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The Effect of Laundry Detergent Containing B. subtilis.
Enzyme in Producing Sensitization Reactions in Guinea Pigs

L. PERELMUTTER, A. LAVALLEE and G. S. WIBERG

Food and Drug Directorate, Ottawa, Ontario

Abstract. Guinea pigs exposed to laundry det.ergcnt§ containing B.. subutlts‘enl-
zymes (alcalase) under home use conditions, i.e. by }r'xhal'atlon, abr.aded sl_;l}rlx Olief:,l:llc:n
application and oral ingestion, produced se.nsmzauon reacmms‘1 1 e j ]d um
smooth muscles of these animals contracted in the 'presence of alca asi aln e
sera caused morphological changes of rat mast cells ‘m the presence of alcalase. .
was found that long periods (50-60 days) of chronic expos?L!re .Was x;ecessary 0
produce sensitization. The relevance of these. results to sensitization of consume
to B. subtilis enzymes in laundry detergent is discussed.

A rather high frequency of allergic respiratory di‘st}erances hgs. been
noted in factory workers handling deterg-ents containing B. subtilis ;eln-t
zymes [1-5]. Recently, several investiganons [6-10], have showndt a
some sensitization occurred in populations (consumer.s) th exposed to
high concentrations of enzyme dust. EvAidence for sens.utxzatxon of the en-
zymes was based on clinical histories, intradermal skm—te.s'ts. and provo-
cation reactions. It was concluded that typ'el hypersenshltwnty reactxfl))rlls
involving IgE-type skin-sensitizing antibodies were mainly respoxﬁm Be
for such allergic manifestations. GRIFFITH e.t al. [11] found. fhfif t e B.
subtilis enzymes were not effective in caysnng.conta?t sensumglejt mIa
large group of consumer population nor in guinea pigs z‘m.d raB i s})t'le
addition, the acute oral administration of detergel?t§ containing B. subti
is enzymes to rats displayed a low order of oral toxicity. d and

As yet, no large scale studies in consumers have' ?een reported an
the level of sensitization of consumers to B. subtilis enzymes is un-

Received: September 24, 1971.

—

2




216 PERELMUTTER/LAVALLEE/WIBERG
known. Furthermore, no attempt has been made to determine whether
these enzymes can cause sensitization in animals exposed to the deter-
gent enzyme under simulated houschold conditions. The purpose of th

presex‘u‘study, was to simulate conditions of consumer use of enz mee-
containing detergents in the guinea pigs in order to establish whetheij ex-
Qosure o‘f these animals to an alcalase-containing detergent by inhala-
tion, toplcal and abraded skin application and oral ingestion routes
would yicld allergic manifestations. Examination of these animals on
long-term exposure revealed sensitization of the jejunum and the pres-

€ circula ng anti d S alcal
S S
ence of circu t1 tibo 1€s to caiase as dCtCIl’nlIlCd by the rat mast

Materials and Methods
B. subtilis Enzymes and Laundry Detergent

A . .
e foiomtrperual preparation of alcalase was used in this study to immunize and
antigens by Schultz-Dale, passive cutaneous and rat mast cell test. The prep-

arati i
[ ions were obtamedAfrom Proctor and Gamble Co. of Canada. A laundry de-
ergent, known to contain alcalase was also employed

Animals

me;\tlbmol'female guinea pigs, v.vexghmg 300-450 g, were used for exposure experi-
: s outlined .below. These animals were housed in standard accommodation
ed a commercial guinea pig ration and lettuce. The jejunum from th i
were used for the Schultz-Dale experiments and ser: s wer
alyzed by
below.

and

mals

a from these animals w

- i ' : ere an-
passive cutaneous anaphylaxis and rat mast cell techniques described

Exposure Conditions
1. Injection

ei[h’i:vsnfmupz of 6 guinea pigs each were separately injected by the i.p. route with
a alcalas:n(n;: et/erg;ntlor alcalase. One ml of aqueous detergent solution (5 mg/ml)
mg/ml) plus 1 ml of Freunds complete adj
¢ Hase / ) S juvant was employed for
immunization. This mixture was inj .
ton. ] jected weekly for 3 weeks and the ani
ed for sensitization at least 9 weeks after the last injection. el et
2. Household Simulation Conditions

(a) Inhalation. Six guinea pigs were placed in an open plastic mouse cage

;,lr?,;ijilﬁl)z;vgm; infturn was put at one end of a cardboard box (2x1x1 ft). Ap.
ml of dry laundry detergent was poured th pening at
the top of the box so as to avoid di e detergens i reting ot
n irect contact of the detergent with the gui
A | - A guinea
pigs. The opening was closed and the guinea pigs were exposed to the detergent

dust for 30 min. This procedure was performed twice daily, for 5 consecutive
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days, weekly, for various periods of exposure. The test animals were examined for
sensitization as described below.

(b) Oral ingestion. Two ml of detergent (50 mg/ml) were sprinkled on the lettuce
of 6 guinea pigs once a day for 5 consecutive days, weekly. The guinea pigs were
then removed from the test at various times up to 64 days of oral exposure and
tested accordingly.

(¢) Intact skin. A 1-mg/ml solution of the detergent was applied with a brush
on the backs of 4 guinea pigs once a day S times weekly. Animals were removed
from the test at various times up to 59 days.

(d) Abraded skin. Six guinea pigs were exposed to the enzyme containing deter-
gent in a similar manner as described in 2¢ except the skin of the animals were
abraded once a week prior to exposure with fine sandpaper.

Criteria for Examining Animals for Sensitization

Schultz-Dale  Technique

The jejunums from treated or control (normal) guinea pigs were tested for
muscular contraction in the presence of alcalase using the classical Schultz-Dale
technique. Contraction of jejunum were measured with a fraction-free transduccr
(J. Degrott Assoc., Toronto, Ont.) connected to a linear recorder. Each jejunum
strip was tested for contraction using a histamine standard (1074 g/ml) and then
challenged with increasing concentrations of alcalase in saline solution ranging
from 1076, 1073, 1073, 1072 g/ml. Aliquots of 0.1 ml of antigen solutions were
introduced into the 10-ml Schultz-Dale bath maintained at 37°C. The jejunum
strips were checked for contractions with histamine after antigen challenge to en-
sure tissue viability. The results of the Schultz-Dale responses were reported as
histamine equivalents.

Rut Mast Cell Technique [12, 14]

Sera from guinea pigs on treatment and those from normal animals were ex-
amined for their ability to produce specific cytopathic effects in rat peritoneal
mast cells on challenge with alcalase. The same procedures for the preparation of
the must cell suspension and test with human allergic serum and antigen have
been used in the present study and has been described previously [12, 13]. Briefly,
equal volumes of 0.05 ml of guinea pig serum, alcalase solution and mast cell sus-
pension were incubated at 37 °C for 3 min. A 2-percent gluteraldehyde solution in
0.2M sodium phosphate buffer, pH 7.3, was added to the cell mixture. After
60 min at 4 °C, the cell mixture was spun in a PR2 International centrifuge at
300 g for 5min at 4 °C. The bulk of the supernatant was discarded and the cellu-
lar pellet was resuspended in a minimum amount of this supernatant solution
(0.1 ml). The cells were placed on a microscope slide and dyed with Wright stain
as previously described [14]. A differential count of about 150 mast cells was
made over several widely-separated optic fields and the results expressed as the
percent of morphologically altered cells less serum control values.
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Passive Cutaneous Anaphylaxis (PCA)

The sera from treated and control guinea pigs were examined for their ability
to elicit PCA reactions on the skin of normal guinea pigs on aliquot of 0.1 ml of
undiluted sera or diluted 1:5, 1:10, 1:20 and 1:40 in saline solution was injected
i.d. into separate sites. After 24 h, 0.4ml of solution containing 0.1 ml alcalase
(1-5 mg/ml) and 0.3 ml of Niagara sky blue (5%) solution was injected i.p. Bluing
reactions were observed 15-20 min after the i.p. injection.

Results

In order to determine if alcalase itself or alcalase in the detergent
was effective in producing sensitizing antibodies in the guinea pig, 6
guinea pigs each were injected i.p. with alcalase and detergent-con-
taining alcalase. It can be seen from table T and figure 1 that the jejun-
um of the injected animals contracted in the presence of alcalase. In ad-
dition, sera from these two groups of animals gave positive PCA reac-
tions and were capable of eliciting morphological changes in rat mast
cells in the presence of alcalase. It was interesting to note that the
guinea pigs elicited marked sensitization 50-70 days after their last
injection indicating the presence of long-lasting sensitizing antibodies.

Once it was established that alcalase alone or in detergent could sen-
sitize guinea pigs by the injection route and that the Schultz-Dale, PCA
and rat mast cell techniques could detect antibodies, other test animals
were then exposed to the alcalase containing detergent by simulating

Table 1. Responses of guinea pigs injected with laundry detergent or alcalase

Guinea pig Antigen Time after S-D PCA RMCT
No. last injec- titer
tion, days
1 detergent 57 ++ + 40 + +
2 detergent 57 ND 40 + +
3 detergent 66 +++ 10 +
4 detergent 66 ND 10 ND
5 alcalase 57 ++ + 40 +++
6 alcalase 57 ND 10 ++
7 alcalase 70 ++ + 40 ++ +
8 alcalase 70 ND 20 + + +

8-D, Schultz-Dale; RMCT, rat mast cell technique; ND, not done.
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Table II. Schultz-Dale responses of guinea pigs exposed by inhalation of laundry
detergent

Guinea pig Length of Responses!

No. exposure alcalase concentration in bath, g/ml
days 10-# 10-7 10-5 10-2

| 38 - - B ~

2 39 - - - -

3 52 - - - -

4 58 - - 0.6 0.3

S 60 0.7 0.6 0.4 0.4

6 60 0.3 0.2 0.3 0.1

1 Schuitz-Dale responses are expressed as histamine equivalents x 103,

Table I1I. Schultz-Dale responses of guinea pigs exposed by oral ingestion to laundry
detergent

Guinea pig Length of Responses!

No. exposure alcalase concentration in bath, g/ml
days 10-8 107 10- 10-3

1 46 - - - -

2 50 0.3 0.3 0.6 0.4

3 52 - - - -

4 58 -~ 0.1 0.3 0.2

5 64 0.3 0.5 0.2 0.3

6 64 - - - -

1 Schultz-Dale responses are expressed as histamine equivalents x 10-8,

household use conditions, i.c. inhalation, oral ingestion, intact and
abraded skin exposures. Figure 1 shows typical Schultz-Dale responses
of the guinea pigs exposed to the detergent. In each case, specific con-
tractions of the jejunum were observed in the presence of alcalase. Note
the lack of response in the nonexposed guinea pig jejunum. Tables II-V
indicate the Schultz-Dale responses as a function of the length of expo-
sure of the guinea pig to the detergent. It was interesting to observe t.hat,
for the most part, the jejunum of these guinea pigs were not sensitized
carlier than 50 days of exposure, however marked sensitization occurred
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Fig. 1. S z- S i i
m,.gc,.i o :h.ull:L]I‘)z}le response.s of gumea pigs exposed to alcalase containing de-
rgent by: inhalation, 4 oral ingestion, ¢ topical and d abraded skin applicatio
¢ Lp. Injection, f unexposed guinea pig. H, histamine. "

Tub C -Da i i
uble V. Schultz-Dale responses of guinea pigs exposed by topical application

Guinea pig  Length of

No.

exposure
days

Responses!
alcalase concentration in bath, g/ml
10-8 10-7 10-5 104

i
2
3
4

46
50
53
59

1
Schultz-Dale responses are expressed as histamine equivalents x 10-8
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Table V. Schuitz-Dale responses of guinea pigs exp
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osed by abraded skin application

Guinea pig Length of

Responses?®

No. exposure alcalase concentration in bath, g/ml
days 10-8 107 10- 10-4

1 38 0.2 0.3 - -

2 39 - - - -

3 53 - - - -

4 59 - - - -

5 65 0.3 0.2 0.2 0.2

6 65 - - - 0.4

1 Schultz-Dale responses are expressed as histamine equivalents x 10-8,

Table VI. RMC responses of sera from guinea pigs exposed to detergent by various routes

Exposure route Guinea Length of Cytopathic

pig No. exposure activity

days %1

{nhalation 1 23 32

2 23 1

3 37 35

4 38 40
Oral ingestion 1 23 15

2 23 0

3 45 10
Topical application 1 45 47
Abraded skin application i 23 3

2 23 48

3 37 14

4 38 12
Non-exposed animals - - 5

- - 2

- - 3

1 Cytopathic activity represents responses in rat mast cells due to experiments less

serum control values. Alcalase was used at a concentration of 0.1 mg/ml.
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between 50-60 days. These results indicate that repeated prolonged ex-
posure is a necessary condition for sensitization. Sera from these sensi-
tized animals generally failed to elicit positive 24-hour PCA reactions
with alcalase antigen. However, antibodies to alcalase were detected in
the sera of these animals using the rat mast cell technique. Table VI
summarizes the results obtained with the rat mast cell technique with the
sera from the animals exposed by the four routes. It was found that 9 of
12 sera from treated guinea pigs caused morphological changes in rat
mast cells in the presence of alcalase. Note the lack of response with
sera from 3 control animals. In addition, it was interesting to find that
sera from 3 animals on treatment for only 23 days gave positive respon-
ses in the rat mast cell test.

Discussion

The results of this study indicate that repeated exposure by various
routes of guinea pigs to detergent containing B. subtilis enzyme under
home usage conditions resulted in sensitization. Although animals ex-
posed by topical and abraded skin application produced antibodies in-
volved in immediate hypersensitivity reactions these same animals failed
to produce delayed hypersensitivity reactions. Thus, it is not surprasing
that GRIFFITH e al. [11] failed to detect sensitization in consumers,
guinea pigs and rabbits exposed to B. subrilis enzymes by topical appli-
cation since these authors used skin-irritation, an indicator of delayed
reactions as the sole criteria of detection. Furthermore, in the present
study, during the period to which the guinea pigs were exposed by inhal-
ation route there was no overt evidence of asthma-like episodes. On the
other hand, the test animals produced a transient erythema secondary to
vasodilation of the ear veins which suggested histamine release. Further
studies are required to determine the relationship between allergic re-
spiratory disturbances in these animals, length of inhalation exposure,
concentration of airborne enzyme dust and the effect of multiple expo-
sure routes.

Reports have appeared in the literature [6-8] which indicate that
Some consumers, exposed by various routes to low concentration of en-
zyme dust in the detergent, can indeed display allergic respiratory mani-
festation to the enzyme. In order to determine the percent of population
showing respiratory symptoms to the enzyme dust, long-term epidemiolo-
gy studies are required with well-defined allergens relating case histories,
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skin-tests, provocation exposure and detection f’f circulating sensi-
tizing antibodies. Careful consideration must be given to the fact that
factory workers have been exposed to high concentra’no‘n of tl?g enzyme
dust for short periods of time. In this case, IgE-type svkm-se.nsmzmg an-
tibodies appear to be responsible for the allergic mamft?.statlons. Thus a
good correlation has been obtained between direct skin-tests and IgE
levels in these individuals [15]. Consumers, on the other hand, are
chronically exposed to low concentrations of the enzyme dust ax.l(.l .by
various routes of exposure. It is possible that other types of sensitizing
antibodies such as the short, latent binding antibody descril.)e‘d‘ by. PAR-
IsH [16] may play an important role in the enzyme dust sensitivity in the
consumer population.
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Lymphocyte Mitogens of Indigenous Australian Plant Species

C. C. CurTAIN and M. J. SIMONS
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and The Royal Children’s Hospital Research Foundation, Parkville, Vic.

Abstract. Saline extracts of seeds from 164 Australian indigenous plant species
representing 73 genera and 28 families were tested for their ability to stimulate
blast transformation and mitosis in human buffy coat cells. Extracts from 3 spec-
ies, Rhagodia crassifolia, Bassia decurrens and Bauhinia Carronii were found to be
active. The most active extract, from B. Carronii was fractionated by isoelectric
focussing, by which it was found possible to separate the mitogenic, haecmagglutin-
ating and leucoagglutinating activities. The activity of the B. Carronii mitogen was
not inhibited by antiserum to the phytohaemagglutinin of Phaseolus vulgaris
(PHA) and its chemical composition and sedimentation co-efficient differed from
those published for PHA and the mitogen of the pokeweed (Phytolacca americana).

Introduction

The behaviour of peripheral blood small lymphocytes, when cultured
in the presence of various stimulating substances, has been the subject
of intensive study and discussion in recent years. These substances cause
morphological changes characterised by transformation of dense inactive
heterochromatin into fibrillar, metabolically active euchromatin [FRENS-
TER et al., 1963], the appearance of nucleoli and an increase in basophi-
lia and pyroninophilia of cytoplasm [HIRSCHHORN et al., 1965]. Accom-
panying these morphological changes are extensive biochemical changes,
the most striking of which are increases in the synthesis of protein
[Bacu and HirsCHHORN, 1963], in RNA [McINTYRE and EBAUGH,
1962] and DNA [BeNDER and PRESCOTT, 1962]. These events may cul-
minate in mitosis.
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