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ABSTRACT

Background: Salbutamol (salb) is a selective (32-adrenergic receptor agonist used for the
asthma to relieve bronchospasm. Because of the presence of $2-adrenoceptors in salivary glands,
salbutamol may have an effect on salivary composition. This study was carried out to evaluate the
effect of Salbutamol on ultrastucture of parotid glands.

Materials and Methods: Study group (15 male albino rat) treated with injections of salb, while
the control group (15 male albino rat) received saline. Rats were sacrificed at periods of 2 and 7
days of treatment and then one week after stoppage of treatment. The parotid was dissected and

processed for transmission electron microscopy.

Results: after 2 days, acinar cells of the salb treated glands showed cytoplasmic vacuolization,
granules of different electron densities with few electron dense bodies and rough endoplasmic
reticulum (RER) with irregularly arranged cisternae. Dense areas of chromatin were observed at
the periphery of the nucleus. After 7 days of salb treatment, the nucleus was compressed toward the
base of the cell. One week after stoppage of salb, some cytoplasmic alterations still present.

Conclusion: short term treatment with salb drug leads to ultrastructural changes of the parotid
and some of these changes still present after one week from cessation of the drug.
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INTRODUCTION fibrosis of subepithelial layer, hyperplasia of goblet

. cell, and hypertrophy of airway smooth muscle
Asthma is at once one of the most frequent . P PRy Y ) )
M, Previously, however, non selective adrenergic

chronic diseases in developed countries. It is . . . .
agonists, such as inhaled epinephrine, have been

characterized by reversible airway obstruction, ygeq o relieve asthmatic bronchoconstriction @,
hyper-responsiveness, and inflammation. The they are not recommended due to their excessive

structural changes of the airway of asthma include cardiac stimulation®.
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Nowadays,  bronchoconstriction in asthma
is commonly alleviated with [3,-agonists such as
Salbutamol (salb), and formoterol. But, it was found

that their over-use is associated with side effects @.

Many types of

adrenoceptors

receptors, including B
exist in salivary gland tissues,
suggesting that salivary glands may contain target
systems for many drugs like - receptor drugs
(5). Parasympathetic stimulation of salivary gland
acting on muscarinic—cholinergic receptors increase
water and electrolyte secretion while sympathetic
stimulation, acting through B-adrenergic receptors

(B-AR) increase protein synthesis and secretion ©.

Systemic use of isoproterenol in rat leads
to salivary gland enlargement that is preceded
by massive protein secretion . This glandular
enlargement is caused by hyperplasia (increased
numbers of acinar cells) and hypertrophy (increased
size of acinar cells) ®. The cellular changes
associated with salivary gland enlargement include
DNA synthesis ), an increase in glandular protein
synthesis ', and differential changes in RNA
transcription, with upregulated proline-rich protein
(PRP) gene and downregulated amylase gene 17,

However,the effects of non selective $-adrenergic
agonists have been studied extensively in rodents,
the ultrastructural cellular effects of the selective 1
and 32 agonists have been much less studied. The
aim of this study was to evaluate the effect of Salb
on the ultrastucture of the parotid salivary glands.

MATERIAL AND METHODS

All experiment study was done in Mansoura
experimentalresearchcenter(MERC)accordingtoan
ethical committee of Faculty of Dentistry, Mansoura
University with code number (18060218). Thirty
male, white albino rats weighing approximately
200 to 250 g were kept under laboratory conditions.
The animals were acclimatized for 2 weeks before
starting the study and then divided into two groups.
The first group (control group), consisted of fifteen
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rats and given saline solution. The second group
(study group) consisted of fifteen rats and received
salb treatment.

Drug administration:

The saline and Salb were administered by the
intraperitoneal route. The rats of the study group
were given Salb in a dose of 4mg/kg body weight
(Ventolin, GlaxoSmithKlein, Brentford, United
Kingdom) daily . The rats in the control group
were given equivalent volumes of saline. The
treatment periods were continued for 7 days 1.

Five rats of both control and study groups were
randomly chosen and sacrificed by thiopental at
periods of 2 and 7 days. The remaining animals
were sacrificed at one week after the end of the
treatment period. In preparation for examination
by transmission electron microscopy (TEM),
Collected tissue was immersed and fixed in 2.5%
glutaraldehyde and post-fixed with 1% osmium
tetroxide. After ethanol dehydration, samples
were embedded in resin. Slices (90—-100 nm) were
prepared, and after staining with uranyl acetate and
lead citrate, were examined with a transmission

electron microscope.

RESULTS
Transmission electron microscopy:

Control group:

No differences were observed in the control group
at different periods. The cytoplasm was filled with
granules of different shapes. The rough endoplasmic
reticulum (RER) and large mitochondria were
surrounded by secretory granules. The granular
endoplasmic reticula were rectangular and dense.
Numerous microvilli were present in the lumen of
the intracellular canaliculi. The mitochondria were
of various sizes and morphology, but maintained the
parallel aspect of the outer membrane. Uniformly
dispersed chromatin was observed. An empty
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Fig. (1) (a) TEM of control shows rough endoplasmic reticulum
(RER) with irregular condensed aspect, secretory
granules (SG) filling the cytoplasm, microvilli (Mv) in
the lumen, mitochondria (M), and part of the nucleus
(N). (b) TEM of control shows an empty striated duct
with microvilli (Mv).

striated duct with short microvilli in the apical
membrane of the cells (the gland produced secretion
spontaneously) (fig. 1).

Salbutamol treated group:

In the ultrastructural analysis, the acinar cells
of the salb treated parotid glands at 2 days showed
various alterations in the cytoplasmic organelles.
Rough endoplasmic reticulum (RER) presented
some expanded portions with cisternae arranged
irregularly. The cytoplasm contained granules of
different electron densities and a few of them have
an electron dense body. Cytoplasmic vacuolization
was observed. Intramitochondrial vacuolization was
observed. Dense areas of chromatin were observed
at the periphery of the nucleus. The lumen of the
acini contained abundant microvilli and secretory
materials (fig. 2).

At 7 days after salb treatment, there were
expanded and irregular RER and different sizes,
shapes and densities of secretory granules with some
granules have dense core materials. The nucleus

was compressed toward the base of the cell (fig. 3).
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One week after stoppage of salb treatment, some
cytoplasmic alterations still present. RER showed
some expanded cisternae and dense bodies still
seen inside some secretory vesicles. Some vacuoles
were seen in the cytoplasm and variations in the
maturation of secretory granules (fig. 4).

Fig. (2) (a) TEM of salbutamol treated group at 2 days shows
dilated rough endoplasmic reticulum (RER), electron
dense bodies within the secretory granules (db), vacu-
oles (V) within the cytoplasm, and destructed mitochon-
dria (M).(b)TEM of salbutamol treated group at 2 days
shows dilated RER, secretory materials (Sm) within the
lumen, and intact desmosomal connection (D).

Fig. (3) (a): TEM of salbutamol treated group at 7 days shows
dilated rough endoplasmic reticulum (RER), and
different sizes of secretory granules (SG).(b): TEM
of salbutamol treated group at 7 days shows irregular

expanded reticulum (RER),
some secretory granules contain dense materials, and

rough endoplasmic

compressed nucleus.
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Fig. (4) (a). TEM 7 days after stoppage of the treatment shows
expanded rough endoplasmic reticulum (RER), and
cytoplasmic vacuoles (V).(b): TEM 7 days after
stoppage of the treatment shows dense materials
inside secretory granules (dp), different maturation
of secretory granules (SG), and irregular rough
endoplasmic reticulum (RER).

DISCUSSION

The efficacy of the non-selective [} agonist
isoproterenol on salivary glands has been shown
by several researches. There is general agreement
that gland enlargement observed in salivary gland
after administration of isoproterenol is caused
by hyperplasia and hypertrophy* 5. Chronic
administration of isoproterenol was found to be
associated with excessive activation of protein
synthesis, enlargement of acinar cells, hyperplasia,
and salivary gland enlargement in both human and
rat (15, 16)-

In this study, in Salb group, the integrity of the
desmosomes was preserved, however, there were
dense areas of chromatin at the periphery of the
nucleus and dilatation of RER. These results come
in agreement with the results of several studies.
Takahashi study has shown that RER expansion
is associated with the cellular status that precedes
apoptosis 7. Another study showed the treatment
of human embryonic kidney 293 cell line expressing
exogenous B2 adrenergic receptors with salb for
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one day induced cell chromatin condensation ®.
Burniston et al " has found that the administration
of B2 AR agonist inducing apoptosis of the skeletal
and cardiac muscles at low and high doses. In this
study, the absence of the characteristic features of
apoptosis except dilatation of RER may be due to
the short period of Salb treatment.

In addition, salb group showed cytoplasmic
vacuoles. Marked vocalization was shown in the
cytoplasm of the acinar cells of rats feeding on a
fluid diet ®” and other researchers detect lipids in
atrophic acinar cells ®. Moreover, the ultrastructure
of irradiated salivary gland showed the presence of
intracytoplasmic vacuoles and fusion of several
secretory granules @V,

However, in this study, it was found that salb
has a destructive effect on parotid acinar cells.
Another study found that pretreated rats with
pilocarpine
showed less cytoplasmic vacuoles in irradiated
salivary tissues. The protection of cell against loss
of function induced by pretreatments with 3-AR

isoproterenol, and methacholine

agonists may be caused by isoproterenol (3-AR
agonist) protection against loss of al-AR and M3-
acetyl choline receptor activities @2,

Moreover, in experimental diabetic rats induced
by streptozotocin, the parotid gland showed
autophagic vacuole formation, lipid accumulation
in acini, and decreased secretion of a-amylase *.
The decreased salivary secretion has been correlated
with decreased [3-adrenergic/muscarinic receptors, a
defect in muscarinic—cholinergic receptors of acinar
cells and/or loss of response to neurotransmitter in
salivary glands ¢+2.

In this study, the cytoplasm contained granules
of different electron densities and a few of them
have an electron dense body. As secretory proteins
distributed within different regions of secretory
granules and dense regions correlate with a-amylase
formation @9, it is likely that parotid glands of salb
treated group have a modified protein profile and
increased amylase.
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In the current study, RER presented some
with
The cytoplasm contained granules

expanded portions cisternae  arranged
irregularly.
of different electron densities and a few of them
have an electron dense body. The lumen of the
acini contained abundant microvilli and secretory
materials. At 7 days after salb treatment, the nucleus
was compressed toward the base of the cell. One
week after stoppage of salb treatment, RER showed
some expanded cisternae and dense bodies still seen
inside some secretory vesicles with variations in
the maturation of secretory granules. All of these
features may indicate active secreting acinar cell by

salb.

However, PRP was found to increase in rat
parotid saliva after B1-adrenergic stimulation®”.
Butcher et al study showed that salb is considerably
less effective than isoproterenol in stimulating
amylase release from rat parotid gland in vitro®¥.
Other studies suggest that the synthesis and
induction of cystatins in submandibular acinar cell
and PRP in parotid acinar cell may be regulated by
B1-adrenergic stimulation -39 Increased secretion
observed in our research and results of other studies
that showed the induction of PRP and cystatin of
parotid salivary gland in animals treated with salb
may be due to nonspecific interaction with 51
receptors on parotid glands @V,

On the other hand, Salb acts selectively on B2
receptors and forms less amount of saliva with
high protein concentration. Moreover, it reduces
water reabsorption into a salivary gland duct, and
therefore proteins difficulty passes the duct lining
because they depend on the transepithelial water
transport of these ducts; the end result of this is a
decrease in the amount of secreted salivary protein
concentration in saliva®-3?.

In this study, there were different densities of
secretory granules with some granules having dense
bodies. Moreover, there was a retention of immature
secretory granules in the acinar cells and compressed
nucleus toward the cell wall. Similarly, Hand and
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Oliver ®¥ study found immature secretory granules
retained in the acinar cells after isoproterenol.
Secretagogue stimulation of exocrine glands has
shown changes in size and rate of formation of
secretory granules ©Y. The presence of immature
secretory granules may be explained by the effect
of B adrenergic agonist on the mechanisms that
regulate exocytosis, as well as the processes of
membrane retrieval and recycling .

Sharoni et al. have shown that newly synthesized
secretory protein, although present in an isolatable
secretory granule fraction, are not immediately
available for discharge from parotid acinar cells.
The immature granules presumably fail to fuse with
the luminal plasmalemma because their membranes
lack a recognition factor, fusogen, or some other
component essential for exocytosis. Thus, the
membrane of the newly formed granule must
“mature,” as does its content ®¥.

The RER controls the synthesis, modification,
folding, and export of proteins. An imbalance
between the requirement for protein synthesis and
the ability to handle them leads to the aggregation
of misfolded or unfolded proteins, which is called
RER stress. The adaptive response induced by
the unfolded protein started to restore normal
RER function ©®. If there is prolonged or severe
RER stress, the adaptive response induced by the
unfolded protein response cannot eliminate the RER
stress and so on a cell-death program is triggered to
get rid of the damaged cell ©7.

CONCLUSION

In this study, it may be concluded that treatment
with salbutamol drug causes ultrastructural changes
of the parotid glands after short term treatment.
Some changes still present even after one week

from stoppage of treatment.
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