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Abstract-Toxicological studies in man and animals are reported for laundry detergents and
presoak products containing commercial preparations of the proteolytic enzymes, subtilisin
BPN and subtilisin Carlsberg. On acute oral administration to rats, the enzyme materials
per se displayed a low order of oral toxicity and did not affect toxicity when incorporated in
detergent and presoak products. The products showed no toxic effects in dogs and the enzyme

' ingredients did not alter the emetic properties of the laundry products. There was no evidence
of toxicity in 4-wk or 13-wk applications of enzyme-detergent mixtures to the abraded or
intact skin of rabbits, though skin irritation was greater than for controls at the highest level
of application of the enzyme preparation. Extensive eye irritation studies with rabbits showed
no effect of any consequcnce when the enzyme preparations were added to the products.

Laboratory tests on more than 700 human subjects of a variety of enzyrne-containing
detergents showed no adverse effect on mildness from the enzyrne ingredient except under
conditions of high concentration, occlusion of the skin and prolonged contact. Clinical mildness
tests on 5943 housewives, diaper rash studies on 360 infants, and repeated insult patch tests
of 1478 men and women revealed no untorvard effect frorn products containing the enzyme
ingredients

INTRODUCTION

Feu' recent innovations have brought such clear-cut improvements in the perforlnance of

lerundry products as has the incorporation of proteolytic enzymes. The first knorvn com-

mercial application of enzymes in consumer products began with the marketing of a laundry
presoaking product in Germany in 1913. Attempts to conserve fatty acids during \Morld

War II resulted in renetved interest in enzyme washing products in Europe, but it was not

unti l 1963 in Holland that the first commercially successful product was introduced. With

the development of relatively active, l ieat- and alkali-stable enzymes, these materials became

attractive to the American detergent industry.
The first enzyme washing products were introduced in the United States early in 1967. At

the present t ime there are several nationally distributed brands of enzyme products in which

soiled clothing is soaked prior to washing, &S well as several major brands of general-

pLlrpose laundry detergents that contain enzymes. Consequently, it can be assumed that a
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major proportion of the population of the USA is now using one or more of these products.

The purpose of this report is to describe the toxicological and dermatological studies that
have been performed in our laboratories to assess the safety of enzyme-containing laundry
products.

EXPERIMENTAL
tr[aterials

Proteolytíc enzl'nres. The enzymes studied were commercial rarv materials that were

typical of those currently used in laundry products. They were obtained by large-scale
fermentation using selected strains of Bacíllus subtilis. Tu'o types were involved, both
alkaline proteases, namely subtilisin BPN from B. subtílís BPN and subtilisin Carlsberg from
B. subtilis Carlsberg (Smith, Delange, Evans, Landon & Markland, 1968). The differences
betrveen these sources have been discussed by Keay & Moser (1969). The commercial
materials contained 5-15% of actual proteolytic enzyme, the balance being other protein,

inorganic salts and carbohydrates. The BPN type also contained some amylase. Part
of the inorganic salt present had been added by the suppliers in order to standardize the
enzynratic activity of the commercial material. The subtil isin BPN tested contained 25-30%
protein and 8-25 /oinorganic salts, and the Carlsberg type, 8\protein and 60/,inorganic
salts. In both types of enzyme preparation, the inorganic salts were primarily sodium
chloride and sodium and calcium sulphates.

Detergent formulatiorus. Except for the presence of the enzyme ingredient, the detergent
formulations studied were conventional, general-purpose household detergent formulations
containin g 15-20\ l inear alkylate sulphonate (LAS), 40-50 f sodium tripolyphosphate
bui lder,  10-15)(  sodium sulphate,  5-10% sodiurn s i l icate (Si02:Na2O :1 '3: l -2:1) and
minor ingredients such as perfume, colourings and optical brighteners. The commercial

enzyme materials were incorporated at levels of 0'08-1 '0\ as indicated.
Presoak forntulations. These formulations contained 2-10/o nonionic surfactant (fatty

alcolrol-ethylene oxide condensate) and 60-75[ builder (sodium tripolyphosphate). They
also contained 20-30 /" sodium perborate, an oxygen bleaching agent. Enzyme preparation

levels \ \ 'ere l '2-5 '0%.

Oral toxicíty studíes

AcuÍe oral toxícit1, 1,, rats. Test materials wel'e administered as concentrated aqueor.rs

solutions or slurries to groups of ten rats (body rveight 200-300 g) that had been fasted over-

night. The LDro was calculated by the method of Weil (1952) from the nurnber of animals

surviving in each group at the end of 14 days. Screening tests to give an estimated lethal dose

util ized the technique of Deichmann & LeBlanc (1943).
Aurte oral toxicíty írt clogs. Test materials in a dose of 2'5 -e/kg, as a 40 \ aqueous slurry,

\À'ere given by stomach tube to groups of one male and one fernale beagle. The dogs were

starved overnight and water was rvithheld for approxirnately 3 hr prior to dosing. Each

animal was subjected to gastroscopy under anaesthesia before dosing and 2 or 4 rvk after-
wards, to determine the condition of the gastro-intestinal mucosa. Other observations
included gross physical examination, routine blood analyses (haematocrit and total and

differential white cell counts) and blood urea-nitrogen and serum glutamic-pyruvic trans-
aminase determinations, together in some cases with the bromsulphophthalein test for

l iver function.
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SAFETY EVALUATION OF ENZYME DETERGENTS

Enretíc studíes in dogs. Tests were performed to detect any alteration in the emetic prop-

erties of detergents (Weaver & Griffith, 1969) as a result of the addition of enzyme material

to the formulations. The emetic dose5o of products was determined (Weil, 1952) by intra-
gastric administration of graded doses of 40 /o aqueous slurries to groups of two male and

ttvo female beagles. Each animal was observed for t ime of onset and duration of emesis.

Each test series included a control group that received only water.
Subacute oral toxicíty ín rots. Enzyme-containing detergents were administered by incor-

porating l"/.of each formulation in the Purina Laboratory Chow diet of a group of 20 male

and 20 female albino rats for 4 wk. Similar groups of control animals received the diet

rvithout added detergent. Food consnmption, growth rate and feed effi.ciency were recorded

for all animals. At the end of the experiment, fìve male and five female rats were selected at

random from each group for haematological studies (red cell count, haemoglobin estima-

tion, haematocrit and total and differential white cell counts) and autopsy. Liver and kidney

weights relative to terminal body weight were determined and sections of the adrenals,

urinary bladder, bone marrow, gonads, heart, intestine, kidney, l iver, lung, lymph nodes,
pancreas, spleen, stomach, thyroid and skin were examined histologically.

Skín and eye tests in rabbits

Subacute dermal toxicíty ín rabbits. Aqueous solutions containing 2'5\ detergent and
2.5% enzyme material or 10 | solutions of detergent containing 0'1 5-5% enzyme material
were applied in doses of 2.0 ml/kg body weight to the skin of groups of albino rabbits,
according to the method of Draize (1959). Applications were made daily for 4 wk on
abraded skin or for 13 wk on intact skin. At the termination of the experiments haemato-
logical and histological studies, as l isted in the previous paragraph, \À/ere carried out on all
sun'iving animals.

E1'e írrítatíon ín rabbits. Enzymes and enzyme-containing products rvere tested in the eyes
of albino rabbits according to the method of Draize (1959), either as solids or as aqueous
solutions. In some experiments, the corneas were first abraded with a cotton tip applicator
after instillation of 5 \ procaine hydrochloride. One eye of each animal r.vas left untreated
as a control. Each test involved nine rabbits, three eyes being treated rvith 3 mg powdered

material and left unrinsed, three with powdered material followed by rinsing lvith rvater,
and three rvith an aqueous solution of material but not rinsed. The treated eyes were ex-
amined and a quantitative assessment of changes was made daily with the aid of a CRC
Stereoptic Binocular Magnifier unti l all signs of irritation had disappeared. The scale for
scoring ocular lesions was essentially that of Draize (1959) except that any effect on the
cornea other than superf,cial dull ing or stippling was assigned a score of 2 or more.

Skín írrítatíon ín robbíts. Single occluded patches containing 0'5 ml of an aqueous solution
of the test material rvere applied to the clipped backs of groups of albino rabbits for 24 hr.
On removal of the patches and again after 72 hr, skin irritation at the sites of application was

-eraded according to the scoring system of Draize (1959).

Tests in man

Skín írrítatíort írt nten. A variety of laboratory tests for skin irritancy of enzyme-product
formulations were carried out with human volunteers. Briefly these tests, which have been
described elsewhere (Carter & Griff ith, 1965; Johnson, Kile, Fliegelman & Fix, 1951 ;
Johnson, Kile, Kooyman, Whitehouse & Brod, 1953; Kooyman & Snyder,1942), consisted
of rvashing, immersion and patch exposures. Skin-washing and hand-immersion studies

r .c . r .  7 /6 -c
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were carried out on groups of six to ten volunteers using high concentrations (up to l0\) of
product in solutions heated to 4loC. Two materials were tested siinultaneously on each
subject, one of them usually being an enzyme-free control formulation. The washings or
immersions were done three times daily on five consecutive days. Skin reactions were scored
on a 10 (normal) to 1 (extreme irritation) scale. The patch teits consisted of single or three
consecutive applications every other day of 0.4 ml of 0.25-l .0\ aqueou, ,ólutions of
detergent. Patches were applied on either side of the midline of the back. Any irritant re-
actions that developed rvere graded on a four-point scale of intensity of erythema anci results
were compared with those for control materials testecl simultaneously.

Clinical and usage studies. Large panels of housewife-volunteers were given enzyme-
containing products and non-enzyme control proclucts to use in hand dishwashing for
periods of 2 wk each. The tests followed a double-blind, cross-over design in which the
participants'hands were graded by a dermatologist for skin condition before and after the
use of each product (Carter & Griff ith, 1965; Johnson et a|.1953). In a given test, each pro-
duct was used by approximately 300 wornen. Dermatologists' scores (100: normal;
l0 : severe irritation) were analysed statistically by analysis of variance to determine
whether or not there were differences between products in regard to mildness.

Detergents and presoak products containing enzymes were supplied for use in diaper
laundering to mothers of infants 24 months old ancl younger in àouble-blind, cross-over
studies each involving 120 infants. Control products rvere the mother's regular presoak
product, or, in the case of detergents, a non-enzyme formulation. The skin in each baby's
diaper area was examined and graded by a registered nurse under the supervisìon of a
paediatrician. Scores so obtained were analysed for statistical significance ty analysis of
variance.

Other usage studies involved paired comparison of r,vashing products rvith and without
enzymes. In studies of this type, no examination of the users' skin lvas involved, but partici-
pants were intervieu'ed foilorving the use of each product to recorcl impressions of the pro-
ducts, including any comments on effects on the skin.

Cutaneous sensitízatíon. Groups of l6-133 human volunteers were employed in the
repeated insult patch test for cutaneous sensitization. The test design, similar to those of
Draize (1959) andVoss (1958),  involved nine appl icat ions,  each last ing24 hr,  of  0.5 ml of
each test solution to the outer aspect of the upper arm of the subject during a 3-wk ' insult '
period. The patches rvere placed on the same site at each application. Follorving a 'rest'
period for 10-14 days, duplicate 'challenge' applications rvere made, one to the site to which
a patch had previously been applied, the other to a fresh site on the contralateral arm.
Patches consisted of Webril padding and rvere held in place rvit6 Blenclerm adhesive.
Heightening of the skin reaction following the challenge application, as compared to the
response to the original exposure, rvas cousidered suggestive of cutaneous sensitization.

RESULTS
Oral toxícíty studies

Acute oral toxícíty ín rafs. Results rvith the two types of commercial enzyme preparation
are presented in Table 1. The LDro values of 20/oaqueous solutions ranged from 3.7 to
more than 10'3 g/kg body weight. The lower valne in this range represents a higher degree
of toxicity than would be expected for an enzyme. Basecl upon chemical unuiyr., of the
enzyme preparations tested, it has been tentatively concluded that their acute oral LDros are
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directly related to the levels of inorganic salts present as diluer-rts, and are essentially inde-

pendent of the levels of organic constituents.

Table l. Typical acuîe oral toxicities of enzyrne preparations and detergent and
presoak products ín rats

In
t

F

*

ffi

Mater ia l  tested

Level of
enzyme

preparation
('ro

Oral  LDso (wi th
95 % confidence limits)

(e/ke)
Test concn
(% wlw)

Enzyme preparation
BPN type
Carlsberg type

Laundry detergent

Presoak prodr.rct

c .9* ;  >  10 '3 f  ( - )
3 .7  (3 .3-4.1)  r

4 .0  (3 'H.6)
4.8 (4.3-5.3)
3.8 (3.3-4.3)

c.z'gl G)
2.6 (2.3-3.0)
c.2'91G)

100
100

0.0
0.3
1 .0

0.0
1 .2
5 '0

20
20

40
40
40

40
40
40

*  No deaths at  7 '7 g/kg;  e ight  of  ten rats d ied at  10'0 g/kg.

t No deaths at 10'3 gikg or lower doses.

* Estimated lethal dose test. Confidence lirnits not determinable.

Five general-purpose detergents containing from 0'08 to l '0% enzyme material were

compared with the same formulations without enzyme. Though the LDro of individuai

detergent formulations ranged from 2'B to 4'8 glkg, there was no significant difference be-

trveen formulations rvith enzyme and those without enzyme, all other conditions being the

same. Similarly, an enzyme presoak product, containing frorn I '2 to 5'0% enzyme material

and having LDros or estimated LDs of 2'3-2'9 glkg, did not differ in toxicity from the same

formulation without enzyme and having an estimated LD of 2'9 g/kg (Table 1).

Acute oral toxícíty ín dogs. Enzyme-containing detergents and presoak products, in single

oral doses of 2.5 g/kg, were administered as 40 \ aqueous slurries by intragastric intubation

to a total of seven groups each of one male and one female beagle dog. Typical results for

each type of product are shown in Table 2. Eme sis occurred promptly. All animals appeared

grossly normal rvhen emesis had ceased. Haematological indices, results of l iver function

tests ar-rd gastroscopic findings were the same 2 or 4 rvk after dosing as they were prior to

treatment.

Table 2. Ty,pícal results of acute oral toxìcity tests of detergerú antl presoak products ín beagles

Ìvfaterial tested

Level of
enzyme

preparation Test concn
( % )  ( \ t v l w )

Emesis

Dose Onset (min Duration
(gikg) after dosing) (min)

No.  o f
emetic

episodes

Laundry detergent
Presoak product

0 .3
t . z

2.5
2.5

40
40

45 20
1 5  8

Enteîíc studíes ín dogs. These studies gave results consistent with earlier tests on rvashing

products (Snyder, Opdyke, Griftìth, Rubenkoenig, Tusing & Paynter,1964). Emetic dosero
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values ranged from less than 6 mg/kg to approximately 25 mglkg (Table 3). There was no
correlation with the level of enzyme material (0'08-l .2%). Onset of emesis consistently
occurred within I or2 min and continued for 1-4 min. There were no fatalit ies or residual
toxic effects among any of the dogs used in these tests. All dogs appeared grossly normal
when emesis had ceased.

Table 3. Typical erttetíc actícity' of enzvnte loundry products ín beagles

t
l 1
é.A

4:i, I

i9

Material tested

Level of
enzyme

preparation
(%)

Test concn
(% w lw)

E D r o *
(g/ke)

Emesis

Mean Mean
onset (n-rin duration

after dosing) (min)

Laundry detergent

Presoak product

0 . 1
0.2
0.2s

r .2

40
40
40

<0.025
c.0 '016
<  0 .013

c.0'006

1 . 5
1 . 4
l . l

2.2

2.3
4.2
1 . 8

1 .940

fii

ffi
HI

frl

* Emetic dose5s. Because of the sn-rall dosage volume involved relative to the dosing apparatus employed, it
was not possible to administer doses sufficiently small to perrnit calculation of confidence limits for these
tests.

Subacute orql toxícity itr rals. General purpose detergents containing 0'15 or 0'25 /oenzyme
material fed as | /, of the diet had no adverse effect on rats in two separate 4-wk studies. All
gross and histological f indings were normal.

Skín and eye tests ín rabbits

Subacute derntal toxícíty in rabbits. Six 4-wk tests on abraded skin and four 13-rvk tests on
intact skin were performed. In either type of test, exposure of the skin of albino rabbits to
5/ aqueous solutions of 1:l enzyme-detergent mixtures resulted in irritation that was
greater than that from the equivalent amount of detergent without enzyme. The observed
blood effects comprised increased amphophile and decreased lymphocyte counts, which were
considered to have resulted from the inflammatory response in the skin. The mean lympho-
cyte level for the control grolrp rvas slightly higher than the normal range for control
animals. Both the detergent control and the enzyme-detergent test groups clisplayed haemo-
globin levels marginally higher than the normal range.

With lower levels of enzyme material (0'15-5'0)O only mild to moclerate irritation was
seen, which was essentially equivalent to that seen from non-enzyme formulations. There
was no treatment-related pathological change in any of the rabbits following the 4- or
l3-lvk exposures, suggesting that percutaneous absorption either did not occur or, if i t did
take place, was of no toxicological significance.

Eye írritatíort írt rabbtts. Typical data from ten tests involving 90 rabbits are shorvn in
Table 4. Several additional tests gave comparable results. Insti l lation of 3 mg powdered
enzyme material, per se, into the eye produced moderate conjunctival irritation and transient
corneal haziness, which cleared rn24 days. Rinsing the eye with water reduced the intensity
of this irritation and prevented corneal involvement in most of the eyes. Enzyme preparations
in 1 or l0l" solutions were comparable in irritancy to the powders. Abrasion of the cornea
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Table 4. Typical results of rabbit eye irritation tests with en:yme preparations and formulatíons

587

Material tested

Initial
state

of
cornea

Level of
enzyme

preparation
(%) Treatment

Maximunr
average
score*

Rate of eye
clearancef

Enzyme preparation
BPN type

Enzyme preparation
Carlsberg type

3 mg (NR)
3 mg (R)
l 0% aq .  (NR)

3 mg (NR)
3 mg (R)
l0 f  aq.  (NR)

3 mg (NR)
3 mg (R)
I % aq. (NR)

3 mg (NR)
3 mg (R)
1% aq.  (NR)

3 me (NR)
3 mg (R)
I % aq. NR)
3 me (NR)
3 mg (R)
10)( aq. (NR)

3 mg NR)
3 mg (R)
l0 aq. (NR)

3 mg (NR)
3 mg (R)
10% aq.  (NR)

3 mg (NR)
3 mg (R)
l0% aq.  (NR)

3 mg (NR)
3 me (R)
10% aq.  (NR)

3 (4)
|  ( 2 ) ; 2  ( 3 )
1  (2 ) ;2  (3 )
2 (3); | (a)
2 (3); I (a)
3 (3)

2 (2); I G)
3  ( l )
I  ( l ) ;  I  (2) ;  I  (3)
|  (2 ) ;2  @)
2 ( l ) ;  I  (3)
3 (2)

2 (2); | (3)
2 ( t ) ;  |  (2)
3  ( t )
1  (2 ) ;2  (3 )
2 ( t ) ;  |  (2)
I (3); 1 (a); I (7)
3 (4)
2 ( t ) ;  |  (2)
I (2); I (3); I (a)

3 (2)
3 (2)
2  ( 2 ) ; 1  ( 3 )
1  ( t ) ; 2  ( 2 )
2 (1 hr); 1 (2)
3  (1 )
3 (2)
3  (1 )
I  ( l ) ;  I  (2 ) ;  1  (3 )

Intact

Abraded

Intact

Abracled

Intact

100

1 . 0

0.2

0.0

34'6
12'6
23.0

3 1 . 3
23.6
35 '0

19.3
5 .3

16 .3

28.3
l  1 . 3
27.0

20.6
5.3
8.6

24'0
3 .3

14.3

21.7
J ' J

20.6

6.0
4.6
4.6

9-6
2.3
7.6

6.0
2.0
J ' J

I
;

I

n
*

fi
H

fi
#
ffi
ffi

Laundry detergent

Presoak product Intact

0.0

R : rinsed eyes NR : non-rinsed eyes
* lvlaximum average score is the higliest daily mean score for the three eyes tested in each group.
t Expressed as the number of eyes clear within the number of da1's indicated in parentheses.

prior to insti l lation of the enzyme preparation resulted in some increase in intensity of
irritation but did not significantly lengthen the time required for the eye to return to normal.

Detergent and presoak-product formuiations were each tested with trvo levels of added
enzyme preparation and without enzyme. Although the detergent formulation \ilas more
irritating than the presoak product, addition of enzyme had no effect of any consequence on
eye irritancy. Data from tests with abraded corneas are not shown in Table 4. Though
abrasion did increase the intensity of irritation from the slight to moderate range in most
cases, only four of 45 eyes so tested required more than 1-4 days to clear; these four were
clear within 7 davs.
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Skin irritation in rabbits. Enzl'me-containing detergent formulations in l\ aqueous solu-
tion produced moderate primary skin irritation under the occlusive conditions of the test
(Table 5). Applications of non-enzyme controls were only mildly irritating.

Table 5. Typical results of rabbit skín irríturíon tests with ror( aqueous
solutions of enzyme detergents

Material tested

Level of
enzyme Prinrary

preparation irritation
(%\ index*

Degree of
irritation

Laundry detergent 0.0
0.2
0.3

1 .3
4.8
J ' I

Mi ld
Moderate
Moderate

Calculated according to Draize (1959).

Tests ín man

Skín irritatíon ín man. Laboratory tests of several types have been carried out on a total
of 739 voiunteer subjects in order to compare the effects on skin, i.e. the mildness, of various
washing products with and without addecl enzyme preparations. All oflthese tests constituted
exaggerated exposure compared with that encountered in actual usage.

In eight arm-washing studies involving a total of 80 people, the cubital fossa of one arm
n'as rvashed rvith a l0l solution of enzyme-containing detergent and that of the other arm
s'ith a similar solution of non-enzyme detergent (Table 6). General-purpose cletergent and
presoak formulations having levels of enzyme preparations of 0.1-1 .2/o v,ere fould to be
equal in their effect on the skin to l ike forrnulatiorrs that did not contain enzyme. None of the
products so tested produced visible redness of the skin unti l after repeated washing had been
carried out, using a procedure in which the wash solution was blotted from the skin and not
rinsed from it.

Table 6. Typical results of arm washing tests* on detergent
and p re s o ak fo rmulat ions

Material tested

Level of
enzyme

preparation
(%) Mean gradet

Control detergent
Enzyme detergent

Enzyme presoak product

0.0
0.2
0'2
0.25
1.2

9 .1
8.7
8.4
a a
t ' J

8 .6

* Involving three 1-min exposures daily to a l\ft aqueous
solution at 4l'C on five consecutive days.

I Based on a scale ranging from 10 to l, where 10 represents
no erythema and 7 represents moderate erythema. The
grades decrease as erythema increases. Values are means of
groups of ten subjects.

l r
::.: ' ir*ìl

1. . ' i
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Nineteen tests involving a total of 136 subjects were conducted in which the subjects im-
mersed each hand in a different detergent solution maintained at 41"C. Detergents and pre-

soak products containing 0.1-l .2\ enzyme proved to be equivalent in mildness to control
products rvithout enzyme (Table 7). In one test involving six subjects, a product containing
5.0% enzyme preparation gave the impression of being milder than the control product, but
this was attributed to the smoothing effect of the protease on the skin through removal of

superficial scales of straturn corneum.

Table 7. T1'pícal results of hand inunersiort tests* on clelergent and
p re s oak for ntulat iorts

Level of
enzyme

preparation
(%)

Mean grades

lvlaterial tested Scalingt ErythemaI

Control detergent
Enzyme detergent

Enzyme presoak product

0.0
0.2
1 . 0
t .2

8 .3
9'0
9.3
9.0

8.5
8.3
9.0
8.5

* Involving three 15-min irnmersions daily in a
at 41"C on five consecutive days,

f Based on a scale ranging from no scaling

2f aqueous solution

(10) to cracking and
fissuring (l).

f Based on a scale ranging from 10 to 1, in rvhich the grades decrease
as erythema increases.

Panels of volunteers part icipated in either single or tr iple appl icat ion patch tests of pro-

ducts containin g 1.2% or less of enzyme preparation (Table 8). Forty-four were single
application patch tests involving 413 subjects and I I were triple patch tests involving a total
of I 10 subjects. In addition, there were ten applications of a solution of enzyme preparation

Table 8. Typical results of prínnry irrítatíon patch tests of an enzyme preparation
and detergent and presoak products

Level of
enzyme

preparation Test concn
(%) (%)

Mean grade*
of erythema
with patch

application no.

Material tested

Control detergent
Enzyme detergent

Control detergent
Enzyn-re detergent

Enzyme presoak product
Enzyme preparation, Carlsberg type

0.0
0 '175
0.2
0.0
0 .175
0.2
1 .2
100

4
4
AÉù

0.1
2.0
2'0
0.1 0.1
0.3 0.7
0.2 0.8
0 0
0.1

0.7
1 . 1
1 .2
0, l

a
q{;
i

4
0.2

* Erythema g;rading scale: 0 : norlei 1 : faint; 2 : moderate; 3 : marked.
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alone, and 30 applications of a laundry-detergent formulation containing enzyme. Following
the design of the test, these patches were removed at intervals shorter than24 hr. Under the
occlusive and otherwise exaggerated conditions of the patch test, formulations containing
enzyme were found to be more irritating to the skin than the same formulations without
enzyme. In the one test of enzyme material alone, essentially no irritation was seen at the
concentration used.

Clínical and usage studíes. Eleven clinical mildness tests of enzyme detergents were con-
ducted on a total of 5943 housewives (Table 9). In all cases the grades assigned by the
dermatologists for the condition of the housewives' hands indicated that there were essen-
tially no differences in mildness between the products containing enzyme preparations and
the non-enzyme control formulations.

Table 9. Clínical ntildness tests of general-purpose enzyme detergents usecl for lnnd
díshwashing

Level of
enzyme

preparation No. of Dermatologists'
Test (%) subjects mean grade* LSDf

2-664 0.1 34 83.8 (84.6) 2.9
2-668 1.0 32 87.s (82.8) 2.4
s-66 0.2 sl 91.8 (e4.9) 3.s
8-66 0.2 1113 92.3 (92.r) 0.6
10-66 0.2 303 80.9 (79.3) 1.5
2-67 0.6 s02 74.9 (73.8) 0.8
3-674 1.0 268 81.8 (82.9)

262 82.3 (82.9) 1.3
3-678 0.1 266 84.3 (83.0)

0.t7 269 82.6 (83.0)
0.2 266 83.7 (83.0) r.7

10-67 0.1 270 83.1 (82.9)
o.2 273 84.3 (83.1)

272 84.4 (84.1) 1.7
1-68 0.2 2s0 77.0 (76.8)

1.0 24r 78.2 (76.8) 1.8
1 l -68 0.2  2s9 81.5 (81.7)

zst 82-7 (8r.7)
0.4 249 83.9 (82.5)

zst  82.3 (82.5)  1 .6

* Based on a scale ranging from 100 (perfect) to 10 (extremely poor). Grades in
parentheses indicate dermatologists' mean grade for the non-enzyme counterpart.

t Least significant difference between means at P : 0.95.

Three clinical studies on diapers, involving 360 infants, have been conducted on enzyme-
containing presoak products or detergent formulations. It was found that there was no
difference in the average incidence or severity of diaper rash between groups of inlants
wearing diapers laundered in the two types of product. i

Cutaneous sensitization in nlan. Twenty-two repeated insult patch tests involving 1478

I
I
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human volunteers have been completed (Table l0). There were no signs of cutaneous sensi-

tization. Application concentrations of the products ranged from 0'25 to I'0% with the

levels of enzyme preparation in the formulations ranging from 0'l to l '2%'Under the

occlusive conditions of this test, enzyme-containing formulations were more irritating than

the control formulations.

Table !0. Repeatetl insult patch test for dúaneous sensitízation in man

Level of
enzyme

preparation Test concn
(%) (%)

No. of persons

No. of
TCSTS Tested Sensitized

Material tested

Laundry detergent

Presoak

0.25
0.5
1.0
0.25
0.5
0.25
0'5
1 .0
o-25
0.5
1 . 0
0.25
1.0
0.5

Sub-total. .
0.25

Sub-total..

0 .1
0'2
0.2
0.3
0.3
0.4
0.5
0 .5
0.6
0.6
0.6
0.7
0.7
0.8

I
4
1
I
4
I
2
1
I
2

Total.

75*
284
63
74

233
t33
8 1
59
63

141
64
64
7 l
73

r478
75*

*
t )

t478

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0

n
I

I

1 . 2

* These two tests were performed simultaneously
tested is included once only in the final total'

on the same panel of subjects. The number of subjects

4

3,|
i

DISCUSSION

Animal and human tests of enzyme-containing synthetic detergent and presoak formula-

tions have shown them to be equivalent to comparable non-enzyme formulations in all

respects except for primary irritancy of the skin, and then only under severe conditions of

exposure such as thàse involved in a patch test. As rvould be expected from the inclusion of

proteolytic-enzyme preparations into these formulations, solutions of high concentration in

prolonged contact with the skin caused appreciably more primary irritation than that pro-

duced by control formulations. Under circumstances of normal use in which product con-

centrations are typically 0. r-0.2/" andexposures are measured in minutes rather than hours,

the enzyme ingredients have no adverse effect on the mildness of the products' This is

consistent \^/ith the flndings of Loomans & Hannan (1969), who showed that the intact cells

of stratum corneum are resistant to proteolytic attack by subtilisin and that this resistance is

not affected by the presence of surfactant. It has been shown repeatedly in extensive testing

of enzyme laundry-product formulations under moderately exaggerated or normal condi-

tions of use that no problems of primary irritation would be expected to arise from them in
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the course of routine laundry and cleaning applications. Marketing experience with enzyme-
containing products, acquired during the course of nearly 3 yr, has confirmed that mildness
to the skin has not been impaired by their use. Likewise, the development of allergic contact
sensitization does not appear to be a l ikelihood, judging from the hundreds of patch-test
exposures and thousands of usage exposures that have been carried out without incident.

There have recently been reports from England (Flindt, 1969; pepys, Hargreave, Long-
bottom & Faux, 1969) of respiratory symptoms among rvorkers in the detergent industiy
exposed to proteolytic enzyme preparations similar to those used in the present studies.
These industrial exposures to the enzyme in the form of respirable dust resulted in breath-
lessness, wheezing, cough and other asthmatic symptoms. Some months before these
publications it had been recognized in the detergent industry that industrial exposures to
enzyme dust could result in a range of respiratory allergic manifestations in susceptible
individuals not unlike those seen in other industrial exposures to dusts with antigenic
properties. A basic investigation of the situation is continuing. In the meantime, the im-
proved dust control measures adopted have essentially eliminaìed the problem.

Apart from the question of industrial hygiene, the significance of these inhalation effects
for the consumer must also be considered. In the opinion of the authors, the hazard to the
consumer is negligible. Air sampling has shown that exposures to enzyme-containing dust in
detergent manufacturing operations are greatly in excess of those encountered in the home.
This is true for dust concentration, duration of exposure and the physical and chemical
characteristics of the dust. Also, for more than 2 yr, all cases of consumers reporting symp-
toms suggestive of allergy have been carefully followed up, including clinical investigations
by physicians whenever possible. Similar investigations were carried out as part of pie- and
post-marketing consumer-usage tests of the products. During this entire p.i iod the enzyme
products have been used by many mill ions of people, yet ihis continuing programme of
surveil lance has revealed no case of allergy or other respiratory problem traceable to their
use. This experience supports the conclusion that the enzyme-Containing washing products
are safe for consumer use.
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Évaluation de I'innocuité des détergents contenant des enzymes. Études de Ia

toxicité orale et cutanée, du pouvoir d'irritation et de sensibilisation de la peau

Résumé-On signale des études toxicologiques chez I'homme et les animaux pour les deterger:s
de blanchissagJ et les pro<luits de pré-trempage renfermant des préparations comntercial:s
d'enzymes proteotyt iques: subti l is ine BPN et subti l is ine Carlsberg. En administrat ion oral: .
dose aiguè-chez le rat, les préparations enzymatiqùes per se ont une toxicité orale de fair-:
intensitè et n'affectent pas la toxicité quand on les incorporé dans les produits détersifs et ae
pré-trempage. Les produits ne sont pas toxiques pour les chiens et les ingrédients enzl'matiqu::
ne modifienl pas lei propriétés émétiques des produits de lavage. Il n'y a pas eu de signe de ie-rri-
cité au cours d'applications de 4 semaines ou de 13 semaines des mélanges enzyme-détergei;
sur la peau écorchée ou intacte cles lapins, bien que l'irritation de la peau ait été plus grande que

pour lès témoins, à la dose la plus élevée d'application du matériel enzymatique. Des étuces

étendues de I'irriiation des yeui sur des lapins n'ont pas montré d'effet important dù aux pie-

parations enzymatiques ajoutées aux produits.
Des essais au laboratoire sur plus de 700 sujets avec divers détergents contenant des enzl-n:*:

n'ont pas montré d'effet d'irritation cutanée due aux enzymes, sauf dans des conditions ie

concentration élevée, d'occlusion de la peau et de contact prolongé. Des essais cliniques de

tolérance cutanée sur 5943 ménagères, des études d'éruptions occasionnées par des couches.
portant sur 360 bébés, et des essais répétés d'application sous timbre, portant sur 1'178 homn.le:
èt femmes, n'ont pas révélé d'effets fàcheux causés par les produits renfermant les ingrédients
enzymatiques.

Unschàdlichkeitsuntersuchungen yon Enzymwaschmitteln. IJntersuchungen zur oralen

und Haut-Toxizitàt, Reizwirkung und Hautsensibilisierung

Zusammenfassung-Toxikologische Untersuchungen am Menschen und amTier mit Wasch- und

Einweichmitteln, die handelsubliche proteolytische Enzyme, wie Subtilisin BPN und Subtilisin
Carlsberg, enthiélten, werden beschrièben. Die Enzymeper se hatten bei akuter oraler Verab-

reichung àn Ratten geringe Toxizitàt und zeigten keine zusàtzliche Wirkung nach Vermischen
mit Wasch- und Einw'eicfrmitteln. Die Produkte waren fùr Hunde nicht toxisch und die eme-

tische Wirkung der Reinigungsmittel wurde durch die Enzymbestandteile nicht beeinflusst.
Keine Andeutung von Toxizitàt wurde bei vier*'óchiger und dreizehnwóchiger Verabreichung
von Enzym-WaJchmittel-Mischungen auf die aufgerauhte und intakte Haut von Kaninchen
festgesteilt, jedoch war die Hautreizung im Falle der stàrksten Enzymkonzentrationen grÓsser

als bei Kontrollversuchen. Ausgedehnte Untersuchungen auf Augenreizung am Kaninchen
zeigten keine nennenswerten durch die in den Reinigungsmitteln enthaltenen Enzyme hervor-
gerufenen Effekte.

Laboratoriumsteste, die mit einer Reihe von enzynÌhaltigen Waschmitteln an úber 700 \'er-

suchspersonen durchgefúhrt wurden, ergaben keine nachteiligen, durch die Enzyme verursach-

ten Hautunvertràgli;hkeiten, ausser bei hohen Enzymkonzentrationen unter Abschluss der

Haut und ùberlangem Kontakt. Klinische Hautvertràglichkeitsversuche an 5934 Hausfrauen,
Beobachtungen hinsichtlich des Wundseins an 360 Windelkindern und wiederholte
"Làppchentèste" an 1478 Mànnern und Frauen ergaben, dass keine ungiinstigen Effekte von

den enzymhaltigen Produkten verursacht u'urden.


