acid tested at 20% concentration, one of the 33 
subjects they tested gave a positive reaction. The crucial question is what 
proportion of users, if any, would be sensitized at a typical use-concentra
tion of about 0.1-0.2%. Clearly this is unanswerable without knowing the 
shape of the dose-response curve for an allergen of the same or a similar 
type, extending right down to normal use-level concentrations of the test 
substance. These authors did, in fact, conduct tests at several concentration 
levels with a number of compounds but the proportion of subjects with 
positive responses did not show a dose-response pattern justifying any 
broad conclusions ; a graded dose-response relationship may perhaps be 
inferred on theoretical grounds but even the extensive work carried out by 
Marzulli and Maibach (15) was evidently insufficient to demonstrate it 
clearly.

Some toxicologists concerned with toiletries and cosmetics prefer to 
conduct tests for sensitizing potential at normal use-concentration of the 
test materials, using human volunteers. If such tests involve multiple ex
posures under occlusive patches, the resulting minor degree of skin damage 
should marginally increase the likelihood of a positive response. However, 
since it is well known that toiletries and cosmetics in general sensitize less 
than, say, 1 in 10 000 users, the predictive value of any use-concentration 
test carried out with only a few hundred volunteers must be exceedingly

^  ©  ¿ ¿ W J  fl ti 1  1 I V I r,
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small. Selection of atopic subjects for test panels is sometimes considered 
to improve predictive value but the evidence to indicate that atopies show 
enhanced susceptibility to topical allergens in general is questionable (16).

Bearing in mind the objections to grossly exaggerated exposure testing 
and recognizing that sensitization testing at normal use-concentration often 
yields negative results that cannot be interpreted or which may be un
reliable, there are certain attractions in devising a test procedure to enhance 
responses to use-concentrations and to ensure that positive results are 
obtained even with moderate or mild sensitizers. Kligman (17) in proposing 
his ‘maximization’ test, offered a procedure giving 24/24 positive responses 
to p-phenylenediamine even though he was still unable to detect some known 
mild sensitizers such as lanolin. The value of this type of test for cosmetic 
evaluation does not therefore yet seem to have been established.

At the present time, despite the energetic attempts by a number of 
highly-skilled investigators, there is clearly no satisfactory way of predicting 
the sensitizing potential of cosmetics and toiletries by means of human 
volunteer studies; nevertheless, such studies carry a definite risk of sensitiz
ing volunteers, possibly for some years (18), and their justification is there
fore doubtful. As an alternative, a reliable test for sensitizing potential 
using laboratory animals would obviously be helpful.

Whereas the response of some other mammals closely resembles the 
human response to irritants, there are marked interspecies differences in 
allergic responses. Suitability of the guinea-pig for sensitization testing has 
been validated to some extent (19) but it would be unwise to expect guinea- 
pig studies to eliminate any but the most potent sensitizers. Thus, although 
it is reasonably practical to test for the sensitizing potential of raw materials 
by conducting challenge tests at elevated concentrations using animals or 
man, no comparable procedure is yet available for studying complete 
formulations likely to display no more than mild sensitizing ability. Rather 
than applying maximizing procedures of dubious predictive value, it is 
probably better to allow a product to be used normally by gradually increas
ing numbers of individuals. This view takes for granted a prior scrutiny of 
the raw materials to eliminate any potent known sensitizers and an adequate 
scheme for monitoring adverse reactions if they are reported by users of 
the product.
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C o n c l u s i o n

Unreasonable criteria for assessing the potential hazards of topical 
administration do not necessarily help to protect the consumer. Thus, 
although animal feeding tests on a proposed food colour may well show 
that the maximum no-untoward-effect level is several hundred times greater 
than the expected human intake, even the most harmless materials applied 
to the skin with such exaggeration are likely to prove injurious. Frazer (1) 
claimed that the acceptable usage level of a substance—he was referring 
specifically to food additives, though others have applied his concept more 
widely— should be regarded as one-hundredth of the level required to pro
duce significant modification of structure or function in not more than 50% 
of a group of test animals. Further, at a dose-level equal to one-tenth of 
the ED50, no significant changes of any kind should occur. Such margins, 
however, could not be applied generally to substances coming in contact 
with the skin or mucous membranes. For example, none of the synthetic 
anionic surfactants would be acceptable if a shampoo had to be formulated 
with no more than one-hundredth of the detergent concentration giving 
threshold irritation in a closed patch test. Nevertheless, present-day sham
poos are used almost universally with minimal known adverse effect; a 
different basis for judging acceptability is therefore needed and one of the 
possible approaches might be to seek a tenfold margin in relation to 
experimental findings to allow for individual differences in susceptibility. 
As already shown, no allowance for interspecies differences need usually 
be made in irritancy testing. A tenfold safety criterion on these lines may 
prove quite helpful for the safety evaluation of raw materials but it will 
seldom be a technically feasible criterion for use in testing formulated 
products. Direct comparison of a newly-formulated product in a threshold 
irritancy test with other formulations of similar type, whose effects during 
normal use are known, will be more appropriate. Such a comparison will 
certainly give practical guidance on probable safety-in-use. A study on 
human volunteers will clearly be the most reliable and ideally the study 
should take the form of a comparison with a known ‘safe’ and a known 
‘unsafe’ material of similar type (i.e. with ‘negative’ and ‘positive' controls). 
Comparison with a ‘positive’ control (e.g. a known irritant) might facilitate 
quantitative expression of the findings, if a human tolerance test is carried 
out. In circumstances where laboratory animal studies are judged to be 
required, it will be equally desirable to conduct these as threshold irritancy 
tests to forecast the onset of hazard to man in normal use.
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Reasonably exaggerated exposure in cosmetic safety evaluation may 
theoretically be achieved by designing ‘in use’ tests. Human volunteers use 
the test material for a few weeks with more frequent applications than 
would normally be made and subject to repeated examination for adverse 
effects. Such a procedure may involve a risk that the investigator will be 
unable to control the amount and frequency of application effectively and 
that comparisons with suitable controls may be difficult to arrange. Unless 
the conditions of testing prove suitable for achieving threshold responses, 
interpretation may depend on negative findings which will limit the relia
bility of the study. ‘In use’ testing warrants serious consideration, however, 
as an alternative to the highly empirical, grossly exaggerated procedures 
currently favoured by some investigators.
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M. BLOCK*

Presented on 12-14th November 1973 at Nottingham at the 
Symposium on ‘Evaluation o f  Product Performance' organized 
by the Society o f  Cosmetic Chemists o f  Great Britain.

Synopsis— During the course o f  development work, the need arose for characterization and com 
parison o f  batches o f  DENTIFRICES. Four methods used in other technologies are reported 
for their utility in the evaluation o f  these and other SEMISOLIDS.

Force-time traces were recorded on a modified Instron TENSIOM ETER for a piston moving 
at constant speed down a full tube o f  toothpaste and again down the emptied one. The difference 
was the corrected initial FORCE for EXTRU SION. At the same time, a number o f  extruded 
drops were weighed. The mean weight o f  a drop was divided by the diameter o f  the orifice to 
obtain the TENSILE STRENGTH o f the paste.

A  polyethylene disc resting on the surface o f  a jar o f  dentifrice was withdrawn at constant 
speed on an Instron tensiometer. The force-time curve showed a characteristic maximum c o 
hesive force. The final value obtained on separation o f  paste and disc was a measure o f  
STRINGINESS.

A  notched doctor blade was used to apply 10 parallel stripes o f  uniform width but increasing 
height upon a surface. Rotation through 90° permitted sag o f  the semisolid, giving a stripe 
number characteristic o f  RESISTANCE to SAG.

In t r o d u c t i o n

Numerous semisolids are in household use to-day, ranging from 
medicinal ointments, skin creams and dentifrices in the bathroom, to 
sandwich spreads, mayonnaise, whipped cream and jellies in the kitchen,
* Unilever Research Laboratory, 455 London, Isleworth, Middlesex.
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and to putty, polishes, grease and paint in the workroom. Thermoplastics, 
ceramics, glass and other materials appear rigid at room temperature but 
are processed in the semisolid state. The measurement and control of 
rheological properties of such materials presents great difficulties. Historic
ally, each craft and later each industry has tried to solve its particular 
rheological problems in isolation, so that to-day a vast amount of knowledge 
is available but dispersed among numerous specialized sectors of technology.

During the course of product development on dentifrices, the need 
arose for characterization and comparison of batches of pastes. Four 
methods were transferred from other technologies and are reported for 
their potential utility in the evaluation of semisolids. The first two methods 
utilize the principle of extrusion, the next measures values related to co
hesion and adhesion and the fourth ascribes a number to the property of 
sag.

E a r l i e r  w o r k  o n  e x t r u s i o n

A variety of simple rheometers has been used to measure the extrusion 
of butter (1), fats (2-4), molten lead and wax (5), clay pastes (6), mastics 
(7) and foods (8). Prentice (9, 10) and later Wiedermann (11) found a 
good correlation between the ease of extrusion of fats and their spreadabilitv. 
Further measurements on the extrusion of foods through simple devices 
have been made (12-16). The force for extrusion of ointments and pastes 
from tubes and bottles has also been measured (17-20). The ductility of 
petrolatum has been measured by extruding a column vertically downwards, 
permitting it to break under its own weight and measuring the length of 
the residual cone adhering to the orifice (21). Food texture has been assessed 
by back extrusion through the concentric annulus between a cup and a 
metal plunger (22-24).

E x p e r i m e n t a l

M aterials

A number of viscous liquids, suspensions, gels and pastes were prepared 
for this study.

Most mucilages consisted of a dispersion in 70% sorbitol syrup of gums 
and other hydrocolloids, such as Carbopol 940, a carboxy-vinyl polymer
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Figure 1. Instron tensiometer with M k I extrusion rheometer,

Facing page 190
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which was neutralized with sodium hydroxide. Another consisted of a 20% 
suspension of a synthetic silica thickener in sorbitol.

Dentifrice 1 contained 14% of an abrasive, dentifrice 3 contained 32% 
of a mixture of abrasives, Seven different hydrocolloids were used at the 
stated concentrations, with corresponding minor changes in water content, 
in order to achieve acceptable consistency and different rheological pro
perties (Table I).

M ethods o f  rheological characterization  

Initial f o r c e  o f  extrusion  (corrected )

Yasic and deMan’s method (16) was adapted for use on an Instron 
tensiometer.

Extrusion rheom eter attachm ent. Figs. 1 -3  illustrate the apparatus, which 
consisted of a motor crosshead rigidly joined to the Instron crosshead. A 
stainless steel rod fitted to an aluminium piston was attached to the motor 
crosshead. The piston was fitted at first to a metal tube bearing a brass cap,

F igure 2. M k I rheom eter barrel.
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^ A -Brass cap
F igure 3. Instron  crosshead assembly.

Stainless steel connecting rod

Aluminium piston

Toothpaste tube(^)

Cap
Figure 4. M k  I I  r h e o m e te r  b a rre l.
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which held the orifice insert, F ig. 2. It was later found more convenient to 
fit the piston to a standard, inverted, uncrimped tube o f dentifrice supported 
in a P e r s p e x  holder, F ig. 4. The latter was attached to the Instron  crosshead, 
which was linked as usual by a pin to coupling o f the load cell.

E x p er im en ta l p ro ced u re . Tests with a stopwatch and dentifrices extruded 
manually from standard tubes showed an extrusion velocity o f about 1.3 cm 
sec _1. Speeds o f 5 and 10 cm sec 1 for the Instron  crosshead corresponded to 
extrusion velocities o f 0.9 and 1.8 cm see-1 from the tube. Inverted tubes 
were filled to a fixed height, stoppered and left for 24 h. They were then 
placed, one at a time, in the P e r s p e x  barrel. The screw cap and rubber 
stopper were removed and the piston was inserted in the inverted tube. As 
the crosshead began to descend and the piston began to extrude the paste, 
the force for extrusion, which was recorded, rose sharply; the rapidly 
attained maximum was taken as the ‘ initial force for extrusion’ . A repeat 
run was made with the empty tube. The initial force for extrusion recorded 
on the emptied tube, due to friction between piston and the aluminium 
walls, was subtracted from the initial force for extrusion for the filled tube.

R esults. T able I  shows the results for the initial force for extrusion 
determined at two shear rates, corresponding to consumer practice when 
extruding dentifrice from this standard size o f tube. T able I I  shows the 
effects o f time o f storage on this parameter.

For most pastes, there was an increase in the force required for extrusion 
with increase in velocity o f extrusion, as was expected. T able I I  shows that 
for most pastes, the initial force required increased with the time elapsed 
between filling o f a tube and extrusion.

The modified cellulose thickener in dentifrice 1 was the only material 
to show a decrease in initial force for extrusion with increasing speed. The 
two types o f xanthan gum showed a remarkably low force for extrusion in 
both dentifrices, as can be seen in T able II. The effect persisted in a mixture 
with sodium carboxymethyl cellulose.

A small panel o f laboratory staff confirmed that ease o f extrudability of 
the dentifrices tested varied directly with the initial force for extrusion.

D iscu ssion . The initial force for extrusion from a new tube o f dentifrice 
is particularly important for the consumer, who makes a judgement on the 
quality o f the product from this sensory cue. With some pastes, the force 
required varies dramatically with temperature and this could prove un
satisfactory in either summer or winter. There seems to be a range of 
acceptable pressures for deforming the tube and extruding the paste, outside 
which products are judged unfavourably. Although it is possible to alter
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T a b le  I I .  In it ia l  f o r c e  f o r  e x t r u s io n  a n d  te n s ile  s tr e n g th  a fte r  1 a n d  2  d a y s

In it ia l  f o r c e T e n s i le  s tre n g th

M a te r ia l T h ic k e n e r I d a y 2  d a y s 1 d a y 2 d a y s

D e n t i f r i c e  2 1 .2 %  m o d if ie d
c e l lu lo s e 6 0 0 , 4 0 0 7 8 0 , 7 5 0 9 .6 , 10 .5 11, 18

0 .9 %  S C M C  B 6 7 0 , 7 6 0 9 6 0 , 1 16 0 5 .5 , 5 .7
1 .0 %  x a n th a n  g u m  B 105 2 9 5 , 2 6 0 , 

2 6 0 , 2 6 0
2 .7 2 .7 , 2 .8

0 .5 %  S C M C  B  w ith
0 .3 %  x a n th a n  g u m  A 4 4 0 , 4 6 0 5 3 0 , 5 9 0 , 

6 2 0
4 .2 , 4 .2

1 .1 %  c a r r a g h e e n a n  B 3 9 0 , 4 35 6 2 0 , 6 2 0 4 .2 , 4 .2
1 .3 %  c a r r a g h e e n a n  A 3 7 0 , 3 7 0 4 5 0 , 4 95 3 .4 , 3 .5

D e n t i f r i c e  3 1 .5 %  S C M C  B 6 5 0 , 6 85 7 8 0 , 8 2 0 6 .6 , 6 .3 9 .0 , 1 0 .3 , 
9 .6

1 .7 %  x a n th a n  g u m  B 190 , 170 4 .9 , 4 .9

the pressure required by changing the diameter of nozzle on the tube, a 
change in formulation is generally more convenient. O f course, when differ
ent batches of toothpaste are to be compared, the force required to deform 
the tube need not be taken into account.

In his work on the horizontal extrusion rheometer, Prentice (8) con
sidered the force of extrusion to consist of two parts (F ig . 5). The force 
required to push the sample of cooking fat along the cylinder depended 
upon the friction between metal and fat and was found to decrease linearly 
with length of stroke. The force required to drive the sample through the 
orifice was considered constant and was of major interest to this investigator.

Although Prentice (9, 10) and Hoffer (25) found a linear decrease in 
force with time, that is, decreasing length of stroke, as cooking fats, mar
garine and butter were extruded through the orifice, this was not found to 
be the case with dentifrices on a F I R A -N I R D  extruder* (26). The smooth 
brass tubes had been filled with pastes and extruded after 24 h. A  most 
irregular series of variations of force with time was obtained. These varia
tions were attributed to the friction of hard particles of abrasive wedged 
between piston and tube.

Vasic and deMan (16) were interested in the force required to push 
material along the tube as well as that required for extrusion through the 
orifice and used the average force on one downstroke in their calculations. 
They repeated the run with the emptied cylinder and subtracted this force 
from the average.

*  G a y d o n  L t d ,  C r o y d o n ,  S u rre y .
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Rheometer 
tube full

Figure 5. Force for extrusion—idealized.

Corrected initial

Figure 6. Force for extrusion—actual. Crosshead speed = 5 cm min-1.

In this work the maximum, initial force required for extrusion was 
considered of greatest interest. Considerable variations were found on 
samples from the same batch stored for the same length of time in separate 
tubes. These variations were considerably reduced when the initial force 
for extrusion for each emptied tube was subtracted from the initial force 
determined on the full tube, F ig. 6.
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T ables I  and  I I  show that despite the scatter of experimental results, 
the method can usefully detect differences in formulation between similar 
toothpastes.

C h a ra cteriza tion  b y  tensile strength

Ben-Arie (27) pointed out that much apparatus for the measurement of 
rheological properties of viscoelastic materials, such as ‘gel strength’, was 
adapted to specific uses and that the experimental values were dependent 
upon the specific equipment employed. Some devices measured rigidity, 
some plasticity and others elasticity. Moreover, there was generally no 
physical correlation between the results of the different methods. On the 
other hand, tensile strength is a clear, well-defined concept.

Ben-Arie (27) extruded Napalm gels with piston and barrel downwards 
through various nozzles. A  number of drops extruded at constant speed 
were weighed. The mean weight of a drop divided by the diameter of the 
nozzle was the tensile strength. He established that the experimentally 
determined values were independent of the areas and of the area-length 
ratios of the nozzles used for extrusion. As the tensile strength increased 
linearly with velocity of extrusion, the values were determined at two con
venient velocities and extrapolated to zero.

Charm (28) extruded mayonnaise and ketchup through tubes using air 
pressure and calculated the tensile strength in a similar way. The diameter 
of the tubes had to be below that critical value at which the material would 
flow under gravity.

For this work the tensile strength at the velocity of extrusion used for 
dentifrices was of interest, and Ben-Arie’s method was employee.

E x p er im en ta l p ro ced u re . The extrusion rheometer was used to determine 
the initial force for extrusion and the tensile strength of the paste in one run. 
The drops and pieces of extruded ribbon falling from the rheometer after 
extrusion were simply counted and weighed, F ig. 7. The mean weight of a 
drop was divided by the diameter of the nozzle to obtain the tensile strength.

R esults. T able I  shows the results for two velocities of extrusion and 
T able I I  the effect of increasing times of storage on a number of formula
tions. For most pastes there was an increase in tensile strength with in
creased velocity of extrusion (or driving pressure) and with increasing time 
of storage. Only the modified cellulose thickener in dentifrice 1 showed a 
decrease in tensile strength with increasing velocity of extrusion. The 
xanthan gums in dentifrice 2 showed a remarkably low tensile strength both 
1 and 2 days after filling.
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A small panel confirmed that ease of extrudability of the dentifrices 
tested varied inversely with the tensile strength.

D iscussion . Determination of tensile strength was found to be simpler 
and more reproducible than determination of initial force for extrusion. 
The necessary equipment can be much less sophisticated than the Instron  
tensiometer and of course no recording equipment is required.

Many dentifrices increase in tensile strength with time of storage. 
Indeed, a low degree of thickening immediately after manufacture, permit
ting easy filling of tubes, followed by development of structure over a period 
of several weeks, has been claimed as an advantage for one type of thick
ener (29). In fact, shear-thinning is highly desirable in dentifrices; the paste 
should be easy to squeeze out of its tube to form a firm ribbon on the brush. 
In the mouth it should then again rapidly deform under shear. With most 
toothpastes, this is a thixotropic, time-dependent process. Measurement of 
tensile strength at two time intervals after filling, as in T able II , would 
distinguish between the slow time-dependent and other processes.

The speed of the method and the low loss of heat to the surroundings 
due to the P e r s p e x  support permit measurements to be made over a range 
of temperatures.

C h a ra cteriza tion  b y  m axim um  coh esiv e  f o r c e  and  stringiness

Claassens (30) developed the so-called ‘hesion’ balance for measuring 
the adhesion-cohesion of butter to various materials. The vertical pull 
required to separate butter from a solid disc was determined. Henry and 
Katz (31) adapted this method for use with the Instron  tensiometer and 
measured the adhesion and stringiness of starches, gums and whipped cream 
to solid surfaces. Their method was adopted for use on gels and dentifrices.

E xp er im en ta l p ro ced u re . A  polyethylene disc of 2.5 cm diameter was 
fixed to a spindle attached to the jaws of the calibrated Instron  tensiometer 
and a jar containing the paste was raised until complete contact was made 
all around the disc, care being taken to avoid entrapment of air between 
disc and gel. A  time for equilibration was allowed, according to the degree 
of thixotropy of the semisolid. The crosshead was then started and a force
time curve was recorded, Figs. 8 -1 0 . The stringiness or S-factor was measured 
just after the thin neck of semisolid had ruptured.

T h eory . As the disc was being lifted at constant speed, the abscissa in 
Fig. 10 has been plotted as distance in cm rather than time in seconds. The 
force-distance curve is in many ways similar to those for metals with respect 
to three well-defined regions:
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Figure 7. M k  I I  r h e o m e t e r  w ith  t o o t h p a s t e  tu b e  in sert.

Facing page 198
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Figure 8. H e s io n  a p p a r a t u s — ‘ N e c k i n g ’ o f  2%  S C M C  g u m  in 7 0 %  s o r b it o l  
a fte r  e x t e n s io n  f o r  5 0  sec .
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Figure 9. A s  in  Fig. 8 a fte r  1 00  sec .
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Figure 10. F o r c e -d is ta n c e  c u r v e  d u r in g  a d h e s io n -c o h e s io n .

A  —  in this elastic region total recovery occurs after deformation;
B —  recovery occurs with some deformation;
C —  beyond the point of maximum cohesive force, recovery cannot take 

place and so free flow occurs until the point of rupture, charac
terized as the stringiness or S-factor.

Henry and Katz (31) pointed out that the area under the force-extension 
curve was proportional to the work done in extension. The total force 
reached a maximum value and diminished before the extended semisolid 
ruptured. Although the tensile force per unit area did not decline, the total 
force (g cm 2 x area in contact) reached a characteristic maximum value 
and diminished before rupture.

R esu lts. T able I I I  shows the maximum cohesive force and the stringiness 
for a number of pastes and mucilages at two crosshead speeds. While the 
maximum cohesive force increased or remained constant with increasing 
speed, the S-factor increased in all cases. For all systems studied, the 
maximum force was reached fairly quickly, indicating that this was the 
force required to lift the disc over the first few millimetres from the surface. 
It was found to be dependent upon the time required to develop thixo
tropy, as shown by successive trials with material from the same jar. 
Figs. 11 and 12  show the effects of differing crosshead speeds on the shape 
of the force-extension curves for two materials. The maximum cohesive 
force increased with increasing crosshead speed for the mucilage but 
decreased for the dentifrice.

D iscussion . The maximum cohesive force and stringiness were found to 
be useful parameters for characterizing dentifrices and mucilages, especially
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T a b le  I I I .  M a x im u m  c o h e s iv e  f o r c e  ( M C F )  a n d  s tr in g in e s s  at t w o  c r o s s h e a d  s p e e d s

M C F S - fa c to r

M a te r ia l T h ic k e n e r  5 c m  m in '-1 10  c m  m in -1 5 c m  m in -1 10  c m  m in * 1

D e n t i f r i c e  1 0 .3 %  m o d if ie d  c e l lu lo s e  
0 .8 %  C a r b o x y -v in y l

2 4 0 — 1.2 —

p o ly m e r 56 — 3.5 4 .4

1 .2 %  A lg in a te  A 2 15 2 95 5 .6 7 .9

1 .0 %  A lg in a te  B 80 — 9 .9 —
7 0 %  S o r b it o l 0 .5 %  C a r b o x y -v in y l

p o ly m e r 150 185 3 .3 —

1 .5 %  A lg in a te  C 70 95 > 1 6 >  16
1 .5 %  A lg in a te  D 38 4 5 > 1 6 > 1 6
1 .5 %  A lg in a te  E 4 0 4 0 12 >  16
0 .9 %  C a r r a g h e e n a n  A 64 7 0 2 .4 7 .0
0 .7 %  C a r r a g h e e n a n  A 58 65 2 .8 3 .5
2 .0 %  S C M C  C 54 68 > 1 6 14.2
1 .7 %  S C M C  C 20 25 9 .2 15.0
2 0 %  s ilica 4 4 — 8 .8 11.5
1 9 %  s ilica 24 — 1.3 —
1 .2 %  S C M C  B — — 7 .5

when used in conjunction. Acceptable dentifrices had S-factors below 4 cm 
at a rate of extension of 5 cm sec-1.

For quality control of pastes and gels a far simpler instrument could be 
cheaply constructed.

C h a ra cteriza tion  b y  m easu rem en t o f  sag

It is a common experience that after extrusion from a tube upon a 
toothbrush, some dentifrices tend to sag or slump between the bristles. 
With pastes of low dispersibility, sag would increase the time required to 
clean the toothbrush after use. The slow ooze of toothpaste from an open 
tube left in the bathroom is probably also associated with the property of 
sag. From these considerations, it seems likely that the overall preference 
for a toothpaste may suffer if the property of sag falls below a certain limit.

The tendency to sag is a characteristic property of a semisolid and may 
be measured simply without reference to a container or to a particular pro
cedure for extrusion. This has been done in the paint industry. In the paint 
laboratory, many different coatings, which may vary in their requirements 
as regards resistance to sag, are being tested and the chemist requires a 
simple, rapid and reproducible method for specifying and testing resistance 
to sag. The method should have good precision, with test results preferably 
expressed in unequivocal numbers (32).
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Extension cm
Figure 1 1 .  Force-distance curve for carragheenan A in sorbitol syrup.

Reynolds and Larsen (33) devised a sag index blade for the purpose 
and this was improved by Schaeffer (32). It consists of a doctor blade with a 
series of wide notches of varying clearance which is used to lay down a 
series of parallel stripes of paint of uniform width but increasing height. 
Sagging is related to the height of the stripe. The blade is commercially* 
available in three sizes: 1-6 mils for spraying and dipping enamels, 3-12 mils 
for trade sale type paints and 14-60 mils for coatings of high film thickness

* The Leneta Company, Ho-Ho-Kus, New Jersey, U.S.A.
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(1 mil= lO-3 inch). Its use is mandatory for measuring resistance to sag in 
some US Federal Specifications.

D escr ip tio n  and  p ro ced u re . For use on dentifrices, a simplified sag meter 
in the range 60-120 mils was constructed {F ig . 13). The brass doctor blade 
has 11 notches, each 1/i  in. wide with intervening gaps of Vie in. The heights 
of the notches are 60, 70, 80, 90, 100, 120, 140, 160, 180 and 200 mils. The 
last notch is a thin, shallow marker.

Toothpaste is placed upon a horizontal, glazed glass plate along the 
recessed side of the meter, which is drawn at a slow, steady rate along a 
straight edge. A  series of equidistant, parallel stripes of uniform width and 
varying heights is obtained. The plate is placed in a vertical position with 
the stripes horizontal, the fattest stripes being lowest.

A  slightly roughened surface is required to prevent slip of the stripes of 
toothpaste.

R esu lts. F ig . 14  shows the results of a typical sag test. The five fattest 
stripes have sagged, obscuring the intervening gaps. (The lowest stripe is 
the shallow marker.) The sag number is therefore 5. A  series of pastes can 
be compared easily in this way, sag ceasing after about 30 min.

For a series of more fluid pastes, the time taken for the most mobile 
one to show a sag number of 1 may be noted. The other pastes can then 
be ranked in order of sag number, using the same time span. F ig. 15  i llu 
strates the good reproducibility of the test. Each horizontal line shows the

8

9

IO -

0 ■-------1-------1------ 1------ 1____ I I l l
0 200 400 600 800

Time (s)

Figure 15. S p a n  resu lts  f o r  f iv e  tr ia ls  o n  o n e  p a s te . F in a l  s a g  n u m b e r  f o r  all
tr ia ls  5.
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F igure 13. The toothpaste sag meter.

F acin g  p a g e  202
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Figure 14. T y p ic a l  s a g  test. T h is  p a s te  h a s  a  s a g  n u m b e r  o f  5 .



C H A R A C T E R IZ A T IO N  O F  D E N T IF R IC E S 203

span of time taken to reach a given sag number in five successive trials on 
one paste.

C o n c l u s i o n s

The measurement and control of the complex and rather ill-defined 
rheological properties of semisolids are becoming increasingly important 
to industry and to the consumer to-day. It is hoped that the methods des
cribed will prove useful in factories and in other laboratories for research, 
development and quality control. In the absence of expensive, multipurpose 
equipment, adequate measurements may still be made with rather simple 
devices.

This work has been based on the research of scientists from the United 
Kingdom, South Africa, Israel and the United States on materials as diverse 
as cooking fats, butter, Napalm and paints.
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S y n o p s is — T h e  a b s o r p t io n  o f  [3H )  T R I C L O S A N  ( Irgasan® D P 3 0 0 )  t h r o u g h  R A T  S K I N  
tr e a te d  w ith  S H A M P O O  c o n t a in in g  0 . 0 5 %  ( w / v ) ,  a n d  w ith  A E R O S O L  D E O D O R A N T  
c o n t a in in g  0 .1  %  ( w /v ) ,  h a s  b e e n  m e a s u r e d . T h e  p r o d u c t s  w e r e  a p p lie d  in  a m a n n e r  d e s ig n e d  t o  
s im u la te  c o n s u m e r  u s e , a n d  th e  p e n e t r a t io n  w a s  c a lc u la t e d  f r o m  th e  a m o u n t  o f  r a d io a c t iv it y  
e x c r e te d  b y  th e  a n im a ls . F r o m  th e  s h a m p o o ,  th e  p e n e t r a t io n  w a s  0 .1 9 7  n g  c m ~ 2 w h ic h  in c r e a s e d  
a s  th e  c o n c e n t r a t io n  o f  [3H j  T r i c lo s a n  w a s  in c r e a s e d  b u t  w h ic h  w a s  in d e p e n d e n t  o f  d u r a t io n  o f  
c o n t a c t  w ith  th e  s k in  f o r  a  g iv e n  c o n c e n t r a t io n  o f  [3H ] T r ic lo s a n . B L O O D  L E V E L S  a t  4 8  h  
a fte r  t r e a tm e n t  w e r e  p r o p o r t io n a l  t o  c o n c e n t r a t io n  o f  a p p lie d  [3H ] T r i c lo s a n  a n d  f o r  0 .0 5  %  ( w /v )  
w e r e  less  th a n  th e  e q u iv a le n t  o f  0.1 ( x g m l - 1 . F r o m  th e  a e r o s o l  d e o d o r a n t  th e  p e n e t r a t io n  w a s  
6 .8 5  ( i g m l -1  a n d  th e  b l o o d  le v e l  r e a c h e d  a  m a x im u m , e q u iv a le n t  t o  0 .2 6  [ ¿ g m l - 1 , a t  6 h  a f te r  a 
s in g le  a p p l ic a t io n .

T h e  c a lc u la t e d  a b s o r p t io n  b y  th e  h u m a n  is  a n  e x t r e m e ly  l o w  p r o p o r t i o n  o f  th e  n o -e flfe c t  

le v e l in  ra ts .

I n t r o d u c t i o n

It has previously been established that small amounts of the germi
cide, hexachlorophene, can penetrate through intact skin (1) and can also 
be identified in blood, adipose tissue, brain and other body organs (2, 
3). The compound 2-hydroxy, 21,4,41-trichlorodiphenyl ether, now called 
Triclosan and formerly known as Irgasan* DP300 (Ciba Geigy Ltd), has 
some chemical features in common with hexachlorophene and has been 
shown to be effective in reducing both Gram positive and Gram negative

* E n v ir o n m e n ta l  S a fe ty  D iv is io n ,  U n i le v e r  R e s e a r c h  L a b o r a t o r y ,  C o lw o r t h  H o u s e ,  S h a r n b r o o k ,  

B e d fo r d ,  M K 4 4  1 L Q .

2 05



206 JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

bacteria on the skin (4). It has the advantage over hexachlorophene of being 
of low toxicity (4). Nevertheless, it is important to know the degree to 
which it could be absorbed through skin from a variety of skin products. 
We have previously reported on the percutaneous absorption in guinea- 
pigs of Triclosan from soaps (5) and this present report examines its 
absorption through rat skin treated with shampoo containing various 
concentrations of [3H] Triclosan and with aerosol deodorant containing
0.1%  (w/v) [3H] Triclosan. The possible absorption by the human of 0.05%  
(w/v) Triclosan in a shampoo and of 0 .1%  (w/v) Triclosan in an aerosol 
deodorant is calculated from the rat data.

M e th o d s

M a teria ls

Tritiated Triclosan was prepared and purified as described by Black, 
Howes and Rutherford (5) and had a specific activity of 44.86 pCi mg-1.

Samples of [3H] Triclosan were accurately weighed out and the shampoo 
base was added to give concentrations of 0.05, 0.1, 0.5, 1.0 and 2.0%  (w/v) 
of [3H] Triclosan. The mixtures were stirred at 50°C for 1-2 h to ensure 
complete solubilization of the germicide. Aliquots of each preparation were 
counted to determine the precise amount of [3H] Triclosan applied to the 
rats.

A  single can of aerosol deodorant was prepared by dissolving [3H] 
Triclosan in ethanol and adding the other ingredients to give a concentra
tion of [3H] Triclosan in the product of 0 .1%  (w/v). The can was sealed and 
the propellant added through the valve from another cannister.

A n im a l s  a n d  t r e a t m e n t  

S ubcu tan eou s tu rn over o f  T riclosan
Twelve female Colworth-Wistar rats (120 g) were injected with 0.5 ml of 

[3H] Triclosan solution in 50% aqueous polyethylene glycol (BDH, Poole, 
Dorset) under the loose skin over the upper thorax. The animals were placed 
immediately in the individual metabolic cages for up to 96 h and 24-hourly 
samples of the separated urine and faeces were collected for determination 
of tritium. Some rats were killed at 24, 48, 72 and 96 h after being anaes
thetized and heart blood taken.
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S h a m p o o  a p p lica tion

Thirty-two female Colworth-Wistar rats (110-130 g) were clipped and 
the exposed lumbar skin was pre-washed with a 20%  (v/v) solution of the 
shampoo base, rinsed and dried. Twenty-four hours later the animals were 
lightly anaesthetized with cyclopropane, oxygen and carbon dioxide gas 
mixture, and an area of 7.5 (or 15) cm2 of skin was marked. 0.1 ml (or
0.2 ml) of the test shampoo was applied to the skin (7.5 or 15 cm2 respec
tively) and spread over the marked area with a rounded glass rod. 0.1 ml 
(or 0.2 ml) of water was applied to the marked area and lathered with the 
glass rod for 1 min. The solution was left for a further 4, 9 or 19 min (5, 10, 
or 20 min total) in contact with the skin before thoroughly rinsing the skin 
with distilled water. The rinsings were collected and monitored for tritium 
and the treated area of skin was dried by lightly dabbing with paper tissues. 
The treated area of skin was protected with a non-occlusive patch, which 
was composed of three layers of surgical gauze (3.0 x  3.5 cm for a 7.5 cm2 
area of skin) covered with 100 mesh stainless steel gauze and the whole 
wrapped around the trunk of the animal with perforated (5-10 holes/cm2) 
‘ S le e k ’ tape (Smith & Nephew Ltd). The animals were placed in individual 
metabolic cages and excreta were collected separately in 24-hourly batches. 
At the end of the experiment the animals were anaesthetized, terminal heart 
blood taken and then sacrificed. The protective patch and treated area of 
skin, which was frozen until required, were monitored for tritium.

D e o d o r a n t  ap p lication

Six female Colworth-Wistar rats (120 g) were prepared as described 
above. Twenty-four hours later the animals were anaesthetized and a 
protective card screen with a 7.5 cm2 window was placed over the back. 
The aerosol can was aimed centrally over the window area and a 2-s spray 
applied with the can held approximately 15 cm away from the skin. The 
screen was removed, the treatment area marked with a felt-tipped pen and 
covered with a protective patch. The animals were then placed in separate 
metabolic cages and treated in the same way as the animals washed with 
shampoo.

T op ica l a p p lica tion  o f  T riclosa n  in e th a n o l

A  solution of [3H] Triclosan in ethanol was applied to the skin of 12 
female Colworth-Wistar rats (120 g). The treated area of skin was air-dried 
for about 20 s after which time the ethanol had apparently evaporated. 
The treated area of skin was covered with a protective non-occlusive patch
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and the animals placed in separate metabolic cages. The animals were 
killed at various times up to 96 h after application and excreta, blood, skins 
and protective patches were monitored for tritium.

Rats on all treatments were fed on pellets of S pita l diet (BOCM/Silcock, 
Process Development Department, Bromborough, Cheshire) and given 
water a d  libitum .

A n a lysis  o f  b io lo g ica l sa m p les f o r  tritium
Urines were made up to 50 ml and 2.0 ml aliquots were counted in

18.0 ml of T riton  X-100 : Toluene (1 : 2, v/v) liquid scintillator containing
5.0 g PPO and 0.2 g POPOP/1. The samples were thoroughly mixed and 
counted in a Packard 4322 liquid scintillation spectrometer. A  channels 
ratio technique was used to determine the counting efficiency and [ 1,2~3H] 
n-hexadecane was used as an internal standard. All other aqueous samples 
(skin rinsings, standards and washings) were monitored in a similar manner.

Faeces were freeze-dried and the sublimate was monitored for tritium. 
Aliquots of up to 350 mg of the residue were combusted in a Packard 305 
sample oxidizer to determine the tritium content as tritiated water. Re
coveries of greater than 98%  were recorded from standards with counting 
efficiencies of up to 25% .

Full depth, 1 cm diameter punch autopsies of frozen skin were monitored 
for tritium either after combustion in a similar way to the faecal samples 
or after solubilizing in S olu en e  (Packard Instruments Ltd) at 40°C overnight 
and neutralizing with an excess of solid CO...

The protective patch was soaked in 50 ml ethanol at room temperature 
overnight and further extracted with 50 ml ethanol. The extracts were 
combined and aliquots were counted to determine the tritium content of 
the patch. Recovery of radio-activity by this method was better than 99% .

Blood tritium levels were determined by combusting up to 0.5 ml 
aliquots of blood in the Packard 305 sample oxidizer.

Results

T urnover o f  su bcu ta n eou sly  in jec ted  T riclosan

The recoveries of tritium in the urine and faeces of female rats during 
4 days are presented in T able /, from which it can be seen that 89.2%  of 
the dose was recovered, some 33% being present in the urine. The faeces
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T a b le  I .  T u r n o v e r  o f  T r i c lo s a n  in je c t e d  s u b c u t a n e o u s ly

T im e
(d a y s )

T r it iu m  r e c o v e r y  ( d p m x  IQ -6)

U r in e F a e c e s T o t a l

1 1 7 .4 8 7 ± 5 .0 7 9 2 3 .2 1 0  ± 6 .1 1 2 4 0 .6 9 7  ± 8 . 7 2 2  (4 )
2 3 .5 8 9  ± 1 .3 0 3 1 2 .1 5 5  ± 4 .0 1 1 1 5 .7 4 4  ± 6 .0 4 1  (3 )
3 1 .1 2 6 ± 0 .8 4 0 2 .2 8 9  ± 1 .0 3 7 3 .4 1 5 ±  1 .1 4 9  (2 )
4 0 .8 5 7  ± 0 .6 1 1 1 .1 7 0  ± 0 .6 1 0 2 .0 2 7  ± 1 .0 2 1  (2 )

T o t a l 2 3 .0 5 9 3 8 .8 2 4 6 1 .8 8 3

F o u r  fe m a le  C o lw o r t h - W is t a r  ra ts  (1 2 0  g )  w e r e  in je c t e d  w ith  0 .5  m l o f  a 
5 0 %  a q u e o u s  p o ly e t h y le n e  g l y c o l  4 0 0  s o lu t io n  c o n t a in in g  6 9 .4 5 3  x  1 O'* 
d p m  [3H ] T r i c lo s a n . T h e  ra ts  w e r e  p la c e d  in t o  in d iv id u a l  m e ta b o l is m  
ca g e s  a n d  th e  e x c r e ta  c o l l e c t e d  s e p a r a te ly  e v e r y  2 4  h  f o r  4  d a y s . T h e  
t r it iu m  c o n t e n t  o f  th e  fa e c e s  w a s  d e te r m in e d  b y  c o m b u s t i o n  a n d  s c in t il la 

t io n  c o u n t in g  a n d  th a t  o f  th e  u r in e  b y  c o u n t in g  d ire c t ly .

always contained the greater proportion of radio-activity throughout the 
4 days. Using these data, a semi-logarithmic plot of total excreted tritium 
against time indicated a biological half-life of approximately 14 h. In the 
first two days 81.3% of the dose was excreted, and this figure is used to 
correct the recoveries in 2 days from rats treated topically with [3H] Triclosan 
in shampoo or aerosol deodorant. The level of tritium in blood of sub- 
cutaneous-injected rats ranged from the equivalent of 0.2 pg mb1 at 0.5 h to 
a maximum of 5.2 pg mb1, at 6 h after injection and decreased over 24 and 
48 h to approximately 0.3 pg mb1 at 96 h.

A p plica tion  o f  [:iH ]  T riclosan  in sh am poo

Some 85% of the [3H] Triclosan applied to rat skin at various concentra
tions in the shampoo base was recovered in the rinse water and the patch, 
with additional smaller amounts remaining in the treated skin ( T able I I ) .  
The amount of [3H] Triclosan residing in skin, at 48 h after the shampoo, 
was proportional to the concentration of [3H] Triclosan in the shampoo 
applied to the skin.

The extent of penetration of [3H] Triclosan through rat skin washed 
with shampoo was calculated from the amount of tritium in the excreta 
during the 2 days after treatment. Penetration of [3H] Triclosan through rat 
skin increased in proportion to the concentration in the shampoo ( T able I I I )  
but was independent of the duration of contact of the shampoo with the 
skin for periods up to 20 min before rinsing ( T able I V ) .  The concentration
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T a b le  I I . R e c o v e r y  o f  T r ic lo s a n  f r o m  s h a m p o o - t r e a t e d  ra ts

A p p l i c a t io n  

( % )  (M g /7 .5  c m 2)

R e c o v e r y  a t  4 8  h

R a ts
( N o .  o f  $ )

R in s in g s

(p g )

P a tch

(h g )

S k in
( p g  c m ' 2)

0 .0 5 8 9  (1 5  c m 2) 7 6 .5  ± 5 . 6 < 1 . 0 0 .1 5 12
0 .1 0 103 9 3 .7  ± 1 . 7 2 . 8 ± 0 . 6 0 .4 8 3

0 .5 0 4 7 4 4 1 0  ± 6 3 7 . 4 ± 3 . 4 1 .4 0 3
0 .7 5 671 563  ± 3 8 6 . 6 ± 4 . 6 1.75 8
1.0 8 8 0 8 7 9  ± 5 1 18.6  ±  3 .4 2 .4 0 3
2 .0 1664 1 71 7  ± 6 5 . 6 2 6 .9  ± 7 . 9 3 .2 4 3

T o  7 .5  c m 2 ( o r  15 c m 2)  c l ip p e d  d o r s a l  f e m a le  ra t  s k in , 0 .1  m l ( o r  0 .2  m l)  s h a m p o o  
c o n ta in in g  v a r io u s  c o n c e n t r a t io n s  ( w /v )  o f  [3H ] T r i c lo s a n  w a s  a p p lie d  f o l l o w e d  b y  
0 .1  m l ( o r  0 .2  m l)  H 20  a n d  s p r e a d  o v e r  th e  s k in  f o r  1 m in . A f t e r  a  fu r th e r  9  m in  th e  
ra ts  w e r e  r in s e d , d r ie d , a  p r o t e c t iv e  p a t c h  a p p lie d  a n d  tra n s fe r r e d  t o  in d iv id u a l  m e ta 
b o l is m  c a g e s . A t  4 8  h  a fte r  tr e a tm e n t  th e  ra ts  w e r e  k i l le d  a n d  th e  p a tc h  a n d  t re a te d  a re a  

o f  s k in  r e m o v e d  f o r  a n a ly s is .

in blood, based on the radioactivity expressed as pg Triclosan, was very 
low and increased as the concentration of [3H] Triclosan in the shampoo 
was raised ( T able I I I ) , but it remained constant when the contact time was 
increased ( T able I V ) .  For a shampoo containing 0.05%  [3H] Triclosan the 
observed penetration was 0.16 pg cnr2 during a 48 h period. On adjustment 
for an 81.3% excretion of a subcutaneously-injected, known dose the 
corrected penetration figure is 0.197 pg cm '2. The total amount of [3H] 
Triclosan penetrating through the treated area of skin is, therefore, 2.95 pg, 
or 3.3%  of the applied amount. For the other concentrations, the extent of 
penetration ranged from 2.8%  to 4.1%.

A pplica tion  o f ^ H ]  T riclosan  in a e ro so l d eodoran t

The mean amount of spray used per application was 1.45±0.36 g which 
at a concentration of [3H] Triclosan of 0.1 %  meant that 1,45±0 .36  mg [3H] 
Triclosan was sprayed at the shielded rats.

The mean concentration of [3H] Triclosan in the 1x15 cm2 of shield 
around the treatment window was 13.2i 6.2 pg cm 2 which was taken as a 
good measure of [3H] Triclosan applied to the treated area of skin. At 48 h 
after treatment, the protective patch contained 41 pg [3H] Triclosan and the 
residue in the treated area of skin was 9 .7 ± 4 .8  pg cm-2. Recovery of tritium 
in the excreta was equivalent to 41.7 ±  11.48 pg [3H] Triclosan for six rats,
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thus the observed penetration was equivalent to 5.57 pg cm 2. Adjustment 
for an 81.3% excretion of a known dose given subcutaneously, gives a 
corrected penetration figure of 6.85 pg cm-2.

A p plica tion  o f [ 3H ] T riclosan  in eth an ol

It was difficult to spray a standard dose of aerosol deodorant on to rat 
skin. Thus, ethanol, which is one of the main ingredients of the aerosol 
formulation, was used as a solvent in which to apply a more accurately 
known amount of [3H] Triclosan to experimental animals. The results of 
the penetration studies from ethanol are recorded in T ables V  and  VI.

Of the [3H] Triclosan applied to skin, a high proportion was recovered 
from the patch lint or in the treated skin area. It can be seen ( T able V ) that 
in some instances the treated skin contains the larger amount of [3H] 
Triclosan, while in other cases the patch lint contains the greater proportion. 
The level of tritium in the blood calculated as ppm Triclosan (i.e. pg mb1) 
rises to a maximum at about 6 h after application and falls steadily 
thereafter.

Based on the recovery of tritium in the urine and faeces during the first 
48 h of the experiment ( T able V I) the equivalent of 36.3±5 .88  pg [3H]

T a b le  V . P e n e t r a t io n  o f  T r ic lo s a n  f r o m  e t h a n o l

R a t

T im e  a fte r  
a p p l ic a t io n

(h )

R e s id u e  ( p g )  in 
P a tc h  S k in  (7 .5  c m 2)

T r it iu m  in  
b l o o d

(a s  p p m  T r i c lo s a n )

1 11 2 1 .0 6 1 63 .63 0 .2 9 4
2 1 38 .98 2 7 .5 6 0 .0 7 0
3 2 14.73 166 .73 0 .1 9 4
4 2 1 .0 4 1 67 .50 0 .3 6 2
5 4 1 2 8 .1 6 2 7 .6 5 0 .1 1 4
6 1 33 .67 2 3 .8 5 0 .1 9 0
7 6 9 3 .0 8 3 8 .4 8 0 .3 0 1
8 1 1 2 .3 2 2 9 .9 6 0 .2 2 8
9 2 4 8 1 .2 6 2 5 .7 5 0 .2 4 1

10 48 7 9 .3 6 2 1 .8 4 0 .1 1 9
11 9 6 6 9 .8 4 17.74 0 .0 7 2
12 6 3 .4 3 16 .33 0 .0 7 4

T o  7 .5  c m 2 c l ip p e d  d o r s a l  fe m a le  ra t  s k in  w a s  a p p lie d  0 .2  m l e t h a n o l  c o n t a in in g  162 
p g  [3H ] T r ic lo s a n . T h e  a l c o h o l  w a s  a l lo w e d  t o  d r y  a n d  th e  s k in  p r o t e c t e d  w ith  a  n o n -  
o c c lu s iv e  p a tc h . T h e  ra ts  w e r e  p la c e d  in  in d iv id u a l  m e ta b o l is m  c a g e s , k i l le d  a n d  th e  
p a tc h , tre a te d  s k in  a n d  b l o o d ,  u r in e  a n d  fa e ce s  w e r e  c o l l e c t e d  s e p a r a te ly  e v e r y  2 4  h  

a n d  a n a ly s e d  f o r  tr it iu m .
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T a b le  V I .  E x c r e t io n  o f  tr it iu m  f r o m  ra ts  tre a te d  w ith  [3H ] T r ic lo s a n  in
e t h a n o l

T im e
(d a y s )

T r it iu m  r e c o v e r y  ( d p m x  IC H )

U r in e F a e ce s T o t a l

1 0 .7 0 2  ± 0 .2 1 6 1 .2 3 3  ± 0 .3 5 3 1 .9 3 5  ±  0 .2 4 0  (4 )
2 0 .4 0 6  ± 0 .0 9 5 1 .2 7 7  ± 0 .4 8 1 1 .683  ± 0 . 4 1 0  (3 )
3 0 .2 3 4  ± 0 .0 6 4 0 .4 3 7  ± 0 .1 5 3 0 .6 7 1  ± 0 .0 8 9  (2 )
4 0 .1 9 7 ± 0 .0 1 6 0 .1 8 9  ± 0 .0 4 7 0 .3 8 6  ± 0 .0 6 2  (2 )

T o t a l 1 .539 3 .1 3 6 4 .6 7 5

F o u r  fe m a le  C o lw o r t h - W is t a r  ra ts  (1 2 0  g )  w e r e  t r e a te d  t o p ic a l ly  w ith  0 .2  
m l e t h a n o l  c o n ta in in g  1 6 . 0 9 x 1 0 '  d p m  [3H ] T r i c lo s a n  o v e r  7 .5  c m s 
c l ip p e d  d o r s a l  s k in . N o n - o c c lu s i v e  p a tc h e s  w e r e  f ix e d  in  p o s i t i o n  a n d  th e  
rats  p la c e d  in t o  in d iv id u a l  m e ta b o l is m  c a g e s . T h e  e x c r e ta  w e r e  c o l le c t e d  
s e p a r a te ly  e v e r y  2 4  h  f o r  4  d a y s . T h e  tr it iu m  c o n te n t  o f  th e  fa e c e s  w a s  
d e te r m in e d  b y  c o m b u s io n  a n d  s c in t il la t io n  c o u n t in g  a n d  th a t  o f  th e  

u r in e  b y  c o u n t in g  d ir e c t ly .

Triclosan were recovered. This gives an observed penetration of 4.84 pg 
[3H] Triclosan per cm2 skin, which on adjustment for an 81.3%  excretion 
of a subcutaneous dose gives a corrected penetration of 5.96 pg cm 2. The 
total amount of [3H] Triclosan penetrating through the treated area of skin 
is therefore 44.68 pg or 27.6%  of the applied amount.

D i s c u s s i o n

In the present report, some 33%  of the dose given subcutaneously to 
female rats was recovered in the urine during 96 h. The difference from a 
previous study (5) in which only 8%  was excreted in the urine of male rats 
injected intraperitoneally with [3H] Triclosan was shown by subsequent 
experiments (unpublished data) to be due to sex and not to the route of 
administration.

The half life of both intraperitoneally and subcutaneously-injected [3H] 
Triclosan was approximately 14 h whereas after topical application some 
23 h were required to excrete 50% of the absorbed dose, an increase which 
reflects the reservoir effect of the stratum corneum (6). The fact that there 
may be such a reservoir is supported by the finding that the same amount 
of [3H] Triclosan is absorbed through skin despite an increase in the dura
tion of contact with the skin of the shampoo.

The method of application of the shampoo and deodorant was selected 
to reproduce the way in which the consumer would use these types of
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products. Thus the shampoo was applied to the skin, diluted with water and 
the excess, after varying periods of contact, was rinsed away. The aerosol 
on the other hand was applied and allowed to dry on the skin. The penetra
tion of [3H] Triclosan from the shampoo was 0.197 jig cm 2 and was 6.85 
jig cm 2 from the aerosol, or some thirty times more in favour of the aerosol 
at these particular product concentrations of [3H] Triclosan. Even at com
parable concentrations of [3H] Triclosan (i.e. 0 .1%  (w/v)) the penetration 
is still some eleven times greater from the aerosol. Thus, the composition 
and mode of use of different products containing [3H] Triclosan is very 
important in determining the extent of penetration of the germicide.

Based on the work described by Feldman and Maibach (7), Maibach 
et al. (8) and Bartek, Labudde and Maibach (9) together with the data 
collated by Tregear (10), we consider that the permeability of rat skin may 
be similar to that of human scalp and axilla. Using the experimental data 
obtained from the present rat experiments together with a no-effect level 
from a 3-week target organ test in the rat of 200 mg kg 1 day-1 (unpublished 
observations) we can make calculations of the safety-in-use of Triclosan for 
the average woman of 55 kg body weight. Assuming the area of the scalp 
and hands is 1350 cm2, then for a penetration of 0.197 jig cm 2, the absorbed 
dose is 4.8 pig kg“1, which is 42 000 times less than the no-effect level observed 
in the target organ test. The highest concentration of [3H] Triclosan gave a 
minimum of 1000 times less than the no-effect level.

From the aerosol deodorant if the spray is used twice daily for 2 s on 
each axilla of 50 cm2, then the absorbed dose, at 6.85 pig cm-2, is 24.9 
jig kg-1 which is 8000 times less than the no-effect level in the target organ 
test.

Thus, we conclude on the basis of the percutaneous absorption and 
toxicity data available, that extremely small proportions of the no-effect 
level of Triclosan are likely to be absorbed through adult human skin 
treated with shampoo containing 0.05%  (w/v) Triclosan or with an aerosol 
deodorant containing 0.1% (w/v) Triclosan.
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S y n o p s is — A  s e n s it iv e  I N  VIVO  m e t h o d  w a s  d e v e lo p e d  t o  q u a n t i fy  th e  c le a n in g  p o w e r  o f  
d e n t i fr ic e s . V o lu n t e e r s  b u i lt  u p  n a tu ra l S T A I N  o n  th e ir  T E E T H  o v e r  a  p e r i o d  o f  5 w e e k s  b y  
r e p la c in g  th e ir  u s u a l T O O T H P A S T E  w ith  a  n o n -a b r a s iv e  p a ste . T h e  e s t im a te d  %  a re a  o f  th e  
in c is o r s  c o v e r e d  b y  s ta in e d  p e l l ic le  w a s  o b s e r v e d  t o  in c r e a s e , e s p e c ia l ly  t o w a r d s  th e  e n d  o f  th is  
b u i ld -u p  p e r io d .  T h e  n a tu r a l  s ta in  w a s  p r o g r e s s iv e ly  r e m o v e d  b y  a s e r ie s  o f  10 s B R U S H I N G  
p e r io d s  u s in g  a n  e le c t r ic  T O O T H B R U S H  a n d  th e  p a s te s  t o  b e  te s te d . T h e  lo g a r i t h m  o f  th e  a re a  
o f  s ta in  w a s  p lo t t e d  a g a in s t  th e  d u r a t io n  o f  b r u s h in g  w ith  th e  test  p a s te  a n d  f o u n d  t o  c o n f o r m  
t o  a  l in e a r  t ra ce . T h u s  a n  e q u a t io n  f o r  s ta in  r e m o v a l  m a y  b e  o f  th e  f o r m  S=ae,bt w ith  th e  
c o e f f i c ie n t  b b e in g  a n  e x p r e s s io n  o f  th e  a b i l i t y  o f  th e  test p a s te  t o  r e m o v e  sta in .

I n t r o d u c t i o n

Over thirty years ago, Manly (1) observed that the ‘brown pellicle’ 
which formed regularly on the teeth of some people who did not use denti
frice abrasives could be readily removed by one or two brushings with a 
dentifrice grade calcium carbonate or phosphate but not by brushing with 
a dry or moistened brush without a dentifrice.

Lobene (2), and later Van Abbé e t  al. (3) who slightly modified Lobene’s 
technique, employed direct visual observation to assess the removal of 
stained material from teeth using a toothpaste under controlled brushing 
conditions. Wilkinson and Pugh (4) used both photographic recording and

* B e e c h a m  P r o d u c t s  A p p l ie d  R e s e a r c h  a n d  E v a lu a t io n  L a b o r a t o r ie s ,  R a n d a l ls  R o a d ,  L e a th e r -  

h e a d , S u rre y .
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a photometric method to assess the extent of stain on teeth cleaned for 2 
weeks with a test toothpaste, after an initial scale and polish.

These techiques detected differences in the stain-removing properties of 
toothpastes, but employed non-parametric data. Moreover, stain colour 
and intensity, and the presence of plaque complicated the assessment.

A  technique has now been developed which uses quantitative measure
ment on a parametric basis, to generate a value of cleaning power for to oth
paste. It is uncomplicated by stain colour and intensity or plaque and gives 
repeatable results.

2 1 8  JO U R N A L  O F T H E  SO C IE T Y  O F  C O S M E T IC  C H E M IS T S

E x p e r i m e n t a l

F orm ation  o f  stain f o r  stu d y o f  clean ing p o w er
When volunteers used a non-abrasive toothpaste for cleaning their teeth, 

a natural stain, not related to their smoking habits, developed visibly in 
approximately one-third of the subjects and increased in area during the 
course of 1 month. Satisfactory plaque removal and oral hygiene was 
achieved, however, with no adverse effect on the gingivae.

Q u an tita tive a ssessm en t o f  stain
By examining the incisors of each volunteer through a horizontally 

mounted Nikon stereoscopic binocular microscope (model SM Z-2), fhted 
with double spotlight tungsten illumination, the stained areas were easy to 
identify.

Ektachrome X  photographic transparencies of the teeth were taken 
with a Miranda Sensomat camera through the binocular microscope using 
crossed polaroid screens over the Multiblitz photographic flash* and objec
tive lens. This method of illumination eliminated specular reflection and 
permitted clear identification of the stained areas, although giving a slightly 
out-of-focus effect.

Examiners were trained to estimate visually the percentage area of the 
labial surfaces of the eight incisors covered by stain and their estimates were 
found not to differ from the planimeter-derived measurements by more 
than one-sixth.

The percentage area of the labial surfaces of the eight incisor teeth 
covered by stain was calculated from planimeter measurements of boundary

* D r  In g . D .  A .  M a n n e s m a n n , G m b H  &  C o .  K T ,  P o r z -W e s t h o v e n , W e s t  G e r m a n y .
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Figure 1. Naturally stained incisors. A  cross-polarized photomicrograph o f  
the stain built up on a volunteer’s incisors after using a non-abrasive tooth

paste for 1 month.

Facing page 218



THE CLEAN IN G PO W ER OF DENTIFRICES 2 1 9

Figure 2. Scorers’ concordance.

__L
4 0 0

tr a c in g s  d r a w n  f r o m  p r o je c t e d  im a g e s  o f  th e  tr a n s p a r e n c ie s . A f t e r  t r a in in g  

e x a m in e r s  b y  r e p e a t e d ly  c o m p a r in g  th e ir  e s t im a te s  w ith  p la n im e te r  m e a s u r e 

m e n ts  o f  tr a c e s , g o o d  a g r e e m e n t  w a s  f o u n d  b e t w e e n  e x a m in e r s ’ s c o r e s  as 

s h o w n  in  F ig . 2 . T h e  s lo p e  o f  lin e  o f  b e s t  f it  w a s  1 .2  ( c o m p le t e  a g r e e m e n t  

w o u ld  b e  in d ic a t e d  b y  a  s lo p e  o f  1 .0 ).

M e a s u r e m e n t  o f  s ta in  r e m o v a l  on  a  s in g le  v o lu n te e r  f r o m  a  g r o u p

A  h y g ie n is t  r e m o v e d  fr e sh  p la q u e  b y  b r u s h in g  f o r  15 s w ith  a  n o n 

a b r a s iv e  t o o t h p a s t e  a p p l ie d  w ith  a  T o u c h - T r o n i c  e le c t r ic  t o o t h b r u s h  
(T e le d y n e ,  A q u a - T e c ,  U .S .A . ) .  A f t e r  in d e p e n d e n t  a s se s sm e n t  o f  s ta in  a re a  

o n  th e  la b ia l  s u r fa c e s  o f  th e  e ig h t  in c is o r s  b y  t w o  e x a m in e r s , th e  h y g ie n is t  
b r u s h e d  th e  in c is o r s  f o r  10 s, u s in g  a  test t o o t h p a s t e  a p p l ie d  w ith  th e  e le c t r ic
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t o o t h b r u s h .  T h e  v o lu n t e e r  r in s e d  w ith  a  f la v o u r e d  m o u t h w a s h  t o  m a s k  
r e c o g n iz a b le  t o o t h p a s t e  a r o m a  a n d  s ta in  w a s  re a ss e ss e d . T h e  s e q u e n c e  w a s  

r e p e a te d  f o r  a  fu r t h e r  10 s b r u s h in g  a n d  th e n  f o l l o w e d  b y  th re e  p e r io d s  o f  

2 0  s b r u s h in g  w ith  in te r v e n in g  a sse ssm e n ts .

A t  e a c h  a s se s sm e n t in te r v a l, th e  p e r c e n ta g e  s ta in e d  a r e a  o n  e a c h  o f  th e  
e ig h t  in c is o r s  w a s  r e c o r d e d  a n d  to t a lle d ,  g iv in g  a  v a lu e  S  w h ic h  r e p re s e n te d  

to ta l  p e r c e n ta g e  s ta in e d  a r e a  (m a x im u m  v a lu e  o f  S  =  8 0 0 % ) .
T a b le s  I  a n d  I I  p r e s e n t  t y p ic a l  d a ta  u s in g  th e  t e c h n iq u e  d e s c r ib e d .

C le a n in g  p o w e r  a s s e s s m e n t

T h o s e  v o lu n t e e r s  p r o d u c in g  a n  a p p r e c ia b le  a m o u n t  o f  s ta in  a fte r  

1 m o n t h ’ s u se  o f  a  n o n -a b r a s iv e  t o o t h p a s t e  w e re  a l lo c a t e d  t o  g r o u p s  in  a 

w a y  w h ic h  a p p r o x im a t e ly  b a la n c e d  th e  in it ia l le v e ls  o f  s ta in . T o  e a c h  g r o u p  

o f  v o lu n te e r s  a  test p a s te  w a s  r a n d o m ly  a l lo c a t e d ,  th e n  s u b je c t s  w e re  

p r e s e n te d  t o  th e  e x a m in e r s  in  a  r a n d o m  o r d e r  o f  t r e a t m e n t ;  n e ith e r  th e  
s u b je c ts  n o r  th e  e x a m in e r s  k n e w  w h ich  t o o t h p a s t e  w a s  u sed  o n  a n y  

in d iv id u a l.
In  a ll th e se  tests s o  fa r , w h e n  l o g 10S  w a s  p lo t t e d  a g a in s t  b r u s h in g  t im e . 

t, a n d  th e  d a ta  w e re  fit te d  t o  s tra ig h t  l in e s  u s in g  th e  le a s t  s q u a re s  m e t h o d ,  

P e a r s o n  c o r r e la t io n  c o e f f i c ie n t s  w e r e  f o u n d  t o  b e  m a in ly  in  th e  r a n g e
0 .7 5 -0 .9 9 ,  c o n f ir m in g  th e  l o g 10/l in e a r  r e la t io n s h ip  f o u n d  g r a p h ic a lly .

T h e  g r a d ie n t  o f  th e  m a th e m a t ic a lly - f it t e d  s tra ig h t l in e s , d e s ig n a te d  b , 

w a s  a  m e a s u re  o f  th e  b r u s h in g  t im e , in  s e c o n d s ,  r e q u ir e d  w ith  a p a r t ic u la r  

t o o t h p a s t e  t o  r e m o v e  a  g iv e n  p o r t io n  o f  th e  in it ia l s ta in . T h e  r e c ip r o c a l  o f  

th e  m a g n it u d e  o f  th e  g r a d ie n t , b , w a s  th e  t im e  in  s e c o n d s  r e q u ir e d  t o  r e m o v e  
9 0 %  o f  th e  in it ia l s ta in .

T h e  d a ta  c o u ld  b e  p r e s e n te d  m a th e m a t ic a lly  in  th e  f o r m  o f  a n  e q u a t io n .

Io g io 5 , =  l o g 10 a  +  b t  ( 1 )

w h e r e  V /’ is th e  c o n s t a n t  r e p r e s e n t in g  th e  in te r p o la te d  in it ia l le v e l o f  s ta in .

C le a n in g  P o w e r  (B )  f o r  a  d e n t ifr ic e  is d e f in e d  as  - b .  103 f o r  th e  s u b je c ts  
a l lo c a t e d  t o  th is  p r e p a r a t io n ,  b  b e in g  th e  a v e r a g e  g r a d ie n t .

R e s u l t s

D a t a  a c c u m u la t e d  f r o m  se v e r a l tests  a p p e a r  in  F ig . 3  a n d  T a b le  I I I .  

F r o m  th e se  re su lts  it c a n  b e  seen  th a t  th e  c le a n in g  p o w e r s  o f  th e  d e n t ifr ic e s  
w e r e  d e p e n d e n t  o n  th e  m in e r a l  u se d  as th e  p o l i s h in g  a g e n t.
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Table II. Summation o f  stain area on Mr Smith

Brushing time (s)

0 10 20 40 60 80

Examiner 1 435 323 285 250 181 203
Examiner 2 345 285 228 215 175 170

Each score was total recorded stain for eight incisors.

B e c a u se , in  a n y  c le a n in g  e x p e r im e n t ,  th e  e x a m in e r s  w o u ld  e x p e c t  a 

p r o g r e s s iv e  d e c l in e  in  s c o r e s ,  s o m e  v o lu n te e r s  w e re  r e tu r n e d  a t r a n d o m  t o  

e x a m in e r s  f o r  a  r e p e a t  s c o r in g ,  w it h o u t  a  fu r t h e r  b r u s h in g . B y  d o in g  th is , 

th e  e x p e c t e d  te n d e n c y  o f  th e  o b s e r v e r s  t o  r e c o r d  lo w e r  s c o r e s  c o u ld  b e  

q u a n t i f ie d .  O f  58 re p e a t  o b s e r v a t io n s ,  3 6  w e re  l o w e r  a n d  2 2  h ig h e r  th a n  

th e  p r e v io u s  r e a d in g  a n d  a 9 /  m e a n  fa ll in  e s t im a te d  s ta in  a re a  w a s  

r e c o r d e d .  T h is  p r o v e d  t o  b e  o f  th e  sa m e  o r d e r  a s  th e  a s se s sm e n t  m a d e  

w h e n  c le a n in g  t h r o u g h o u t  w a s  d o n e  w ith  a  n o n -a b r a s iv e  g e l t o o t h p a s t e .
T h e  in it ia l tes ts  r e p o r t e d  h e re , c a r r ie d  o u t  t o  p r o v e  th e  te c h n iq u e , u sed  

o n ly  te n  t o  tw e n ty  s u b je c t s  p e r  g r o u p .  D e s p it e  su ch  sm a ll g r o u p  s izes  

c o e f f i c ie n t s  o f  v a r ia t io n  f o r  c le a n in g  p o w e r  w e re  n e v e r th e le ss  w ith in  th e  

r a n g e  0 .4 -0 .7 ,  e x c e p t  f o r  th e  n o n -a b r a s iv e  p a s te  w h ic h  h a d  th e  lo w e s t  
c le a n in g  p o w e r .  E v e n  w ith  th e se  sm a ll g r o u p s  o f  v o lu n te e r s ,  d if fe r e n c e s  

b e t w e e n  th e  c le a n in g  p o w e r s  f o r  n o n -a b r a s iv e  a n d  c h a lk -b a s e d  t o o t h p a s t e s  

c o u ld  still b e  d e t e c te d .
C h a lk -b a s e d  t o o t h p a s t e s  w e re  g e n e r a lly  th e  b e s t  c le a n in g  a g e n ts  a n d  as 

e f fe c t iv e  as  a  h ig h ly  a b r a s iv e  p u m ic e -b a s e d  p r o p h y la x is  p a ste . A  s i l ic a -b a s e d  

t o o t h p a s t e  w a s  a lm o s t  as  e ff ic ie n t  w ith  r e s p e c t  t o  c le a n in g  p o w e r  as th e  

lea st e f fe c t iv e  c h a lk -b a s e d  t o o t h p a s t e .  T h e  n o n -a b r a s iv e  t o o t h p a s t e  w a s  

s ig n if ic a n t ly  lo w e r  in  c le a n in g  p o w e r ,  e s p e c ia lly  i f  th e  q u a n t i f ie d  e x p e c t a n c y  
e le m e n t  w a s  ta k e n  in t o  a c c o u n t .

D is c u s s io n

T h e  d e v e lo p m e n t  o f  th e  p a r a m e tr ic  test f o r  d e n t i f r ic e  c le a n in g  p o w e r  
w a s  a im e d  a t p r o d u c in g  a  test th a t  w a s  q u a n t ita t iv e , r e a lis t ic  a n d  r e p r o d u c i 

b le  w h ile  a ls o  b e in g  c a p a b le  o f  d e t e c t in g  sm a ll d i f fe r e n c e s  b e t w e e n  p r o d u c t s .  
B y  u s in g  th is  t e c h n iq u e  o n  sm a ll g r o u p s  o f  v o lu n te e r s ,  th e  t e c h n iq u e  a p p e a r s  
o f  fu lf i l  a ll th e se  r e q u ir e m e n ts . F u r t h e r m o r e ,  th e  t r a in in g  o f  n e w  o p e r a t o r s  

w a s  a  s im p le  p r o c e s s  ; s in c e  th e  e x p e c t a n c y  o f  th e  s c o r e r s  c o u ld  b e  q u a n t i f ie d ,
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Brushing time (s)

Figure 3. Total stain/brushing time. The straight lines represent the average 
least squares fit lines for stain reduction with the dentifrices tested. The broken 
line indicates the scorers’ expectancy. (Paste IV is not shown as the line 

almost coincides with that for Paste II.)

Table III. Cleaning powers B o f six pastes

Paste type Non-abrasive I Silica II Chalk III Chalk IV Chalk V Pumice VI

Cleaning power 2.8 5.5 6.1* 5.6* 8.0 6.0

* These data are from two separate tests and confirm the reproducibility o f  the technique using
the same toothpaste.
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in f lu e n c e  o f  th e  u n a v o id a b le  h u m a n  e le m e n ts  in  th e  tr ia ls  c o u ld  b e  m in im iz e d  
a n d  th e  tes t c o u ld  b e  u se d  to  c o m p a r e  s c o r e r s  o n e  w ith  a n o th e r ,  as w e ll as 

f o r  c o m p a r in g  d if fe r e n t  p r o d u c t s  in  n u m e r ic a l  te rm s .
A s  th e  b a s is  o f  m e a s u r e m e n t  w a s  p a r a m e tr ic  in  th is  ser ie s  o f  tests , th e  

n u m b e r  o f  v o lu n te e r s  r e q u ir e d  t o  p e r m it  s ta t is t ica l d if fe r e n t ia t io n  o f  th e  
c le a n in g  p o w e r s  o f  te s t d e n t ifr ic e s  c o u ld  b e  e s t im a te d  b e fo r e  s ta r t in g  th e  

test. T h e  in fo r m a t io n  r e q u ir e d  f o r  th is  c a lc u la t io n  w a s  (a )  ty p ic a l  test d a ta  
v a r ia n c e  d e d u c e d  f r o m  e a r lie r  tests , (b )  th e  m a r g in a l d if fe r e n c e  in  c le a n in g  

p o w e r s  th a t  th e  test w a s  r e q u ir e d  t o  d e t e c t , a n d  ( c )  th e  a p p r o x im a t e  c le a n in g  

p o w e r s  o f  th e  p a s te s  t o  b e  te s te d .
T h e  r e p r o d u c ib le  q u a n t ita t iv e  f o r m  o f  th e  d a ta  g e n e r a te d  b y  th is  m e t h o d  

p e r m its  s ta te m e n ts  su ch  as  P aste  A  is t w o  t o  th re e  t im e s  b e t te r  in  c le a n in g  
p o w e r  th a n  P a s te  B  w ith  s t a t is t ic a lly -r e in fo r c e d  c o n f id e n c e .  T h e  q u a l ity  o f  

t o o t h p a s t e s  m a y  a ls o  n o w  b e  d ir e c t ly  r e la te d  t o  th e  d u r a t io n  o f  b r u s h in g  

r e q u ir e d  t o  r e m o v e  sta in .
T h e  c u r r e n t  sta tu s  o f  in v e s t ig a t io n s  o n  a b r a s iv it y /c le a n in g  p o w e r  

r e la t io n s  d o e s  n o t  su g g e s t  a n y  n u m e r ic a l r e la t io n s h ip  b e t w e e n  th e se  f u n c 

t io n s  a t p r e s e n t , a l t h o u g h  th e  e v id e n c e  s h o w s  th a t  s ta in s  b u i ld  u p  w h e n  a 

s u b je c t ’ s n o r m a l  d e n t ifr ic e  is r e p la c e d  w ith  a  n o n -a b r a s iv e  t o o t h p a s t e  a n d  

th a t th e  c le a n in g  p o w e r  o f  a  n o n -a b r a s iv e  t o o t h p a s t e  is  p r o b a b ly  less th a n  

o n e -q u a r t e r  o f  th a t  o f  a  ty p ic a l  c h a lk -b a s e d  d e n t ifr ic e .

S u m m a r y

A  r e lia b le  in v ivo  m e t h o d  o f  q u a n t ita t iv e ly  m e a s u r in g  th e  c le a n in g  p o w e r  
o f  t o o t h p a s t e s  h a s  b e e n  d e v e lo p e d .  N a tu r a l  s ta in  is a l lo w e d  t o  b u i ld  u p  

o v e r  a  p e r io d  o f  1 m o n t h  b y  v o lu n te e r s  u s in g  a  n o n -a b r a s iv e  t o o t h p a s t e .

T h e  sta in  is p r o g r e s s iv e ly  r e m o v e d  b y  a  h y g ie n is t  u s in g  a n  e le c tr ic  t o o t h 
b ru sh  a n d  th e  test p a s te s  f o r  10 o r  2 0  s p e r io d s .  T h e  p r o g r e s s  o f  sta in  r e m o v a l 

is q u a n t i f ie d  b y  m e a s u r in g  th e  p e r c e n ta g e  a re a s  o f  sta in  r e m a in in g  o n  

v o lu n t e e r s ’ in c is o r s .  W h e n  th e  lo g a r it h m  o f  th is  p a r a m e te r  is p lo t t e d  a g a in s t  
th e  to t a l  b r u s h in g  t im e , a  se r ie s  o f  s tra ig h t  lin e s  a re  p r o d u c e d ,  th e  g r a d ie n ts  
o f  w h ic h  a re  a  n u m e r ic a l  m e a s u r e  o f  th e  c le a n in g  p o w e r  o f  e a c h  s p e c if ic  
test p a ste .

{ R e c e i v e d :  15 th  J a n u a ry  1 9 7 4 )



THE CLEAN IN G POW ER OF DENTIFRICES 2 2 5

REFERENCES
(1) Manly, R. S. A  structureless recurrent deposit on teeth. J. Dent. Res. 22 479 (1943).
(2) Lobene, R. R. Effect o f  dentifrices on tooth stains with controlled brushing. / .  Amer. Dent. 

Ass. 77 849 (1968).
(3) Van Abbé, N. J. et al. The effect o f  dentifrices on extrinsic tooth stains. J. Soc. Cosmet. 

Chem. 22 457 (1971).
(4) Wilkinson, J. B. and Pugh, B. R. Toothpastes— cleaning and abrasion. J. Soc. Cosmet. 

Chem. 21 595 (1970).



JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

Society of Cosmetic 
Chemists of 
Great Britain

A  L e c t u r e  a t  7  p . m .  o n  2 4 t h  A p r i l ,  1 9 7 5  

a t  t h e  P a r k w a y  H o t e l ,  O t l e y  R o a d ,  L e e d s

S A F E T Y  O F  A E R O S O L S
S p e a k e r :  M r .  P e t e r  D y s o n  o f  I C L  L i m i t e d

R e p r i n t  a v a i l a b l e  in  A u g u s t _____ _____________ ___ ______________________________ _

Textbook of Dermatology
E d i t e d  b y  A r t h u r  R o o k  m .d . f .r .c .p ., D .  S . W i l k i n s o n  m .d . f .r .c .p . 
a n d F .  J . G .  E b l i n g D . s c .  p h .d . S e c o n d  E d i t i o n ,  1 9 7 2 .  R e p r i n t e d  1 9 7 5 .  
2 2 3 6  p a g e s ,  1 1 0 0  i l l u s t r a t i o n s .  T w o  v o l u m e s  i n  s l i p  c a s e ,  £ 4 8 . 0 0 .

‘It remains a masterly clinical compendium, absolutely everything is there and it 
has become an essential basic reference for anyone interested or working in 
dermatology. The text has no equal in the English language and its success is 
assured; a third edition will surely be on the stocks.’ British Journal o f Hospital 
Medicine
‘In its new edition this work by Rook, Wilkinson, and Ebling remains a superior 
text that will continue to serve as a standard for comparison.’ Journal o f the 
American Medical Association
‘The textbook will continue to be a superb reference book which should be 
available to all dermatologists; it is admirable as a comprehensive, detailed, and 
well-written survey of the field of dermatology.’ Journal o f Investigative Derma
tology

B l a c k w e l l  S c i e n t i f i c  P u b l i c a t i o n s

Oxford London Edinburgh Melbourne___________________________ _________



Journal o f  th e  S o ce ity  o f  C osm etic  C hem ists Vol. 26 N o . 4 1975

r  \

Clinical Allergy
The Journal of the British Allergy Society 

Edited by J. Pepys 

Volume 5, Number 1, March 1975

C. P. W . W a r r e n , E. T a i , J. C. Ba tte n , B. J. H u tc h c r o ft  and J. Pe pys .
Cystic fibosis— im m unological reactions to A. fumigatus and com m on  
allergens

L y n n  N ye , T . G . M errett , J. L a n d o n  and R. J. W hite . A  detailed in
vestigation o f  circulating IgE levels in a norm al population

J. H . O ijk m a n . O bservations on  biphasic bronchial reactions due to in
halation o f  enzym es o f  Bacillus subtilis

B. T. B u tch e r , J. E. Sa l v a g g io  and G . A . L eslie. Secretory and hum oral 
im m unolog ic  response o f  atop ic and n on-atop ic individuals to  intra- 
nasally administered antigen

E. S. K . A ssem and M a r g a r e t  V ic k e r s . Investigation o f  the response to 
som e haptenic determinants in penicillin allergy by skin and in vitro 
allergy tests

K . J. T urner  and A . S. R e bu c k . The effect o f  d isodium  crom oglycate
(D S C G ) on  the levels o f  album in and the im m unoglobulins IgA . IgG ,
IgM  and IgE in sputum

G . B ilio tti, S. Bo m a g n a n i and M . R ic c i. M ites and house dust allergy.
IV. Antigen and allergen(s) o f  Dermatophagoidespteronyssinas extract

G era ld  J. G leich  and Joh n  W . Y u n g in g e r . Ragw eed hay fever: treat
ment by local passive adm inistration o f  IgG  antibody

D . BRACKERTZ,E.IsLERand F. K ueppers. H a lf-life o fC ! IN H  in hereditary
angioneurotic oedem a (H A E )

I k u r o  K im u r a , Y oshiro  T a n iz a k i , K atsu yosh i Sa it o , K iyoshi T a k a - 
h ash i, N obu o  U eda and Sh u ich i Sa t o . A ppearance o f  basophils in 
the sputum  o f  patients with bronchial asthma

R . J. D avies and J. Pepys. Asthm a due to inhaled chem ical agents— the 
m acrolide antibiotic spiramycin

B ook  review

Clinical Allergy is published quarterly at £4.00 ($14.00) per issue; sub
scriptions price £14.00 ($49.00) per annum , post free. Subscriptions, 
together with the appropriate rem ittance, should be sent to the publishers’ 
offices at Osney M ead, O xford  O X 2  0E1.

. Blackwell Scientific Publications ,
V -------------------------O x f o r d  L o n d o n  E d i n b u r g h  M e l b o u r n e

vii





Journal o f  the S o c ie ty  o f  C osm etic  C hem ists Voi. 26 N o . 4  1975

J o u r n a l  o f

A p p l i e d  C h e m i s t r y  a n d  B i o t e c h n o l o g y

Edited by J. E. Page and published monthly at £28.00 (N. America $95.00) per 
annum post free

This journal is concerned with the publication of new work carried out in the U.K. 
and overseas in the fields of applied chemistry and biotechnology and is an im
portant source of information for industrial and academic chemists and related 
technologists. All branches of inorganic, organic and physical chemistry are 
covered. Topics include building and road materials, ceramics, metallurgy, dyes, 
resins, solvent extraction, ion exchange, fermentation and enzyme technology, 
industrial production of microbial protein, antibiotics, enzymes, vaccines and 
other biological products, biodegradation and effluent disposal.

B r i t i s h  P o l y m e r  J o u r n a l

Edited by W. W. Wright and published bi-monthly at £18.00 ($60.00) per annum 
post free

The British Polymer Journal publishes original papers and authoritative reviews 
on polymer science from workers in the U.K. and other countries. Both pure 
and applied aspects are covered, particular emphasis being placed on applied 
polymer and resin chemistry of specialist interest to industrial chemists and 
technologists in the plastics and rubber industries, universities, polytechnics and 
government research laboratories. The journal includes a section of book reviews 
and a calendar of forthcoming meetings.

P u b l i s h e d  f o r  t h e  S o c i e t y  o f  C h e m i c a l  I n d u s t r y  b y

Blackwell Scientific Publications
Oxford London Edinburgh Melbourne

IX



J ow  ncd o f  th e  S o c ie ty  o f  C osm etic  C hem ists Voi. 26 N o . 4 1975

x





Journal o f  the S o c ie ty  o f  C osm etic  C hem ists Voi. 26 N o. 4  1975

SUPPLIERS OF A L L  N A IL  POLISH IN G R ED IEN TS

N a t u r a l  a n d  s y n t h e t i c  p e a r l s

I . C . I .
C l e a r  a n d  s u s p e n s i o n  l a c q u e r  b a s e s

A n d  o u r  o w n  

c o m p l e t e  r a n g e  o f  

n a il  p o l i s h  c o l o u r  

d i s p e r s i o n s

P L U S  F U L L T E C H N I C A L  S E R V I C E

S.BLACK( & EXPORT ) LIMITED
IN D E P E N D E N T  W O R K S  W E N N IN G T O N  RD R A IN H A M  
ESSEX Tel:  R A IN H A M  53344 T E L E X  261559

Published on behalf o f  the Society o f Cosmetic Chemists o f Great Britain by Blackwell 
Scientific Publications Ltd, Osney Mead, Oxford 0 X 2  OEL. Printed and bound by

Burgess & Son (Abingdon) Ltd, Station Road, Abingdon, Oxon, England. j


	JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS 1975 VOL.26 NO.4 APRIL
	CONTENTS
	INDEX TO ADVERTISERS
	SYNOPSES FOR CARD INDEXES
	Exaggerated exposure in topical irritancy and sensitization testing
	Four methods for the characterization of dentifrices and other semisolids
	Percutaneous absorption of Triclosan from toilet preparations
	A parametric test to measure the cleaning power of toothpaste



