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IN VIVO EFFECTS OF DEXAMETHASONE AND INDOMETHACIN ON

NEUTROPHIL-INDUCED ALTERATIONS OF NASAL EPITHELIAL MUCOSUBSTANCES

Abstract. - Previous studies have shown that neutro-

phIls migrating through rat nasal mucosal epithelium, PRINCIPAL INVFSTrGATORS

in response to intranasal instillation of endotoxin, J. A. Hotchkiss

induce a transient decrease in stored epithelial J. V. Portereiko

mucosubstances. Prostaglandins and leukotrienes can J. R. Harkema

either increase or decrease mucous secretion of airway

epithelia in vitro. In this study, rats were treated with indomethacin a specific nhibitor of

prostaglandin synthesis, or with dexamethasone, a general Inhibitor of arachidonic acid

metabolism, and challenged with ntranasally instilled endotoxin. Dexamethasone alone or in

combination with ndomethacin, but not Indomethacin alone, significantly altered the neuLrophll

response to intranasally instilled endotoxin and may have inhibited the noutrophil-induced

decrease in stored mucosubstances. These data suggest that leukotrienes and possibly

Prostaglandins play a significant role in the coordinated response of the nasal mucosal epitholium

to an acute nflammatory stimulus.

Many inhaled toxicants such as ozone, sulfur dioxide, cigarette smoke, and formaldehyde can

induce an acute influx of inflammatory cells into the nasal cavity of both laboratory animals and

humans. Harkema et a.1 have shown that an influx of neutrophils (PMN) into the rat nasal mucosal

epithelium causes a transient decrease in the amount of stored epithelial mucosubstances. Several

leukotrienes and rostaglandins have been shown to be secretagogues in vitro,2,3 and may be

involved in the regulation of epithelial mucous secretion in vivo. Nonsteroidal anti-inflammatory

drugs such as indomethacin and aspirin decrease prostaglandin synthesis by inhibiting

prostaglandin synthetase. Steroidal anti-inflammatory drugs such as dexamethasone and

hydrocortisone decrease the production of products of both the cyclooxygenase and lipoxygenase

pathways (i.e., Prostaglandins and leukotrienes) by inhibiting the phospholipase A2-mediated

release of arachidonic acid from membrane phospholipids. The present study was designed to

investigate the in vivo effects of indomethacin and dexamethasone on (1) endotoxin-induced

neutrophil influx and 2 neutrophil-induced depletion of stored epithelial mucosubstances in the

nasal cavities of rats.

METHODS

Groups of female F344/N 10-12 wk old) rats (n = 6/group) were intranasally instilled with 0

1A of sterile, pyrogen-free saline containing 0.5 mg endotoxin E (E. coli 0111:B4) or saline (S)

alone. The rats were then injected i.p. with indomethacin (I) or dexamethasone (D) alone, or in

combination (I+D), 4 mg each/kg body weight) in sodium bicarbonate (B) or were injected with

diluent only. One group of rats (endotoxin nose lung; E NQ were instilled intranasally with

0.5 g endotoxin and intratracheally with 1.5 mg endotoxin. The treatment groups are summarized

in Table 1 . Rats were sacrificed 6 h after intranasal instil lation. Following euthanasia, the

nasal cavity was f lushed retrograde through the nasopharyngeal orif ice with 10 mL of saline and

was fixed and processed for light microscopy.1 Cells were recovered from nasal lavage fluid by
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Table I

Summary of Ireatment Groups

ip Injection

Nasal Indo+

Instillate Bicarb a Indo b Dex (D) c DexM__ - M- -
Saline (S) S/B S/I S/D S/1+D

Endotoxin (E) E/B E/I E/D E/1+0

a8icarb r sodium bicarbonate buffer.

b1ndo indomethacin.

cOex dexamethasone.

centrifugation, and total and differential cell counts were performed. Morphometric quantitation

of intraepithelial neutrophils (neutrophils/mm basal lamina) and stored acidic mucosubstances

[Alcian blue (pH 25) stainable-mucosubstances/mm basal lamina] within the mucociliary respiratory

epithelium covering the nasal septum was performed as previously described.1 The site within the

nasal cavity tat was sampled is depicted in Figure 
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F igure 1. Site sampled in the rat nasal cavity. (A) Ventral view of rat hard palate.
(B) Anterior face of sampled tissue block with higher magnification of area of nasal septum used
for morphometric quantitation of intraepithelial neutrophils and stored epithelial mucosubstances.

RESULTS

Rats intranasally instilled with endotoxin had significantly more intraepithelial neutrophils

(Fig. 2A) and significantly less stored mucus (Fig. 2B) than did saline-instilled (control) rats 6

h after instillation. Compared to rats given nose-only endotoxin instillation, rats that were

given simultaneous intranasal and intratracheal endotoxin (i.e., E NL) had significantly fewer

PMN wi th i n t he na sa 1 mucosa I ep i the I i um 6 h a fte r i ns t i 1 at i on ( F i g. 2A) . Although te number of

PMN/mm ba sa I I am na was s I i ght I y g rea ter tha n i n sa 1 i ne - i n st i I ed cont rol s ( F i g . 2A) , there was no

difference in the quantity of stored epithelial mucosubstances (Fig. 28).

]here was no difference in the number of intraepithelial PMN or quantity of stored mucus

between any of the control groups (i.e., S/B, S/D, S/1, and S/I+D). Therefore, the data from

these groups were combined and are presented as a single control group (n 24). All rats given
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Figure 2 Quantitation of (A) intraepithelial neutrophils and (B) stored epithelial
mucosubstances 6 h after intranasal insti I lation of sal ine (S) or endotoxin ( ) or simultaneous
intranasal and intratracheal instillation of endotoxin E NL). Values are mean SEM (n - .
* � Significantly different tan controls. # = Significantly different than E.

intranasal endotoxin (E/B, E/I, E/D, and E/I+D) had significantly more intraepithelial PMN than

did controls (Fig. 3A). However, the combination of indomethacin and dexamethasone (E/I+D)

significantly decreased the number of intraepithelial PMN compared to rats given endotoxin alone

(E/B) or in conjunction with indomethacin (E/1) (Fig. 3A). Compared to controls, rats treated

with endotoxin alone (E/B) or with indomethacin (E/1) had significantly less stored ucus h

after instillation. However, there was no decrease in stored epithelial mucus in rats that were

treated with dexamethasone (E/D and E/IfD) (Fig. 3B). lhe number of PMN within the lumen of te

nasal cavity was also determined for each rat. All rats intranasally instilled with endotoxin had

significantly increased numbers of PMN in nasal lavage fluid 6 h after instillation (Fig. 3C).

But rats that received dexamethasone and endotoxin (E/D and E/I+D) had significantly more luminal

PMN tan rats given endotoxin alone (E/B).
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Figure 3. Quantitation of (A) intraepithelial or (C) luminal neutrophils and (B) stored
epithelial mucosubstances 6 h after intranasal instillation of endotoxin (E) and intraperitoneal
injection of indomethacin (1) or dexamethasone (). Values are mean i SM (control n = 24; others
n � 6). Significantly different than controls. Significantly different than E/S.

437



DISCUSSION

In the present study, we instilled a potent neutrophil chemotaxinogen, endotoxin, into thE?

nasal cavities of rats and induced a massive influx of neutrophils that was greatest b h after

instillation. We also quantitated the amount of stored epithelial mucosubstances within the nasal

septum and found that there was a decrease in stored mucus concomitant with the transepithelia�

migration of PMN. The decrease in stored mucus was due to the migrating PMN and not to endotoxin

alone, since endotoxin, present intranasally, in the absence of migrating PMN (E NL group), did

not alter the amount of stored mucus normally present.

Indomethacin did not diminish the cellular inflammatory response to endotoxin and did ot

prevent the neutrophil-induced diminution of stored epithelial mucosubstances. In fact, rats

treated with indomethacin had slightly more intranasal neutrophils than rats that received

endotoxin alone. The reason for this is unknown, but may have resulted from increased synthesize
U U

of LT 4 (a neutrophil chemotactic agent) due to an indomethacin-induced increase in substrate

availability to the lipoxygenase pathway.

Rats that received dexamethasone had fewer intraepithelial neutrophils, but significantly more

neutrophils within the nasal lumen than did rats that received endotoxin only. This suggests that

dexamethasone alone or in combination with indomethacin may have altered the kinetics of te

neutrophil response to intranasal instillation of endotoxin. Even though the number of

intraepithelial neutrophils was higher than in control rats, there was no decrease in the amount

of stored mucus in rats that were given dexamethasone. This may indicate that dexamethasone

altered the interaction of the migrating neutrophils with the nasal epithelium in such a way that

the PMN could not stimulate the release of stored epithelial mucus. If as the data suggest, the

peak period of transepithelial PMN migration was much earl ier in rats that received dexamethasone,

then we may have missed a transient decrease in stored mucus in these rats by only examining the

response after 6 h. However, it seems unlikely that intracytoplasmic mucosubstances could be

replenished so quickly. Further studies designed to look at the neutrophil and epithelial

responses at earlier, and perhaps later, timepoints are needed to understand the effects of

dexamethasone in this model system of acute nasal inflammation. One thing that is clear from

these results is that only neutrophils within the epithelium, and not these within the nasal

lumen, influence the quantity of stored epithelial mucosubstance during an acute inflammatory

response.

In summary, we have shown that the nonstercidal anti-inflammatory drug, indomethacin, b�

itself, has no effect on either the endotoxin-induced acute nasal inflammatory response, or on the

transient, neutrophil-induced diminution of stored epithelia] mucosubstances. This suggests that

Prostaglandins are not the primary mediators of these effects. In contrast, dexamethasone, alone

or in combination with indomethacin, profoundly affects the kinetics of the neutrophil response to

endotoxin and may prevent the neutrophil-induced alterations in stored epithelial mucosubstances.
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