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Abstract
Background. Several medications, including antihistamines, can alter salivary gland function, causing 
dry mouth or xerostomia. Antihistamines are commonly used for treating allergic rhinitis.

Objectives. The aim of the present study was to compare and correlate the effects of first-generation vs. 
second-generation H1-antihistamines on the parotid glands of rats. 

Material and methods. Twelve adult male albino rats were used; 4 rats served as a  control group 
(group I) and the remaining rats were divided into 2 groups: group II received promethazine hydrochloride; 
and group III received cetirizine dihydrochloride for 3 weeks. The parotid salivary glands were dissected, 
and examined histologically and analyzed histomorphometrically for the acinar area percentage. 
In addition, mRNA gene expression of iNOS, caspase-3 and α-SMA was assessed using quantitative real-
time polymerase chain reaction (qRT-PCR). Finally, all the obtained data was statistically analyzed.

Results. Histologically, group  I showed the typical architecture of  the gland. In group  II, degenerative 
changes were noticed, including acinar degeneration and shrinkage with widened connective tissue septa, 
intracellular vacuolization, and increased inflammatory cell infiltration. In group III, similar histological fea-
tures were detected as in group II, but to a lesser extent. Histomorphometric results revealed significant 
differences in the acinar area percentage between various groups. In addition, qRT-PCR results showed 
a significant increase in iNOS expression in both groups II and III as compared to group I, caspase-3 gene 
expression was significantly increased in group II, while in group III, it increased non-significantly. Finally, 
α-SMA gene expression non-significantly decreased in both groups II and III. A significant positive correla-
tion was observed between caspase-3 and iNOS gene expression, while an inverse correlation was noticed 
between caspase-3 and α-SMA gene expression.

Conclusions. The administration of antihistamines resulted in changes in the rat salivary glands, which 
could be due to the induction of oxidative stress and the resultant apoptotic effect. These changes were 
suggested to occur mainly through action on muscarinic receptors; yet, action on histamine receptors could 
not be excluded. However; these effects were less marked with the second-generation antihistamine.
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Introduction
Xerostomia is a medical condition characterized by oral 

cavity dryness. It has a multifactorial etiology; most com-
monly, it is due to systemic diseases like Sjögren’s syn-
drome, head and neck region radiation and the admin-
istration of  xerostomia-causing medications.1 Various 
drugs, including antihistamines, can alter salivary gland 
function, causing oral dryness, which depends greatly on 
the number and dosage of the drugs being administered.2 
The incidence of xerostomia is growing because of the ag-
ing population, as older individuals commonly take sever-
al medications.3 The occurrence of xerostomia is accom-
panied by a  greater prevalence of  fungal infections and 
dental caries, in addition to difficulties in speech, mas-
tication and deglutition, which consequently affects the 
patient’s oral health and compromise their quality of life.1

H1-antihistamines are among the most common medi-
cations used worldwide. They are structurally unrelated 
to histamine and act as inverse agonists by stabilizing its 
inactive conformation.4 Moreover, they are functionally 
classified into 2 broad groups, being first-generation or 
classical sedating group and the second-generation or 
non-sedating group.5

First-generation H1-receptor antagonists (e.g., pro-
methazine hydrochloride) are lipophilic and can cross 
the blood–brain barrier. Consequently, they can affect 
the central histaminic receptors, so they are known for 
their sedating effect.5 Furthermore, promethazine has 
strong anticholinergic properties, facilitated by blocking 
the responses to acetylcholine mediated by muscarinic 
receptors. This atropine-like effect [Please confirm.] is 
accountable for the most common side effects of antihis-
tamine medicines, including xerostomia (dry mouth), ob-
served in their clinical usage.6

Conversely, second-generation antagonists, piperazine 
derivatives and carboxylated metabolites of hydroxyzine, 
were developed with more selectivity to peripheral H1-
receptors, and with a  very poor affinity for muscarinic, 
adrenergic or serotonergic receptors. Also, second-gen-
eration H1-antihistamines can be considered relatively 
non-sedating, with no anticholinergic effects, as they 
poorly penetrate through the blood–brain barrier, and are 
less likely to affect the central histaminic cholinergic or 
adrenergic receptors.5

The antihistaminic activity of cetirizine, a second-gen-
eration H1-receptor antagonist, has been reviewed previ-
ously, showing no measurable affinity for receptors other 
than H1 in vitro, in addition to negligible anticholinergic 
activity in animal models. However, clinically, dry mouth 
was documented with cetirizine more commonly than in 
the case of placebo.7

The third-generation antihistamines, active metabolites 
of  second-generation agents, possess many of  the desir-
able clinical effects of  the first-generation agents with 
a more tolerable side effect profile.8

Despite the negative impact of antihistamines on sali-
vary secretion, which has been documented clinically, the 
molecular mechanism behind this effect is yet unknown. 
To better understand the cellular and molecular basis 
of  xerostomia, the current study compared the effects 
of long-term administration of promethazine hydrochlo-
ride, a  first-generation H1-antihistamine, and cetirizine 
dihydrochloride, a second-generation antihistamine.

Material and methods

Drugs 

The following drugs were used in the study:
–	Histaloc®: 25 mg of promethazine hydrochloride (first-

generation H1-receptor antagonist) (Julphar Gulf 
Pharmaceutical Industries, Ras Al Khaimah, UAE); and

–	Zyrtec®: 10 mg of  cetirizine dihydrochloride (second-
generation H1 -eceptor antagonist) (GlaxoSmithKline, 
Al Haraneyah, Egypt).

Animals 

Based on a previous study conducted by Shahabooei et al., 
the average difference in the alveolar bone healing between 
2 experimental groups of rats was 4 ±1.3%.9 Using a power 
of 80%, 3 rats were needed in each group. This number had 
been increased to 4 in each group to compensate for losses 
during breeding. Sample size calculation was performed 
using PS: Power and Sample Size Calculation program, 
v. 3.1.2 (Vanderbilt University, Nashville, USA).

Twelve adult male albino rats (Rattus norvegicus albinus, 
Wistar strain), weighing approx. 150–200 g, were obtained 
and bred at the Faculty of Medicine, Cairo University, Egypt. 
They were kept in individual cages, with a light/dark cycle 
of 12 h, fed a standardized diet and given water ad libitum.

Experimental design 

The animals were randomly assigned into 3 groups us-
ing the Random Sequence Generator program (https://
www.random.org/sequences). Four rats served as a con-
trol group (group I), where the rats received distilled wa-
ter daily via oral gavage for 3 successive weeks.

The remaining rats served as experimental groups, and 
they were randomly divided into 2 groups, 4 rats in each. 
Groups II and III included rats that received 4.8 mg/kg 
promethazine hydrochloride and 3 mg/kg cetirizine dihy-
drochloride, respectively, in distilled water daily via oral 
gavage for 3 successive weeks.

Investigations 

After 3 weeks, rats from all studied groups were eutha-
nized via an  intracardiac overdose of sodium thiopental 

https://www.random.org/sequences
https://www.random.org/sequences
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(80 mg/kg). The parotid salivary glands were dissected 
and investigated. The assessment steps were carried out 
by blinded investigators.

Light microscopy examination 

In the Department of Oral Biology, Faculty of Dentistry, 
Cairo University, the samples were fixed in 10% buffered 
formalin for 48 h, dehydrated in ethyl alcohol, cleared in 
xylol, and embedded in paraffin wax (El Gomhoureya for 
Drugs Trade and Medical Supplies, Cairo, Egypt). Sec-
tions of 4–6 µm were cut, mounted on glass slides, stained 
with the hematoxylin and eosin (H&E) stain, and then ex-
amined under a light microscope (Leica, St. Gallen, Swit-
zerland), using magnifications ×200 and ×400.

Histomorphometric analysis 

The acinar percentage area was assessed in photomi-
crographs at magnification ×400. Image analysis was done 
with the use of the ImageJ software, v. 1.53d (https://im-
agej.net/ij). Subsequently, the H&E images were convert-
ed by splitting the channels to the requisite color and the 
thresholds were adjusted specifically for the acinar area 
percentage. The dimensions were converted from pixels 
to millimeters by the software. Four non-overlapping mi-
croscopic fields were randomly selected and evaluated.

qRT-PCR analysis 

In the Microbiology Unit, Department of Biochemistry, 
Faculty of Medicine, Cairo University, a total RNA isola-
tion kit (Qiagen, Germantown, USA) was used to isolate 
total RNA from the obtained samples following the manu-
facturer’s instructions. According to the kit protocol, RNA 
extracted from the specimens was reverse transcribed 
using a  cDNA Reverse Transcription kit (Fermentas, 
Waltham, USA). cDNA was then amplified and analyzed 
using the StepOne™ software, v. 3.1 (Applied Biosystems, 
Waltham, USA). Using the comparative ΔΔCT method, 
relative mRNA gene expression was standardized with 
regard to the mean critical threshold values of glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH), a house-
keeping gene (control gene). The sequences of the applied 
primers (ThermoFisher Scientific, USA) for inducible ni-
tric oxide synthase (iNOS), caspase  3 (caspase-3), alpha 
smooth muscle actin (α-SMA), and GAPDH genes are 
listed in Table 1.

Statistical analysis 

All data from histomorphometric analysis and qRT-
PCR analysis was coded and entered using IBM SPSS 
Statistics for Windows, v. 25 (IBM Corp., Armonk, 
USA). Numerical data was summarized and expressed 
as mean and standard deviation (M ±SD). Comparisons 

between the studied groups were performed using the 
analysis of variance (ANOVA) with multiple comparisons 
of Tukey’s post hoc tests. The level of significance was set 
at p  <  0.05. Correlations between quantitative variables 
(iNOS, caspase  3 and α-SMA) were investigated using 
Pearson’s correlation coefficient.10

Results

Light microscopy results 

Group I 

The histological examination of  the parotid salivary 
gland tissues of the control group revealed normal glan-
dular structure. Serous acini were closely packed together 
with intercalated and striated ducts in glandular lobules, 
with narrow normal connective tissue septa in between. 
Small to medium-sized blood vessels could be observed 
close to striated and excretory ducts (Fig. 1).

Group II 

The shrinkage of serous acini with widened connective 
tissue septa in between could be observed in most areas 
of the gland. Intracytoplasmic vacuolization was obvious in 
serous acini and the lining of some striated ducts. In addi-
tion, many atrophied and degenerated acini were observed. 

Fig. 1. Photomicrographs of the parotid gland tissues of the control group 
(group I)

A – normal histological structure, with closely packed acini (A) and 
connective tissue septa (CT) displaying a blood vessel containing RBCs 
(BV), as well as an excretory duct (ED) with normal lining; B – serous acini 
(A) with well-defined outlines, intralobular ducts (intercalated ducts (ID) 
and striated ducts (SD)) with normal lining, and small blood vessels (BV). 
RBCs – red blood cells. Scale bar – 100 µm.

Table 1. Primer sequences of all studied genes

Gene symbol Primer sequence (from 5' to 3') Accession 
number

iNOS
F: 5’-GTTCCCCCAGCGGAGCGATG-3’ 
R: 5’-ACTCGAGGCCACCCACCTCC-3’

NM_012611.3

caspase-3
F: 5’CTGGACTGCGGTATTGAG-3’ 

R: 5’-GGGTGCGGTAGAGTAAGC-3’
NM_053304.1

α-SMA
F: 5’-CCGACCGAATGCAGAAGGA-3’ 

R: 5’-ACAGAGTATTTGCGCTCCGAA-3’
NM_001613.4

GAPDH
F: 5’-CCATTCTTCCACCTTTGATGCT-3’ 

R: 5’-TGTTGCTGTAGCCATATTCATTGT-3’
NM_017008.4

https://imagej.net/ij
https://imagej.net/ij
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Regarding excretory ducts, some of  them displayed areas 
of degeneration and discontinuity in their lining. The degen-
erated acini were replaced with marked chronic inflamma-
tory cell infiltration in discrete gland regions. Moreover, rare 
blood vessels were seen near striated ducts, and in connec-
tive tissue septa, some blood vessels were dilated, with areas 
of  discontinuity in their endothelial lining, and contained 
few red blood cells (RBCs) in their lumen (Fig. 2).

Group III 

The examination of  sections obtained from this group 
showed enhanced histological features when compared to 
group II. This was evidenced by the presence of less degener-
ative changes among serous acini, which were closely packed 
in many areas of  the gland, with narrow connective tissue 
septa in between. Less intracytoplasmic vacuolization could 
be detected in acinar cells and some of the ductal cells. More-
over, fewer atrophied and degenerated acini were observed. 
Intralobular ducts were easily detected with their normal lin-
ing and were frequently associated with small blood vessels 
engorged with RBCs. Connective tissue septa showed few 
inflammatory cell infiltrates, while excretory ducts showed 
normal lining in most areas of the gland and congested blood 
vessels with almost normal lining (Fig. 3).

Histomorphometric results 

Regarding the acinar area percentage, statistically sig-
nificant differences were observed between the studied 
groups (p  =  0.021) (Table  2, Fig.  4). The lowest acinar 

percentage area was detected in group  II, while the 
highest was recorded in group I. In addition, a statisti-
cally significant decrease in the acinar percentage area 
was observed in group  II when compared to group  I 
(p  =  0.017). However, the acinar percentage area in 
group III was decreased as compared to group I and was 

Fig. 4. Column chart comparing the mean acinar area percentage among 
all studied groups

The letter ‘a’ denotes a significant difference vs. group I.

Fig. 2. Photomicrographs of the parotid gland tissues of the Histaloc group 
(group II)

A – shrinkage of serous acini with widened interlobular spaces (asterisks) 
and an excretory duct (ED) in connective tissue septa; B – intracytoplasmic 
vacuolization among serous acini (arrows) and numerous degenerated 
acini (asterisks); C – degenerated acini (asterisks) with massive chronic 
inflammatory cell infiltrate (IF) replacing the acinar portions, and cytoplasmic 
vacuolization in the striated duct (SD) lining (arrow); D – connective tissue 
septa (CT) displaying an excretory duct (ED) with discontinuity in its lining 
(arrow heads), and a dilated blood vessel (BV) with discontinuity in its 
endothelial lining, intracytoplasmic vacuolization (arrows). Scale bar – 100 µm.

Fig. 3. Photomicrographs of the parotid gland tissues of the Zyrtec group 
(group III)

A – closely packed serous acini (A) connective tissue septa displaying few 
inflammatory cell infiltrates (IF), an excretory duct (ED) with normal lining, 
and a blood vessel (BV) engorged with RBCs; B – acinar vacuolization 
(arrow), intralobular duct (D) with normal lining, closely related to blood 
vessels (BV) engorged with RBCs; C – few intracytoplasmic vacuoles in the 
acinar and ductal cells (arrows), scattered degenerated acini (asterisks), and 
connective tissue septa displaying an excretory duct (ED) with continuous 
lining and congested blood vessels (BV) with RBCs. Scale bar – 100 µm.

Table 2. Results of ANOVA for the acinar area percentage [%] in all studied 
groups

Group M ±SD SE F p-value

Group I 53.34 ±9.06 4.53

6.15 0.021*Group II 35.95 ±2.51a 1.26

Group III 46.82 ±7.88 3.94

* statistically significant; a significant difference vs. group I.
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increased as compared to group  II, although these re-
sults did not reach statistical significance (p = 0.432 and 
p = 0.133, respectively).

qRT-PCR results 

Statistically significant differences were demonstrated 
between the studied groups regarding iNOS, caspase-3 
and α-SMA gene expression (p  <  0.001, p  <  0.001 and 
p = 0.002, respectively) (Table 3).

Regarding iNOS gene expression, a statistically signifi-
cant increase was detected in both groups II and III as 
compared to group I (p < 0.001 and p = 0.002, respective-
ly), while a decrease was detected in group III as compared 
to group II (p = 0.412). Conversely, caspase-3 gene expres-
sion showed a statistically significant increase in group II 
as compared to group I (p < 0.001), while a non-signifi-
cant increase was observed in group III as compared to 
group I (p = 0.423). However, caspase-3 gene expression 
in group III was significantly decreased when compared 
to group  II (p  <  0.001). Finally, α-SMA gene expression 
was decreased in both groups II and III as compared to 
group I, although this did not reach statistical significance 
(p  =  0.056 and p  =  0.071, respectively), while a  statisti-
cally significant increase in its expression was observed in 
group III when compared to group II (p = 0.001) (Fig. 5).

A significant positive correlation was observed be-
tween caspase-3 and iNOS gene expression (p = 0.046; 
r  =  0.585) (Table  4, Fig.  6). Conversely, the compari-
son between caspase-3 and α-SMA gene expression 
revealed a  significant inverse correlation (p  =  0.018; 
r  =  −0.666) (Table  4, Fig.  7). Finally, no association 
was found between iNOS and α-SMA gene expression 
(p = 0.721; r = −0.115) (Table 4).

Fig. 5. Column chart comparing the mean expression of different genes 
among all studied groups

The letter ‘a’ denotes a significant difference vs. group I, whereas the letter 
‘b’ denotes a significant difference vs. group II.

Table 4. Correlation between the expression of the studied genes

Gene expression iNOS caspase-3 α-SMA

iNOS

r 1 0.585 −0.115

p-value – 0.046* 0.721

n 12 12 12

caspase-3

r 0.585 1 −0.666

p-value 0.046* – 0.018*

n 12 12 12

α-SMA

r −0.115 −0.666 1

p-value 0.721 0.018* –

n 12 12 12

* correlation is significant at the level of p < 0.05 (2-tailed).

Table 3. Results of ANOVA for the expression of the studied genes [AU] relative 
to GADPH in all studied groups

Gene 
expression Group I Group II Group III p-value

iNOS 4.68 ±0.12 5.49 ±0.21a 5.33 ±0.2a <0.001*

caspase-3 4.31 ±0.11 6.43 ±0.41a 4.58 ±0.28b <0.001*

α-SMA 5.09 ±0.14 4.75 ±0.18 5.41 ±0.21b 0.002*

* statistically significant; a significant difference vs. group I; b significant difference 
vs. group II.

Fig. 7. Scatter chart showing a significant inverse correlation between 
caspase-3 and α-SMA gene expression (p < 0.018; r < −0.666)

Fig. 6. Scatter chart showing a significant positive correlation between 
caspase-3 and iNOS gene expression (p < 0.046; r < 0.585)
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Discussion
Several medications can cause xerostomia as a common 

side effect, including β blockers, antipsychotics, antide-
pressants, and antihistamines.2 Older generations of H1-
antihistamines penetrate the blood–brain barrier, thus 
causing sedation, while second-generation H1-antihista-
minic drugs are considered safer, resulting in fewer side 
effects.4

In the literature, cetirizine has been authorized as 
a  potent second-generation H1-antihistamine and 
a first-choice antihistamine for treating allergic diseases. 
Cetirizine is normally used with daily dosing, as it is docu-
mented to be safe and well-tolerated.11 On the other hand, 
promethazine is a first-generation H1-antihistamine that 
possesses anticholinergic properties causing xerostomia 
and other complications, such as blurred vision, dry nasal 
passages, dilated pupils, constipation, and urinary reten-
tion, and the American Geriatrics Society (AGS) catego-
rizes it as a potentially inappropriate drug for the elderly.12

While the adverse effect of  antihistamines on salivary 
secretion has been reported clinically, the underlying cel-
lular mechanism remains unclear. Therefore, the current 
work investigated the effects of  long-term administration 
of  a  first-generation H1-antihistamine, promethazine hy-
drochloride, as compared to second-generation cetirizine 
dihydrochloride, on the rat’s parotid glands to clarify the 
underlying mechanism at the cellular and molecular levels.

The three-week duration of this study was selected to 
investigate the effects of long-term administration of both 
drugs. It has been previously established that in adult rats, 
every day of the animal’s life is approx. equivalent to 34.8 
human days (i.e., 1 rat month is comparable to 3 human 
years).13

Following the administration of antihistamines, the fol-
lowing changes were observed in the rat parotid glands: 
shrinkage and degeneration of serous acini; intracellular 
vacuolization in acini and the duct system; congested 
blood vessels; and increased inflammatory cell infiltra-
tion. These changes were more prominent following 
treatment with promethazine hydrochloride (group  II) 
when compared to the cetirizine dihydrochloride-treated 
group (group III). In addition, histomorphometric results 
showed that the acinar percentage area was the lowest in 
group II.

Coinciding with the present findings, similar age-relat-
ed degenerative changes have been observed in human 
labial salivary glands, as demonstrated by the presence 
of  acinar atrophy and fibrosis, together with a  diffuse 
inflammatory cell infiltrate.14 In addition, Tatar  et  al. 
demonstrated acinar and ductal vacuolization in the rat’s 
submandibular salivary glands following the administra-
tion of  an  antihistamine, namely desloratadine.15 More 
recently, Mohammed  et  al. histologically evaluated the 
rat’s parotid salivary gland tissues following treatment 
with desloratadine.16 The authors demonstrated remark-

able cytoplasmic vacuolization and the atrophy of serous 
acini, as well as increased interstitial spaces between pa-
renchymal elements and mononuclear cell infiltrations.16 
The existence of vacuolization and consequent alteration 
in the content of  secretory granules is associated with 
diminished salivary secretion.17 Similarly, Choi et al. re-
ported diminished salivary flow rates in association with 
atrophy and vacuolization in the salivary glands.18

The demonstrated histological changes following the 
administration of  antihistamines could be attributed to 
the induction of  oxidative stress. This assumption was 
based on previous findings by Tatar et al., who linked the 
effect of an antihistamine, desloratadine, with the induced 
mitochondrial oxidative stress and the resultant intra-mi-
tochondrial reactive oxygen species (ROS),15 thus bring-
ing an equilibrium between oxidants and antioxidants.19 
Reactive oxygen species have various physiological roles 
and are normally created as by-products resulting from 
oxygen metabolism.20 The nitric oxide synthase (NOS) 
family is significantly important in different physiologi-
cal and pathological processes. Three isoforms for NOSs 
have been recognized, namely endothelial, inducible and 
neuronal NOSs (eNOS, iNOS and nNOS, respectively).21 
Generally, eNOS and nNOS are constantly generated at 
low concentrations by relevant cells; however, iNOS, the 
inducible type, has an  important role in immunity and 
inflammation. This isoform is enhanced in inflamma-
tion, leading to exacerbated inflammatory effects.22 In 
the present study, iNOS gene expression was significantly 
increased in both antihistamine groups as compared to 
the control group. Moreover, this expression was non-
significantly decreased in group  III when compared to 
group II. These results support the histological alterations 
observed in the antihistamine-treated groups (groups II 
and III), which were more obvious in group II rather than 
in group III.

Excess cellular ROS could damage proteins, lipids, 
nucleic acids, and membranes, eventually activating cell 
death processes, such as apoptosis. Apoptosis is a tight-
ly controlled process necessary for the survival of  living 
organisms.23 Apoptotic caspases include upstream ini-
tiators (caspases 2, 8, 9, and 10) and downstream effec-
tors (caspases 3, 6 and 7).24 Herein, the gene expression 
of caspase-3 was significantly increased in the prometha-
zine hydrochloride group (group II) as compared to the 
untreated control, while it was non-significantly increased 
in the cetirizine dihydrochloride group (group  III) as 
compared to the control group. This could be related to 
the observations made by Olianas et al., who investigated 
the effects of an acetylcholine receptor agonist, carbachol, 
on the interferon-β-induced apoptosis of  a  human neu-
roblastoma cell line.25 The authors found that carbachol 
inhibited mitochondrial cytochrome c release, the activa-
tion of caspases 3, 7 and 9, as well as DNA destruction. 
They added that this antiapoptotic effect of carbachol was 
mediated through M3 muscarinic receptors.25
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Based on these findings, it could be deduced that mus-
carinic receptor antagonists, like antihistamines, may be 
involved in enhancing apoptosis.

Our findings further support several recent in vitro 
and clinical studies confirming the pro-apoptotic and 
antitumor properties of  antihistamines, with regard 
to both first- and second-generation drugs. For exam-
ple, a  first-generation antihistamine, cyproheptadine, 
caused a dose-dependent elevation in apoptosis in the 
C6 glioblastoma cell line, suggesting a potential anti-
cancer effect of  this drug.26 In addition, second-gen-
eration drugs, clemastine and desloratadine, induced 
apoptosis in cutaneous T cell lymphoma cell lines.27 
In the present investigation, caspase-3 gene expression 
was significantly decreased in group  III when com-
pared to group II. Thus, it could be deduced that pro-
methazine hydrochloride exerted a more pronounced 
apoptotic effect than cetirizine dihydrochloride, which 
may be related to enhanced iNOS gene expression in 
the promethazine hydrochloride-treated group. This 
assumption was based on the correlation results of the 
current study, which revealed a  significant positive 
correlation between the gene expression of iNOS and 
caspase-3.

This positive correlation could be attributed to the as-
sociation between antihistamine-induced apoptosis and 
enhanced oxidative stress. For example, Trybus  et  al. 
demonstrated that azelastine, a  second-generation anti-
histamine, induced a significant concentration-dependent 
increase in cytoplasmic vacuoles, an increase in ROS, in-
creased oxidative stress, and DNA damage, and obviously 
promoted apoptosis in human cervical adenocarcinoma 
cells through the stimulation of caspases 3 and 7, and the 
inhibition of  Bcl-2 protein.28 The authors suggested the 
contribution of ROS in causing DNA damage, which may, 
in turn, trigger apoptosis.28

The muscarinic M3 receptor was assumed to be related 
to smooth muscle mass development, as M3 receptor-de-
ficient mice displayed lower levels of alpha smooth mus-
cle actin in airway arteries and bronchial tissues.29 In nor-
mal salivary glands, α-SMA is expressed by the periacinar 
myoepithelial cells, in salivary ducts and normal blood 
vessels.30 Herein, we revealed a non-significant decrease 
in α-SMA gene expression in the antihistamine groups II 
and III as compared to the control group. However, the 
regulatory effect of cetirizine dihydrochloride on α-SMA 
expression was significantly less than that of prometha-
zine hydrochloride. These findings could be attributed to 
antagonizing the action of  histamine, which is essential 
for α-SMA expression. The importance of  histamine in 
α-SMA expression was demonstrated by Tibbo et al., who 
evidenced a  significant reduction in α-SMA at both the 
protein and gene expression levels, following the treat-
ment of  a  rabbit model of  arthrofibrosis with ketotifen, 
a  second-generation antihistamine, when compared to 
the untreated control group.31

In our study, the correlation analysis of  caspase-3 and 
α-SMA gene expression revealed a  significant inverse re-
lationship. This finding supports the demonstrated pro-
apoptotic role of antihistamines in the present work, and 
the decreased α-SMA expression could result from the 
apoptosis of myoepithelial cells. Additionally, since the M3 
receptor has been suggested to be critical in smooth mus-
cle mass development30 and consequent α-SMA expres-
sion, antihistamines as potential antimuscarinics acting on 
M3 receptors could result in decreased α-SMA expression. 
Since myoepithelial cells are essential for conveying saliva 
from the acini and supporting the parenchyma during se-
cretion, any alterations in these cells could lead to defective 
salivary secretion, eventually causing xerostomia.

Conversely, we found no association between α-SMA 
and iNOS gene expression in the current work. On the con-
trary, Brennan et al. reported that a significant positive cor-
relation existed between iNOS and α-SMA gene expression 
in pleomorphic adenoma cases.30 However, this difference 
could be attributed to the difference in tissue types, as we 
investigated this correlation in normal and not cancerous 
salivary glands.

The more advanced degenerative effects in the first-gen-
eration (promethazine hydrochloride) group in compari-
son with the second-generation (cetirizine dihydrochlo-
ride) one in the present work agree with a previous study 
that compared both generations.32 That study demonstrat-
ed that older antihistamines resulted in prominent side ef-
fects in the central nervous system (CNS) in addition to an-
ticholinergic effects, including xerostomia, while the newly 
developed antihistamines (H1 receptor-specific antago-
nists) were related to a significantly lower incidence of xe-
rostomia.32 Similarly, Liu and Farley, demonstrated that 
second-generation antihistamines were more selective for 
histamine than first-generation drugs, with cetirizine hav-
ing the highest potency toward histamine receptors.33 Be-
sides, cetirizine did not affect the concentration–response 
relationship for acetylcholine, suggesting a  minimum or 
lack of  interaction with M3 receptors. This could clarify 
why in our study, cetirizine dihydrochloride, as a second-
generation antihistamine, exerted a  less inhibitory effect 
on α-SMA gene expression than a first-generation antihis-
tamine, promethazine hydrochloride. Despite the musca-
rinic-dependent xerostomic effect of antihistamines,33 this 
effect could also be mediated through H1 receptors pres-
ent in the salivary glands. This could explain why the new-
generation antihistamines, with very low antimuscarinic 
effects, could still lead to xerostomia via their antagonistic 
effect on H1 receptors.12

Conclusions
We conclude that the administration of both first- and 

second-generation antihistamines induced several de-
generative alterations in the rat parotid salivary glands, 
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which could be mediated through enhanced oxidative 
stress, with subsequent increased apoptosis and dimin-
ished α-SMA gene expression, eventually leading to xe-
rostomia, a well-known adverse effect of antihistamines. 
However, these effects were more marked following the 
administration of the first-generation rather than the sec-
ond-generation antihistamine. Despite the unfavorable 
risk–benefit profile of  first-generation antihistamines, 
they continue to be overconsumed because of their over-
the-counter status and long history of use. Additionally, 
the significant pro-apoptotic effect of first-generation H1 
receptor antagonists is promising in treating cancer dis-
eases, particularly salivary gland carcinomas. Within the 
limitation of  the current study, it is suggested to moni-
tor the evidence of the superior safety of new-generation 
antihistamines. Thus, third-generation antihistamines are 
recommended to be investigated in future studies, using 
a bigger sample size.
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