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Abstract
       Trimellitic anhydride (TMA) is a low-molecular-weight chemical known to cause occupational asth-
ma. The present study was designed to determine if TMA elicited eosinophil infiltration into lungs of sen-
sitized mice similar to previous studies with the protein allergen ovalbumin (OA). BALB/c mice were sen-
sitized intra-dermally with 0.1 ml of 3% TMA or 0.3% OA in corn oil followed by intratracheal instillation 
with TMA conjugated to mouse serum albumin (TMA–MSA; 30 or 400 μg) or OA (30 μg). Nonsensitized 
mice received corn oil vehicle intra-dermally and MSA (30 μg) intratracheally. The allergic response was 
elicited 3 weeks later by intratracheal instillation of 30 or 400 μg TMA–MSA, OA, or control MSA. Cellular 
infiltration into bronchoalveolar lavage fluid (BAL) was determined 12 h later. Eosinophil peroxidase 
(EPO) and myeloperoxidase (MPO) activity in lung homogenates was used as an estimate of numbers of 
eosinophils and neutrophils, respectively, in lung tissue. In TMA–sensitized mice, TMA–MSA challenge 
significantly increased numbers of eosinophils in BAL and EPO in lung, indicating an increase in number 
of eosinophils in the airway and tissue. In nonsensitized mice, TMA–MSA challenge also caused a small 
but significant increase in eosinophils in BAL compared to MSA control. Total IgE in both plasma and BAL 
was significantly higher in TMA-sensitized compared to nonsensitized mice. The eosinophil infiltration in 
TMA-sensitized mice was similar in magnitude to the response in OA-sensitized mice. These studies are 
the first to demonstrate TMA-induced eosinophilia in mouse lung and to provide a model for comparing 
mechanisms and mediators responsible for the substantial eosinophilia induced by TMA and OA.
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Introduction
         Asthma is a chronic inflammatory lung disease 
characterized by reversible airway obstruction, air-
way eosinophilia, and increased airway responsive-
ness to a variety of stimuli (Busse and Parry, 1998; 
Mapp et al., 1999; Banks and Wang, 2000). Expo-
sure to both high- and low-molecular-weight sub-
stances can result in the development of asthma. Es-
timates indicate that anywhere from 2 to 15% of the 
workforce is affected by occupational asthma (Sarlo 
and Karol, 1999). Trimellitic anhydride (TMA),1 a 
low-molecular-weight chemical that is used in the 
paint and plastics industry, is a known cause of oc-
cupational asthma (Zeiss et al., 1977). Approximate-
ly 20,000 or more workers annually are exposed to 
acid anhydrides such as TMA, either by inhalation 
or dermally (Zeiss et al., 1990; NIOSH, 1978). In

addition, exposure to numerous other low-molecu-
lar-weight compounds results in respiratory allergy 
(van Kampen et al., 2000).
         Various animal model systems have been used to 
examine mechanisms of occupational asthma (Sarlo 
and Karol, 1999; Hayes and Newman Taylor, 1995). 
Studies in the guinea pig by ourselves and by Hayes 
et al. (1992a,b) have demonstrated differences in 
the mechanism of the allergic response elicited by 
TMA in comparison to the large-molecular-weight 
protein ovalbumin (OA). The bronchoconstrictor 
response to TMA relies heavily on cyclooxygenase 
products of arachidonate metabolism (Arakawa et 
al., 1993), whereas OA-induced bronchoconstric-
tion is mediated by lipoxygenase products with cy-
clooxygenase inhibitors enhancing the OA-induced 
bronchoconstriction (Regal, 1989; Andersson, 
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1982). During the allergic response to TMA in the 
rat, deposition of the third component of comple-
ment occurs in the lung (Leach et al., 1987). Our 
previous studies in the guinea pig have demonstrat-
ed that complement depletion inhibits cellular infil-
tration after TMA challenge (Fraser et al., 1995; Re-
gal, 1997a,b) but not after OA challenge (Regal and 
Fraser, 1996), suggesting that the complement sys-
tem plays a role in cellular infiltration into the lung 
with one antigen but not the other. Recently, using 
C3a receptor-deficient mice, Humbles et al. (2000) 
found that the OA-induced eosinophil infiltration in 
the lung was not affected by the absence of the C3a 
receptor. However, the C3a receptor was essential in 
the elicitation phase of OA-induced airway hyperre-
activity.
            The guinea pig has long been used as a model 
for pulmonary hypersensitivity. A major advantage 
of the guinea pig is that, similarly to humans, the 
lung is the target organ for the allergic response to 
antigens (Sarlo and Karol, 1999). The guinea pig air-
way reacts to histamine with bronchoconstriction, 
whereas the mouse airway responds to serotonin. 
In the mouse models of respiratory hypersensitivity 
to OA, repetitive challenge with OA has been nec-
essary to elicit eosinophil infiltration in the mouse 
lung (Brewer et al., 1999; Herz et al., 1996; Zhang 
et al., 1997), whereas eosinophil infiltration is more 
readily elicited in the guinea pig lung. However, the 
guinea pig does not readily produce IgE antibody 
after antigen exposure, whereas various strains 
of mice, similarly to humans, readily produce IgE 
(Zhang et al., 1997). Additionally, only a few inbred 
strains of guinea pigs are available, in contrast to 
the mouse for which numerous inbred strains are 
available as well as gene knockout technology and 
extensive information on the mouse genome. Thus, 
the potential for examining mechanisms in the mu-
rine system holds great promise.
           The purpose of our present study was to 
determine if TMA was able to elicit an allergic pul-
monary response in the mouse as measured by 
the infiltration of inflammatory cells, particularly 
eosinophils, into the lung. Numerous publications 
have examined the mechanism of the OA-induced 
allergic pulmonary response, i.e., allergen-induced 
asthma, in the mouse. However, no studies to date 
have established such a model of TMA-induced oc-
cupational asthma in the mouse. In the OA model, 
studies have examined the influence of allergen ad-
ministration and genetic background using many 
different mouse strains (Zhang et al., 1997). In view 
of the differences noted, it was clearly important to 
directly compare OA-induced cellular infiltration to 
TMA-induced cellular infiltration using similar sen-
sitization and challenge modes in the same strain of

mouse. Our present study demonstrates that TMA 
can induce significant eosinophilia in the Balb/c 
mouse. These studies provide the basis for exami-
nation of mechanisms and/or mediators responsi-
ble for the substantial TMA-induced eosinophilia. In 
addition, this model provides a baseline response 
to compare alternate methods of sensitization and 
elicitation that may be useful as screening methods 
for low-molecular-weight respiratory allergens.
METHODS 
Sensitization and elicitation: experimental 
groups 
       Female BALB/c mice (BALB/cAnNHsd) were 
purchased from Harlan (Portage, MI) and were 8 to 
9 weeks of age (18.3 ± 0.2 g) at time of sensitization. 
Mice were fed Purina Rodent Chow and water ad li-
bitum and maintained on a 12-h light–dark cycle. All 
animal studies were approved by the University of 
Minnesota Institutional Animal Care and Use Com-
mittee and were carried out in accordance with the 
Guide for the Care and use of Laboratory animals 
as adopted and promulgated by the U.S. National 
Institutes of Health. Intratracheal instillalion was 
performed by aspiration as described by Ward et al., 
(1998) using mice anesthetized with 1 mg ketamine 
and 0.2 mg xylazine im. TMA was conjugated to MSA 
as described previously in our studies using guin-
ea pig serum albumin (Fraser et al., 1995). Mouse 
serum albumin was obtained from Sigma Chemical, 
Co. (St. Louis, MO). The degree of substitution was 
18–21 mol TMA per mol MSA.
         The experimental groups of animals are out-
lined in Table 1. Animals were sensitized on days 1 
and 3 intradermally with 0.1 ml of OA (0.3%) sus-
pended in corn oil, TMA (3%) suspended in corn 
oil, or the corn oil vehicle as a control. Animals sen-
sitized with the corn oil vehicle are referred to as 
non-sensitized. On day 12 animals were additional-
ly sensitized intratracheally with 0.04 ml OA. TMA 
conjugated to mouse serum albumin (TMA–MSA), 
or MSA dissolved in water. As seen in Table 1, ani-
mals are grouped into either TMA treatment or OA 
treatment. Within each of these treatments, a non-
sensitized group was challenged intratracheally 
with 30 μg MSA. The MSA used in the TMA treat-
ment groups was carried through the procedure 
for conjugating TMA to MSA, without adding any 
TMA to the reaction mixture. The MSA used in the 
OA treatment groups was dissolved in water with-
out any other manipulation. Thus, the two nonsen-
sitized MSA-challenged groups are analyzed as two 
separate groups using the appropriate group of sen-
sitized animals.
         For elicitation of the allergic response, mice 
were challenged intratracheally beginning on day 
19 with 0.04 ml of aqueous solutions of OA, TMA–
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MSA, or MSA under ketamine/xylazine anesthe-
sia. At the designated time after the last intratra-
cheal instillation, the mice were anesthetized with 
pentobarbital, EDTA plasma was collected by car-
diac puncture, the trachea was cannulated, and 
the lungs were lavaged with two 0.9-ml aliquots 
of phosphate-buffered saline (PBS) to obtain bron-
choalveolar lavage fluid (BAL). BAL volume recov-
ered ranged from 1.15 to 1.59 ml. Finally, the lungs 
were removed for homogenization and analysis of 
eosinophil peroxidase (EPO) and myeloperoxidase 
(MPO), as an estimate of the number of eosinophils 
and neutrophils, respectively, in the lung.
Evaluation of cell infiltration
            BAL was centrifuged, the BAL supernatant was 
removed for analysis, and the cell pellet was resus-
pended in PBS to 0.125 ml. Total white blood cells 
in the pellet were counted by standard methods in a 
hemacytometer. Cytospin preparations of BAL cells 
(~2 × 104 cells) were made using a Shandon Cytos-
pin 3 centrifuge (Shandon Lipshaw Inc., Pittsburgh, 
PA). Cells were stained with a modified Wrights’ 
stain (Diff Quik, American Scientific Products, 
McGraw Park, IL) and at least 400 cells were count-
ed and categorized as neutrophils, eosinophils, or 
macrophages as determined by their morphology. 
Lung lobes were processed as previously described 
for guinea pigs (Fraser et al., 1995) for the measure-
ment of EPO and MPO activity as estimates of the 
number of eosinophils and neutrophils, respective-
ly. These methods have been used successfully in the 
mouse by other investigators as an indicator of cell 
infiltration into the lung and other tissues (Dimayu-
ga et al., 1991; Hamelmann et al., 1997: Hessel et al., 
1997: Strath et al., 1985). Measurement of EPO and 
MPO activity provides a quantitative and efficient 
measure of cellular infiltration into the tissue while 
sampling the whole lung rather than representative 
histological sections.
Statistical methods
          All data were log transformed to equalize var-
iances. Figures show the geometric mean ± 1 SE, 
with significant comparisons indicated by an aster-
isk. Statistical significance was defined as p < 0.05. 
Statistical analyses were done using JMP and SAS 
software (SAS Institute Inc., Cary, NC).
             Three different analyses were conducted on 
data from the BAL and lung in Figs. 1–4, ​,6,6, and ​
and7.7. First, MSA control and TMA–MSA challenge 
within each sensitization group were compared by 
ANOVA with one-tailed single degree of freedom 
contrasts (short brackets in Figs. 1–4, ​,6,6, and ​
and7).7). Second, to determine if the MSA control 
values for the variables changed between the non-
sensitized and sensitized groups, a one-way ANOVA 

was used (long brackets in Figs. 1–4, ​,6,6, and ​
and7).7). Third, ANOVA with one-tailed single de-
gree of freedom contrasts was used to test for ef-
fects of different sensitization and challenge proto-
cols on the magnitude of the MSA/TMA–MSA effect 
or MSA/OA effects (Tables 2 and ​and3).3). In Tables 
2 and ​and3,3, a p value of less than 0.05 indicates 
that the magnitude of the MSA vs TMA–MSA effect 
varies between the two sensitization groups being 
compared.

Figure: Total numbers of eosinophils, neutrophils, 
and macrophages in BAL of nonsensitized and 
TMA-sensitized animals 72 h after intratracheal in-
stillation of 30 or 400 μg MSA or TMA–MSA. Values 
represent the geometric mean ± SE of the response 
in 4–10 animals. Short brackets, comparison of MSA 
and TMA–MSA within a sensitization group. Long 
brackets, comparison of MSA control between all 
three groups. *p < 0.05; ns, not significant.
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DISCUSSION 
            The purpose of the present study was to deter-
mine if eosinophilia, a hallmark of asthma, occurred 
in mice in response to exposure to the occupational 
allergen TMA. Numerous studies have been done in 
mice examining the mechanisms and mediators of 
cellular infiltration into the lungs using OA as the 
antigen. However, the ability of the low-molecu-
lar-weight occupational allergen TMA to induce eo-
sinophil infiltration in the mouse lung had not yet 
been demonstrated. In the present study, we utilized 
intradermal TMA sensitization and intratracheal 
challenge with TMA conjugated to the carrier MSA 
to determine if eosinophilia could be induced. Clear-
ly, an increased number of eosinophils in both the 
BAL and lung tissue were seen in TMA-sensitized 
and -challenged animals. The time course of this re-
sponse was consistent with that seen in OA models 
of asthma in the mouse. Forty-eight hours after TMA 
challenge, eosinophils as well as neutrophils were 
evident in the lung. Seventy-two hours after TMA 
challenge, the neutrophil numbers had declined but 
the eosinophilia was maintained. Thus, the mouse 
clearly responds to TMA sensitization and challenge 
with eosinophil infiltration into the lung.
        In conclusion, we have demonstrated that TMA 
sensitization and challenge can cause significant eo-
sinophilia in the lung of the mouse, similar to the 
characteristic eosinophilia seen in human asthma. 
In addition, sensitization-independent eosinophil-
ia was also observed in response to challenge with 
TMA–MSA. Future studies can now be directed to-
ward examining the mechanisms and mediators of 
the response.
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