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We established a guinea-pig model of anaphylactic bronchoconstriction
provoked in immunized animals by inhalation and intravenous
administration of 4,4-methyltetrahydrophthalic anhydride (MTHPA) and
hexahydrophthalic anhydride (HHPA). Guinea pigs were immunized
intradermally with either MTHPA {n = 8) or HHPA {n = 8) suspended in
olive oil. Control animals {n = 8) were injected with olive oil alone. After 4
weeks, the animals were challenged during mechanical ventilation by
inhalation or intravenous administration of MTHPA or HHPA conjugated
with guinea-pig serum albumin (GPSA). Airway flow, and airway and
esophageal pressures were measured. Resistance {R) and static compliance
(Cst) of the respiratory system (rs), lung (1), and chest wall were studied
with the flow-interruption technique. After challenge with MTHPA-GPSA
or HHPA-GPSA, i^,rs and R,\ increased dramatically while Cst,rs and Cst,l
decreased, and severe arterial hypoxia developed. The reaction occurred at
a well-defined dose of anhydride and lasted about 30 min. When the same
dose was repeated after 30 min, the response was much attenuated. MTHPA
and HHPA can induce asthma in guinea pigs. The dose-response curve at
antigen challenge is steep. Once a threshold dose is reached, a severe
reaction occurs. The reactivity is then exhausted. This model may be suitable
for assessing occupational asthma caused by acid anhydrides and possibly
by other low-molecular-weight chemicals.
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Exposure to organic acid anhydrides has been
reported to cause a wide range of symptoms
including symptoms from the eyes; rhinitis; and
asfhma of immediate, lafe, or dual fype. Various
pafhophysiologic mechanisms may be involved in
fhe asfhmafic reaction: reflex bronchoconsfricfion,
inflammatory bronchoconsfriction, hypersensifivity
bronchoconsfricfion, and "pharmacologic broncho-
consfricfion" (1-3).

Organic acid anhydrides, like ofher reactive low-
molecular-weight chemicals, react wifh macro-
molecules in fhe body (haptenizafion) and induce

an anfibody response. Thus, fhe induction of
IgE anfibodies may have a possible role in
fhe induction of organic acid-anhydride-associafed
immediafe asfhma. Specific IgE anfibodies fo acid-
anhydride conjugates with serum albumin have
been found in workers exposed fo several acid
anhydrides (1). A remarkably high prevalence has
been found in workers exposed fo mefhylfefra-
hydrophfhalic anhydride (MTHPA) (4) and hexa-
hydrophfhalic anhydride (HHPA) (5,6). The specific
IgE fo MTHPA and HHPA have been associated
wifh respirafory tract disease (3, 7, 8).

18



Guinea pig asthma to anhydric acids

Guinea-pig models have been frequently
employed in the investigation of occupational
asfhma, including organic acid-anhydride-relafed
asfhma. These models may be important fools in
fhe invesfigafion of the pathophysiologic mechanism
of occupational asfhma and dose-response relafion-
ships (9). However, many different mefhods have
been used in guinea-pig models of occupafional
asthma in regard fo sensifizafion regimen, mode
of challenge, and protocol for fhe moniforing of
airway reactivity. In studies on reactive organic
chemicals such as acid anhydrides and isocyanafes,
challenges have been performed by intravenous
injection (10), inhalation of hapfen (11,12), inhala-
fion of aerosol (13, 14), or intrafracheal instillation
(15, 16). Airway reactivity has been monifored by
fhe regisfrafion of respiratory rate and tidal
volume (11, 13, 14), pulmonary inflafion pressure
(17), lung resistance (16, 18, 19), or dynamic com-
pliance (18). Studies have been performed on
frimelhfic anhydride (TMA) and, fo some exfenf,
phfhalic anhydride (PA). To our knowledge,
MTHPA and HHPA have not been studied in
experimental models.

A precise mefhod for fhe sfudy of mechanics of
fhe respiratory system in man has been developed
by our group (20). A new mefhod for fhe delivery
of aerosols makes possible a more controlled depo-
sifion in fhe periphery of fhe lung even in small
animals (21, 22). The aim of the present sfudy
was fo use these techniques to establish a sensitive
and reproducible guinea-pig model of anaphylacfic
bronchoconstricfion induced by MTHPA and
HHPA. Mefhods for sfudies of respirafory mech-
anics under fhe influence of well-defined doses of
inhaled and intravenously injecfed MTHPA-GPSA
or HHPA-GPSA were developed. The response fo
challenge with these antigens was characterized
with respect fo dose response and fo a repeafed
dose equal to that which induced an initial and
severe reaction.

Material and methods
Animals and immunization

Male, inbred. Hartley strain guinea pigs (GP)
weighing 300-450 g (Sahlins AB, Malmo, Sweden),
were mainfained in fhe laboratory 1 week before
immunization. We intradermally injected 5%
MTHPA or HHPA (Merck, Darmstadt, Germany)
in olive oil af two sites (0.05 ml/sife). Confrol
animals received pure olive oil. Groups of animals
wifh a narrow range of anfibody tifers were chosen
for the provocafion sfudies. The animals weighed
500-700 g when fhey were challenged by antigens
4 weeks affer immunizafion.

Conjugates

MTHPA and HHPA were conjugafed with guinea-
pig serum albumin, GPSA, according fo a mefhod
described by Welinder & Nielsen (23). Briefly, 462
mg of MTHPA or 154 mg of HHPA was added fo
a cooled solution of 300 mg GPSA in 100 ml of 0.1
molar NaHCOj. The reaction tnixfure was stirred
overnight and filtered. The conjugafe was purified
from low-molecular-weighf compounds (< 30 kDa)
by ultrafiltration and stored af -20°C after lyophili-
zafion. The MTHPA/GPSA or HHPA/GPSA molar
rafio was found fo be 24 trtol of anhydride per mol
of GPSA (24).

Antibody determinations

Specific IgG anfibodies were analyzed by ELISA
according fo Welinder ef al. (25). The procedure
was as follows. 1) Wells of polystyrene microfifer
plates (Nunc-Immuno Plafe, Nunc, Kamsfrup,
Denmark) were coafed by adding a 100-|xl solution
of the anhydride-GPSA conjugafe, and 2) posf-
coafed wifh 4% bovine serum albumin (BSA) fo
block uncoafed profein-binding sifes. 3) GP serum
(1 : 50) was added to fhe wells and incubafed for
1 h af room femperafure. 4) A volurne of 100 |j,l of
alkahne phosphafase-conjugafed goaf anfi-GP IgG
anfisera (Fc fragmenf, Jackson Imtnunoresearch
Laboratories, West Grove, PA, USA) was fhen
added and incubafed for 1 h af room femperafure.
Washing befween fhe different steps was per-
formed with a Tifertek Microplafe Washer (Flow
Laborafories, Rickmansworfh, UK). 5) A volume
of 100 10.1 (1 tng/ml) substrate solution (p-nitrophenyl
phosphate [Sigma Chemical Company] in diefhano-
lamine buffer 1 tiig/ml) was added. Tlie wells were
read after 120 min af room fernperafure by a filfer
phofotnefer (Tiferfek Mulfiskan, Eflab Oy, Helsinki,
Finland) af 405 tim. All samples were analyzed in
friplicafe and read againsf a GPSA anfigen, as a
confrol for nonspecific binding. The resulfs were
expressed as the net absorbance {A), corrected for
fhe absorbance of positive confrols on each micro-
fifer plate.

Protocol

Inifially, 15 experimenfs served fo define fhe infra-
venous dose that could cause a reaction in sensi-
fized animals. The final sfudy comprised 24 animals
divided info six groups as shown in Table 1.

Animal preparation

Anesfhesia was induced wifh a 1.0 ml/kg body weight
inframuscular injection of kefamine (30 mg/ml) and
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Table 1. Groups of animals in final study. Optical density (OD, median and range) of specific IgG to conjugates of methyltetrahydrophthalic anhydride (MTHPA) or

hexahydrophthalic anhydride (HHPA) and guinea-pig serum albumin (GPSA) analyzed by ELISA (serum dilution 1:50) in immunized guinea pigs and controls. Sera were

collected 4 weeks after immunization

Controls Immunized guinea pigs

Immunization with

Challenged by

Mode of challenge

Inhalation

Intravenous

(n=4)

Olive oil

MTHPA-GPSA

am
(0.01-0.03)

(n=4)

Olive oil

HHPA-GPSA

0.01

(0.01-0.02)

(n = 4-l-4)

MTHPA in olive oil

MTHPA-GPSA

1.07

(1.05-1.13)

1.15

(1.01-1.22)

(n = 4 + 41

HHPA in olive oil

HHPA-GPSA

1.23

(1.18-1.28)

1.15

(1.13-1.28)

xylazine (9 mg/ml). Subsequently, a half dose of fhe
mixfure was delivered 1 h later if necessary. The
righf carofid artery was cannulated fo sample blood
and monifor blood pressure. Tlie right external
jugular vein was cannulated for injections. Animals
were placed in the supine position with an intra-
tracheal cannula (1.85 mm ID) connected fo a
venfilafor (Servo Ventilator 900C, Siemetis-Elenia
AB, Sweden) in volume-control mode, delivering
30% O2 at a tidal volume of 10 ml/kg, a frequency
of 60 breaths/min, an I : E ratio of 1 : 2, and 2 cm
HjO of positive end-expiratory pressure. The added
dead space including the tracheal cannula was 2.7 ml.
Spontaneous ventilation was stopped by infra-
venous injecfion of 50 mg/kg of suxamefhonium
chloride (Kabi Vifrum AB, Sfockholm, Sweden).
A blood sample was faken for deferminafion of
antibodies.

Measurements and calculations

Airway flow {V) was measured with a pneumo-
fachograph (Fleisch no: 000) af fhe proximal end
of the endotracheal cannula connected to a differ-
enfial pressure transducer (SXOIDN, Sensorfec
GmbH, Germany). Tidal volume (VT) was calcu-
lafed by numeric integration of flow. Another
Sensym pressure transducer for deferminafion of
airway opening pressure (Pao) was connected to
fhe porf of fhe pneumotachograph where the inter-
nal diamefer was 6 mm, which is large enough fo
avoid significanf Bernoulli effecfs. Esophageal
pressure {Pe) was measured wifh a water-filled
catheter (0.6 mm ID) with side holes at the tip,
connected to a pressure transducer (PDCR75/1,
Druck Ltd, UK). Its proper position was assessed
before the animal was paralyzed. The airway was
then occluded for a period during which inspiratory
efforts caused variations in Pe and Pao, which
should be equal fo ensure opfimal placemenf of fhe

esophageal cafheter. The circuit of the ventilator
and tracheal connection was carefully checked for
leaks.

The pressure fransducers were calibrafed against
a water manometer. The pneumotachograph was
calibrated with a 40-ml syringe. The frequency
response of the systems for flow and pressure
defermination was flaf up fo 20 Hz. The fime shift
befween signals did nof exceed 3 ms. The flow
resisfance of the added equipment (tracheal cannula
included) was constant up to flow rates of 30 ml/s
and amounted to 0.03 cm H2O/(tnl/s). Affer
passing fhrough antiaUasing filfers, V, Poa, and
Pe signals were fed into a 12-bif, AD converfer
(PC-30, Boston Technology), sampled af 200 Hz
for 12-s periods, and stored in an IBM-compatible
personal computer. Signals were displayed for
visual qualify confrol.

Respirafory mechanics was measured by a flow-
interruption technique (20). Flow {V) was inter-
rupted at end-inspiration and end-expiration of
ordinary breaths by using fhe end-inspiratory and
end-expiratory pause-hold funcfions of fhe venfila-
tor. The static pressure at end-inspiration and end-
expiration {Pel and PeE) was measured after a 2-s
pause. Tidal volutne {VT) was obfained from inte-
grated flow. Static compliance (Cst) was calculated
by the following formula:

Csf = VT/(Pei-PeE)

Inspirafory resisfance {R) was calculafed by the
following formula:

R = {PtO -Ptl + AV/Cst)/V to

PtO was measured just before fhe onset of flow
dechne (fO). Ptl was measured from fhe moment
of zero flow (fl). The volume change befween fO
and tl was measured as AV. AVYCst is a compensa-
tion for change of elastic recoil during the period
of flow cessation.
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Aerosol artd intravenous challenge

A volume of 3 ml of MTHPA-GPSA or HHPA-
GPSA solution (10 mg/ml) was placed in a nebul-
izer (Acorn, Vix, USA). Tlie pneuniotachograph
was disconnected. During a period in late expira-
tion, an airflow of 8 l/tnin was fed to the nebulizer.
During that period, the inspiratory line was filled
with aerosol. The aerosol was carried into the lungs
by the following undisturbed inspiration (21, 22).
Tlie aerosol particles had a mass median diameter
of 4.9 |im with a geometric standard deviation of
1.9 |im, as tiieasured with a hght-scattering tech-
nique. MTHPA-GPSA or HHPA-GPSA aerosol
was generated and administered to the airway by
five or more breaths. In five animals, we measured
the volume of aerosol deposited in the lungs and
trachea. In the same way as in the other animals,
we nebulized a solution of human serum albumin
labeled with technetium ('^^"Tc-labeled HSA), but
gave 80 breaths of aerosol. The deposition was
studied with a gamma camera with a pinhole
collimator (Portacaniera, General Electric, USA)
(Fig. 1). We then performed perfusion lung scinti-
graphy after giving a well-defined dose of macro-
aggregates of ^^"Tc-labeled albumin intravenously.
These particles were quantitatively trapped in the
pulmonary circulation. The radioactivity of the
latter dose was many times higher than the dose
given as aerosol. The volume of aerosol deposited
was calculated from the count rate over the lung
fields and the trachea before and after the injection
of macroaggregates, the dose injected in MBq, and
the concentration of the liquid in the nebulizer
(MB

In an initial series of provocation experiments,
immunized animals were given various doses of

Fig. 1. Gamma-camera image after inhalation of ''''"Tc-labeled
HSA, showing dominant intrapulmonary distribution of
aerosol.

antigen to establish suitable doses for the final
study. In the latter, MTHPA-GPSA or HHPA-
GPSA was injected into the jugular vein in a dose
of 20 M-g/kg body weight. In the aerosol challenge
group, five breaths were given. If the initial dose
did not cause a reaction, the dose was doubled
stepwise after 10 min until 20 breaths or 160 [ig/kg
i.v. had been given. The dose that caused an
obvious reaction with respect to mechanics or PaOi
was denoted the critical dose. When the reaction
was observed or when the maximum dose had been
given, measurements were performed after 5, 10,
15, and 30 min. The last given dose was then
repeated, as was the sequence of tneasurements.

Statistical analysis

All values represent the meaniSE. ANOVA and
paired f-test were used to compare differences
among and within groups, respectively, by the SPSS
program. P < 0.05 was considered to be significant.

Results
Atitibody titers

Each of the control animals in the final study
had an optical density value in the ELISA for
specific IgG antibodies of <0.03. Each of the
animals immunized with MTHPA or HHPA in both
the initial and the final study had a value >1.0
(Table 1).

Aerosol deposition

Gamma-camera images showed an even distribu-
tion of aerosol over the lung fields (Fig. 1). Tliere
was an accumulation of activity at the tip of the
tracheal cannula. The activity was low in the media-
stial field below that point. The volume of aerosol
deposited in the lung fields was 0.03 + 0.008 |il/
breath and 0.004 ± 0.003 ^l/breath in the media-
stinal field.

Initial provocation experiments

The three first animals immediately died after
injection of 1-10 mg/kg of antigen. In the following
five animals, no response to MTHPA-GPSA at
concentrations of 0.01, 0.1, 1.0, and 10 ^tg/kg body
weight was detected, after which the animals died
or went into an irreversible shock from intravenous
injection of 100 |.ig/kg of MTHPA-GPSA (Table 2).
We then reduced the difference between successive
doses to a factor of two, starting at 20 or 40 |^g/kg
of MTHPA-GPSA or HHPA-GPSA. An important
fall in PaO, and rise in peak airway pressure
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occurred at injection of 40-80 (J,g/kg of MTHPA-
GPSA and HHPA-GPSA in all seven animals.
After repetition of the critical or a higher dose, an
attenuated response was observed in PaO2 and
other parameters. A critical dose was accordingly
established to be approximately 40 |a,g/kg.

Final provocation experiment

Mechanics determined on the basis of esophageal
pressure which reflects properties of the chest wall
showed trivial and, from most aspects, statistically
insignificant changes in conjunction with provoca-
tion in all groups. Accordingly, observed reactions
to challenges referred to the lungs rather than to
the chest wall. The findings representing changes
within the total respiratory system, based upon
Pao, and those representing the lungs, which were
based on the difference between Pao and Pe., were
tiearly identical. As studies of the respiratory

system are easier to perform and are independent
of the use of an esophageal catheter, we report the
results of the respiratory system only.

Arterial blood gases and mechanics of the
respiratory system were similar at baseline observa-
tions in all groups (Table 3). In the nonimmunized
control animals, challenged by inhalation of five
plus 10 breaths of either MTHPA-GPSA or
HHPA-GPSA, no response was obtained with
respect to either compliance, resistance, or PaO2
(Fig. 2).

The response to the first challenge

After intravenous challenge, 6/8 immunized animals
reacted after 40 |ug/kg of either MTHPA-GPSA or
HHPA-GPSA. One animal reacted after 80 |.tg of
HHPA-GPSA, and one after 160 \igikg MTHPA-
GPSA. After inhalation of the antigen complex,
5/8 animals responded after five breaths, one

Table 2. Response of sensitized animals to various amounts (ng/kg) of antigen (MTHPA and HHPA)

Animal ro. 0.01 0.1 1.0 10 20 40; 1st 40; 2nd 80; 1st ; 2nd 100 160 1000 5000 1000

9
10
11
12
13
14
15*

Died
Dying

Dying
Died
Died
Died
Dying
Dying

H

"Animal received HHPA; (-); negative response; ( + ); slight response; ( + + ) ; obvious response.

Table 3. Lung-function parameters at baseline conditions and at time of individual maximum response to challenge. Controls were not immunized. Other groups were
challenged either by aerosol or intravenously

Cst.rs
(ml/cm HjO)
fl.rs
(cm HzO/II/sl)
PaOz
(kPa)

Controls
n = 4

Baseline
value

0.49 + 0.04

0.10 + 0.01

14.3 + 0.9

MTHPA-GPSA-challenged

Aerosol challenge
in immunized group

n=4

Baseline Maximum
value response

0.56 + 0.03 0.21+0.04

0.10 + 0.004 0.67 + 0.23

13.7 + 1.6 8.1+0.6

animals

Intravenous challenge
in immunized group

n=

Baseline
value

0.47 + 0.04

0.08 + 0.02

14.9 + 1.4

4

Maximum
response

0.15 + 0.04

0.65 + 0.29

5.8 + 0.4

Controls
n=4

Baseline
value

0.41+0.04

0.09 + 0.003

14.3 + 0.7

HHPA-GPSA-challenged

Aerosol challenge
in immunized group

n--

Baseline
value

0.38 + 0.02

0.11+0.01

16.2 + 0.7

= 4

Maximum
response

0.23 + 0.04

0.29 + 0.12

5.4 + 0.6

animals

Intravenous challenge
in immunized group

n=

Baseline
value

0.39 + 0.03

0.11+0.006

14.5 + 0.4

•A

Maximum
response

0.12 + 0.01

0.70 + 0.26

4.4 + 0.3
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Fig. 2. Compliance, resistance, and PaO, during final provocation experiments in control animals and immunized animals.

needed 10 breaths of MTHPA-GPSA, and two
needed 20 breaths of HHPA-GPSA. The reaction
to the two substances was similar (Table 3). The
results from the groups sensitized and challenged
with MTHPA and HHPA were therefore merged
(Fig. 2). Cst,rs and PaO2 fell and R,TS increased
significantly after both inhalation and intravenous
challenge by MTHPA-GPSA and HHPA-GPSA
compared to control groups (P< 0.001). For each

parameter, the reaction was maximal within 10 min
after aerosol challenge and 5 min after intravenous
injection. In the aerosol group, the mean value of
Cst,rs fell from 0.47 to 0.24 ml/cm HjO and for
PaOj from 15.0 to 7.3 kPa (P<0.01), while R,rs
rose significantly from 0.11 to 0.38 cm HjO ml'^-s
(P < 0.05). In the intravenous injection group, Cst,rs
and PaO2 also significantly decreased from 0.43
to 0.17 ml/cm HjO and from 14.7 to 6.3 kPa,
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respectively (P<0.001), but R,rs increased from
0.09 to 0.66 cm H2O mr'-s (P<0.05).

When the critical dose was given a second time,
either as an aerosol or as an intravenous injection,
the reaction was weak (Fig. 2). No statistical differ-
ence in the lung-function values before the second
challenge (30 min) and those observed 5 min later
was observed in either group. The changes of Cst,rs,
PaO2, and R,rs were significantly smaller than after
the first critical dose (P<0.01).

Discussion
A model was developed for the study of airway
reactivity in guinea pigs immunized by intradermal
injection of MTHPA and HHPA. Very dose-
dependent, clear, and reproducible reactions were
obtained after challenge of sensitized animals by
both intravenous and airway routes. The reproduci-
bihty of the reactions even after challenge by
the airway route may reflect the even and well-
standardized distribution of aerosol in the lung
which is possible with the aerosol-delivery tech-
nique (22). After challenge, the guinea pigs showed
a significant increase of lung resistance, and signifi-
cant decreases of lung compliance and PaO2.
The mechanical properties of the thoracic cage
remained unaffected by the provocation, as was
shown by data based upon esophageal pressure.
Accordingly, the latter did not need to be measured.

In the initial experiment, we found that the
animals reacted very strongly and often died when
they were challenged with doses increased in 10-
fold steps. We found that a dose within a narrow
range, such as between 40 and 160 |J.g/kg of antigen
i.v., produced a clear response in all animals.

The bronchoconstriction induced by inhalation
or intravenous administration of MTHPA-GPSA
or HHPA-GPSA in sensitized animals was further
characterized in the final experiment. The increase
of resistance reflected bronchial obstruction. The
dramatic decrease in static compliance indicated
that a large compartment of the pulmonary paren-
chyma did not share the tidal volume. This prob-
ably reflected the fact that this compartment is
deprived of ventilation because of airway closure.
The pronounced hypoxia that was observed in spite
of an increased fraction of inspired oxygen
indicates that a large fraction of pulmonary per-
fusion was shunted through the closed compart-
ment. All physiologic observations can accordingly
be explained by bronchial obstruction related to
spasm, secretion, and/or edema. Studies on the effect
of bronchial smooth-muscle contraction induced by
methacholine infusion in sheep have shown that a
substantial decrease in lung compliance may reflect
contraction of conducting airways larger than ter-

minal bronchioles rather than the more peripheral
airways, alveolar ducts, or other elements in the
alveolar wall (26).

We cannot exclude the possibility that the aller-
gic reaction engages structures other than bronchi
in the lung. Organic acid anhydrides, e.g., inhala-
tion of trimellitic anhydride, have been reported to
cause lung injury (27, 28). It is also possible that
alveolar surface forces may be affected and may
modify compliance (29). The negative provocation
in the control groups shows that the reaction was
caused by allergy, and not toxicity.

In the initial experiments, the animals could
often not be ventilated immediately after intra-
venous injection of a large dose of antigen. In the
final experiment, the time course of obstruction
was characterized by a very fast onset that became
maximal within 5 min after challenge. All animals
showed a spontaneous recovery. After 30 min,
resistance and compliance were still affected but
only to a slight extent, while PaO2 showed a slower
recovery. It is possible that the slower recovery of
PaO2 reflects the collapse of peripheral lung units
secondary to more proximal airway closure. We did
not explore this possibility by trying to recruit such
units by the prolonged insufflation of an increased
tidal volume.

Tlie time course was faster after intravenous
injection than after inhalation, and the response
after intravenous injection was stronger. In other
aspects, the reaction was similar after the two types
of challenge. The total amount of allergen in the
critical dose given intravenously averaged 36 \xg.
The total amount deposited by aerosol as a critical
dose in the mediastinal plus lung field was only
2.3 Jig. Accordingly, much smaller doses are needed
to cause a reaction when the dose is deposited
directly on the shock organ, which, presumably, is
the bronchus.

The second challenge performed with the same
"critical dose" of antigen that induced the first
reaction induced only a very shght reaction. The
character of the second reaction was like a slowing
down of the recovery after the first reaction. It was
obvious that the capacity to react soon after an
initial reaction was exhausted. In two animals in
the initial experiment (nos. 2 and 11, Table 2), we
doubled the second dose after a first positive
reaction and did not observe a clear response to
the increased dose. The attenuation of the response
appears not to be a matter of dose. The mechanism
behind the attenuation of responsiveness soon after
a first response is unclear. Possible mechanisms are
cell depletion of mediators or desensitization (30).

The guinea pigs used in this model showed a nega-
tive or very low IgE response after a single-dose
immunization by HHPA or MTHPA as measured
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by the passive cutaneous anaphylaxis test (25).
Provocation tests after passive sensitization with
both untreated and heat-treated sera (to destroy
IgB) showed similar effects on lung resistance and
plasma exudation (Zhang et al., unpubhshed obser-
vation). Thus, IgGl seems to be the major anaphyl-
actic antibody in the present model.

Although the other mechanisms behind manifes-
tations of MTHPA- and HHPA-induced asthma
remain unclear, it is known that several mediators
may be engaged in the acute allergic airway
response in guinea pigs, such as histamine, leuko-
trienes, thromboxane, platelet-activating factor,
and cytokines (10, 31-33). The release of these
mediators is involved in the development of bron-
chial constriction and edema and leads to airflow
obstruction and plasma exudation, resulting in the
pathophysiologic picture. It is possible that stores
of these mediators may be emptied after the first
challenge. Another possibility is that the first
response may have led to activation of protective
systems. For example, asthma is associated with
endogenous production of nitric oxide, as shown by
increased amounts of nitric oxide in exhaled air (34).

Sensitization of the airways was achieved by
intradermal immunization with MTHPA and
HHPA. Sensitization to trimellitic anhydride (12)
and phthahc anhydride (15) has earlier been
reported. The reactions at provocation were identi-
cal for the MTHPA- and HHPA-sensitized groups
with respect to both critical dose and reaction. Both
MTHPA and HHPA are known human sensitizers
(3-6). The similarity in response was interesting
with regard to the difference in chemical structure
between the two anhydrides.

We conclude that intradermal immunization with
MTHPA and HHPA leads to asthma in guinea pigs.
The dose-response relationship when sensitized
animals are exposed to the antigen is extremely
steep. The reactivity appears to be exhausted after
an initial positive provocation. This model, which
represents a development of previous methods
(16), may be suitable to assess the induction of
asthma by other acid anhydrides and, possibly,
other low-molecular-weight chemicals.

Acknowledgments
The study was supported by grants from the Swedish Work
Environment Fund (AMFO 91-0152 and 94-0439). the Swedish
Medical Research Council (2872), the Swedish Heart Lung
Foundation, and the Medical Faculty at Lund University.

References
1. Venables KM. Low molecular weight chemicals, hyper-

sensitivity, and direct toxicity: the acid anhydrides. Br J Ind
Med 1989;46:222-32.

2. Nielsen J. Airways effects in workers exposed to organic
acid anhydrides. Lund: Doktorsavhandling, 1992. 62 pp.

3. Nielsen J, Welinder H. Horstmann V, Skerfving S. Allergy
versus methyltetrahydrophthalic anhydride in epoxy resin
workers. Br J Ind Med 1992;49:769-75.

4. Welinder H. Nielsen J, Gustavasson C, Bensryd 1. Specific
antibodies to methyltetrahydrophthalic anhydride in exposed
workers. Clin Exp Allergy 1990;20:639-45.

5. Moller DR, Gallagher JS. Bernstein DI. Wilcox TG.
Burroughs HE. Bernstein IL. Detection of IgE medi-
ated respiratory sensitization in workers exposed to hexa-
hydrophthalic anhydride. J Allergy Clin Immunol 1985;75:
663-72.

6. Welinder H, Jonsson BAG. Nielsen J, Ottosson H.
Gustavasson C. Exposure-response relationships in the
formation of specific antibodies to hexahydrophthalic
anhydride in exposed workers. Scand J Work Environ
Health 1994;20:459-65.

7. Nielsen J, Welinder H, Bensryd I. Skerfving S. Symptoms
and immunological markers induced by exposure to
methyltetrahydrophthalic anhydride. Allergy 1994:49:281-6.

8. Nielsen J. Welinder H. Ottosson H. Bensryd I. Venge P.
Skerfving S. Nasal challenge shows pathogenic relevance
of specific IgE serum antibodies for nasal symptoms caused
by hexahydrophthalic anhydride. Clin Exp Allergy 1994:
24:440-9.

9. Campos MG. Church MK. How useful are guinea-pig
models of asthma? Clin Exp Allergy 1992:22:665-6.

10. Hayes JP. Lotvall JO. Barnes PJ, Newtnan Taylor AJ,
Chung KF. Involvement of inflammatory mediators in the
airway responses to trimellitic anhydride in sensitized
guinea-pigs. Br J Pharmacol 1992;106:828-32.

11. MuUin LS, Wood CK. Krivanek ND. Guinea pig respiratory
response to isocyanates. Toxicol Appl Pharmacol 1983;
71:113-22.

12. Botham PA. Rattray NJ, Woodcock DR. Walsh ST,
Hext PM. The induction of respiratory allergy in guinea
pigs following intradermal injection of trimellitic anhy-
dride: a comparison with the response to 2.4-dinitrochloro-
benzene. Toxicol Lett 1989;47:25-39.

13. Karol M, Hauth BA. Alarie Y. Pulmonary hypersensitivity
to hexyl isocyanate-ovalbumin aerosol in guinea pigs.
Toxicol Appl Pharmacol 1979;51:73-80.

14. Botham PA. Hext PM, Rattary NJ, Walsh ST,
Woodcock DR. Sensitization of guinea pigs by inhalation
exposure to low molecular weight chemicals. Toxicol Lett
1988;41:159-73.

15. Sarlo K, Clark ED. A tier approach for evaluating the
respiratory allergenicity of low molecular weight chemicals.
Fundam Appl Toxicol 1992:18:107-14.

16. Arakawa H, Lotvall J. Kawikova 1, et al. Airway allergy to
trimellitic anhydride in guinea pigs: different time courses
of IgGl titer and air responses to allergen challenge.
J Allergy Clin Immunol 1993;92:425-34.

17. Hayes JP, Daniel R, Tee RD. Barnes PJ. Chung KF.
Newman Taylor AJ. Specific immunological and broncho-
pulmonary responses following intradermal sensitization to
free trimellitic anhydride in guinea pigs. Clin Exp Allergy
1992;22:694-700.

18. Patterson R, Harris KE, Pruzansky JJ, Zeiss CR. An animal
model of occupational immunologic asthma due to diphenyl-
methane diisocyanate with multiple systemic immunologic
responses. J Lab Chn Med 1982;99:615-23.

19. Dearman RJ, Botham PA. Inhalation exposure to respira-
tory sensitizing chemicals downregulates guinea pig IgE
and pulmonary responses. Int Arch Allergy App! Immunol
1990;92:425-32.

20. Jonson B, Beydon L, Brauer L, MSnsson C, Valind S.

25



Zhao et al.

Grytzell H. Mechanics of respiratory system in healthy
anesthetized humans with emphasis on viscoelastic prop-
erties. J Appl Physiol 1993;75:132-40.

21. Dahlback M, Wollmer P, Drefeldt B, Jonson B. Controlled
aerosol delivery during mechanical ventilation. J Aerosol
Med 1989;2:339-47.

22. Dahlback M, Wollmer P, Jonson B. Selective deposition of
inhaled aerosols to mechanically ventilated rabbits. J Aerosol
Med 1994;7:315-24.

23. Welinder H, Nielsen J. Immunologic tests of specific
antibodies against organic acid anhydrides. Allergy 1991;
46;601-9.

24. Snyder LS, Sobociski PZ. An improved 2,4,4-trinitro-
benzensulfonic acid method for the determination of
amines. Anal Biochem 1975;64:284-8.

25. Welinder H, Zhang X-D, Gustavsson C, Bjork B,
Skerfving S. Structure-activity relationships of organic
acid anhydrides as antigens in an animal model. Toxi-
cology 1995;103:127-36.

26. Mitzner W, Blosser S, Yager D, Wagner E. Effect of
bronchial smooth muscle contraction on lung compliance.
J Appl Physiol 1992;72:158-67.

27. Tao Y, Sugiura T, Nakamura H, Kido M, Tanaka I,
Kuroiwa A. Experimental lung injury induced by trimellitic
anhydride inhalation on guinea pigs. Int Arch Allergy Appl
Immunol 1991;96:119-27.

28. Obatah H, Tao Y, Kido M, Nagata N, Tanaka 1, Kuroiwa
A. Guinea pig model of immunologic asthma induced by

inhalation of trimellitic anhydride. Am Rev Respir Dis
1992;146:1553-8.

29. Witten ML, Lemen RJ, Ouan SF, et al. Acute cigarette
smoke exposure increases alveolar permeabihty in rabbits.
Am Rev Respir Dis 1985;132:321-5.

30. Shalit M, Levi-Schaffer F Challenge of mast cells with
increasing amounts of antigen induces desensitization. Clin
Exp Allergy 1995;25:896-902,

31. Arakawa H, Lotvall J, Kawikova I, Lofdahl CG,
Skoogh BE. Leukotriene D4- and prostaglandin Fj alpha-
induced airflow obstruction and airway plasma exudation
in guinea-pig: role of thromboxane and its receptor. Br
J Pharmacol 1993;110:127-32.

32. Arakawa H, Andius P, Kawikova I, Skoogh BE,
Lofdahl CG, Lotvall J. Treatment with cyclosporin A
during sensitization with trimellitic anhydride attenuates
the airway responses to allergen challenge three weeks
later. Eur J Pharmacol 1944;252:313-19.

33. Arakawa H, Lotvall J, Linden A, Kawikova I, Lofdahl CG,
Skoogh BE. Role of eicosanoids in airflow obstruction and
airway plasma exudation induced by trimellitic anhydride-
conjugate in guinea-pigs 3 and 8 weeks after sensitization.
Clin Exp Allergy 1994;24:582-9.

34. Persson MG, Gustafsson LE. Allergen-induced airway
obstruction in guinea pigs is associated with changes in
nitric oxide levels in exhaled air. Acta Physiol Scand
1993;149:461-6.

26




