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ABSTRACT—Low molecular weigh, heparin (LMWH) possesses multiple nonanticoagulant properties. In the
present study, we observed its anti-airway allergic inflammatory effects by bronchoalveolar lavage in guinea
pigs. Guinea pigs were sensitized by repeatedly inhaling aerosolized ovalbumin. LMWH (400 u/1, 800 u/1),
dexamethasone (1.2 mg/]) or vehicle (normal saline) was inhaled for 7 days. Then the animals were sacrificed
under anesthesia and then lavaged with ice-cold Hank’s buffer immediately; bronchoalveolar lavage fluid
(BALF) was prepared 24 h after the animals were challenged by antigen exposure. The effects of LMWH on
total cell counts, absolute eosinophil counts and cell catalogues in BALF were studied; effects on the activity of
eosinophil peroxidase (EPO) and the contents of histamine and eosinophil cationic protein (ECP) in BALF su-
pernatant were detected. Our results showed that compared with the vehicle group, LMWH at 400 u/1 and 800
u/1 could significantly reduce total cell counts, absolute eosinophil counts and percentage of eosinophils in
BALF (P<0.05 and P<0.01, respectively); LMWH at 800 u/l markedly inhibited the activity of EPO in BALF
supernatant (P<0.05); LMWH at 400 u/1 and 800 u/! remarkably reduced the content of histamine in BALF
supernatant (P<0.05 and P<0.01, respectively), LMWH at 800 u/l decreased the content of ECP (P<0.05) sig-
nificantly. It suggested that LMWH exerted anti-airway allergic inflammatory action by inhibiting infiltration
of inflammatory cells and reducing release of inflammatory mediators, as well as antagonizing their activities,

and that LMWH could be developed as a potential anti-bronchial asthmatic drug.
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Bronchial asthma, one of the airway allergic inflamma-
tory diseases, is a serious threat human health. Airway
allergic inflammation induces mucosal congestion and
edema, effusion, formation of intraluminal mucus plugs
and degeneration, necrosis, cast-off of airway epithelial
cells, and ultimately, causes airway ventilation disorder
and airway hyperresponsiveness (AHR). Bronchoalveolar
lavage has been generally used in the clinic to detect secre-
tion in asthma patients’ airways and to assess seriousness
of this disease, by which doctors could evaluate the
efficiency of medications and select a proper one to apply
to different patients individually.

Heparins, traditionally used as anticoagulants, also
possess multiple nonanticoagulant activities such as modify-
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ing protein kinases (1, 2), modulating cell proliferation
(3, 4), immuno-regulatory activity (5), anti-HIV activity
(6) and antiinflammatory activity (7). Recently, it has been
shown that heparins could alleviate the acute broncho-
constriction response of allergic asthma by prolonging
latent periods of asthatic response, dilating the airway in
guinea pigs (8, 9), which suggested that heparins possessed
anti-asthmatic activity. Low molecular weight heparin
(LMWH), a newly developed biochemical drug, is low
molecular weight components or fragments derived from
heparins. LMWH was proved to have airway dilating activ-
ity in animals and to be more potent than heparin (10).
However, there lacks further investigations on the anti-
bronchial asthmatic effects of LMWH. The present study
was designed to investigate anti-airway allergic inflamma-
tory effects of LMWH by broncho-alveolar lavage in aero-
sol-ovalbumin-sensitzed guinea pigs so that we could poten-
tially develop a new therapeutic application of LMWH for
bronchial asthma.
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MATERIALS AND METHODS

LMWH, mean MW 5,500, was provided to us by the
Department of Biochemical Pharmaceutics, College of
Pharmacy, Shandong Medical University. Guinea pigs
were provided by the Experiment Animal Center of Shan-
dong Medical University. The present study was performed
according to the Guiding Principles for the Care and Use
of Laboratory Animals approved by The Japanese
Pharmacological Society and the Recommendations from
the Declaration of Helsinki.

Preparation of animal model and drug treatment (11)

Guinea pigs (150—200 g) were sensitized by inhaling
aerosolized-ovalbumin (OA) using an 402 ultrasonic nebu-
lizer (Shanghai, China) once on day 1 and once on day 8.
Then the animals were divided into 4 groups and adminis-
tered LMWH 400 u/l, 800 u/l, dexamethasone (Dex) 1.2
mg/l or vehicle (normal saline, N.S.), respectively, by in-
halation, once a day from days 8 — 14. Immediately after the
last administration, diphenhydramine at 10 mg/kg was ad-
ministered i.p. Thirty minutes later, the animals were
placed in a chamber and challenged by acrosolized OA ex-
posure until the appearance of obvious asthmatic seizure.
Eight hours later, the animals were administered the agents
by inhalation once again.

Preparation of bronchoalveolar lavage fluid (BALF) (11,
12)

The animals were sacrificed by bleeding from the com-
mon carotid artery under anesthesia 24 h after being
challenged and were immediately lavaged with ice-cold
Hank’s buffer, 5 ml each time, for 6 times. The BALF of
the first 2 times was mixed together for cell counting and
that of the other 4 times was mixed together to detect the
contents of histamine and eosinophil cationic protein
(ECP) and activity of eosinophil peroxidase (EPO) after
centrifugation (4°C, 480 x g for 10 min).

Effect of LMWH on total cell counts, absolute eosinophil
(Eos) counts and cell catalogues of BALF (11)

The total cell numbers were counted directly on a blood
cell counting plate under a one CH-2 microscope (Olympus
Optical Co., Ltd, Tokyo); BALF (0.1 ml) was diluted and
stained with diluted Eosin solution (0.9 ml), and then the
Eos numbers were counted; an aliquot of the BALF was
dropped on a glass slide (two slides per sample) dried at
37°C and then stained with Wright’s solution. Then the
numbers of Eos, alveolar macrophages (AM), lymphocytes
(Lym) and neutrophils (Neu) were counted; the total num-
ber of cells counted in each sample was no less than 200.

Effect of LMWH on the activity of EPO in BALF super-
natant (13, 14)

Preparation of substrate solution: Substrate solution
was prepared according to the method described by Strath
et al. (14). Substrate solution contained the following com-
ponents at the final concentrations indicated in paren-
theses: O-phenylenediamine (OPD, 0.1 mM), Triton X-100
(I mi/l), H,O, (1 mM) and Tris (0.05 M); the pH was
adjusted to 8.0 with 1 M HCI. The substrate solution was
kept in the dark at —20°C.

Measurement of EPO activity: BALF (150 ul) and sub-
strate solution (300 ul) were mixed together and incubated
in a water bath at 37°C. Thirty minutes later, the reaction
was terminated by adding 4 M H,SO, (200 1), and then
the absorbance was measured at the wavelength of 492 nm
by U2000 UV spectrophotometer (Hitachi Co., Ltd.,
Tokyo).

Effect of LMWH on the content of histamine in BALF
supernatant (15)

Sample processing: A 0.35-ml aliquot of 1.529 M
trichloroacetic acid was gently added to 1.65 ml BALF.
Then the mixture was centrifuged at 800 x g for 10 min.
The supernatant was removed from the precipitate and
kept in new tubes.

Fluorometry and standard curve of histamine: Accord-
ing to the improved method described by Xiang and Chen
(15), fluorescence was detected by a 850-Spectrofluoro-
meter (Hitachi Co., Ltd.); a standard curve was made
according to the following regression equation, by which
fluorescence intensity could be transformed into the hista-
mine content (ug/ml):

Y =0.3430+X-5.6422 x 103
Y =Fluorescence intensity
X = Concentration of histamine (ug/ml)

r=0.999

Effect of LMWH on the content of ECP in BALF super-
natant

The concentration of ECP in BALF supernatant was
detected by a CAP Allergen Detecting System (Pharmacia
Co., Ltd., Uppsala, Sweden) using immunofluorometry.

Data analysis and statistics

Results were expressed as the mean + S.E.M. Statistical
significance was assessed by the software SAS (Statistical
Analysis System, version 6.04), using Dunnett’s method.
P values less than 0.05 were considered to be statistically
significant.
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RESULTS

Effect of LMWH on total cell counts, absolute Eos counts
and cell catalogues of BALF

As showed in Table 1, we observed that LMWH at 400
u/1 and 800 u/1 significantly reduced total cell counts and
absolute Eos counts compared with those of the vehicle
group (P<0.05 and P<0.01, respectively). The percentages
of AM, Eos, Lym and Neu were calculated. LMWH at 400
u/1 and 800 u/1 significantly reduced the percentage of Eos,
major effector cells in allergic airway inflammation, and it
significantly increased the percentage of AM, phagocytes in
the lung tissue (P<0.01 and P<0.05, respectively). LMWH
had no remarkable effects on the percentages of Lym and
Neu. There was no significant difference between the
LMWH (800u/l)- and Dex (1.2 mg/l)-treated groups
(Fig. 1).

Table 1. Effect of LMWH on total cell counts and absolute Eos
counts of BALF

Group Inhalation Total ce})l counts Absolute l;Eos
concentrations 1o/ counts (10°/1)
N.S. — 29+04 2.2+0.3
LMWH 400 u/1 2.410.6% 1.8+ 0.2%
800 w/1 1.6 £ 0.3*%* 1.4 £0.7**
Dex 1.2 mg/1 1.6 £ 0.6** 1.4+ 0.6**

Data are expressed as the mean + S.E.M, n=7. LMWH groups and
Dex group compared with the vehicle group using Dunnett’s method
by SAS 6.04: *P<0.05, **P<0.01.

Effect of LMWH on the activity of EPO in BALF super-
natant

As shown in Fig. 2, compared with the vehicle group,
LMWH at 800 u/1 significantly lowered the absorbance at
the wavelength of 492 nm (P<0.05), which means that it
inhibited the activity of EPO in BALF supernatant sig-
nificantly. There was no significant difference between the
LMWH (800 u/1)- and Dex (1.2 mg/)-treated groups.

Effects of LMWH on the content of histamine and ECP in
BALF supernatant

As indicated by the data of Table 2, compared with the
vehicle group, LMWH at 400 u/I and 800 u/1 significantly
reduced the fluorescence intensity and concentration

Absorbance

Fig. 2. Effect of LMWH on the activity of EPO in BALF super-
natant. [ Vehicle (N.S.) group; Il LWMH, 400 u/1 group; HE LMWH,
800 u/1 group; Dex, 1.2 mg/l group. Data represent the mean
+S.E.M of 7 animals. LMWH groups and Dex group compared with
the vehicle group using Dunnett’s method by SAS 6.04: *P<0.05.
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Fig. 1. Effect of LMWH on the percentages of AM, Eos, Lym and Neu in BALF. The cell numbers were counted under a micro-
scope after staining with Wright’s solution. The percentages were obtained by dividing the number of each type of cell by the num-
ber of the respective type of cell in the vehicle-treated group. 3 Vehicle (N.S.) group; [ LMWH, 400 u/I1 group; 5 LMWH, 800 u/1
group; 7 Dex, 1.2 mg/1 group. Data represent the mean + S.E.M of 7 animals. LMWH groups and Dex group compared with the
vehicle group using Dunnett’s method by SAS 6.04: *P<0.05, **P<0.01.
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Table 2. Effects of LMWH on the content of histamine and ECP in BALF supernatant

Content of histamine Content of ECP

Inhalation
Grou; ;
p concentration Fluorescence Concentration Fluorescence
intensity (ug/ml) intensity
N.S. — 1.540 + 0.064 0.398 + 0.020 33.0+£1.9
LMWH 400 u/1 1.450 + 0.053* 0.376 + 0.022* 28.8 £2.9*
800 u/1 1.420 + 0.059** 0.361 £ 0.022** 28.2+4.1*
Dex 1.2 mg/1 1.406 £ 0.051** 0.354 £ 0.17** —

Data are expressed as the mean £ S.E.M, n=7. LMWH groups and Dex group compared
with the vehicle group using Dunnett’s method by SAS 6.04: *P<0.05, **P<0.01.
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(ug/ml) of histamine (P<0.05 and P<0.01, respectively).
There were no significant differences between the LMWH
(400 u/1)-, LMWH (800 u/1) and Dex (1.2 mg/l)-treated
groups. LMWH at 400u/l1 and 800u/l significantly
decreased the content of ECP in BALF supernatant (P<
0.05).

DISCUSSION

Airway allergic inflammation, now regarded as one
major pathologic changes of bronchial asthma, is more
closely related to airway ventilation disorder and AHR,
which are the two major features of bronchial asthma.
Several categories of inflammatory cells play important
roles in bronchial asthma, such as mast cells and Eos,
which can release a variety of inflammatory mediators if
they are activated by antigens or non-allergic stimuli.
Histamine, released from degranuled mast cells, binding to
H-receptors, leads to spasm of tracheal smooth muscle,
mucosal edema and vasodilation. ECP and EPO, two
major toxic eosinophil-derived cationic proteins, which
were proven to be cytotoxic to airway epithelium (16),
damage the airway epithelium at different levels, including
scaling of cilia and brush cells, inhibiting mucus-clearing
function of cilia, resulting in denuded epithelium. Activat-
ed Eos also infiltrate through airway tissue and induce a
serious allergic response in the airway.

Our results showed that LMWH could lower the content
of histamine in BALF, which may be related to its inhibi-
tory effect on the degranulation of mast cells induced by
antigen or non-antigen (17, 18). Release of Ca’* from
reticulum conducted by inositol-1,4,5-triphosphate (IP3),
which induces a transient increase of intracellular free
Ca’*, was necessary for degranulation of mast cells (19).
Heparin has been shown to act as a specific blocker of IP;
and to inhibit IP;-mediated Ca®* release (20), and as a con-
sequence, inhibits degranulation of mast cells and release
of histamine (17, 21). This observations indicate that the
effect of LMWH to lower the content of histamine may
possibly be related to its ability to block IP;-mediated re-

lease of intracellular Ca?* in mast cells.

Eosinophils are the major effector cells in the late phase
asthmatic response and eosinophil infiltration is one of the
characteristic features of asthmatic airway and differenti-
ates asthma from other inflammatory conditions of the air-
way. In the late phase asthmatic response, eosinophils
recruit markedly in peripheral blood, airway secretion and
BALF, and there was a close relationship between eo-
sinophil counts and seriousness of allergic airway blockage
and nonspecific AHR (22). It was found that eosinophils
also release a variety of mediators and cytokines conduct-
ing the immunologic response in the local tissue of the air-
way. Heparins have been shown to inhibit the eosinophil
infiltration through the airway and to reduce eosinophil
counts in BALF in allergen-sensitized guinea pigs (23). Our
results showed that LMWH could significantly reduce total
cell counts, eosinophil absolute counts and percentage of
eosinophils in BALF, suggesting that LMWH could inhibit
inflammatory cells infiltrating though lung tissue and
reduce inflammatory effusion. On the other hand, LMWH
significantly inhibited the activity of EPO and reduced the
content of ECP in BALF. It suggested that LMWH also
could inhibit release of inflammatory mediators from acti-
vated Eos and had an antagonistic effect against inflamma-
tory mediators, especially ECP and EPO, two main toxic
cationic proteins; these actions lead to alleviation of airway
epithelium damage and enables recovery of the function of
the airway epithelium as one barrier between the inside of
the body and the outside environment.

In conclusion, the results of the present study suggested
that LMWH can exert anti-airway allergic inflammatory
activity by inhibiting infiltration of inflammatory cells and
reducing the release of inflammatory mediators, and also
by antagonizing their activity, and that LMWH can poten-
tially be developed as an anti-bronchial asthmatic drug.
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