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It is known that penicillin residues are found in milk and meat
products as well as several other sources ( i , 2, 8). It is possi-
ble that exposure of humans to these sources may produce
IgE-type antibodies, as individuals could be exposed to low
doses of penicillin residues over long periods of time. It was
shown by Levine et al. (3) that in mice, injections of small
amounts of penicillin conjugates over long periods is efficaci-
ous for producing homocytotropic antibodies in these animals.

The present study was undertaken to determine whether
low dose, long term oral exposure to penicillin G (Pen-G) in
rats can induce IgE and IgGa antibody production. Indeed,
the addition of o.i to i U/ml of Pen-G to the drinking water
of rats over several months caused the production of both IgE
and IgGa antibodies in these animals, suggesting that tbe oral
route may be effective in sensitizations in man.

MATERIALS AND METHODS
Human Sera

Sera frotn is individuals with reported systemic reactions to Pen-G as well as
eight non-allergic volunteers were used. The sera were stored at -70° C for up
to 2 months.

Pen-G (Sigma Chens. Co., St. Louis, Mo.) was used in the rat mast cell test
(RMCT) (5) at concentrations ranging from o.i to 10,000 U/m! as described
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below. The concentration of Pen-G employed in the oral exposure of rats is
indicated in the following:

Oral Exposure of Rats to Pen-G

Two groups of six rats were exposed to Pen-G in their drinking water at
concentrations of 0.1 and i U/ml for i month, each rat being exposed to be-
tween 60 and 600 V Pen-G/month. Two other sets of rats including the ap-
propriate control group were treated in a similar manner for 2 and 3 months,
respectively. All rats were hied 2 weeks after oral exposure to Pen-G had heen
stopped. Six other rats were orally treated with r U/ml of Pen-G for I month,
injected subcutaneous!}- with 50,000 U Pen-G 2 weeks later, and bled after an
additional 2 week-interval. A control group of six rats was treated in a similar
manner except for the omission of Pen-G from their drinking water.

Rat Mast Cell Technique (RMCTj

.4. Detection of IgE antibodies in the sera of penicillin-allergic individuals
using the RMCT: The RMCT for the detection of human IgE-type antibodies
was performed as previously described (5). Briefly, 0.05 ml aliquots of allergic
serum, antigen, normal rat serum and mast cell suspension were incubated at
37° C for 3 min. After the incubation period, a 2 per cent gluteraldehyde solu-
tion in 0.2 M 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 cen-
trifuge at 300 g for 5 min at 4* C. A 0.05 ml aliquot of the resultant pellet was
placed on a coverslip and smeared with a second coverslip. After the smear
had been air-dried, the coverslip was dyed with Wright dye, washed and
mounted on a microscope slide as described previously (5). The mast cell
changes were observed under the microscope and the results expressed as the
percentage of morphologically altered cells compared to total ceil population.

B. Detection of rat igGa and JgE antibodies in the sera of rats treated with
peniciUin-G: Two types of homocytotropic antibodies have been recognized in
the rat. One type (IgE) is characterized by its firm binding to target cells. It
requires between i to 2 h of in vitro incubation to sensitize normal rat mast
cells and is not removed by washing (IgE and IgGa antibodies mediate release
of histamine from rat peritoneal cells). The second homocytotropic antibody
(IgGa) is characterized by its weak binding to target cells and is assessed by
incubating normal rat mast cells with the appropriate seruts and antigen for a
short incubation time. To determine IgE antibodies, suspension of normal rat
mast cells {0.05 ml) were incubated with the test serum (0.05 ml) for ! h at
37° C. Then the cells were washed with medium 199 and subsequent!}' re-
suspended in medium 199 and challenged with Pen-G for 10 tnin. To determine
IgGa antibodies, an aiiquot of 0.05 ml of rat mast cell suspension was incubated
with an equal amount of rat serum and Pen-G at 37' C for 5 min. Morpholo-
gical changes in the rat mast cells were evaluated as indicated in (A).
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C. Determination of the sensitization of rat mast cells from orally treated
animals: Mast cell suspension from orally treated animals was obtained from
tht peritoneal eavity of the rat, washed with medium 199 and challenged with
Pen-G at concentrations indicated in the results section. The presence of cell
bound IgE antibodies was indicated by morphological changes in the mast ceils
on challenge with Pen-G.

R E S U L T S

Table i summarizes the rat mast cell responses of sera from
15 patients having had immediate-type reactions to penicillin
anytime from 2 weeks to 22 years previously. These responses
indicate the presence of IgE antibodies in the sera. It is inter-
esting to note that five patients (# 11 to 15) had had reac-
tions to penicillin 15 to 22 years previously without knowingly
being re-exposed to this drug, and their sera gave positive
responses in the RMCT. To explore the possibility that a non-

TABLE I
RMC Responses of Sera from Penicillin .iUergic Individuals.

Patient

C.W.
T.H.
C M .
B.W.
L.T.
R.R.
RJ.
B.B.
E.A.
D.F.
A.D.
E.B.
R.F.
F.Q.
E.R.

Type of reaction*

U,An
As, U

U

u
E,An
U,An
U, An
As, U

U
U

U,An
U,An
U,An
As, tJ, An

U

Time from allergic
reaction to obtention

of serum samples

2iveeks
2 weeks
3 months
6 months
J year
2 years
2 years
2 years
4 years
5 years

15 years
15 years
22 years
19 years
20 years

Cone, of Pen-G»«
giving optimal
responses tJ/ml

50

50

Soo
1000

500

500

1000

1000

4000

2000

5000

2000

2000

2000

lOOO

* tl = urticaria, An = angiodema. As = asthma, E = eczema.
•• The eight non-allergic controls did not give responses in the RMCT.
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fig. !.
Detection of IgE antibodies present in a rat orally exposed to penicillin G.

therapeutic exposure to penicillin may have induced continued
sensiti/.ation in these patients, an animal model system was
developed to explore the possibility that low dose, long term
oral exposure to penicillin G is capable of producing antibodies
in these animals. For this purpose, rats were given penicillin G
in their drinking water at very low levels (o.i—i U/ml) and
these animals were examined for the presence of IgE and
IgGa antibodies after various periods of exposure to the drug.
Figs. I and 2 show a typical dose response curve of serum
from a rat exposed to Pen-G in the manner described above
for I month, and the sera tested for IgE (Fig. i) and IgGa
(Fig. 2) antibodies, respectively, by the RMCT. Significant
responses were obtained at concentrations of Pen-G ranging
from 5^-500 U/ml for both types of antibodies, whereas no re-
sponse was obtained for the control group. Table 2 summa-
rizes the detection of IgE and IgGa antibodies of rats orally
treated with Pen-G for i, 2 and 3 months, respectively. As
early as after I month of exposure, IgE antibodies were de-
tected in the sera of the treated animals, and in a separate
group of rats, IgE was found in the sera after 3 months of
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Fig. 2.
Detection of IgGa antibodies present in a rat orally exposed to penicillin G.

TABLE 2
Detection of IgE and IgGa Antibodies in Rats Orally Treated with Peniciltin-G

Using the RMCT'.

Exposed group
I month
2 months
3 months

Non-exposed group
t month
2 months
3 months

No. of rats
in group

5
6

6

i

6
6

No. of rats
actively sens.

3
6
ND

o
o
ND

No. of rats w*ith

IgE IgGa

antibodies

4 5
6 6
6 6

o
0

o

• Rats were treated with between o.i to i U/ml of Pen-G in their drinking water.

continuous exposure. In addition, mast cells removed from the
peritoneal cavity of the treated rats, were found to be actively
sensitized to Pen-G as morphological changes in rat mast cells
occurred in the presence of Pen-G, whereas cells from the un-
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treated group did not respond to Pen-G. Similar results were
obtained when sera of treated rats were tested for the pre-
sence of IgGa antibody.

Having established sensitization in the rat by oral exposure,
it was desirable to determine the effect of previous oral ex-
posure on the efficacy of inducing antibody production in ani-
mals by a single intramuscular injection of Pen-G. Thus, six
rats were orally treated with i U/ml Pen-G for i month fol-
lowed by an intramuscular injection of 50,000 U Pen-G. Five
of these rats produced IgE and IgGa antibodies in which re-
sponses were obtained in the RMCT at 5 U/ml or less of
Pen-G. In the control group that had been injected only with
Pen-G without previous oral exposure (five rats), three sera
responded at higher levels of Pen-G ( > 5 U/ml) indicating
that lower levels of IgE and IgGa antibodies were produced.
These results indicated that low ciose oral exposure of Pen-G
not only produces IgE and IgGa antibodies in rats but that
such treatment causes significant increase in the levels of those
antibodies in animals given a single injection of Pen-G.

D I S C U S S I O N

Despite intensive research during the last 10 years on the
mechanism of penicillin allergy and the possible ways to pre-
vent it, penicillin allergy remains an important problem in
clinical practice, and penicillin is without doubt the anti-
biotic most frequently causing hypersensitivities. According to
Barrett-Conner ( i ) , 5 per cent of the total population of the
USA is sensitive to penicillin. In an independent review of this
problem an incidence range of 0.1-10 per cent is reported
(2, 6, 8). The high rate of sensitization to penicillin may be
due not only to the frequency of therapeutic use, but also to
environmental exposure (vaccine, milk, milk products, meats,
meat products, tooth paste, cosmetics) (2) . In addition, peni-
cillin patients are known to maintain their sensitivity for years
after their therapeutic exposure. In 1969, in a survey per-
formed by the Food and Drug Directorate, in Ottawa, Can-

iS Acta Allergologica, ]o, s
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ada, it was found that roughly 2 per cent of milk samples
tested microbiologically contained Pen-G prior to pasteuriza-
tion. In the present study, it was shown that long term oral
exposure is effective in causing sensitization in rats as evi-
denced by the production of IgE and IgGa antibodies. Recent-
ly, these results were confirmed in a separate study (4).

The results of the present study, using the animal model
system, suggest that a significant percentage of the population
may become sub-clinically sensitized to penicillin by non-thera-
peutic exposure and/or therapeutic exposure (oral or injec-
tion) . In this connection, it was found that rats maintained on
low dose, long term oral exposure showed a higher degree of
sensitization to an injection (50,000 U) of Pen-G compared
to a control group of rats injected with the same dose of
Pen-G.

There are reports of individuals who on the first thera-
peutic exposure to the drug showed symptoms of sensitization.
In fact, a recent report by Spark (7) showed that a fatal
anaphylactic reaction due to oral penicillin occurred at a first
therapeutic exposure. It would appear that the presence of
Pen-G as a drug residue in foods, primarily milk, could be an
important factor in sensitizing the population to the drug and
suggests that more extensive screening of foods for the pre-
sence of penicillin residue should be carried out.

To date, the microbiological technique, because of its sensi-
tivity, is the principal method used for the detection of peni-
cillin in milk. However, there is little evidence that the concen-
trations or the forms of penicillin detected represent aller-
genically active forms of penicillin. More work should be
carried out to detect the allergenic properties of penicillin
residues that exist in various foods, cosmetics and vaccines.
Moreover, methods for the detection of IgE antibodies such
as the RMCT and radioallergosorbent test (RAST) should
be used to detect the penicillin residues.
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SUMMARY

Sera from 15 patients with immediate hypersensitivity reac-
tions to penicillin G gave positive responses in the rat mast cell
test (RMCT) indicating the presence of IgE-type antibodies
in the sera. Five sera were from patients who had had reac-
tions to penicillin 15 to 22 years previously without known re-
exposure to this antigen. To explore the possibility that non-
therapeutic exposure to penicillin may have produced con-
tinued sensitization in these patients, an animal model system
was developed to explore the efficacy of low dose, long term
oral exposure to penicillin G in rats for producing homocyto-
tropic antibodies in these animals. It was found that when rats
were given penicillin G in their drinking water at concentra-
tions of O.I to I U/ml over a period of i to 3 months they
produced serum IgE and IgGa antibodies. In addition, IgE
antibodies were actively bound to the peritoneal mast cells of
these animals. The presence of circulating or cell bound anti-
bodies was detected using the rat mast cell test. It was also
shown that rats given penicillin G orally for I month were
more prone to antibody production after a single intramuscular
injection of penicillin G compared to a control group receiving
only the intramuscular injection of this antigen. The results of
this study are discussed in terms of possible non-therapeutic
sensitization towards penicillin G in the human population.
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