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Abstract. Objective and Design: Carboxymethylcellulose
(CMC) has been considered to be inert and is commonly used
as an additive in medicines, foods and cosmetics. However,
we experienced a patient who developed an anaphylactic
reaction to CMC after an upper gastrointestinal examination
using a barium meal containing CMC. Therefore, we exam-
ined the incidence of sensitization by CMC in healthy sub-
jects, and categorized the high risk group prone to develop-
ing anaphylactic response to CMC.

Methods: An ELISA for detecting CMC-specific IgE anti-
body was developed using serum from the patient as a posi-
tive control. In the ten subjects exhibiting high anti-CMC IgE
among 387 normal populations, histamine release from iso-
lated leukocytes was performed.

Results: Five of ten subjects with a high IgE titer showed a
significant CMC-induced histamine release from leukocyte
preparations in vitro as observed in the patient, and were
classified as high risk group. There was a correlation
between sensitization by CMC and that by Japanese cedar
pollen. The incidence of sensitization in females was 2.4 fold
higher than that in males.

Conclusions: The combination of ELISA and histamine
release experiment made it possible to identify the high risk
group for developing anaphylactic response. The administra-
tion of high dose CMC as a suspending agent in barium sul-
fate or injectable corticosteroids to this group should be
avoided to prevent anaphylactic reactions in the clinic.
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Introduction

Gastrointestinal radiography with barium sulfate suspension
as the contrast medium has been a major and widely used
method for diagnosing gastrointestinal diseases in clinic.
Ingestion of barium sulfate suspension is a routine practice,
in which various ingredients were included. Car-
boxymethylcellulose (CMC) is one of such additives, pro-
viding the improvement in the coating and flow of the sus-
pension. In a previous study [1], we reported the case of a
patient who suffered an anaphylactic reaction after an upper
gastrointestinal examination using a barium meal containing
CMC. Skin-scratch test and in vitro histamine release exper-
iment using a peripheral leukocyte preparation revealed that
CMC was an antigen for anaphylaxis among nine additives
in the suspension. The identification of CMC as allergen
was particularly surprising, because CMC is considered not
to be absorbed into body fluid and inert. So far, its superior
features have led to the various use as suspending, thicking
and emulsifying agent in pharmaceutical, food and cosmet-
ic industry. Although the incidence of anaphylactoid reac-
tions in barium examinations was estimated to be low [2, 3],
the case reports of anaphylactic reaction after the intraartic-
ular injection of corticosteroids containing CMC are
increasing [4—8]. An anaphylactic reaction is the most
severe side effect of drug treatment and anaphylactic shock
is often fatal, therefore, it is important to know of the pres-
ence and the titer of antigen-specific IgE. As described in
our preliminary report [9], we established an ELISA that
uses the covalently immobilized CMC for the detection of
IgE antibody specific for CMC and found out the presence
of high anti-CMC IgE in the serum of the above mentioned
patient. By using the established ELISA, we screened 387
normal healthy subjects and classified those based upon the
anti-CMC IgE titer in serum. Surprisingly, ELISA elucidat-
ed a very high incidence of CMC sensitization among the
normal population [9]. In this paper, we analyzed the sensi-
tization to CMC in more detail, and found that five of ten
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subjects with high IgE titer showed a significant CMC-
induced histamine release from leukocyte preparations in
vitro as observed in the patient, indicating the usefulness of
combination of both methods to identify the high risk group
for anaphylactic reaction. There was a correlation between
sensitization by CMC and that by Japanese cedar pollen, a
common allergen in Japan, the incidence of the former being
about half those of sensitization by representative allergens.
In final, it was concluded that the usage of medicine con-
taining a large amount of CMC might induce an anaphylac-
tic reaction in the high risk group, especially in the case of
direct injection of drugs containing CMC into body fluid.
The combination of ELISA and histamine release experi-
ment allowed us to identify this group among healthy popu-
lation. Much attention should be paid to sensitization by
CMC and the medicinal use of CMC.

Materials and methods

Subjects

This study was approved by Review Board of Okayama University
Graduate School of Medicine and Dentistry. We obtained written
informed consent from the patient who experienced the anaphylactic
reaction to CMC [1], with regard to the utilization of her serum as a pos-
itive control in developing an ELISA method for the detection of CMC-
specific IgE. We also obtained written informed consent for the exami-
nation of CMC-specific IgE in serum from subjects who attended Ako
Municipal Hospital to receive an annual health check. We screened a
total of 387 subjects from February to June 2000.

cMC

The grade of CMC is described in The Japanese Pharmacopoeia
(13th edition), which is recognized and guaranteed by the Ministry
of Health, Labour and Welfare, Japan. The purity of CMC is 99%
and the major impurities identified thus far are inorganic salts such
as chlorides (less than 0.64%), sulfate (less than 0.96%) and sili-
cate (less than 0.5%). Usually, NaCl is the major impurity. The minor
impurities include heavy metals (less than 20 ppm) and arsenic (less
than 10 ppm).

ELISA

CMC (0.125-200 pg/mL) was covalently fixed to the ELISA plate
(Costar, EIA/RIA plate) using the coupling reagents, N-hydroxy sul-
fosuccinimide (sulfo-NHS) (Pierce, Rockford, IL) and 1-ethyl-3-
(3-dimethylaminopropyl)-carbodiimide (EDC) (Dojin, Kumamoto,
Japan) at room temperature for 20 h with continuous shaking. After
extensive washing with distilled water, the plate was blocked with 1%
BSA in 10 mmol/L phosphate buffered saline, pH 7.4 (PBS), overnight
at 4°C. The serum was diluted with PBS and 100 pL of each dilution
was applied overnight at 4°C. After the plate had been washed with
PBS containing 0.1% Triton X-100, biotinylated secondary antibody
(anti-human IgE or anti-human IgG, Vector, Burlingame, CA) (1:200)
and streptavidin peroxidase (1:300) (Vector) were applied with wash-
ing in-between. An O-phenylenediamine dihydrochloride (1 mg/mL) in
0.05 M sodium phosphate-citrate buffer (pH 5.0) was used as substrate
at a volume of 100 pL and the reaction was stopped by the addition of
50 pL of 3M sulfuric acid 30 min thereafter. The plate was read at
450 nm in an ELISA reader (Tosoh, Tokyo, Japan). The intensity of the
reaction was evaluated and classified into six categories; negative
(ELISA OD at 1:2 dilution of serum < 1.5 x [ELISA OD at 1:16 dilu-
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tion of serum] ); suspected positive ( ELISA OD at 1:8 dilution of
serum < the mean of ELISA OD of negatives at 1:8 dilution plus 3 X
SD (= 0.150)); and positive (ELISA OD at 1:8 dilution of serum > the
mean of ELISA OD of negatives at 1:8 dilution plus 3 x SD), positive
being further classified into four groups depending on the intensity of
ELISA at a 1:8 dilution of serum; positive (1+), 0.150 < OD < 0.200;
positive (2+), 0.200 < OD < 0.250; positive (3+), 0.250 < OD < 0.300;
positive (4+), 0.30 < OD. The classification was shown in Table 1. This
was an arbitrary classification based on the ELISA value at 1:8 serum
dilution, which was within the linear range of ELISA curve.

Determination of total IgE and allergen-specific IgE
in serum

Total IgE in serum was determined by radio-immunosorbent assay. The
allergen-specific IgE was examined by radio-allergosorbent test
(RAST) on the following five common allergens in Japan: house dust
I, pollen of Japanese cedar, Dermatophagoides pteronyssinus, orchard
grass and ragweed. The determinations of total IgE and the five aller-
gen-specific IgE were done in subjects who were judged to be sensi-
tized with CMC by ELISA and fifty randomly-extracted negative con-
trols.

Histamine release from isolated leukocytes

Peripheral blood was withdrawn from a forearm vein. The blood was
layered on 4.5% Ficoll-12% meglamine iotalamate (specific gravity,
1.077) and centrifuged at 350 x g for 35 min to isolate the leukocytes.
Isolated leukocytes were washed twice with Hank’s balanced salt
solution (NaCl, 137 mmol/L; KCl, 5.4 mmol/L; CaCl,, 1.3 mmol/L;
Na,HPO,, 0.3 mmol/L; KH,PO,, 0.4 mmol/L; MgSO,, 0.8 mmol/L;
NaHCO;, 4.2 mmol/L; MgCl,, 0.5 mmol/L; glucose, 5.6 mmol/L con-
taining 0.05% BSA), resuspended in the same buffer, and then aliquot-
ed into eppendorf tubes in a volume of 180 pL. After 5 min preincuba-
tion at 37°C, diluted sodium CMC in suspending buffer was added to
the leukocyte suspension (4 x 10°¢ leukocytes) to give a final volume of
200 pL. The reaction was continued for 15 min thereafter. The reaction
was stopped by cooling of the incubation mixture on ice and each tube
was centrifuged at 1800 x g for 5 min at 4°C. Both the supernatant and
the precipitate were assayed for histamine content according to a
method described previously [10] and the results were presented as %
of histamine release. The net histamine release was calculated by the
subtraction of spontaneous release in the absence of CMC from total
histamine release in the presence of CMC. The average spontaneous
release was about 2.0%.

Statistical analysis

Statistical analysis was performed with the chi-square test for indepen-
dence. The statistical analysis of histamine release was done using
ANOVA followed by Dunnett’s test.

Table 1. Classification of CMC-specific IgE titer in serum.

Negative: OD at 1:2 dilution of serum < 1.5 x [OD at 1:16
dilution of serum]

OD at 1:8 dilution of serum < 0.1502

0.150 £ OD at 1:8 dilution of serum < 0.200
0.200 £ OD at 1:8 dilution of serum < 0.250
0.250 £ OD at 1:8 dilution of serum < 0.300

0.300 < OD at 1:8 dilution of serum

Suspected positive:
Positive (1+):
Positive (2+):
Positive (3+):
Positive (4+):

@ The mean OD at 1:8 dilution of Negatives plus 3 x SD was 0.150.
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Results

We developed an ELISA method for the detection of CMC-
specific IgE using a plate to which CMC was covalently cou-
pled with both sulfo-NHS and EDC as coupling reagents but
were unsuccessful in the non-covalent binding of CMC to the
plate. As shown in Figure 1, the reaction detected by anti-
human IgE was dependent on the concentration of antigen
and dilution of serum from the patient but not from normal
volunteers who showed no histamine release induced by
CMC from peripheral leukocytes in the previous study [1].
Anti-human IgG instead of anti-human IgE did not produce
any reaction. The addition of different concentrations of anti-
gen-non-relevant human IgE (0—4 pg/well) to the incubation
with biotinylated secondary anti-IgE antibody concentration-
dependently inhibited the reaction (Fig. 1C), whereas the
addition of the same concentration of antigen-non-relevant
human IgG or IgM did not produce any effects (data not
shown). This showed that anti-human IgE antibody bound to
only IgE but did not crossreact with IgG or IgM. The addition
of antigen-non-relevant human IgE instead of CMC-reactive
patient’s serum did not produce any non-specific reaction up
to 10 pg/mL, which was a much higher concentration than
the IgE level (2.5 pg/mL) found in serum of the patient.
These results as a whole indicated that the ELISA method
developed in the present study was useful for the detection of
CMC-specific IgE antibody and that the serum from the
patient who experienced the anaphylactic reaction to CMC
contained high CMC-specific antibody of IgE class.
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Using this ELISA method, we examined the CMC-spe-
cific IgE of 387 subjects who attended the Ako Municipal
Hospital to receive an annual health check. The results of
screening are summarized in Figure 2. Among the 387 sub-
jects, we found 36 positive individuals (9%), six of whom
had a high CMC-specific IgE (4+) comparable to that of the
patient. Then, in vitro histamine release from isolated leuko-
cytes was performed in ten positive subjects (3+—4+)
including the six strongly positive individuals. CMC at the
concentration ranging from 102 to 102°% significantly
induced the release of histamine from leukocytes in five
subjects out of ten (Fig. 3A), suggesting the presence of
high risk group for anaphylactic reaction. The CMC con-
centration required for inducing maximal histamine release
differed depending on the individual. Figure 3 B represents
the plots of CMC-specific IgE titer in an individual deter-
mined by ELISA vs. the maximal CMC-induced histamine
release in vitro from isolated leukocytes from the ten sub-
jects with high CMC-specific IgE (the closed and open cir-
cles represent the subjects showing the significant and non-
significant histamine release, respectively). An asterisk indi-
cates the patient who developed the anaphylactic response to
CMC. There was no correlation between CMC-specific IgE
titer and the extent of maximal histamine release among the
ten subjects. The three CMC-specific IgE-negative subjects
did not experience a CMC-induced release of histamine at
any concentration (data not shown) as observed in the previ-
ous study [1]. Therefore, it was suggested that the extent of
in vitro histamine release induced by CMC was not solely
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Fig. 1. ELISA for the detection of the specific IgE antibody against CMC. A, Dependency of the reaction on the concentration of antigen using sera
from the patient (@) and normal volunteers (O). The dilution of serum was 1:8. B, Dependence of the reaction on the dilution of serum from the
patient (@) and normal volunteers (O). C, Inhibition of the reaction in the presence of non-relevant human IgE (@) or IgG (O) with secondary biotiny-

lated anti-IgE antibody. The dilution of the serum from patient was 1:8.
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Fig. 2. Distribution of CMC-specific IgE in 387 subjects. ELISA was
performed as described in Fig. 1 and the methods. The CMC-specific
IgE titer in each patient was classified into six categories according to
the definition described in the methods. There were 36 positive subjects
among 387 subjects examined.

dependent on the CMC-specific IgE titer detected by
ELISA.

Interestingly, we found a 2.4-fold difference in the inci-
dence of sensitization to CMC between female and male sub-
jects (Table 2). Moreover, there was a significant difference
in the allergic history between CMC-specific IgE-negative
and -positive groups. In thirty six CMC-specific IgE- posi-
tive and fifty negative subjects, we also determined the spe-
cific IgE antibodies against each of five common allergens in
Japan; house dust I, pollen of Japanese cedar, Der-
matophagoides pteronyssinus, orchard grass and ragweed.
The analysis is summarized in Table 3. There was a signifi-
cant correlation between sensitization with CMC and that

Net Histamine Release (%)

oL H 1 L 1 L ] 1
A 0 105 1045 104 1035 103 1025

Carboxymethyicellulose (%)
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Table 2. Age, sex, and allergic history of CMC-specific IgE — negative
and -positive groups.

CMC-specific IgE

Negative Positive P value
(n=351) (n=36)
Age 48.7 +/— 2.0 51.0+/- 2.0 NS
Sex (Male/ 254/97 18/18 0.02
Female)
Allergic 36 (10.1%) 10 (31.3%) 0.05
history?®

@ Allergic history was evaluated by a questionnaire on allergic rhinitis,
allergic conjunctivitis, atopic dermatitis and food allergies.

Table 3. Comparison of the sensitization with five common allergens
between CMC-specific IgE — negative and -positive groups.

CMC-specific IgE

Negative Positive P value
(n=50) (n=136)
Allergens
Orchard grass 8 (16%) 10 (28%) NS
Ragweed 4 (8%) 6 (17%) NS
Japanese cedar 11 (22%) 17 (47%) 0.02
Dermato- 11 (22%) 6 (17%) NS
phagoides
pteronyssinus
House dust | 11 (22%) 7 (19%) NS
Serum total IgE 185 +/—358 231 +/—- 385 NS
(IU/mL)
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Fig. 3. Histamine release induced by CMC from isolated leukocytes of individuals with high CMC-specific IgE.The results were obtained from five
subjects who showed a significant histamine release induced by carboxymethylcellulose (Panel A). Each value represents the mean of three replicates.
The standard errors were within 10% of the means. The correlation between CMC-induced histamine release and CMC-specific IgE detected by ELISA
was evaluated (Panel B). Closed and open circles represent the subjects who showed a significant and non-significant histamine release induced by
CMC, respectively. An asterisk represents the patient who developed an anaphylactic response to the CMC in a barium sulfate suspension.
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Fig. 4. Lack of correlation between the CMC-specific IgE and fre-
quency of examinations using barium sulfate suspensions containing
CMC. One hundred and eighty seven subjects, who received gastroin-
testinal examinations only in Ako Municipal Hospital using a barium
sulfate suspension containing CMC, were selected from 387 subjects.

with Japanese cedar. Total IgE levels in the CMC-sensitized
group were not higher than those in the non-sensitized con-
trol. On the other hand, the frequencies of examinations
using barium sulfate suspensions containing CMC did not
correlate with either the titer of CMC-specific IgE or the
incidence of sensitization with CMC (Fig. 4).

Discussion

In a previous study, we reported a patient who showed an
anaphylactic reaction to the CMC in a barium sulfate sus-
pension after an upper gastrointestinal examination [1]. The
antigen was identified by skin scratch test and in vitro hist-
amine release induced by possible antigen [1]. After obtain-
ing informed consent, we examined the optimal condition of
an ELISA for the determination of CMC-specific IgE by
using serum from the patient as a positive anti-serum.
Because non-covalent binding of CMC to the ELISA plate
was not successful, the covalent fixation of CMC with sul-
fo-NHS and EDC through a hydroxyl group in CMC was
performed. The ELISA utilized biotinylated anti-human
IgE, streptavidin peroxidase and an enzyme reaction with O-
phenylenediamine and hydrogen peroxide as substrates. The
reaction was dependent on not only the concentration of
antigen used for the fixation on the plate but also the dilu-
tion of the serum. When biotinylated anti-human IgG was
used instead of anti-human IgE, the specific reaction did not
develop. Non-relevant human IgE but not IgG or IgM inhib-
ited the reaction by interfering with the recognition of
biotinylated secondary antibody. Moreover, non-relevant
human IgE at a concentration corresponding to the plasma
IgE level of the patient did not produce any reaction at all.
These results as a whole indicated that the ELISA specifi-
cally detected CMC-specific IgE in the serum. We already
demonstrated that CMC in a certain concentration range
induced the release of histamine from isolated leukocytes
from this patient [1]. In our histamine release assay, we paid
much attention not to stimulate leukocyte unnecessarily dur-
ing the preparation of leukocytes and obtained low level of
spontaneous release around 2% constantly in both patient
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and normal subjects. In the case of the patient, the maximal
net release of histamine was 2.7% [1], which was relatively
low level as compared with those stimulated with other stim-
ulants such as anti-IgE antibody. However, this patient
developed severe anaphylactic symptoms after oral adminis-
tration of barium suspension and skin reaction after topical
application. Thus, this amount of histamine release observed
in vitro study was thought to have the significant meaning
under in vivo condition. The detection of CMC-specific IgE
in the serum confirmed the presence and the involvement of
specific IgE bound to the surface of basophils in the CMC-
triggered release of histamine. We found that five of ten sub-
jects with the high IgE titer showed a significant CMC-
induced histamine release from leukocyte preparations in
vitro. In particular, two subjects showed the highest hista-
mine release comparable to that of the patient. These find-
ings suggested the presence of high risk group for anaphy-
lactic reaction. The combination of both ELISA and hista-
mine release experiments may enable us to identify this
group. On the other hand, the extent of in vitro histamine
release from isolated peripheral leukocytes induced by CMC
challenge was not necessarily correlated to the specific IgE
level (Fig. 3B). Although the subjects classified as high risk
group have not experienced an anaphylactoid reaction to a
barium meal containing CMC, this may happen if a consid-
erable amount of CMC enters into the circulation as was
supposed to have occurred in the patient [11].

There was no correlation between sensitization by CMC
and the frequency of barium examination, suggesting that the
examination is not the main route of sensitization by CMC.
Interestingly enough, there was a difference in the incidence
of sensitization between males and females. Since there was
no difference in the sensitization with other common aller-
gens between males and females, this strongly suggested that
most of the sensitization to CMC takes place through contact
with cosmetics or domestic detergents containing CMC.
Another source of CMC is the food additives in ice cream,
cake, cheese, margarine and many kinds of processed frozen
foods. People who have a western life style are expected to
come into contact with CMC daily. Therefore, it is quite like-
ly that the incidence of sensitization by CMC in randomly
extracted populations in countries with western life styles
may be as high as that found in the present study. A mass sur-
veillance study on populations in different countries is need-
ed to address this point.

There are increasing reports describing anaphylactic
reaction after intraarticular injection of corticosteroids con-
taining several mg of CMC, i.e., prednisolone acetate, tri-
amcinolone acetonide and halopredone acetate [4—8]. In
this case, CMC is administered directly into body fluid.
Once a patient with arthritis is sensitized to CMC through
cosmetics, detergents, foods or the injection itself, later
injection of the same steroid containing CMC may produce
a severe anaphylactic response. Judging from the high inci-
dence (9%) of sensitization by CMC and the presence of a
high titer group (1.6%) [9], it is speculated that among
arthritis patients receiving injectable steroids containing
CMC there is a considerable number of individuals at high
risk for developing an anaphylactic response. Other injec-
tions containing CMC available in Japan include estradiol
and oxendolone.
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The present study suggested a correlation between sensi-
tization by CMC and Japanese cedar pollen. Moreover,
CMC-specific IgE-positive subjects experienced allergic
symptoms at higher rate than CMC-specific IgE-negative
subjects (Table 2). Therefore, it would be reasonable at this
moment not to prescribe CMC-containing injections to
atopic patients to prevent anaphylactic reactions in the clinic.
On the other hand, it must be pointed out that sensitization by
CMC does not necessarily mean that all sensitized subjects
will develop anaphylaxis when the antigen enters the body
fluid, because the intensity of CMC-induced histamine
release varied dependent on individuals among subjects with
high CMC- specific IgE. It is noteworthy that the frequency
of anaphlactoid reactions during barium examinations has
been increasing [12]. We speculate that some of the reactions
to barium sulfate suspensions reported previously were
mediated by CMC-specific IgE antibody [2, 3, 12]. Anaphy-
lactic reactions are often severe and sometimes fatal. There-
fore, it is important to know whether the patients are sensi-
tized to CMC or not, to avoid the risk of antigen being ingest-
ed through drug treatment or barium examination, especially
in those at high risk. In this study, we developed an ELISA
for the detection of CMC-specific antibody of IgE class. The
combination of ELISA and histamine release make it possi-
ble to identify the high risk group for anaphylactic reaction,
and the information obtained will be helpful for both patients
and physicians.
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