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INTRODUCTION 

Co-enzyme (CoQ10), also known as ‘ubiquinone’ (the 
oxidized form of CoQ10), is a lipid-soluble vitamin-like 
benzoquinone derivative. Being structurally similar to 
vitamin K, ubiquinone is found in the inner mitochondrial 
membrane of most eukaryotic cells. Besides its free radical 
scavenging activity during oxidative phosphorylation,  
its function is to act as an electron acceptor and donor in 
the electron transport chain involved in ATP production [1]. 

CoQ10 is present in all organs in variable amounts, 
with its highest concentrations found in tissues with high 
energy requirements or high metabolic activity, such as the 
heart, kidneys, liver and muscles. CoQ10 is primarily found  
as ubiquinol in these tissues, and is mostly concentrated  
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in the mitochondria, indicating its importance in mitochon-
drial function [2]. Since ubiquinone is synthesized in all 
organs, the body is not normally dependent on exogenous 
supplies of CoQ10 unless in cases of malnutrition. Although 
exogenous CoQ10 is well-tolerated by the human body,  
a variety of adverse reactions have been reported, but these 
were described as being infrequent and generally mild, such 
as decreased appetite, nausea, vomiting, diarrhea, dyspepsia 
and dizziness [3]. More recent animal-based research studies 
are indicating the possible incidence of local toxic effects 
resulting from the prolonged administration of ubiquinone, 
especially to the kidney and (less severely) the liver [4,5]. 
Human trials using ubiquinone have reported contrast-
ing results by researchers using almost the same research 
protocol to test the effect of a specific dose of CoQ10  
on salivary glands secretions.
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Also called coenzyme Q10 (CoQ10), Ubiquinone is a vitamin-like endogenously 
produced factor essential for Adenosine triphosphate (ATP) mitochondrial production. 
Several research studies have reported that the exogenous supplementation of CoQ10 
can lead to excessive salivation, especially in patients complaining of dry mouth. The 
objective of this study was to investigate the effect of long-term daily use of CoQ10 on 
the salivary glands in experimental animals by comparing the diameters of the glandular 
acini and striated ducts of a CoQ10-treated group and a control group. Twenty-five white 
albino rats were randomly divided into two groups; the control group consisted of 10 rats, 
while the CoQ10-treated group comprised 15 rats. The latter received daily oral treatment 
of 300 mg/kg CoQ10 for six weeks. Samples of the parotid, submandibular and sublingual 
glands were then dissected and examined histologically for comparative measurement 
of the diameters of the glands' acini and striated ducts. The CoQ10 treated group had 
mean diameters of the serous acini for the parotid (79.8±11.2 µm) and submandibular 
(81.07±13.5 µm) glands that were significantly higher (P<0.05) than their diameters in 
the control group (67.5±8.4 µm and 73.3±13.8 µm), respectively. However, the difference 
was not statistically significant when comparing the diameters of striated ducts of the 
CoQ10-treated group and the control group. Continuous and prolonged exposure to 
exogenous ubiquinone may cause hypertrophic dilation of the acini within the salivary 
glands, namely the parotid and submandibular glands, which might be the underlying 
mechanism for excessive salivation. This can be considered a reversible adaptive response.
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On the one hand, Koufuchi and his co-workers have 
asserted that daily oral treatment of 100 mg CoQ10 to 
patients who suffered from dry mouth resulted in a signifi-
cant improvement in the activity of salivary secretions [6].  
On the other hand, Sekine et al. [7] demonstrated in their 
research study a significant correlation between plasma 
levels of CoQ10 and the amount of saliva secreted by the 
parotid glands after giving 200 mg of ubiquinone daily  
to healthy volunteers. Contrastingly, Dawood and her col-
leagues found no histological changes on the buccal salivary 
glands of mice after 2 weeks of daily 200 mg/kg oral doses 
of ubiquinone [8].

AIM

This study aimed to make a quantitative histological 
assessment of the major salivary glands (parotid, subman-
dibular and sublingual) in rats after a six-week treatment 
with a daily oral dose of 300 mg/kg CoQ10. The parameter 
considered for quantification was the diameter of the three 
salivary glands acini and striated ducts.

MATERIALS AND METHODS

Rats
This study consisted of the use of 25 female Wistar rats 

whose weight ranged from 220-270 g. All animals were 
housed in metal cages in the animal care facility at the 
College of Veterinary Medicine in Tikrit University and 
kept at room temperature, with 12 hours daily exposure  
to light. Rats had free access to dietary food pellets and 
water ad libitum. The experiment was performed according 
to the Guidelines for the care and use of laboratory animals 
and the European Council Directive on 24 November 1986 
for care and use of Laboratory animals (86/609/EEC). 
Furthermore, the local ethics committee’s approval of the 
study protocol was obtained under the reference number (20-
2098-0809). After an acclimatization period of 1-week, the 
rats were randomly split into two groups, the control group  
(n = 10) and the CoQ10-treated group (n = 15).

In addition to receiving their standard food pellets, 
rats in the CoQ10-treated group were orally treated with  

300 mg/kg/day of CoQ10 by oral gavage for six weeks. 
By the end of the course of treatment, the rats were eutha-
nized under general anesthesia. Samples of the three salivary 
glands (parotid, submandibular and sublingual) were then 
excised to be fixed in 10% neutral-buffered formaldehyde 
solution for 48 hours before processing and sectioning.

Samples processing

With graded alcohol concentrations, processing  
of samples was done till embedding in paraffin wax blocks. 
Herein, 5-μm sections were prepared under the micro-
tome to be stained later with hematoxylin & eosin (H&E)  
as described previously by Abdullah and co-authors [4]. 
An Olympus light microscope was utilized to observe and 
quantify the histological parameters.

Measuring technique

Ten microscopic fields were considered in each slide  
of the control and the treated groups to identify the mean 
value of the diameter of salivary acini and the striated ducts 
as histological parameters [9]. Further analysis of the sig-
nificant differences in the diameters of the control and the 
CoQ10-treated groups was done using student’s t-test.

RESULTS

Parotid glands
Histological samples of the control group revealed the 

typical structure of the salivary gland consisting of serous 
acini, striated ducts, and interlobular ducts as shown  
in Figure 1A. The mean diameter of the serous acini was 
67.5±8.4 µm as seen in Table 1, while the mean diameter 
of striated ducts was 79.9±15.2 µm as explained in Table 1. 

Although sections of the parotid gland from the CoQ10-
treated group also showed the standard structure of serous 
acini, striated ducts and interlobular ducts as demonstrated 
in Figure 1B, the mean diameter of serous acini was signifi-
cantly greater (79.8±11.2 µm) than that of the control group 
(p <0.05), as shown in Table 1. Nevertheless, the diameter 
of striated ducts displayed an insignificant rise which was 
85.5±11.07 µm, as shown in Table 1.
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Figure 1. Photomicrographs of the parotid gland of the A) the control group at 200× magnification power, B) CoQ10-treated group  
at 500× magnification power. The white arrows are pointing at serous acini, while the black arrows are pointing at the striated duct
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Submandibular gland

The control group sections exhibited normal morphology 
of serous acini, striated ducts, and interlobular ducts as seen 
in Figure 2A. The mean diameter of the acini was 73.3± 
13.8 µm as shown in Table 1, whereas the mean diameter 
of striated ducts for the control group was 99.4±10.7 µm as 
demonstrated in Table 1.

The acini of the submandibular gland of the CoQ10-
treated group showed an average diameter of 81.07±13.5 µm 
that was significantly greater than that of the control group 
as revealed in Table 1. However, the mean diameter of the 
striated ducts (97.6±12.3 µm) exhibited an insignificant 
difference, though higher than that of the control group,  
as demonstrated in Figure 2B and Table 1.
Table 1. Comparison of the mean ± SD diameter of the acini and 
striated ducts for the control and CoQ10 treated groups for the 3 
studied salivary glands

GLAND

Acini diameter  
(µm)

Striated ducts diameter 
(µm)

Control CoQ10 Control CoQ10 

Parotid 67.5±8.4 *79.8±11.2 79.9±15.2 85.5±11.07

Submandibular 73.3±13.8 *81.07±13.5 99.4±10.7 97.6±12.3

Sublingual 118.6±26.1 111.6±20 124.3±12.3 128.4±20

* = p <0.05 compared to the control mean value

Sublingual gland

Sections of the sublingual gland of the control group, 
depicted in Figure 3A, revealed the normal appearance  
of mixed mucous acini (mean diameter = 118.6±26.1 µm), 
serous demilunes, and striated ducts (mean diameter = 124.3± 
12.3 µm) as seen in Table 1. As for the CoQ10 treated group, 
the histological sections portrayed normal mucous acini and 
striated ducts as demonstrated in Figure 3B. The diameter 
of the acini in the CoQ10-treated group (111.6±20 µm) 
was insignificantly different from that of the control group, 
as described in Table 1. Similarly, the mean diameter  
of striated ducts (128.4±20 µm), although higher than that  
of the control group, this difference was statistically insig-
nificant, as shown in Table 1. These results reflect the favor-
able safety profile of the long-term use of ubiquinone daily 
doses on the sublingual gland structure and function.

DISCUSSION 

In the current study, treating the experimental animals 
with 300 mg/kg/day ubiquinone orally for six weeks is con-
sidered a relatively high daily dose for a long-term duration. 
The purpose of using this high dose for such a prolonged 
duration was to elucidate the potentially toxic effects ubi-
quinone might produce on the salivary glands in healthy 

Figure 2. Photomicrographs of the submandibular glands of the A) the control group, B) CoQ10-treated group, at 200× magnification 
power. The white arrows are pointing at the acini, while the black arrows are pointing at the striated duct

Figure 3. Photomicrographs of the sublingual glands of the A) the control group, B) CoQ10-treated group, at 200× magnification power. 
The white arrows point at the acini. The grey arrow points towards the serous demilunes, while the black arrows point at the striated duct
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experimental animals. The reason for choosing the testing 
dose of 300 mg/kg/day was to avoid adverse effect on liver 
enzymes that was reported to happen at 600 mg/kg/day.  
At such a level, female rats were reported to suffer an 
increase in liver enzymes with gross focal liver changes. 
Histopathological evaluation of the hepatic areas with focal 
changes revealed hepatocellular necrosis [10]. Therefore, 
the daily oral dose of 300 mg/kg CoQ10 was selected. His-
tological samples of salivary glands were sectioned from 
rats’ parotid, submandibular, and sublingual glands from 
both control and treated groups.

The three major salivary glands did not display profound 
regressive histological changes such as atrophy or degenera-
tion of the parenchyma. This result came in agreement with 
outcomes of studies conducted by Deshmukh et al. [10] and 
another experiment undertaken in 2011 by Kitano et al. [11], 
except for the finding of a significant increase in diameter 
(hypertrophy) of serous acini in both parotid and subman-
dibular glands in the current study. This increase in the size 
of acini (hypertrophy) could be attributed to several causes, 
such as repeated feeding with certain dietary supplements 
like grape skin extract or tannic acid [12], where glandular 
hypertrophy is considered a reversible adaptive response. 
Hyperlipidemia is a possible consequence of prolonged use 
of ubiquinone. This result was reported by Honda and co-
workers [13], who documented elevated blood phosholipids 
levels after 13 weeks of administration of ubiquinone. There-
fore, this status of ubiquinone-induced hyperlipidemia could 
be a contributing factor that may trigger the hypertrophy  
of the parotid gland’s serous acini, as stated in the experi-
ment conducted in 2011 by Daskala et al. [14]. Yet, in the 
present study, no signs of inflammation or fibrosis in experi-
mental group were observed.

Other causes of hypertrophy or increase in diameter of  
the serous acini of the salivary glands could be the develop-
ment of edema and fluid retention in the stroma and paren-
chyma of the gland – as revealed in a study carried out by 
Veiga and co-researchers. They reported an increase in the 
acini sizes due to ingestion of a toxic substance [15]. There-
fore, concerns are raised that more extended periods of con-
tinuous exposure to high doses of ubiquinone may result in 
an adaptive malfunction of the salivary glands that warrants 
precautions. For this reason, the changes in the diameters of 
salivary glandular serous acini can be considered a sensitive 
early indicator of salivary gland functional adaptation to an 
external effector element, including malnutrition or specific 
disease conditions such as Chagas disease [16,17].

A recent study reported the mean values of 36.2±2 for  
the outer diameter of the submandibular glands acini  
of white rats [18], while in our study the mean control values 
were higher. The reason for this difference in the two studies 
could be due to using different rat species, different rat 
gender, as well as differences in animal weight [19].

CONCLUSION

Long-standing ingestion of ubiquinone had led the parotid 
and submandibular salivary glands to undergo a signifi-
cant dilation resulting from hypertrophic changes in their 
acini (p <0.05), but not in the striated ducts. This cellular 
hypertrophy of the salivary glands’ acini might explain the 

mechanism underlying the excessive salivation noticed  
in human trials treated with CoQ10. Although CoQ10  
is among the most popular dietary and nutritional supple-
ments available in the market, it should be considered that 
CoQ10 is not yet approved by the American Food and Drug 
Administration as a treatment for any medical condition. 
Instead, it is presented as a nutritional supplement, and its 
manufacturing is not regulated the same way other drugs 
are [20].
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