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Silica Induced Early Fibrogenic Reaction in Lung of Mice
Ameliorated by Nyctanthes arbortristis Extract
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Objective  To investigate the pharmacological effect of Nyctanthes arbortristis (NAT) leaf
extract in the prevention of lung injury induced by silica particles.  Method  Lung injury was
induced in Swiss mice through inhalation exposure to silica particles (<5µ) using a Flow Past Nose
Only Inhalation Chamber at the rate of -10 mg/m3 respirable mass for 5 h. Lung bronchoalveolar
lavage (BAL) fluid collected between 48 and 72 h was subjected to protein profiling by
electrophoresis and cytokine evaluation by solid phase sandwich ELISA. Lung histopathology was
performed to evaluate lung injury.  Results  Inhalation of silica increased the level of tumor
necrosis factor-α (TNF-α), and of the 66 and 63 kDa peptides in the BAL fluid in comparison to
sham-treated control. Pre-treatment of silica exposed mice with NAT leaf extract significantly
prevented the accumulation of TNF-α in the BAL fluid, but the 66 and 63 kDa peptides remained
unchanged. The extract was also effective in the prevention of silica-induced early fibrogenic
reactions like congestion, edema and infiltration of nucleated cells in the interstitial alveolar spaces,
and thickening of alveolar septa in mouse lung.  Conclusion  NAT leaf extract helps in bypassing
silica induced initial lung injury in mice.
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INTRODUCTION

Deposition of silica particles in the lung of human beings or experimental animals leads
to silicosis, a disease of progressive respiratory failure caused by a fibrotic reaction[1-3]. It
has long been suspected that the phagocytosis of silica by pulmonary macrophages induces
the secretion of fibrogenic factors[4]. Several potentially fibrogenic cytokines released by
macrophages have been identified. These are interleukin-1(IL-1)[5], tumor necrosis factor-α
(TNF-α)[6], platelet derived growth factor[7], basic fibroblast growth factor[8] and
transforming growth factor-β(TGF-β)[9]. TNF-α plays an important role in silica-induced
pulmonary fibrosis in mice because a single instillation of silica leads to a marked increase
in the level of lung TNF messenger RNA lasting >70 days, while antibodies against TNF-α
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block the development of silicosis. There are no obvious changes in IL-1α or TGF-β[1].
TNF-α has been postulated as a central mediator of fibrogenic lung disease caused by

such diverse agents as bleomycin[10] and asbestos[11]. It is a multipotent cytokine, acting on
one hand as a growth factor and on the other as an activator of gene expression. It controls
diverse actions such as mucous production, expression of several types of interleukin, and
fibroblasts attachment to collagen matrix. Despite a fairly complete understanding of the
clinical and pathological features of fibrogenic lung disease, there is no effective therapeutic
approach[11].

The depletion of TNF-α from the plasma of arthritic and soluble protein A treated mice
following oral administration of water soluble fraction of the ethanol extract of Nyctanthes
arbortristis (NAT) has been shown[12]. The decoction of the leaves of NAT is widely used in
Ayurvedic medicine for the treatment of sciatica and arthritis[13-16]. As TNF-α is associated
with lung injury by silica and other fibrogenic agents, NAT appears to be a potent candidate
to ameliorate lung injury. Therefore, to evaluate the preventive efficacy of NAT extract in
the early phase of pulmonary injury, a well-characterized murine model of silica induced
lung injury was utilized. Here protection of mice from the initial fibroproliferative effects of
inhaled silica particles by pretreatment with NAT leaf extract is shown.

MATERIALS AND METHODS

Preparation of Leaf Extract of Nyctanthes Arbortristis (NAT)

Details of plant identification and the preparation of water-soluble alcoholic extract
were outlined elsewhere[12]. In brief, dried leaves were powdered and macerated with 95%
ethanol, the extract filtered and the solvent evaporated. The residue was stirred vigorously
with distilled water; the mixture was allowed to stand for 30 min and filtered. The residue
was stirred twice more with water and filtered. The filtrate (in a pre-weighed container) was
lyophilised and the residue was weighed and suspended in sterile distilled water.

Experimental Animals

Male Swiss mice at 4 - 5 weeks of age were used throughout the experiments. TNF-α in
the BAL fluid of these mice was found < 23.4 pg/mL. Mice were provided with pellet food
and water ad libitum, and were treated with 50 µg of plant extracts orally. This dose was
found optimum for depleting plasma TNF-α level in arthritic mouse model[12]. Experiments
were carried out in three different groups. One group of mice was exposed to silica particles
through the nasal route. The other group received single oral administration of NAT extract
1 h before inhalation exposure to silica. Mice exposed to room air in exposure chamber for 5
h were treated as sham control. BAL fluid was collected between 48 and 72 h after
inhalation exposure to silica. This time point was adapted from Liu and Co-workers[17,18]

who had shown hypercellular and hypertrophic lesion with increased connective tissue
matrix, macrophage and interstitial cells in B6129 mouse lung 48 h after chrysotile asbestos
exposure. Swiss mice exposed to silica showed infiltration of nucleated cells in the
interstitial alveolar spaces and conspicuous thickening of alveolar septa after 72 h.

Inhalation Exposure Conditions

Aerosol exposure to silica was carried out utilizing a Flow Past Nose Only Inhalation
System (Dynamic Inhalation Chamber, IN-TOX, Albuquerque, New Mexico). The mice
were exposed to crystalline silica (< 5 µm; a kind gift from Dr. V. Vallyathan, NIOSH, USA)
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at the rate of -10 mg/m3 respirable mass for 5 h.

Lung Lavage Fluid

Mice subjected to BAL were anaesthetized by i.p. injection of sodium thiopentone
(5mg/0.1mL/mice). BAL was performed by installation and withdrawal of a fixed volume of
calcium and magnesium-free phosphate buffered saline, pH 7.4 (PBS). A total of 1 mL was
instilled in each mouse. The effluent BAL fluid from each mouse was centrifuged at 4  for
10 min at 2 000 rpm and the supernatant was saved for cytokine analysis and protein
profiling.

Cytokine Analysis

Solid phase sandwich ELISA Kit (R & D Systems, USA) was utilized for the evaluation
of TNF-α, IL-1β and IL-4. The procedural details given in the technical brochure of R & D
System were followed. In brief, TNF-α was assayed on microplates precoated with affinity
purified polyclonal antibody specific for mouse TNF-α. One hundred µL of Standards
(ranging from 750 to 23.4 pg/mL), controls, and samples was pipetted into the wells and
incubated at room temperature for 2 h. The wells were washed 4 times and horseradish
peroxidase linked polyclonal antibody specific for mouse TNF-α was added to the wells.
Following a wash cycle to remove any unbound antibody-enzyme reagent, a substrate
solution (hydrogen peroxide and tetramethyl-benzidine) was added to the wells. The enzyme
reaction yielded a blue product that turned yellow on addition of stop solution. The optical
density of the plate/wells was read at 450nm and at 540 nm (correction wavelength).
Concentration of TNF-α was extrapolated from the standard curve of TNF-α. For evaluating
IL-1β and IL-4, the procedural details remained the same as TNF-α except that the
microplates were pre-coated with either polyclonal antibody specific for mouse IL-1β or
monoclonal antibody specific for mouse IL-4; and the second antibody used was specific for
mouse IL-1β or IL-4 respectively and was conjugated to horseradish peroxidase.

Histopathology

Lungs were harvested 72 h after exposure and reinflated by gentle injection of 4%
phosphate buffered formalin fixative until they reached approximately normal anatomic
volume. The pressure required for inflation was not measured, but was judged to be similar in
all animals. Cubes of lung tissue were removed after several minutes fixation in situ, gently
agitated in the fixative at room temperature for 24 h, and then washed and stored in 70%
ethanol fixative. Tissue was embedded in paraffin, sectioned and stained with haematoxylin
and eosin[19].

Lavage Protein Analysis

The protein profile of BAL fluids of NAT treated silica exposed mice, silica exposed
mice and sham control mice was studied by Native PAGE[20] and SDS-PAGE (10%) under
reducing condition following the method of Laemmli[21]. The gels were scanned in GEL
DOCUMENTATION SYSTEM-1000 (Bio-Rad).

RESULTS

To elucidate the molecular mechanism of anti-inflammatory reaction induced by NAT
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leaf extracts, the effect of NAT on TNF-α in the BAL fluid of mice exposed to silica was
studied. Oral administration of NAT leaf extracts did not elicit any behavioral changes in
mice up to an observation period of 3h-post administration with the extract. No change in
the body weight (14±1.4) of the experimental animals was observed till the day of sacrifice.

Histological Observation

The histopathological examinations of the sham control mice lungs showed normal
pulmonary architecture with few inflammatory cells in the alveolar lumen (Fig.1b). The
lung of mice exposed to silica showed edematous fluid in the alveolar spaces and infiltration
of macrophages and nucleated cells in the alveolar lumen. The interstitial alveolar septum
was thickened with the deposition of reticulin fibres. The bronchiolar epithelium was also
thickened (Fig.1a). The lungs of silica exposed mice treated with plant extracts showed
relatively fewer cells in the alveolar lumen and near normal alveolar septum in comparison
to the silica exposed mice lungs (Fig.1c)

FIG.1.Early histopathological changes in the lung of mice 72 h after exposure to silica ( 5 µm). Changes in the lung
architecture of silica inhaled mice at the rate of ∼10mg/m3 respirable mass (a), lung architecture of sham-control
mice (b) and lung architecture of silica inhaled mice pretreated with 50 µg of NAT extract (c). Single arrow
indicates infiltration of nucleated cells in the interstitial alveolar spaces leading to the thickening of alveolar septa
and double arrows indicate edema. 262.5
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TNF-α Profile in BAL Fluids

Ten air-sham control mouse BAL samples were evaluated for detectable levels of
mouse TNF-α. All the 10 mice had TNF-α < 23.4 pg/mL (Table 1). Greater abundance of
TNF-α in the BAL fluid of mice exposed to silica was observed in 84% of the animals with
a mean TNF-α level of 379 pg/mL. Remaining 16% of silica-exposed mice had TNF-α level
< 23.4 pg/mL which was similar to air sham control animals. Pretreatment of mice with
NAT leaf extract revealed TNF-α level < 23.4 pg/mL in 80% of individual mice while
remaining 20% of the mice had a mean TNF-α level of 28.59 pg/mL.

IL-1β and IL-4 Profile

About 80% of air-sham control group of mice had a mean value of 22.4 pg/mL IL-1β
level (Table 1). Remaining 20% of the air-sham control mice had IL-1β level ∼ 35 pg/mL.
Inhalation exposure to silica did not alter the IL-1β in the BAL fluid in comparison to air-
sham control values. Similarly, NAT extract did not have any effect on IL-1β level in the BAL
fluid (Table 1). Several workers have attributed IL-4 as an anti-inflammatory cytokine[22, 23]. To
explore the possibility of NAT leaf extract inducing IL-4, the level of IL-4 in the BAL fluid
of mice exposed to silica was evaluated. However, this cytokine remained unaffected in all
the groups. The level of the IL-4 remained < 7.8 pg/mL (Table 1).

TABLE 1

Cytokine Profiles in BAL Fluid of Mice Exposed to Silica and Treated With NAT Extract

    TNF-α     IL-1β     IL-4
Groups

                      (pg/mL)
Silica inhaled mouse BAL

(n =12)
379 .0 (84%)
< 23.4 (16%)

33.6 (100%) < 7.8 (100%)

NAT pretreated silica inhaled
BAL     (n =10)

< 23.4 (80%)
 28.5 (20%)

36.8 (40%)
< 7.8(60%)

< 7.8 (100%)

Air-sham control BAL
(n =10)

< 23.4 (100%) 22.4 (80%)
35.0 (20%)

< 7.8 (100%)

    Note.Figures in parentheses indicate the percentage of mice showing the corresponding cytokine level.

Protein Profile in BAL Fluids

BAL fluid drawn from different groups of animals was subjected to SDS-PAGE under
reducing condition. Existence of a ∼66 and 63 kDa protein was observed in BAL of all
groups of animals including the sham-controls. A 2-folds increase in the level of the 66kDa
peptide was seen in the silica-exposed mice, and NAT leaf extract treated silica exposed
mice in comparison to air-sham control mice (Fig.2). Occasionally in silica exposed mice, a
< 14.3 kDa was seen if substantial RBC leaked into the BAL fluid (not shown in Fig.1). In
the native gel, however, the two peptides co-migrated at a position parallel to 66 kDa marker
protein in a 10% polyacrylamide gel (Fig.3). However, the pattern of distribution of the
proteins was similar to the SDS-PAGE.
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FIG.2.SDS-PAGE analysis of BAL fluid. Lane 1 represents molecular weight marker protein; Lanes 2, 3 and 4
represent BAL fluid from air sham control mouse, silica exposed mouse and NAT pre-treated silica exposed mouse
respectively. 10µL of BAL fluid along with 5µL of sample buffer containing SDS and 2-mercaptoethanol was
boiled for 2 min and loaded in each lane. Figures in parentheses show scanning data [uOD*mm2] of the 66 and 63
kDa peptides.

FIG.3.Native PAGE analysis of mouse BAL. Lane 1 and 5 represents molecular weight marker proteins. Lane 2, 3
and 4 represents BAL from air sham control mouse, silica exposed mouse and NAT pretreated silica exposed
mouse respectively. 10µL of BAL fluid along with 5µL of sample buffer without SDS and 2-mercaptoethanol were
loaded without boiling. Figures in parentheses shows scanning data [uOD*mm2] of protein band migrating parallel
to the 66 kDa marker protein.

DISCUSSION

The present study elucidated the biological effect of NAT leaf extract on the initial
reaction of murine lung injury by silica particles and supports the notion of NAT extract as
an herbal preventive drug. Inhalation exposure to silica in mice was reported to enhance the
TNF-α in BAL fluid of mice[1]. It is shown here that NAT treatment reduces the TNF-α
level in the BAL fluid of silica exposed mouse and the lung architecture is maintained to
normal ones. In contrast, IL-1β appears to have no role in the initial lung reactions induced
by silica in mouse and therefore the role of NAT leaf extract in this proinflammatory
cytokine cannot be gauged.

It was further demonstrated that IL-4 plays an insignificant role in the prevention of
initial reaction of lung fibrosis by NAT leaf extract. The presence of elevated level of 63 and
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65 kDa peptides in both the NAT leaf extract pretreated silica exposed and only silica
exposed mice in comparison to air sham control group indicates that NAT leaf extract plays
no role in altering the level of these peptides in BAL fluids. The mechanism by which NAT
leaf extract prevents the silica induced initial reaction of lung fibrosis is not yet known. One
of the possible mechanisms by which this can be achieved is that NAT leaf extract interferes
in the cyclooxygenase- prostaglandin E2 (PGE2) pathways to prevent the TNF-α induction.
The PGE2 has been convincingly demonstrated to inhibit production of mature TNF-α
protein activity and down regulate the level of mRNA for TNF-α in macrophages[24]. The
leaves of Nyctanthes arbortristis have been found to contain tannic acid, methyl salicylate,
amorphous glucosides, mannitol, ascorbic acid, carotene and traces of volatile oil[25, 26].
Acetyl salicylic acid, otherwise known as aspirin, acts by inhibiting prostaglandin synthesis.
Presence of salicylate in the NAT extract suggests that it can interfere in the formation of
prostaglandin E2 and thereby reduce the level of TNF-α.
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