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ABSTRACT 

Glass fibers are widely used in many types of 

thermal, acoustical, and electrical insulation. The 

study of the biological action of glass fibers is 

crucial to workers and the general population alike due 

to their reported toxicity in animal models as well 

as dimensional and functional similarites to asbestos. 

The current study was undertaken to investigate the 

inflammatory response in the lungs induced by the 

presence of glass fibers. 

Glass fibers, when given in one intratracheal 

instillation, caused an acute inflammatory response 

which progressed to sub-acute inflammation. 

Fiber-instilled mice (C57BL/6 strain) demonstrated an 

increase in total cell number, percentage of 

polymorphonuclear cells, relative wet lung weight, and 

hydroxyproline content of the lung at one and five 

weeks post-exposure in comparison to saline- and 

latex-injected control animals. At fifteen weeks 

post-instillation, these parameters resembled those of 

the control animals. Resolution of pulmonary changes 

was also confirmed through histological evaluation of 

the animals at this time. 
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These data demonstrated that the presence of 

glass fibers in the lung induced an inflammatory 

response characterized by the presence of 

polymorphonuclear cells and macrophages. Early changes 

in collagen metabolism in fiber-instilled mice were 

also demonstrated by changes in the hydroxyproline 

content of the lungs. However, neither the 

inflammatory nor the fibrotic responses induced by 

glass fibers were perpetuated. These observations 

suggest that separate cellular mechanisms exist for the 

initiation as compared to the perpetuation of 

fiber-induced pulmonary damage. 



INTRODUCTION 

The evaluation of the biological effects of 

glass fibers does not indicate that exposure to this 

agent is harmless. Many animal studies have shown 

toxicity in the form of inflammation, fibrosis, and 

mesothelioma following intratracheal, inhalation, and 

intrapleural routes of exposure, respectively. 

However, the usefulness of this data in the assessment 

of the potential toxicity of this agent to man is 

severely limited. The recommended level of exposure to 

glass fibers is 3 fibers/cc (National Institute for 

Occupational Safety and Health), which reflects that 

fiberglass is not considered to be as hazardous as 

asbestos (recommended level of exposure to asbestos is 

0.1 fibers/cc). However, this recommended exposure 

level also suggests that glass fibers are not 

considered to be biologically inert. Since the 

production of respirable fibers has only begun in the 

last twenty years, the full effects of exposure to this 

agent on humans has yet to be documented. Therefore, 

the potential biological activity of glass fibers is of 

1 
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extreme importance to workers and the general 

population. 

Incidence of Exposure and Effects on Humans 

Glass fibers, one of the most widely used 

commercial fibers, are readily available as an asbestos 

substitute. They are used in thermal, acoustical, and 

electrical insulation, as well as in the reinforcement 

of plastic products due to their heat and chemical 

resistant properties". However, the pathogenicity of 

glass fibers may be a function of dimension rather than 

physiochemical nature (Stanton et al., 1977). Due to 

this concern, epidemiologic and case studies have 

attempted to reveal any health hazards associated with 

exposures to this widely used agent, but have often 

.yielded conflicting results. Early studies involving 

insulators with a prolonged history of glasswool 

exposure concluded that this type of dust did not 

initiate fibrosis (Bjure, Soderholm, and Widimsky, 

1964). When the the cardiopulmonary function of 

workers exposed to asbestos or glasswool were compared, 

similar exposure times (8-30 years) gave rise to a 

marked restriction in lung function in only 

asbestos-exposed individuals. It should be noted, 

however, that levels of exposure for the two dusts were 

not estimated. In another early study (Wright, 1968), 
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chest roentgenograms of persons with prolonged exposure 

to airborne fibrous glass particles did not demonstrate 

any unusual radiologic appearances after ten years or 

more of glass fiber exposure. Long-term exposure to 

fibers resulted in no demonstrable physiologic, gross 

or microscopic changes (Gross, Tuma, and deTreville, 

1971, and Hill et al., 1973), also indicating an 

absence of pulmonary hazard in glass fiber production 

workers. In addition, a large scale epidemiologic 

study found no excessive risk for respiratory 

malignanacy (Bayliss et al., 1976). However, an 

excessive risk for non-malignant respiratory disease 

could be shown after only ten years of low-level 

exposure to glass fibers. Although many prior studies 

had not shown pathogenicity, Saracci et al. conducted a 

major European study in 1984 to investigate the 

incidence of cancer and mortality in glass 

fiber-exposed workers, and found a statistically 

significant standard mortality ratio for individuals 

with 30 years or mor.e since first employment. This 

observation suggests that more studies are needed in 

association with chronic, low-level exposures (0.1 

fiber/cc). Two additional large scale epidemiological 

studies involving exposure to glass fibers were 

published by Enterline, Marsh, and Esmen (1983) and 

Weill et al. (1983). Exposure levels in all plants 
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were low (below 1 fiber/cc) with a significant 

percentage of particles within the respirable range. 

Although respiratory cancer rates for glass fiber 

workers were not excessive, a significant excess of 

non-malignant respiratory diseases could be 

demonstrated. Enterline cautions, "Results must be 

interpreted in relation to the relatively low exposure 

levels for these workers." Although the incidence of 

malignant disease in glass fiber-exposed workers has 

not yet been shown to be significant, these studies 

suggest that non-malignant respiratory disease may be a 

problem in the future and that current standards of 

exposure may need to be re-evaluated due changing 

exposure conditions. 

The level of exposure to respirable glass fibers 

may be increasing as the number of products containing 

glass fibers increases. For example, fibers within the 

respirable range were often generated during the 

cut-out and installation of an insulating material 

whose parent fibers were greater than 10 microns 

(Fowler, Balzer, and Cooper, 1971). Potential 

hazardous exposures to fiberglass may occur in 

association with the end-users of the product rather 

than in the manufacturing process. These data suggest 

that the size of the parent material is not a good 

indicator of the size of the fibers generated during 
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product use. As the uses for glass fibers and their 

products expand; the potential for exposure by workers 

and the general population increases. Therefore, many 

of the studies based on low exposure levels during 

manufacture of the parent material must be viewed with 

caution. 

In contrast to glass fibers, many other agents 

have consistently been associated with the development 

of pulmonary disorders in man. Major public concern 

became directed toward silica as the etiologic agent of 

pulmonary disease in the 1930's. In a tragic episode 

in West Virginia, 1500 workers contracted silicosis 

while blasting a tunnel through a sandstone mountain 

(U.S. Congress House Committee on Labor, 1936). Today, 

exposure to silica is an important health hazard in 

that workers in a wide range of occupations are subject 

to exposure. Quarrying, mining, stonecutting, 

tunneling, foundry work, ceramics, and glass and 

abrasive etching represent only some of the major 

industries in which exposure to crystalline free silica 

is a problem. It has been estimated that at least one 

million workers in the United States alone have the 

potential for exposure to this dust hazard (Criteria 

for a Recommended Standard: Occupational Exposure to 

Crystalline Silica, 1974). As many as 34% of British 

foundrymen have been diagnosed with some form of 
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silicosis (Lloyd Davies, 1971). Even today, 37% of the 

workers at a silica flour plant in Illinois showed 

radiographic evidence of silicosis, with 11% 

demonstrating impaired pulmonary function and massive 

progressive fibrosis (Banks et al., 1977). These 

studies not only indicate the historical importance of 

the pulmonary disorders induced by mineral dusts, but 

the necessary continued concern toward minimizing 

exposure to these agents. 

Although crystalline free silica, or quartz, is 

the most recognized and researched etiologic agent of 

pneumoconiosis, today other particulates are known to 

cause such disorders. In 1927, the "curious bodies" in 

the lung tissue of asbestos-exposed workers were 

implicated in the development of pulmonary disorders 

(McDonald, 1927). In a recent survey of 232 former 

insulation plant workers, radiographic evidence of 

asbestos exposure could be identified with only one day 

of exposure (Selikoff, 1976). Anderson et al. (1976) 

could also find evidence of asbestos exposure in 

household family members of known asbestos workers, 

showing that even indirect exposures can be potentially 

harmful. Weill et al. (1975) found a direct 

correlation between cumulative dust exposure and 

decreasing pulmonary function, indicating a 

dose/response relationship. Since asbestos is widely 
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used for its thermal and acid-resistant properties, the 

potential for exposure occurs in all industries which 

require the use of insulation and heat-resistant 

textiles. For example, asbestos is used in textiles, 

cement, roof and wall cladding, flue pipe, cable 

conduits, brake and clutch linings, and polymer 

reinforcement. The most widely publicized incident of 

exposure occurred in shipyards where asbestos was used 

on pipe insulation (Murphy et al., 1971). These 

shipyard workers had an incidence of asbestosis eleven 

times that of appropriately matched controls. Lorimer 

et al. (1976) showed that workers involved in brake 

repair had an increased risk of asbestosis, with 25% of 

the sample group demonstrating x-ray abnormalities and 

decreased pulmonary function. These studies 

demonstrate that the occurrence of pulmonary diseases 

such as fibrosis and cancer due to exposure to 

respirable dusts are of major concern to workers and 

the general public. 

Physiochemical Properties 

Glass fibers are manufactured by an extrusion 

process during which the diameter of the fibers can be 

tightly controlled (McCord, 1967). This process could 

ultimately elicit a potential health hazard if fiber 

pathogenicity is indeed a dimension and not 
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composition-dependent activity. Glass fibers are 

amorphous and are composed of silicon dioxide 

tetrahedra in a random arrangement with various cations 

bonded throughout the structural network (Harington, 

Allison, and Badami, 1975). 

In contrast to glass fibers, crystalline free 

silica is composed of a rigid network of one silica and 

four oxygen atoms arranged in a tetrahedral structure 

(Harington, Allison, and Badami, 1975). It is known 

that the structural framework of free silica is 

important in its biological activity (Nash, Allison, 

and Harington, 1966). The formation of hydrogen-bonded 

complexes between silica particles and active groups in 

the phagosomal membrane (phospholipids) of the lysosome 

interact, eventually causing cell lysis and the release 

of cellular contents into the interstitium. 

Asbestos, like free silica, is composed of one 

silica and four oxygen atoms, or tetrahedra, arranged 

in a crystalline framework. These crystalline groups 

are linked by various cations such as magnesium and 

iron (Harington, Allison, and Badami, 1975). Unlike 

silica, it is not known whether the crystalline nature 

of asbestos or its needle-like dimensional 

characteristic is responsible for its pathogenicity. 

The fact that glass fibers are amorphous whereas silica 

and asbestos are both crystalline in nature is believed 
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to be an important factor in the differences observed 

in biological activity. However, since toxicity has 

been demonstrated in animal systems following exposure 

to glass fibers, it cannot be assumed that glass fibers 

are inert based on their chemical composition and 

structure. 

Studies In Vivo 

The literature available on the pulmonary 

response to respirable glass presents a wide variety of 

results. Responses to insult in experimental animals 

have ranged from slight macrophage infiltration to the 

development of bronchiolar adenoma. There are many 

variables in these test systems which are used to 

investigate the mechanisms of glass fiber 

pathogenicity. The primary variables which may play a 

role in the outcome and conclusions of a study are: 

1). Route of exposure. 2). Size distribution and 

form of fibers. 3). Parameters used to determine 

pulmonary integrity. 

Route of Exposure. Intratracheal instillation of 

the particulate insult has produced inflammatory and 

fibrotic responses in many experimental animal studies 

with glass fibers. Gross (1970) used the intratracheal 

route of exposure to compare the pulmonary response in 

rats to chrysotile asbestos, processed asbestos, and 
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glass fibers. All three fiber types produced polypoid 

proliferative inflammation within the air conducting 

tubes and the surrounding area four days 

post-inoculation. These changes were resolved, 

however, only in glass fiber-exposed animals. 

Fibrosis evidenced by dense collagen deposition and 

tissue shrinkage was apparent by six months only in 

chrysotile-exposed rats. In contrast to the study by 

Gross (1970), Schepers (1955) demonstrated a chronic 

rather than acute lesion in glass fiber-exposed 

animals. Guinea pigs were exposed by intratracheal and 

inhalation exposure to glass wool (fibers of varying 

lengths). Isolated areas of cellular infiltration at 

twelve months post-instillation suggested pneumonitis, 

and bronchiolar damage was evidenced by epithelial 

desquammation. At eighteen months the interstitial 

reaction had decreased, but fibers were still visible 

in the region associated with the alveolar walls. The 

main abnormality present at this time was bronchiole 

epithelial hyperplasia. Damage induced by glass fibers 

had not progressed to well-defined fibrosis. In 

addition, the inhalation of glass fibers in this 

experiment produced peribronchiolar lesions at four 

months post-exposure similar to those seen in the 

intratracheally-exposed animals at one month, 

suggesting similar modes of response between the two 
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routes of exposure. These data from animals exposed by 

intratracheal instillation demonstrate that glass 

fibers are capable of eliciting toxic responses when 

present in the lung. 

Toxic responses in the lung following exposure 

to fiberous glass have also been demonstrated in 

inhalation studies. Pulmonary responses similar to 

that induced by asbestos have been demonstrated with 

glass fibers (Lee et al., 1981). Histological 

evaluation of all treated animals revealed marked 

hyperplastic granular pneumocytes and dust-cell 

reactions which extended to the peripheral alveoli by 

exposure day 90. At this time, asbestos-exposed 

animals showed a marked proliferation of fibroblasts 

and loosely interwoven collagenous and reticulin 

fibers. At one year post-exposure, foamy 

fiberglass-laden macrophages were tightly packed within 

alveoli which were lined with hyperplastic granular 

pneumocytes. Slight collagen deposition was visible in 

the peribronchiolar region. Ferruginous bodies were 

detected at six and twelve months followng fiberglass 

exposure, whereas they were evidenced at 50 and 90 days 

in asbestos-exposed partners, suggesting similar but 

delayed pathogenic mechanisms. In addition, 

peribronchiolar fibrosis and ferruginous body formation 

have been positively identified in association with 



12 

glass fibers in fiber-exposed baboons (Goldstein, 

Randall, and Webster, 1983). These lesions were 

similar to those produced by asbestos with 

concentrations of 1125 fibers/cc held constant for both 

fiber-treated groups. More importantly, no sign of 

regression of these lesions was evident at six to seven 

months post-exposure. Microscopic changes in 

glass-dusted lungs consisted of thickening of the 

bronchiolar walls due to infiltration by fibroblasts 

and giant cells, and air spaces were often seen to 

contain desquammated epithelial cells and macrophages. 

Reticulin formation and slight collagen deposition were 

also visible. The asbestos produced a more marked and 

extensive response, although similar in pattern to that 

induced by glass fibers. Schepers (1959) also observed 

a "progressive" lesion following inhalation exposure to 

glass fibers. The initial reactions of particle-laden 

macrophages and paraductal hyperemia in 

fiberglass-dusted animals caused appreciable 

alterations in pulmonary architecture after only two 

months of exposure, resulting in capillary and alveolar 

occlusions which persisted throughout the exposure 

period (eight months). 

Other types of responses have been shown in animals 

exposed to glass fibers by inhalation. The appearance 

of a granular proteinaceous material in the lung was 
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associated with the inhalation of glass fibers (Lee et 

al., 1979). At 90 days of inhalation exposure, the 

response consisted of alveolar proteinosis and 

macrophage infiltration. At one-year post-exposure the 

proteinosis had disappeared, but focal dust cell 

accumulations and proliferating granular pneumocytes 

were visible throughout the two year recovery period. 

Miminal excesses of local collagen were also observed 

throughout the 24 month observation period. In 

contrast, the macrophage reaction provoked by glass 

fibers did not elicit any demonstrable parenchymal 

alterations (Gross, 1970). These studies demonstrate 

that different responses elicited by the presence of 

glass fibers in the lung have been observed among 

researchers. 

Size Distribution and Form of Fibers. 

Differences were noted in the responses to glass fibers 

of different sizes by many researchers. Stanton et al. 

(1977) conducted a series of experiments utilizing 

glass fibers of various lengths but identical 

composition and found a strong correlation between the 

dimension of fibers implanted and the incidence of 

malignant pleural neoplasms. Probability trends in the 

induction of pleural sarcoma suggested that fibers with 

a diameter of 1.5 microns or less and greater than 8 

microns in length showed increased pathogenicity. 
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Since the response seen experimentally was similar to 

that seen with asbestos (Stanton and Wrench, 1972), 

Stanton stated, "... the carcinogenicity of fibers 

depends on dimension and durability rather than 

physiochemical properties and that all respirable 

fibers be viewed with caution." 

Other investigators have also studied the 

relationship between fiber dimension and responses in 

vivo. Animals developed fibrosis following exposure to 

long asbestos and glass fibers, but not with short 

fibers (Wright and Kuschner, 1977). Guinea pigs were 

instilled intratracheally with long and short asbestos 

and glass fibers (3-25 mg, 2-8 instillations). The 

long glass fibers (92%) were greater than 10 microns in 

length, whereas the short fibers (93%) were below 10 

microns in length. All fiber diameters were 0.1-1.0 

microns. Animals developed fibrosis with long asbestos 

and glass fibers, whereas only a macrophage reaction 

was provoked by short fibers from both groups. 

Asbestos fibers produced a much more extensive, 

although similar, level of interstitial fibrosis. 

Based on this observation, Wright suggests that it may 

ultimately be the durability of the agent (resistance 

to fragmentation during the phagocytic process and 

subsequent lack of appearance in the lymph nodes) which 

is responsible for a fiber's ability to perpetuate the 
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pulmonary response and cause disease. In addition, 

glass and asbestos fibers produced a sub-acute to 

chronic injury as evidenced by histologically-apparent 

fibrosis with fibers 0.2 microns in diameter (Pickrell 

et al. , 1983). The larger commercial fiber (2.k vs. 

0.2 microns in diameter) did not cause any significant 

pulmonary changes. These studies also demonstrated 

that whereas asbestos produced a more marked response, 

the pattern of inflammation progressing to fibrotic 

damage was similar to that seen with fibrous glass of a 

similar size distribution. 

The biological activity of fibrous glass has 

been demonstrated to be different in animals exposed to 

various forms of this material. For example, an early 

study suggested that "flakes" of fiberglass (particles 

of glass, non-fibrous in nature) do not elicit 

significant pulmonary responses (Gross, Westrick, and 

McNerny, 1960). These findings were confirmed in an 

experiment by Botham and Holt in 1971. Animals were 

subjected to 24 hours of inhalation exposure to glass 

powder (particles) or fiberglass (fibers) to discern 

any pathogenic activities of this dust based on 

composition. Guinea pigs were sacrificed at 1, 28, or 

90 days post-exposure. The diapedesis of erythrocytes 

into the alveoli was markedly more extensive in animals 

exposed to glass fiber, indicating increased vascular 
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permeability. In addition, some long glass fibers 

became coated with a ferro-protein material to form 

pseudo-asbestos bodies. Giant cells were rare in 

guinea pigs that had inhaled glass powder 

(non-fibrous), but were focal and profuse in size in 

fiber-exposed animals. At 28 days post-exposure, air 

spaces were clear of phagocytes which had ingested 

glass powder, whereas at eighteen months bare- and 

ferro-protein covered fibers were still visible. These 

studies demonstrate that the fibrous nature of glass 

fibers may be key in the initiation of biological 

activity. 

Parameters of Pulmonary Status. Due to the 

various toxic reactions produced in the lung by the 

presence of glass fibers, many researchers have 

investigated appropriate indicators of pulmonary 

response. The biochemical and cytological changes in 

lung content and the lung lavage fluid have been 

utilized to further elucidate the changes visible 

histologically (Pickrell et al., 1983). An increased 

total lung collagen as indexed by hydroxy proline was 

evidenced in glass fiber and asbestos-exposed hamsters 

.and the cytological contents of the lavage fluid 

(elevated macrophages and granulocytes) indicated 

chronic inflammation at eleven months post-exposure. 

In addition, rats instilled with 0.50 and 1.0 mg of 
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quartz, chrysotile, amosite, or glass fiber 

demonstrated acute responses when lung weights, lactate 

dehydrogenase (LDH), and cell counts were used as 

indicators of cytoxicity (Sykes et al. , 1983b). 

Quartz, however, showed two times the number of 

neutrophils recovered in the lavage fluid as compared 

to fiber-treated animals. In silica, asbestos, and 

glass-treated animals, fibrosis and constriction of the 

parenchymal tissue was evidenced histologically and was 

accompanied by elevated LD.H and protein levels in the 

lavage fluid at 100 days post-instillation. These 

studies demonstrate that indicators such as the 

cytological and biochemical content of the lavage fluid 

correlate well with results seen histologically, thus 

demonstrating their appropriateness as indicators of 

toxicity. 

The toxicity of silica, in contrast to glass 

fibers, has been repeatedly demonstrated in many 

different experimental models. Due to this concurrence 

of results, the pathogenesis of silicosis is 

well-known: (1) the ingestion of inhaled particles by 

macrophages (2) death of these macrophages (3) 

release of their cellular constituents including the 

silica particles (4) ingestion of particles by other 

macrophages and their subsequent deaths (5) 

accumulation of dead and dying cells (6) attempted 
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"walling off" of area with collagen (Ziskind, Jones, 

and Weill, 1976). The persistance of silica in the 

lungs by these mechanisms results in ongoing 

inflammation, parenchymal damage, and fibrosis 

(deShazo, 1982). These events have been documented in 

vivo in many test systems. Changes in lung structure 

and composition as early as one week post-intratracheal 

instillation of 50 mg silica crystals into rats (Reiser 

et al., 1982) show silica-containing granulomas and 

elevated hydroxyproline content (indicative of collagen 

content). Similar functional and morphologic changes 

in the lungs after a single intratracheal instillation 

of silica were demonstrated by Gross, White, and Smiler 

(1984) which also correlated well with the evolution of 

alveolar changes (lipoproteinosis). The role of cell 

injury and the inflammatory response in the development 

of this fibrotic response has been investigated by many 

researchers. Bowden and Adamson (1984) suggest that the 

necrosis of type I epthelial cells and the destruction 

of polymorphonuclear cells may be important factors in 

the generation of silicosis. Callis et al. (1983) and 

Sykes et al. (1983a) also suggest that both macrophages 

and polymorphonuclear cells play a role in the 

development of the pulmonary fibroblastic response. 

Although the pathogenesis of silicosis is 
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well-documented, the cellular mechanisms which initiate 

this response remain elusive. 

In addition to silicosis, asbestosis is a 

chronic fibrosing pulmonary disorder which is caused by 

the inhalation of fibrous mineral silicate dust. There 

are many hypotheses surrounding the pathogenesis of 

asbestosis. The most commonly accepted theory is that 

asbestos activates the complement cascade to produce 

chemotactic factors for polymorphonuclear leukocytes. 

These cells release enzymes and free radicals which 

damage the interstitium (deShazo, 1982). Asbestos 

particles also may stimulate the release of fibrogenic 

factors from macrophages, causing collagen deposition 

(Wahl, Wahl, and MacCarthey, 1978). Some theories 

suggest that decreased immune surveillance by 

T-lymphocytes may be responsible for the increased 

incidence of tumors in asbestos-exposed individuals 

(Lieben, 1966). Although the specific pathogenic 

mechanism of asbestosis remains elusive, the effects in 

vivo of asbestos have been well documented. The 

chronic deposition of collagen and interstitial 

fibrosis have been repeatedly demonstrated in 

intratracheal as well as inhalation experiments (Gross, 

1970; Lee et al., 1981; Goldstein, Randall, and 

Webster, 1983). Therefore, although the indicators of 

toxicity and route of exposure may vary between test 
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systems, the outcome of lung parenchymal disease 

following exposure to asbestos has been consistently 

observed among researchers. 

The current recommended limit for exposure to 

airborne fibrous glass is believed to be a relative 

indicator of its toxicity in comparison with asbestos 

and silica, known fibrogenic and pathogenic dusts, and 

inert dusts such as titanium dioxide or limestone. The 

NIOSH Criteria Document states, "Fibrous glass in not 

an inert dust yet it is not as hazardous as asbestos. 

The recommended standard is considered to reflect this 

degree of relative health hazard," (Criteria for a 

Recommended Standard: Occupational Exposure to Fibrous 

Glass, 1977). In many experimental models, 

investigators have shown that glass fibers are toxic, 

with reactions ranging from a short-lived inflammatory 

type to the development of fibrosis or cancer. 

Epidemiologic studies have demonstrated an increased 

risk for non-malignant respiratory disease. Due to the 

availability of fibrous glass products, exposure to 

this agent is on the rise. Based on these studies and 

the rising use of fiberglass products, the current 

exposure limit may reflect an inaccurate estimate of 

the potential hazard to man associated with exposure to 

glass fibers. 
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Rationale and Ob jectives 

The toxicity of glass fibers has been 

investigated by many researchers, yielding conflicting 

results as to the pathogenicity of these man-made 

mineral fibers. Since the use of fibrous glass as an 

asbestos substitute is increasing, its role as a 

potential inflammatory and fibrotic agent is of crucial 

importance to workers and the general population. 

A well-developed murine model of silicosis 

(Callis et al., 1983) was used to elucidate the 

intensity and time sequence of the host response 

following intratracheal administration of glass fibers. 

The pulmonary response was evaluated in comparison to 

latex particles (non-fibrotic comparative control) and 

silica particles, which cause inflammation and 

fibrosis. This model uses cytological, biochemical, 

and histological parameters to assess the time course 

of particulate-induced pulmonary damage. 

Based on the varying responses seen by other 

researchers following experimental exposure to glass 

fibers and the availability of a well-defined model of 

particulate-induced damage, the Specific Aims of this 

project were three-fold: 

(1). To evaluate the toxicity of glass fibers 

with a known size distribution. 
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(2). To monitor the kinetics of the cellular 

pulmonary response at 1 (acute), 5 

(sub-acute), and 15 (chronic) weeks 

post-exposure. 

(3). To determine the fibrotic potential of glass 

fibers in comparison to silica, a known 

fibrotic agent. 

In this way, the inflammatory and fibrotic 

activity elicited in the lung by the presence of glass 

fibers were evaluated relative to particulates of known 

biological activity in a controlled system. 



METHODS 

Animals 

Male mice eight to twelve weeks of age were 

obtained from Jackson Laboratories (Bar Harbor, ME). 

All mice used were of the C57BL/6 strain, which were 

strain responsive to the inflammatory changes provoked 

by the instillation of silica crystals (Callis et al., 

1983). Animals were housed in the Division of Animal 

Resources, Arizona Health Sciences Center, in a room 

maintained at 25° C and under artificial illumination 

from 6 a.m. to 6 p.m. daily. Cages allowed for free 

access to food and water and were equipped with filter 

bonnets to minimize respiratory infection. Body weight 

of mice remained between 20-30 g throughout the 

experiments. 

Intracheal Instillations 

Animals were dosed with particulate suspension 

via intratracheal instillation. This technique allows 

for the complete delivery of known dosages to the deep 

lung for deposition and is a well-accepted method for 

assessing the relative toxicity of many agents (Brain 

et al. , 1976). Mice were anesthetized with an 

23 
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intraperitoneal injection of sodium pentobarbital [(40 

rag/kg) Abbott Labs, Chicago, IL] during the 

instillation procedure. A small incision was made in 

the throat and the tissue surrounding the trachea 

gently teased apart using microsurgical forceps and 

scissors. Suspensions were instilled into the animal 

at a 45° angle using a 1 cc tuberculin syringe 

(American Pharmaseal Labs, Glendale, CA) equipped with 

a 25 gauge needle. Particulates were suspended in 

sterile saline (0.9% Sodium Chloride, American McGraw, 

Irvine, CA) and instilled in two doses of 0.05 ml each, 

with sufficent time for the animals to recover allowed 

between instillations (3-5 min.). Control animals 

received a total volume of 0.1 ml sterile saline. 

Similar suspensions volumes have been utilized by many 

laboratories and have proven to be effective for 

promoting adequate particle distribution within the 

lung following instillation (Baxter and Port, 1974; 

Chvapil et al., 1979; Gross, White, and Smiler, 1984). 

The chest of exposed animals was massaged to promote 

additional distribution and the overlying skin closed 

with 9 mm stainless steel sterile Autoclips (Becton and 

Dickinson and Company, Parsippany, NJ). Mice were 

sacrificed at one, five, and fifteen weeks 

post-instillation. Untreated animals were also 

sacrificed at various time points to control for any 
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variation due to the instillation procedure (one week 

for the determination of hydroxyproline; fifteen weeks 

for the determination of histology, cell number, cell 

type, and protein content of the lung lavage fluid). 

Particulates 

Suspensions of all particles were prepared on 

the same weight/volume basis (0.25 or 0.50 mg/ml) and 

were resuspended immediately prior to injection. 

Sterile latex particles (Sigma Chemical Company, St. 

Louis, MO) 1.0 micron in diameter were utilized as a 

comparative control (non-fibrotic). Quartz crystals 

(Min-U-Sil, Pennsylvania Glass and Sand Corporation) 

less than 5 microns in diameter were used as a 

comparative inflammatory and fibrotic control. Glass 

fibers (JM-Code 100 microfiber, resin-free) were 

prepared for instillation by J.A. Pickrell, Lovelace 

Toxicology Institute, Albuquerque, NM. Fibers were 

shown to have a count median diameter of 0.1 microns 

and a count median length of 8.0 microns (Carpenter et 

al., 1983). 

The doses of particulates were selected to allow 

for differential cellular and biochemical responses 

while permitting maximal host recovery. The doses 

(0.25, 0.50 mg/mouse) have been shown to elicit a 

measurable inflammatory and fibrotic response in 
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quartz-instilled mice (Callis, personal communication) 

without overwhelming lung clearance mechanisms. In 

addition, Pickrell et al. (1983) instilled 

intratracheally into hamsters (400 g) glass fibers 

identical to those utilized in these studies. A dose 

of 2 mg/hamster was shown to induce measureable 

pulmonary hanges by 12 weeks post-exposure without 

causing immediate hemorrhagic death. Therefore, the 

doses (0.25, 0.50 mg/mouse) were selected primarily on 

the basis of these experiments. 

Assessment of Pulmonary Response 

Luns Indices. Pulmonary inflammation can be 

quantified by calculating increases in the wet lung 

weight relative to body weight (Mettler H10 scale, VWR 

Scientific) as determined by, the following equation 

(Allen, Moore, and Stevens, 1977): 

1w/bw particulate-injected mouse 
lw/bw syngeneic saline-injected mouse. 

Hvdroxyproline Content. The amount of collagen 

synthesis and/or deposition is indexed by the level of 

this imino acid in the hydrolyzed lung tissue. The 

level of hydroxyproline was determined by a comparison 

with standards made from a solution of hydroxyproline 

(Sigma Chemical Co., St. Louis, M0) in 0.001 N HC1 

(0.25-5.0 micrograms/ml). The chemical reagents are 

described by Woessner (1961). The lung tissue from an 
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exposed animal, minced and stored in 10 ml of 6 N HC1, 

was subsequently autoclaved for 90 minutes. This lung 

digest was passed through a Gelman filter (5 micron 

pore size) and the resultant fluid reduced to a residue 

by air-drying. The solid residue was resuspended in 10 

ml of deionized water and brought to a pH of 6-7 with 

0.1 N NaOH. Samples were diluted with deionized water 

(1:8 for 1 week time point, 1:16 for 5 and 15 week time 

points) and 2 ml of the sample retained for analysis. 

To the resultant sample, 1.0 ml each of Chloramine T, 

Perchloric Acid, and p-dimethylaminobenzaldehyde were 

added (Woessner, 1961), followed by vortexing. The 

test samples were analyzed spectrophotometrically at 

557 nm utilizing a Gilford Stasar II Spectrophotometer 

equipped with Gilford 3021 Vacuum Receiver. 

Histological Evaluation. The lungs were removed 

with trachea intact and expanded with a formaldehyde/ 

glutaraldehyde fixative. Following fixation, the lung 

tissue was dehydrated through a series of alcohols 

(95%, 90%, 80%, 70% for 15 min. each). A methacrylate 

monomer solution (JB-4 Embedding Kit, Polysicences 

Inc., Warrington, PA) was then used to prepare the 

tissue for embedding. The monomer was aspirated from 

the tissue after 24 hours, replaced by the plastic 

solution (monomer + catalyst) and the tissue allowed to 

harden for 24 hours. Tissues were cut into 2 micron 
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sections and stained with a methylene blue, 

hematoxylin, basic fuchsin stain. 

Lung Lavage. The lungs of exposed animals were 

lavaged i_n situ with 1.0 ml of sterile saline and the 

fluid retreived and stored on ice. The fluid was 

obtained by filling the lung through the trachea with a 

20 gauge needle to which was attached 6 in. of 0.86 mm 

diameter polyethylene tubing and a 3 ml syringe serving 

as a saline reservoir. The resultant fluid was 

withdrawn from the lung through the same polyethylene 

tubing (a stopcock was attached which allowed for flow 

either to or from the lung tissue) with a 1.0 cc 

tuberculin syringe. This lavage fluid was centrifuged 

at A°C, 400 x g for 5 min. (Sorvall RT6000 Centrifuge, 

Dupont) to separate the cell pellet from the 

supernatant fraction. 

Total Cell Number. The cell pellet was 

re-suspended in 100 microliters of saline and a 50 

microliter portion diluted (1:2) with 1.0% crystal 

violet stain. This suspension was counted in a 

hemocytometer under light microscopy and expressed as 

cells/ml of lavage fluid. 

Cell Differentials. The remaining 50 

microliters of this cell pellet was retained for 

centrifugation on a Shandon Cytospin 2. The cell 

sample was diluted to 200 microliters with sterile 
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saline and spun for 6 minutes at 1000 rpm to form a 

cell smear. The cell smear was stained with a 

Wright-Giemsa stain (Cambridge Chemical Company, Ft. 

Lauderdale, FL) for 10 seconds and rinsed for 20 

seconds with distilled water. Five hundred cells per 

smear were counted under oil immersion (lOOx) and 

differentiated on the basis of nuclear morphology. 

Protein. The cell-free supernatant fraction of 

the lavage fluid was spectrophotometrically analyzed 

for total protein content. Portions of the lung lavage 

fluid were diluted (1:2) with sterile saline to achieve 

a total sample volume of 400 microliters. The total 

protein content was determined using the Folin Reagent 

(Fisher Scientific Company, Fair Lawn, NJ) as described 

by Lowry (1951). The test samples were analyzed on a 

Gilford Stasar II Spectrophotometer in comparison to 

bovine serum albumin standards (0.1-1.0 mg/ml). 

Statistical Evaluation 

Statistical analyses were performed on a Hewlett-

Packard Programmable Calculator and are expressed as 

Means +/- Standard Errors. Significance of data was 

determined utilizing the ANOVA technique (one- and 

two-way analysis of variance, p _< 0.05) followed by the 

Newman-Keul1s post hoc test to compare appropriate data 

pairs. 
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The size of the test population at each time 

point ranged from 25 to 28, depending on the number of 

deaths during the appropriate maturation period (1, 5, 

or 15 weeks). Mice for each dose at each time point 

were injected on the same day. Deaths at the time of 

instillation were accounted for (5-15% mortality 

overall) and subsequen.t animals were instilled at that 

time to allow for an n-value of 7 for each particulate 

at each dose and time point. 



RESULTS 

Five biochemical and cytological parameters were 

used to evaluate inflammatory and fibrotic changes 

induced by the presence of glass fibers in the lung: 

cell number, cell type, and protein content of the 

lavage fluid; and hydroxyproline content and lung 

weight/body weight ratio of the lung tissue. 

Additional animals were instilled intratracheally with 

silica as a positive fibrotic control. Mice instilled 

with saline or latex beads were defined as control 

animals. Untreated animals were chosen to represent 

the zero time point (see Methods). 

Cell Number in Lavage Fluid 

The level of cellular infiltration was 

characterized by the total cell number in the lavage 

fluid of exposed animals. Acute inflammation, or the 

early appearance of an increased level of cells, was 

demonstrated in fiber-treated mice. The instillation 

of 0.50 mg of glass fiber was associated with a mild 

level of cellular infiltration at one week 

post-exposure (Fig. 1). However, mice receiving 0.25 

mg of glass fiber displayed a significantly increased 

total cell number in comparison to control animals as 

31 
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DOSE * 0.25 MG/MOUSE 

DOSE = 0.50 MG/MOUSE 
£ 12— 

8— 

TIME (WEEKS) 15 

Fig. 1. Total Cell Number in Lavage Fluid. 
Dose of glass fiber is either 0.25 or 0.50 mg/mouse. 
Each data point represents the mean of 5-7 animals +/-
standard error. Control ; Silica-injected -
Fiber-injected 
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well as to animals instilled with 0.50 mg of glass 

fiber (Fig. 1). 

Sub-acute inflammation, or the continued 

presence of an increased level of cellular 

infiltration, was demonstrated in glass fiber-exposed 

mice. At five weeks post-exposure, animals instilled 

with 0.50 or 0.25 mg of fiber continued to demonstrate 

an elevated total cell number as compared to control 

animals (Fig. 1). 

The chronic stages of cellular inflammation 

eventually resolved in fiber-instilled mice. The level 

of cellular infiltration in 0.25, 0.50 mg glass 

fiber-treated animals at fifteen weeks was signficantly 

lower than the level seen at five weeks in these 

animals (Fig. 1). In addition, the total cell number 

in fiber-treated mice was similar to that of the 

control animals at fifteen weeks post-exposure (Fig. 1, 

Appendix A). 

Cell Differentials 

Further characterization of the cellular 

constituents of the lavage fluid revealed a 

polymorphonuclear cell (PMN) infiltrate in glass 

fiber-treated animals at one week post-instillation in 

comparison to control animals (Fig. 2, 3). In 

addition, instillation of 0.25 mg of glass fiber 
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Figure 2. Cell Differentials (PMN and 
Macrophages) in Lavage fluid. Dose is 0.25 mg/mouse. 
Each data point represents the mean of 5-7 animals +/-
standard error. Control - —; Silica-injected -
Fiber-injected 
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Figure 3. Cell Differentials (PMN and 
Macrophages) in Lavage fluid. Dose is 0.50 mg/mouse. 
Each data point represents the mean of 5-7 animals +/-
standard error. Control - ; Silica-injected -
Fiber-injected - — 
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elicited a significantly higher number of PMN and 

macrophages than did the instillation of 0.50 mg fiber 

at one week post-exposure (Fig. 2, 3). 

Sub-acute inflammation was characterized by the 

presence of PMN and macrophages at levels above control 

animals at five weeks post-instillation in glass 

fiber-exposed animals (Fig. 2, 3). However, the number 

of PMN were shown to significantly decrease in animals 

treated with 0.25 mg fiber, whereas the number of PMN 

slightly increased in 0.50 mg-injected partners. The 

number of macrophages remained relatively constant 

between one and five weeks post-exposure in both groups 

(0.25, 0.50 mg) of fiber-instilled mice (Fig. 2, 3). 

The resolution of cellular inflammation was 

evident at fifteen weeks post-exposure in 

fiber-instilled mice. Levels and percentages of PMN 

and macrophages in fiber-instilled mice were elevated 

at five, but not at fifteen weeks post-exposure (Fig. 

2, 3). In fact, the number of both cell types in 

fiber-treated mice at fifteen weeks post-exposure was 

similar to that of the control animals (Fig. 2, 3; 

Appendix B). 

Total Protein in Lavage Fluid 

Changes in the integrity of the epithelial 

lining and/or the release of cellular enzymes and 
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constituents were monitored through changes in the 

protein level of the lung lavage fluid. The minimal 

release of protein due to lysis, phagocytic activity, 

or an increased level of vascular permeability occurred 

in the pulmonary airways of glass fiber-exposed mice. 

At one week post-exposure, protein levels in glass 

fiber-treated animals (0.50 mg) resembled those of 

control animals (Fig. 4). This minimal level of 

proteinosis in comparison to control animals was also 

seen in mice receiving 0.25 mg of fiber (Fig. 4). 

Cellular and airway integrity were maintained in 

fiber-instilled mice at five weeks post-exposure. 

Although the protein level of the lavage fluid of 

fiber-exposed animals (0.25, 0.50 mg) was significantly 

elevated over that of the control animals at five weeks 

post-exposure, the level was similar to that seen at 

one week post-instillation in these animals (Fig. 4). 

Minimal changes over time in pulmonary airway 

integrity were evident in glass fiber-instilled mice. 

At fifteen weeks post-instillation, glass fiber-treated 

groups (0.25, 0.50 mg) displayed a protein level 

similar to that seen in these animals at five weeks. 

In addition, the protein level in fiber-treated mice 

was similar to that of the control animals at fifteen 

weeks post-exposure (Fig. 4, Appendix C). 
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15 TIME (WEEKS) 

Figure 4. Total Protein in Lavage fluid. Dose 
is either 0.25 or 0.50 mg/mouse. Each data point 
represents the mean of 5-7 animals + /- standard error. 
Control - 1; Silica-injected - ; Fiber-injected 
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Hydroxyproline Content of the Lungs 

Changes in collagen metabolism were monitored by 

the hydroxyproline content of the lungs. A 

significantly increased level of hydroxyproline was 

detected as early as one week post-exposure in the 0.25 

mg fiber-treated group (p < 0.05, Fig. 5). In 

contrast, the hydroxyproline content of 0.50 mg glass 

fiber-instilled mice was similar to that of the control 

animals at one week post-exposure (Fig. 5). 

Changes in the rate of collagen 

synthesis/degradation were detected in glass 

fiber-exposed mice. Glass fiber-treated animals (0.50 

mg) displayed a significant increase in hydroxyproline 

content between one and five weeks post-exposure (Fig. 

5). In addition, the level of this imino acid in both 

groups of fiber-instilled mice (0.25, 0.50 mg) were 

elevated in comparison to control animals at five weeks 

post-exposure (Fig. 5). 

The instillation of glass fibers did not cause a 

prolonged imbalance of collagen metabolism in the lung-. 

Hydroxyproline levels in fiber-treated mice (0.25, 0.50 

mg) were seen to significantly decrease at fifteen 

weeks post-exposure in comparison to levels seen at 

five weeks in these animals (Fig. 5, Appendix D). In 

addition, fiber-treated mice displayed a hydroxyproline 
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Figure 5. Hydroxy proline Content of the Lungs. 
Dose is either 0.25 or 0.50 mg/mouse. Each data point 
represents the mean of 5-7 animals +/- standard error. 
Control - • ; Silica-injected - ; Fiber-injected 
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content similar to that of the control animals at 

fifteen weeks post-exposure. 

Luna Indices 

Inflammatory and/or fibrotic responses to 

particulates in the lung were reflected by changes in 

lung weight/body weight ratios (body weight remained 

constant throughout the one to fifteen week period). 

The wet lung weights of glass fiber- and 

silica-injected animals were compared to latex-injected 

mice since the lung weights of saline-instilled mice 

were used to normalize these values. The relative wet 

lung weight of glass fiber-treated animals (0.25, 0.50 

mg) was significantly elevated at one week 

post-exposure in comparison to latex-injected mice 

(Fig. 6). 

The continuation of cellular inflammatory 

changes were evident in glass fiber-treated mice at 

five weeks post-exposure. Lung indices in both of the 

fiber-treated groups (0.25, 0.50 mg) remained 

significantly elevated at five week post-exposure in 

comparison to control animals (Fig. 6), correlating 

with the consistently elevated inflammatory cell number 

and cell type seen at this time (Fig. 2, 3). 

The resolution of inflammatory and fibrotic 

changes in the lungs was further evidenced in the 
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Figure 6. Lung Indices (relative wet lung 
weight). Dose is either 0.25 or 0.50 mg/mouse. Each 
data point represents the mean of 5-7 animals +/-
standard error. Control - ; Silica-injected -
Fiber-injected —— . 
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decreased lung weight of glass fiber-instilled mice at 

fifteen weeks post-exposure (Fig. 6, Appendix E). 

Histological Evaluation 

Inflammation within and around the air spaces 

was histologically evident in glass fiber-instilled 

mice at one week post-exposure (Fig. 7a). The alveolar 

septa were thickened due to the presence of 

inflammatory cells such as PMN and macropahges. 

Occlusion of the air spaces in isolated areas was also 

evidenced, suggesting focal areas of cellular 

infiltration. 

Glass fibers induced sub-acute inflammation as 

evidenced by focal areas of thickening of the alveolar 

septa. At five weeks post-exposure (Fig. 7b), 

fiberglass-laden macrophages were present in the 

alveolar spaces and the surrounding areas. Although 

the cellular reaction was not as profuse as that seen 

in fiber-exposed animals at one week post-exposure, the 

presence of cellular debris in the airway at five weeks 

post-exposure suggested incomplete clearance of the 

particulate at this time. 

The resolution of glass fiber-induced pulmonary 

changes in the chronic stage was histologically 

apparent at fifteen weeks post-exposure (Fig. 7c). The 

alveolar septa resembled those of the saline controls 



44 

Figure 7. Histological Evaluation. Dose is 
0.50 mg mouse. 7a. One Week Post-exposure. 7b. Five 
Weeks Post-exposure. 7c. Fifteen Weeks Post-exposure. 
7d. Cells in Lavage Fluid. 
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and the airways were clear of cellular debris. 

Histological analysis at fifteen weeks post-exposure 

confirmed the resolution of inflammatory changes 

detected by other parameters in fiber-instilled animals 

at one and five weeks. 

Analysis of the stained cells from the lavage 

fluid of the lung showed that glass fibers caused a 

cellular infiltrate characterized by the presence of 

macrophages and PMN (Fig. 7d). At one week 

post-exposure, macrophages were seen to engulf glass 

fibers, many of which were too large to be ingested. 

Fibers were visible intra- and extracellularly in the 

lung lavage fluid, demonstrating that the particulate 

had reached the alveolar spaces of the lung tissue. 



DISCUSSION 

The temporal relationship of inflammatory and 

fibrotic changes induced by intratracheal exposure to 

glass fibers were evaluated in a well-developed murine 

model of silicosis (Callis et al., 1983). The effect 

of particulate dose on the relative pulmonary response 

was also evaluated in this murine model. Only those 

fibers which were respirable and of the critical 

dimension suggested by Stanton et al. (1977) were used, 

thereby controlling for two important factors 

(respirability and pathogenic dimension) in the 

relative assessment of the potential toxicity of this 

agent to man. 

Temporal Pulmonary Response to Glass Fibers 

An acute inflammatory response was elicited by 

the presence of glass fibers as indicated by an early 

increase in the number of total cells and the presence 

of an elevated number of polymorphonuclear cells (Fig. 

1-3). Glass fiber-exposed mice also demonstrated a 

significantly increased lung index at this time point 

(Fig. 6), reflecting the influx of cells and fluid 

exudate from the vascular bed which typically 

46 
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accompanies acute inflammation. However, in 

fiber-instilled animals, increased inflammatory cell 

number was not associated with an increased protein 

level at one week post-instillation (Fig. 4), 

suggesting minimal changes in cellular and airway 

integrity. An elevated hydroxyproline content was 

displayed in animals receiving 0.25 mg of glass fiber 

at one week post-exposure, but not in mice receiving 

0.50 mg fiber (Fig. 5). In addition, 0.25 mg 

fiber-instilled mice demonstrated a significantly 

increased number of polymorphonuclear cells and 

macrophages in comparison to 0.50 mg-injected partners 

at one week (Fig. 2, 3). The difference in 

inflammatory cell number (Fig. 1) and hydroxyproline 

content (Fig. 5) between 0.25 and 0.50 mg-instilled 

animals at one week post-exposure suggests a 

correlation between the appearance of inflammatory 

cells and an elevation in the level of this imino acid. 

The changes induced by the presence of glass fibers at 

one week post-exposure demonstrated that an acute 

inflammatory response with the presence of an elevated 

number of PMN and macrophages correlated with an early 

change in collagen metabolism, but not with significant 

changes in pulmonary cellular and airway integrity. 

Sub-acute inflammation, or the continued 

presence of an elevated number of polymorphonuclear 
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cells (PMN) and macrophages with time, was elicited by 

the presence of glass fibers in the lung. At five 

weeks post-exposure, the total number of cells declined 

from week one in animals treated with 0.25 mg fiber. 

This decline appears to be due to both PMN and 

macrophage cell sub-populations, but primarily PMN. In 

contrast, animals receiving 0.50 mg glass fiber 

displayed a slightly elevated number of inflammatory 

cells in the lung composed of PMN and macrophages, with 

the latter being the primary cell type. The number of 

macrophages remained consistently elevated in glass 

fiber-instilled mice (0.25 mg), with the level of PMN 

decreased from week one but increased in comparison to 

control values. In animals receiving 0.50 mg of fiber, 

the elevated number of inflammatory cells at five weeks 

post-exposure was associated with a significant 

increase in hydroxyproline content in comparison to 

control animals and levels seen at one week (Fig. 5). 

The rate of this change (as indicated by slope of the 

line) was significantly greater than in mice instilled 

with silica, latex, or saline. This trend was not 

observed in 0.25 mg fiber-instilled mice, perhaps due 

to the marked decrease in both the number of PMN and 

macrophages seen in the animals at five weeks 

post-exposure (Fig. 5). A correlation between the 

presence of an elevated number of inflammatory cells 
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(Fig. 2, 3) and a significantly elevated hydroxyproline 

content (Fig. 5) is therefore again suggested at five 

weeks post-exposure. Although an increase in 

hydroxyproline was also shown in saline- and 

latex-instilled control mice between one and five weeks 

(Fig. 5), this change can be attributed to growth and 

dose not mask the changes seen in glass fiber-exposed 

animals. Lung indices from animals instilled with 0.25 

mg were lower at five weeks (Fig. 6), perhaps 

reflecting this decline in inflammatory cell activity 

and collagen metabolism. The decline in the lung 

indices of animals instilled with 0.50 mg may be due to 

decreasing edema since inflammatory cell acitivity and 

collagen metabolism were elevated at this time. 

Changes induced by glass fibers in the lung at five 

weeks post-exposure suggested that the acute 

inflammatory response evidenced at one week had 

progressed to a sub-acute response, and that at least 

in mice receiving 0.50 mg of fiber, this cellular 

response was accompanied by a continued increase in the 

rate of collagen synthesis/degradation. 

Inflammatory and fibrotic changes induced by the 

presence of glass fibers in the lung were resolved with 

time. At fifteen weeks post-exposure, the elevated PMN 

and macrophage number seen in fiber-instilled mice at 

five weeks was shown to significantly decrease and 
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return to those of the control animals (Fig. 1-3). 

This decline appeared to be primarily due to a 

decrease in the number of macrophages in the airspaces 

(Fig. 2, 3). In addition, this decreased inflammatory 

cell number in fiber-exposed mice between five and 

fifteeen weeks correlated with a significantly 

decreased hydroxyproline content at fifteen weeks 

post-exposure (Fig. 5). Both the hydroxyproline 

content (Fig. 5) and the lung indices (Fig. 6) in 

fiber-treated mice were similar to that of control 

animals by this time. All parameters suggested that 

inflammatory cell activity and the subsequent fibrotic 

changes were resolved by fifteen weeks post-exposure in 

fiber-instilled animals. 

The temporal changes in the lung induced by 

silica crystals demonstrated a different response 

pattern than that elicited by glass fibers. In 

contrast to glass fiber which induced an acute to 

sub-acute inflammatory response, silica-instilled mice 

displayed a biphasic pattern of cellular infiltration 

as indicated by a significantly elevated total cell 

number at one and fifteen weeks post-exposure at both 

doses (Fig. 1). Further differentiation of this 

cellular response to silica revealed a PMN infiltrate 

in the early stage (one week post-exposure) which 

progressed to a chronic macrophage infiltrate at 
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fifteen weeks post-exposure (Fig. 2, 3). In addition, 

silica-instilled animals displayed a significantly 

elevated protein level in the lavage fluid at one and 

fifteen weeks post-exposure (Fig. 4) which correlated 

with the changes seen in inflammatory cell activity. 

This observation suggests that changes in cellular and 

airway integrity in silica-instilled animals are 

asssociated with the activity and presence of 

inflammatory cells. This is in contrast to glass 

fibers, which despite elevations in inflammatory cell 

number, did not induced significant changes in protein 

content over time (Fig. 4). The lung index in 

silica-instilled mice also followed a biphasic pattern 

of relative increase and decrease over time (elevated 

at one week and fifteen weeks post-exposure), 

correlating with inflammatory cell number (Fig. 6). In 

contrast to glass fiber-exposed mice which only 

demonstrated a peak in the hydroxyproline content in 

the early stages (one and five weeks), silica-instilled 

mice displayed a gradual increase in hydroxyproline 

content throughout the fifteen week period, suggesting 

the continued synthesis and/or deposition of collagen 

(Fig. 5). Both inflammatory cell activity and 

hydroxyproline content in silica-instilled mice 

indicated an acute inflammatory response which 

progressed to chronic inflammation, and that this 
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chronic inflammation was associated with the initiation 

of permanent fibrotic damage to the lung tissue. 

In summary, the kinetics of the changes in 

pulmonary integrity induced by the presence of glass 

fibers suggested: 

Glass fibers induced an acute (early appearance 

of PMN) to sub-acute (persistent elevation in cell 

number) cellular inflammation. This inflammatory 

response, however, did not progress to chronic 

inflammation. 

The increased level of cellular infiltration at 

one week caused by the instillation of glass fibers was 

due to the presence of PMN and macrophages, and the 

decreased lev el between five and fifteen weeks was 

primarily due to the decreased number of macrophages. 

This observation indicates that glass fibers induced 

chemotactic factors for PMN as well as macrophage 

recruitment/replication factors in the early stages, 

but did not elicit a cellular response in the chronic 

stage. 

The inflammatory changes provoked by the 

presence of glass fibers in the early stages (weeks 

1-5) correlated wj.th an increase in the hydroxyproline 

content. In addition, the rate of this change in 

collagen synthesis/degradation was greater in 

fiber-instilled animals than in silica, latex, and 
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saline-injected partners, perhaps implicating PMN and 

macrophage activity in the initiation and continuation 

of changes in collagen metabolism. 

Glass fibers did not cause chronic synthesis or 

deposition of collagen. However, cellular inflammatory 

changes (increased level of PMN and macrophages at one 

and fibe weeks post-exposure) observed in glass 

fiber-exposed mice were delayed in comparison to those 

seen with silica, suggesting the need for later time 

points (6 to 12 months) in the observation of glass 

fiber-treated animals for any additional delayed 

inflammatory and/or fibrotic responses. 

These conclusions both concur and refute other 

studies in_ vivo. For example, glass fibers elicited an 

elevated number of polymorphonuclear cells and 

macrophages indicative of acute inflammation at early 

time points post-exposure (Fig. 1-3) in similar studies 

by Pickrell et al. (1983) and Sykes et al. (1983b). 

Sub-acute inflammation, or a continued elevation in the 

number of leukocytes, was reported at one month 

post-instillation of glass fibers by Pickrell et al. 

(1983) and was also noted in this experiment (Fig 1-3). 

In contrast, chronic inflammation, or the persistence 

of inflammatory cells and the beginning of repair 

activity before injurious stimuli are removed, has been 

observed in varying degree and complexity in animals 
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following exposure to glass fibers. Glass fibers did 

not evoke an elevated cell number at fifteen weeks 

post-exposure in this experiment (Fig 1-3), whereas an 

increased number of leukocytes at eleven months 

post-exposure to glass fibers was noted by Pickrell et 

al. (1983) in a similar study. Chronic inflammation as 

evidenced by isolated areas of cellular infiltration 

were observed by Schepers (1955, 1959), and Goldstein, 

Randall, and Webster (1983). 

Pulmonary fibrosis, or the replacement of normal 

pulmonary architecture with non-functional collagenous 

scar tissue over time, has also been noted in varying 

degrees following the administration of glass fibers. 

Collagen synthesis and/or deposition as indexed by an 

elevated hydroxyproline content (Woessner, 1961) was 

not observed in glass fiber-instilled animals at 

fifteen weeks post-exposure (Fig 5). The resolution of 

inflammatory and fibrotic changes induced by glass 

fibers was also reported by Gross et al. (1970), Gross 

(1970), and Schepers (1955). In contrast, Sykes et al. 

(1983b) reported constriction of the parenchymal tissue 

in glass fiber-instilled animals, and this change was 

accomanied by an elevated protein level. No such 

changes in protein level were observed in this 

experiment (Fig. 4). Pickrell et al. (1983) observed 

in glass fiber-instilled animals an elevated lung and 
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pulmonary airway hydroxyproline content at eleven 

months post-exposure indicative of fibrosis. 

As illustrated by the conflicting results 

reported by other researchers, the importance of 

inflammatory cell activity in the development of 

permanent fibrotic changes in the lung remains unknown. 

Silica, a known fibrotic agent, has been shown to 

elicit various and conflicting cellular reactions in 

experimental models. For example, although silica 

caused an elevated hydroxyproline content at fifteen 

weeks post-exposure in this experiment (Fig. 4) and the 

development of fibrosis has been well-documented by 

other investigators (Bowden and Adamson, 1984; Moores 

et al, 1981; Sykes et al., 1983a), the number of PMN 

resembled that of the control animals at fifteen weeks 

post-exposure (Fig. 2, 3). In contrast, Sykes et al. 

(1983a) and Dauber, Rossman, and Daniele (1982) 

commented on the relationship between the development 

of fibrosis and the increased recovery of PMN with 

time. In addition, an elevated pulmonary cytology is 

not consistently associated with collagen deposition 

following exposure to asbestos, which has also been 

shown to cause fibrosis in many experimental models 

(Gross, 1970; Lee et al., 1971; Goldstein, Randall and 

Webster, 1983). Sykes et al. (1983b) reported 

decreases in pulmonary cytology following asbestos 
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exposure similar to that seen with glass fibers in this 

experiment (Fig. 1-3), whereas Pickrell et al. (1983) 

demonstrated an elevated number of leukocytes at eleven 

months post-exposure in asbestos-exposed hamsters. 

The demonstration of a chronic macrophage 

infiltrate in silica-instilled animals at fifteen weeks 

post-exposure (Fig. 1-3) supports the theory that 

cellular activity is critical in the development of 

fibrosis. Activated macrophages can stimulate and 

recruit fibroblasts, or collagen-secreting cells, 

through chemotactic factors (Henson et al., 1984; 

Hunninghake et al., 1984). Cell mediators released 

from activated or educated macrophages have also been 

shown to stimulate and perpetuate macrophage 

infiltration and activity (Henson et al., 1984; 

Hunninghake et al, 1984). The lack of chronic cellular 

changes such as a macrophage infiltrate in glass 

fiber-instilled mice (Fig. 1-3) and the appearent 

return to normal collagen metabolism in these animals 

by fifteen weeks post-fiber instillation (Fig. 5) 

suggest that the macrophage is the key factor in the 

development of pulmonary fibrosis. 

Temporal evaluation of the pulmonary response 

induced by glass fibers (0.50 mg) also demonstrated an 

association between the appearance of sub-acute 

inflammation (elevated number of PMN at five weeks 
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post-exposure, Fig. 1-3) and an elevated hydroxyproline 

content at this time (Fig. 5). The presence of a 

significant number of polymorphonuclear cells in 

fiber-instilled mice (0.25 mg) at one week 

post-exposure (Fig. 2) was also associated with a 

significant hydroxyproline content at this time (Fig. 

5). These data support the theory that 

polymorphonuclear cell activity is also critical in 

collagen metabolism. The presence of collagenase and 

elastase activity in both PMN and macrophages has been 

well-established (Marom, Weinberg, And Fanburg, 1980; 

Murphy et al., 1977), thus suggesting that disturbances 

in the normal balance between collagen synthesis and 

degradation may be affected by the presence of 

inflammatory cells. 

The presence of various inflammatory cells in 

glass fiber-exposed mice may be indicative of the 

events in the lung at the cellular level. The presence 

and activity of phagocytic cells are influenced by many 

chemotactic factors, such as products from damaged 

tissue cells, various components of the complement 

cascade, and the presence of aggregated proteins and 

immune complexes. All of the factors which induce an 

acute inflammatory response have yet to be identified. 

Phagocytic cells such as PMN and macrophages can 

attempt to remove an inflammatory stimulus which is too 
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large to ingest, and following the fusion of incomplete 

phagosomes, the enzymatic content of the granules in 

these cells can be released to the extracellular milieu 

(Hunninghake et al., 1984). Cellular contents can also 

be released to the interstitium following ingestion of 

a toxic particle such as silica. The presence of an 

elevated level of PMN and macrophages at five weeks 

post-exposure (sub-acute inflammation) in glass 

fiber-treated animals (Fig. 1-3) suggests that 

chemotactic factors for these cells must be present. 

Since the glass fibers have a count median length of 

8.0 microns, it may be that many of the fibers are too 

large to be ingested initially by phagocytic cells, 

remaining free in the alveolar spaces to elicit an 

acute inflammatory response as characterized by the 

presence of polymorphonuclear cells. Perhaps 

macrophages which have been able to ingest fibers may 

be releasing chemotactic factors for other resident 

monocytes. In silica-instilled mice, the number of 

macrophages decreased between one and five weeks 

post-exposure, perhaps indicating that there are fewer 

viable macrophages present in the lung at this time 

which are capable of secreting chemotactic factors for 

other cells. The number of PMN at five weeks 

post-exposure to silica was also significantly 

decreased from levels seen at one week, suggesting that 
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macrophage-derived chemotactic facros were decreased as 

well. 

Varying cytotoxic activity between glass fibers, 

silica, and asbestos may be responsible for the 

differences observed in their effect on pulmonary 

integrity. A 1972 study by Beck, Holt, and Manojlovic 

suggests that glass fibers may produce changes in 

membrane permeability without exhibiting a true 

cytotoxic action on cells. In their experiment, both 

glass fibers and silica produced elevated levels of 

cytoplasmic and lysosomal enzymes, whereas only those 

cells exposed to silica displayed a decreased metabolic 

capacity (as evidenced by decreased lactate 

production). Studies _in_ vitro with glass fibers have 

proven inconclusive as to the nature and result of 

observed changes in membrane permeability following 

fiber exposure (Aalto and Heppleston, 1984; Beck, Holt, 

and Manojlovic, 1982; Tilkes and Beck, 1983). In 

contrast, the known cytotoxic effect of silica 

(Allison, Harington, and Birbeclc, 1966; Nash, Allison, 

and Harington, 1966; Beck and Holt, 1972) is believed 

to be a key factor in the stimulation of inflammatory 

cell activity. Additional reports suggest that the 

activity of these polymorphonuclear cells may be 

important in the generation of silicosis (Bowden and 

Adamson, 1984; Callis et. al, 1983; Sykes et al., 
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1983a). The significantly elevated protein content in 

silica-treated animals (Fig. 4) in comparison to 

saline- and fiber-injected animals also suggests 

different mechanisms of cellular inflammatory and toxic 

activity between the two particulates. Cytotoxicity is 

believed to be responsible for the ineffectiveness of 

the lung's clearance mechanisms against silica 

particles, thus allowing their continued presence and 

the perpetuation of inflammatory and fibrotic activity. 

Therefore, if glass fibers are less cytotoxic than 

silica and perhaps asbestos particles (Beck, Holt, and 

Manojlovic, 1982; Tilkes and Beck, 1983), they may be 

able to be cleared from the lung before the chronic 

changes associated with pulmonary fibrosis begin. 

Effect of Dose on Particulate-Induced 
Response Trends 

Significant differences in the level of cellular 

infiltration and the level of hydroxyproline were 

evoked by the two doses of fiber (0.25, 0.50 mg/mouse) 

at various time points. These differences confirmed 

the correlation between the presence of 

polymorphonuclear cells and an elevated hydroxyproline 

content in fiber-instilled animals. Early cellular 

inflammatory levels in 0.25 mg glass fiber-exposed mice 

were significantly elevated over levels in the 0.50 mg 

fiber-treated group as well as over control animals 
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(Fig. 2, 3). In addition, mice exposed to 0.25 mg of 

glass fiber demonstrated an elevated hydroxyproline 

content at one week post-exposure in comparison to 

levels seen with the instillation of 0.50 mg fiber as 

well as compared to control animals. No such 

differences in response trends associated with dose 

were detected when protein levels and lung indices were 

utilized. The effect of dose on the level of cellular 

infiltration suggests that a lower dose of fibers may 

be more inflammatory in the early stages than a higher 

dose. Perhaps with less fiber present, inflammatory 

cells are stimulated to release macrophage and PMN 

chemotactic factors, whereas a large number of fibers 

may functionally impair phagocytic cells. 

The instillation of 0.25 mg silica also evoked a 

significantly higher number of PMN than did 0.50 mg, 

but, in contrast to glass fibers, elicited fewer 

macrophages than did the instillation of 0.50 mg silica 

(Fig. 2, 3). Other researchers have noted a positive 

correlation between the dose of silica and the early 

number of polymorphonuclear cells (Callis, personal 

communication; Sykes et al., 1983a). In addition, a 

positive correlation between hydroxyproline content of 

the lung and the number of PMN was suggested by Sykes 

et al. (1983a). In contrast to this theory, the lower 

dose of silica (0.25 mg) evoked an elevated number of 
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PMN at one week post-exposure, but a significantly 

lower hydroxyproline content at fifteen weeks 

post-exposure in comparison to 0.50 mg-injected 

partners (Fig. 5). Therefore, a positive correlation 

between the number of polymorphonuclear cells and the 

development of fibrosis following the administration of 

silica was not found in this study. 

In summary, the effect of fiber dose on pulmonary 

integrity suggested: 

An association exists between dose of glass 

fiber and the number of inflammatory cells (PMN and 

macrophages) at one week post-exposure which indicates 

that with a decreased dose, there is an increased level 

of cellular infiltration. 

The association between levels of both types of 

inflammatory cells is different between glass fiber and 

silica-instilled mice at one week post-exposure. Glass 

fibers evoked a significantly higher number of PMN and 

macrophages with instillation of 0.25 mg, whereas 

silica evoked more PMN but fewer macrophages with the 

0.25 mg dose in comparison to the 0,50 mg dose. 

A positive correlation exists in glass 

fiber-instilled mice between the level of 

polymorphonuclear cells and the hydroxyproline content 

of the lung. A significantly elevated number of PMN at 

one and five weeks post-exposure was consistently 
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associated with an elevated hydroxyproline content at 

this time, and the decrease in PMN at fifteen weeks was 

associated with a decrease in the level of this imino 

acid at fifteen weeks post-exposure. 

These conclusions may be important in the 

elucidation of the role of inflammatory cells in the 

development of pulmonary inflammation and fibrosis. 

The higher dose of particulates may produce a higher 

particle/cell ratio than the lower dose, which perhaps 

may cause an increased number of macrophages to die, 

decreasing the release of cell mediators and 

chemotactic factors. Cell mediators released from 

activated macrophages have been shown to stimulate and 

perpetuate macrophage infiltration and activity (Henson 

et al., 1984; Hunninghake et al., 1984). Therefore, 

the lower dose of particulate may in fact allow the 

persistence of an increased number of inflammatory 

cells and cause the release of more cell mediators from 

viable macrophages, subsequently triggering more 

chemotactic activity than in the higher dose. 

The importance of inflammatory cell activity in 

collagen metabolism in the lung was demonstrated by 

animals instilled with glass fibers. The positive 

correlation in glass fiber-instilled mice of 

polymorphonuclear cell number and hydroxyproline 

content was evident from one to fifteen weeks 
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post-exposure (Fig. 1-3, 5). No such correlation was 

found between PMN number and hydroxyproline content at 

any time in silica-instilled mice. Silica-treated 

groups (0.25, 0.50 mg) demonstrated an elevated 

hydroxyproline content at fifteen weeks post-exposure 

but did not demonstrate an elevated number of PMN at 

this time (Fig. 1-3, 5). In addition, both silica and 

glass fiber were shown to evoke an elevated number of 

PMN at one week post-exposure (Fig. 2, 3), but these 

inflammatory changes progressed to the chronic 

deposition of collagen in only silica-instilled mice 

(Fig. 5). Since the elevated hydroxyproline content in 

fiber-instilled mice in association with an elevated 

level of PMN occurred only at one and at five weeks 

post-exposure (Fig. 1-3, 5), this suggests that whereas 

PMN may be important in the initiation of collagen 

synthesis and degradation in the early stages of 

inflammatory damage, their presence does not effect the 

chronic synthesis and deposition of collagen. 
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Summary of Results 

Indicator Glass Fiber Silica 

Cell Number (acute) + + 
Cell Number (chronic) - + 
Macrophage (acute) + + 
Macrophage (chronic) - + 
PMN (acute ) + + 
PMN (chronic) 
Total Protein (acute) - + 
Total Protein (chronic) - + 
Hydroxyproline (acute) + 
Hydroxyproline (chronic) - + 
Histology (acute) + 
Histology (chronic) - + 

Conclusions and Implications 
for Future Studies 

Glass fibers induced acute cellular inflammation 

which progressed to a sub-acute pulmonary response. 

Exposure to this agent could potentially be harmful to 

man in various ways: inflammatory changes could 

compromise the host, thereby making the respiratory 

system susceptible to other environmental hazards, or 

these changes could progress to an interstitial 

pneumonitis. 

Glass fibers of this size distribution did not 

elicit a well-defined pulmonary fibrosis at fifteen 

weeks post-exposure. However, future studies at longer 

time points of observation such as six to twelve months 

post-exposure may be necessary before the fibrogenicity 

of this agent can be fully defined. 
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The effect of fiber dose on pulmonary response 

demonstrated that the lower dose evoked an increased 

number of inflammatory cells at early time points 

post-exposure. This apparent reversal in dose/response 

trend induced by the presence of glass fibers perhaps 

suggests the need for continued evaluation of the 

response to lower levels of fiberglass exposure. 



Appendix A 

Total Cell Number in Lavage Fluid 
(cells/ml x 100,000) 

Dose = 0.25 rag/mouse 

Weeks Saline Latex Silica Glass Fiber 

1 4.15 4.41 9.70 14.30 
5 1.83 2.02 6.25 7.03 

15 2.84 3.09 9.70 2.57 

Dose = 0.50 rag/mouse 

Weeks Saline Latex Silica Glass Fiber 

1 3.15 4.41 11.10 5.79 
5 2.18 3.13 5.70 7.62 

15 2.64 2.44 9.55 3.70 
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Appendix B 

Cell Differentials (cells/ml x 100,000) 
Polymorphonuclear Cells (PMN) and Macrophages (mac) 

Dose = 0.25 rag/mouse 

Weeks Saline Latex Silica Glass Fiber 

1 0.03 0.54 3.84 6.72 PMN 
4.07 3.69 5.45 7.29 mac 

5 0.02 0.03 0.49 1.29 PMN 
1.80 1.96 5.64 5.41 mac 

15 0.09 0.06 0.19 0.15 PMN 
2.68 2.93 9.20 2.19 mac 

Dose = 0.50 mg/mouse 

Weeks Saline Latex Silica Glass Fiber 

1 0.01 0.06 2.28 0.86 PMN 
2.99 3.75 8.85 4.94 mac 

5 0.04 0.18 0.60 1.40 PMN 
2.11 2. 91 4.99 5.94 mac 

15 0.16 0.21 0.00 0.05 PMN 
2.57 2.14 9.22 3.52 mac 
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Appendix C 

Protein Level in Lavage Fluid (mg/ml) 

Dose = 0.25 mg/mouse 

Weeks Saline Latex Silica Glass Fiber 

1 0.335 0.170 0.583 0.421 
5 0.162 0.136 0.401 0.406 

15 0.643 0.564 0.802 0.511 

Dose = 0.50 mg/mouse 

Weeks Saline Latex Silica Glass Fiber 

1 0.167 0.144 1.40 0.189 
5 0.083 0.153 0.382 0.345 

15 0.220 0.258 1.11 0.510 
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Appendix D 

Hydroxyproline Content (micrograms/lungs) 

Dose = 0.25 mg/mouse 

Weeks Saline Latex Silica Glass Fiber 

1 187 166 243 342 
5 199 195 242 276 

15 195 208 268 220 

Dose = 0.50 mg/mouse 

Weeks Saline Latex Silica Glass Fiber 

1 149 166 246 175 
5 195 259 316 393 

15 233 216 422 267 
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Appendix E 

Lung Indices (Relative Wet Lung Weight) 

Dose = 0.25 mg/mouse 

Weeks Latex Silica Glass Fiber 

1 1.08 1.21 1.64 
5 1.07 1.18 1.49 

15 1.03 1.41 1.28 

Dose = 0.50 mg/mouse 

Weeks Latex Silica Glass Fiber 

1 1.04 1.50 1.62 
5 0.93 1.11 1.36 

15 1.07 1.54 1.27 
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