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Nifedipine-induced histological changes 
in the parotid glands of hypertensive rats

Abstract: Nifedipine is a widely used anti-anginal and anti-hyper-
tensive agent. It is associated with significant gingival changes at-
tributed more to collagen hyperplasia than to enhancement of protein 
synthesis. We investigated the influence of nifedipine on morphologi-
cal changes in the parotid glands of rats in a model of hypertension. 
Twenty-eight male Wistar rats (8–10 weeks; 200 ± 15 g) were divided 
into four groups (A–D). Hypertension was induced by surgical means 
in groups C and D. Animals in groups B and D were treated with nife-
dipine (0.85 mg/kg) via a gastroesophageal catheter the day after sur-
gery (experimental day-1) for 2 weeks. A significant difference was ob-
served between the control group and nifedipine group and between 
the control group and hypertension group with regard to the weight 
of the parotid gland and its surface area. Histological findings dem-
onstrated changes in the parotid glands of hypertensive animals with 
mild vessel dilatation and infiltration of inflammatory cells. These his-
tological findings seemed to be due more to changes in venous func-
tion than to alterations in gland architecture.

Keywords: Hypertension; Nifedipine; Parotid Gland; Sialadenitis; 
Salivary Glands.

Introduction
Drug-induced parotitis and salivary-gland dysfunction are considered 

to be infrequent (and often unrecognized side-effects) of drugs.1 Doxycy-
cline,2 nifedipine,3 oxyphenbutazone,4 phenylbutazone,5 α-methyldopa,6 
angiotensin-converting enzyme inhibitors (ACEIs),7 H2-receptor antago-
nists,8 nitrofurantoin9 iodine,10 and ibuprofen11 have been reported to induce 
sialadenitis accompanied by disorders in saliva excretion, thereby depriv-
ing the oral cavity from a lubrication medium and antibacterial protection.

Nifedipine is used widely as an anti-anginal and anti-hypertensive drug. 
Nifedipine inhibits the influx of calcium ions across cells in vascular smooth 
muscle and cardiac muscle membrane, resulting in arterial vasodilatation 
and decreased vascular resistance. Nifedipine therapy has been reported to 
result in significant gingival hyperplasia, which is mediated by the drug’s 
action on calcium transport.12 Moreover, gingival fibroblasts exposed to nife-
dipine have been demonstrated to significantly enhance protein synthesis.13 
Histological and immunohistochemical investigations have shown that nife-
dipine does not influence fibroblast size. It seems that nifedipine has a direct 
inhibitory effect on the production of collagen by fibroblasts.
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In one study, under nifedipine treatment, the 
area of collagen was significantly greater, along with 
strong fibronectin expression with preservation of 
the elastic fiber network.14 In another study, a large 
number of patients treated with nifedipine suffered 
from lower-limb edema which (via Echo-color Dop-
pler examination of the superficial, deep, communi-
cating, and perforating veins of the legs) was attrib-
uted to venous insufficiency (but without excluding 
the possibility of a hypersensitivity reaction).15

The aim of the present study was to investi-
gate the influence of nifedipine on morphological 
changes in the parotid gland in a model of experi-
mental hypertension.

Methodology
Twenty-eight male Wistar rats (200 ± 15 g; 8–10 

weeks) were divided into four groups of seven (A–D). 
Hypertension was induced in groups C and D by 
ligation and obstruction of the right renal artery. 
The procedure was carried out under injection with 
sodium thiopental (3 mg/kg, i.p.; Abbott Laborato-
ries Hellas, Athens, Greece) and 2% lidocaine (IMS 
International Medication Systems, Berkshire, UK) 
plus 250 μL norepinephrine 1:100000/animal (Jen-
apharm, Jena, Germany) at the incision site.

Nifedipine tablets (Adalat 20 mg; Bayer Hellas 
AG, Athens, Greece) were pulverized. They were 
then administered to groups B and D via a gastro-
esophageal catheter at 0.85 mg/kg on the first post-
operative day (experimental day-1) for 2 weeks. An 
equal volume of distilled water was administered 
to the animals of groups A and C. The Initial body 
weight of all subjects was estimated. Blood pres-
sure (BP) evaluation in all experimental groups was 
undertaken using a carotid artery catheter (polyeth-
ylene-50) connected to a four-channel data acquisi-
tion system (MP35; Biopac, Goleta,USA). Rats were 
anesthetized with sodium thiopental (as mentioned 
above) and heparin injected (100 IU/mL) simultane-
ously to introduction of the catheter. BP was mea-
sured after 30 min (Table 1).

Animals of all groups were killed on day-15 by 
decapitation. The parotid glands were isolated and 
removed. Body weight (g), weight of the parotid gland 
(g) and surface area of the parotid gland (cm2) were 

measured. Parotid glands were preserved in 10% 
buffered formaldehyde fixative solution. Paraffin-
embedded tissue sections (4 µm) were stained with 
hematoxylin & eosin. Histological examination of 
the parotid sections was conducted.

Animals were housed under 12 h/12 h light–
darkness conditions with food and water avail-
able ad libitum. They were treated according to the 
Updated Guide for the Care and Use of Laboratory 
Animals.16 The study protocol was approved by 
the Ethics Committee of the University of Athens 
(Athens, Greece; EL.25BIO 009).

Significant changes in macro-morphological 
parameters were evaluated by the Student’s t-test 
using QuickCalcs (Graph Pad, San Diego, USA).

Results
Nifedipine seemed to restore systolic blood pres-

sure (SBP) enhancement in the experimental groups. 
Hypertensive animals (group C) treated with nife-
dipine demonstrated a decrease in the weight of 
their parotid glands, just like the animals in group 
B. The surface area of the isolated parotids glands 
increased (p < 0.05) in all experimental groups (B,D) 
but the nifedipine groups (B, D) showed consider-
able enlargement (Table 1).

The ratio of the weight of the parotid gland/body 
weight increased under the influence of nifedipine 
and hypertension but was not significant (NS). Exam-
ination of the ratio of the surface area of the parotid 
gland/weight of the parotid gland revealed that the 
parotid gland was enlarged under the influence of 
nifedipine (p < 0.05) and hypertension (NS).

Post-killing body weight was increased sig-
nificantly in the hypertension group compared 
with the control group (group C versus group A; 
p < 0.05). A significant difference was observed 
between the control group and nifedipine group 
and between the control group and hypertension 
group with regard to the weight of the parotid gland 
(group B versus group A; group C versus group A; 
p < 0.05). With regard to the surface area of the 
parotid gland, a significant difference was observed 
between the control group and nifedipine group, 
the control group and hypertension+nifedipine 
group, and between the hypertension group and 
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Table 1. Body weight (g) and parameters of the parotid glands (mean ± SD) in groups A–D (n = 7 in each group).

Control (A) Nifedipine (B) Hypertension© Hypertension + 
nifedipine (D)

p
(comparison between groups)

Initial body weight (g) 222.7  ±  27.15 214.29 ± 26.37 228.43 ± 20.18 217.14 ± 12.86 NS

Body weight
upon killing (g)

227.33 ± 46.33 231.67 ± 29.94 252.00 ± 13.51* 230.00 ± 18.71 A vs C p<0.05

Absolute weight of 
parotid gland (g)

0.124 ± 0.030 0.149 ± 0.066* 0.142 ± 0.010* 0.130 ± 0.015 A vs B
A vs C p<0.05

Ratio of weight of 
parotid gland/body 
weight (×100)

0.055 ± 0.002 0.065 ± 0.008 0.057 ± 0.005 0.057 ± 0.005 NS

Surface area (cm2) 0.890 ± 0.160 1.250 ± 0.044* 1.060 ± 0.070* 1.140 ± 0.087* A vs B
A vs C
A vs D

p < 0.05

Ratio surface area of 
parotid gland/weight 
of parotid gland 
(cm2/g)

7,177 ± 0,03 8,35 ± 0,002* 7,437 ± 0,008 8,7 ± 0,0042* A vs B
A vs D

p < 0.05

Systolic blood 
pressure (mmHg)

90 ± 7.3 85 ± 8 160 ± 9,5* 111 ± 7* A vs C
A vs D

p < 0.05

*p<0.05; NS, not significant

hypertension+nifedipine group (groups B versus 
A, D versus A and C versus A; p < 0.05). The abso-
lute weight of the parotid gland of hypertensive 
animals was increased in a significant manner 
(p < 0.05) in comparison with controls, but admin-
istration of nifedipine increased the weight of the 
parotid gland in a non-significant manner. The sur-
face area of the isolated parotid gland increased in 
the experimental groups (hypertensive, nifedipine) 
and, in particular, the nifedipine groups exhibited 
a significant enlargement (p < 0.05).

The ratio of the weight of the parotid gland/
body weight increased under the influence of 
nifedipine and hypertension but without statis-
tical significance. The ration of the surface area 
of the parotid gland/weight of the parotid gland 
also suggested enlargement of the parotid gland 
under nifedipine administration (p < 0.05) and 
hypertension (NS) (groups B versus A, D versus 
A; p < 0.05) (Table 1).

Histological analyses revealed mild-to-severe ves-
sel dilatation as well as moderate periductal chronic 
inflammation and mild stroma edema in animals 
with hypertension and that had undergone nifedipine 
treatment. Fibrosis was not observed (Figures 1, 2).

Discussion
Drug-induced parotitis has not been investigated 

widely because it is considered to be a minor health 
problem. α-methyldopa, bretylium, nifedipine, oxy-
phenbutazone, phenylbutazone, nitrofurantoin and 
nicardipine have been shown to induce enlargement 
of the parotid glands.17 Morphological disorders are 
followed by functional disability. Reduced production 
of saliva results into decreased oral mucosa lubrica-
tion, dehydration and increased caries risk. ACEIs 
are widely used hypotensive agents, and adverse 
reactions associated with their use are expected.18

Silva19 reported that swelling of the parotid glands 
occurred < 1 h after taking captopril, possibly due to 
a type-B idiosyncratic adverse drug reaction. Similar 
findings have been observed by Moss et al.20

Captopril inhibits the rennin–angiotensin axis, 
leading to BP decrease by dilatation of blood vessels. 
Nifedipine exerts a similar anti-hypertensive effect 
by acting as a calcium-channel antagonist.

Comparable findings have been described by Bosch 
et al.3,17 in a case report of bilateral painless enlarge-
ment of the parotid glands with dry mouth after sub-
lingual treatment with nifedipine and nicardipine. 
A total of 83% of the patients studied receiving nife-
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dipine showed evidence of hyperplastic tissue, and 
74% of those on diltiazem had hyperplastic tissue.21

The present study showed analogous findings 
to observations in humans (Table 1), i.e., increase 
in the weight of the parotid gland and hyperplasia 
on the surface of the parotid gland in hyperten-
sive animals under nifedipine treatment. Nifedip-
ine induced enlargement of both parotid glands, 

possibly affecting their function.22 This enlarge-
ment could be associated with drug hypersensi-
tivity reactions or a decrease in venous drainage.23 
Enlargement of the parotid gland was accompanied 
by mild structural changes as revealed by histol-
ogy. The observed mild-to-severe vessel dilatation 
of parotid tissue could have been due to renovascu-
lar hypertension. Similar findings by other authors 
have suggested that the calcium-channel blockers 
(CCBs) verapamil, nifedipine, and diltiazem decrease 
amylase secretion from rat parotid glands by ele-
vating levels of dibutyryl cyclic-adenosine mono-
phosphate.24 Such enlargement could be related to 
venous congestion of the salivary glands. Further-
more, it has been found that nifedipine adminis-
tration decreases saliva flow, calcium levels, and 
amylase excretion, resulting in a limitation of sali-
vary function.25 ACEIs (which block the ACE in the 
renin–angiotensin–aldosterone system) cause dry 
mouth in approximately 13% of patients.26

CCBs are being used increasingly for the treat-
ment of hypertension in the elderly. Several case 
reports in the dental literature have suggested that 
patients treated with CCBs manifest gingival hyper-
plasia similar to that seen in patients taking phenyt-
oin. Study of 89 patients undertaken at the Westside 
Veterans Administration Medical Center (Chicago, 
IL, USA) suggested that nifedipine and diltiazem 
cause gingival hyperplasia.21

Conclusions
A significant difference was observed between the 

control group and nifedipine group and between the 
control group and hypertension group with regard to 
the weight of the parotid gland and its surface area. 
Histological findings demonstrated changes in the 
parotid glands of hypertensive animals with mild 
vessel dilatation and infiltration of inflammatory 
cells. These histological findings seemed to be due 
more to changes in venous function than to altera-
tions in gland architecture.

Figure 2. Parotid gland from the experimental hypertension 
+ nifepidine group. Mild periductal chronic inflammation 
(arrows), dilated venules, and mildly thickened arterial wall 
(arrowhead) are observed (H&E stain, ×100 magnification).

Figure 1. Parotid gland of a control-group rat showing 
serous-type acini (arrow) and intralobular duct (H&E stain, 
×160 magnification).
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