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Abstract: The current study aimed to investigate the role of Co-Q10 in
reducing the salivary gland toxicity caused by Trastuzumab and
Materials and methods employed to study
histopathological measurements by using H&E stains, and serological
tests composed of T-AOC and MDA, in addition to BW. for this purpose,
16 white albino rats were employed, the experiment performed over 20
days, and rats divided into 4 groups: G1 in which rats received pure corn
oil orally, daily for 20 days. G2 in which rats received TRZ+DOX, single
dose of both drugs. G3 in rats received Co-Q10 orally and then TRZ+DOX,
a single dose of both drugs. And G4, in which rats received a single dose
of both drugs and then Co-Q10 orally to the end of the experiment.
Results: showed that the group in which rats received TRZ+DOX, the
histopathological examination revealed many changes comparing with

Doxorubicin.

control (normal group), and there was increased serum level of MDA with
slight increase in the serum level of T-AOC. In contrast, a vast benefit had
been obtained from Co-Q10 as protection except for BW which still
declined in all groups. The necrosis and degeneration of salivary gland
cells and inflammatory cell infiltration were all found to be reduced in
groups where rats received Co-Q10, however, the benefit was greater in
the group that received Co-Q10 before TRZ+DOX, while circulatory
disturbances and cell adaptation were found to get less benefit from Co-
Q10. Total anti-oxidant capacity showed higher serum level in groups
received Co-Q10, on the other hand, the serum level of MDA was lower in
groups administered Co-Q10. Conclusion: Generally, our results
concluded greater benefits from Co-Q10 when administered before
TRZ+DOX.

Keywords: Co-Q10, Doxorubicin, MDA, Submandibular salivary gland
toxicity, Trastuzumab, T-AOC.
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INTRODUCTION

Cancer is a common disease that affects people, There are about 200 different types
of cancers, ranging between solid tumors and hematological”. Even though cancer is
a complicated disease, its management is more complicated. The procedure involves
a lot of disasters. Recently, much attention has been paid to reducing side effects and
increasing long-lasting efficacy in cancer therapy and biological agents were a part of
this aim®. Unfortunately, the improvement in the effectiveness of cancer therapy and
improving patients’ lifestyle and life span are associated with more frequent organ
complications, which are related to side effects of chemotherapy®. The high possibility
of oral complications of chemotherapy and/or radiotherapy for oral cancers is an
additional challenge for dentists and oncologists®.

Despite the significant development of methods of cancer healing during the past
decades, however, CHT remains the main method for cancer treatment. On the other
hand, Multidrug resistance is responsible for over 90% of deaths in cancer patients
receiving traditional chemotherapeutics or novel targeted drugs®.

Anti-cancer drug combinations provide patients with a good opportunity to get
maximum benefits from therapy while reducing or preventing recurrence, resistance,
and toxic effects, with the assurance of a better quality of life®. The rapidly expanding
knowledge about the roles of the immune system in cancer has enabled the
development of therapies targeted to specific cancerous tissues”).

Trastuzumab (Trz) is one of the monoclonal antibodies used as a standard
treatment for breast cancer, metastatic gastric cancer, and gastro-esophageal junction
cancers overexpressing the human epidermal growth factor receptor 2 (HER2)®.
Trastuzumab is a HER2-directed antibody and DNA topoisomerase I inhibitor
conjugate used for the treatment of numerous HER2-expressing cancers".

Trastuzumab causes many undesirable adverse effects including: nausea, fatigue,
vomiting, alopecia, constipation, decreased appetite, anemia, neutropenia, diarrhea,
leukopenia, cough, thrombocytopenia, cardiotoxicity and hepatotoxicity'”, however,
oral side effects are also recoded, these include stomatitis, lip swelling, and decreased
salivary secretion (dry mouth)®. Doxorubicin (Dox) is an anthracycline anti-cancer
drug. It is widely used as a first-line anti-cancer agent and is usually used in
combination with other agents for the treatment of a variety of cancers, including
breast and lung cancers, acute lymphocytic leukemia, and lymphomas. Dox. acts by
producing free radicals that can induce membrane lipid peroxidation, scission of DNA
strand, and direct oxidation of purine or pyrimidine bases, thiols, and amines?.
However, its clinical application is limited because of a lack of specificity for tumors

and its severe side effects, such as myelosuppression, nephrotoxicity, dose-dependent
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cardiotoxicity, nausea, and vomiting. and oral side effects involving mucosal
ulcerations in the mouth and throat, lip swelling, and xerostomia?.

Many approaches have been trialed to mitigate the side effects of anti-cancer
drugs; among these trials are scheduling of doses, administration of protectant anti-
oxidants, and using alternative drugs"”. We chose the Co-Q10 (ubiquinone) as a
protectant to minimize the toxicity of TRZ+DOX. Our goal was to study whether the
administration of Co-Q10 in rats receiving TRZ and DOX can reduce salivary gland
toxicity caused by TRZ and DOX or not

MATERIALS AND METHODS
Experimental animals

Sixteen healthy adult, male, white albino rats were separated in the animal house,
they weighed from 270g - 388g. The rats are kept according to the standards of the
animal house regarding room temperature 23+2°C, light 12 h light/12 h dark, humidity
55% + 10%, diet — commercial feed, water drink — tap water and medical care by staff
of animal house and veterinarian®.

Study design

The rats were divided randomly into four groups, each group consisting of four
rats. The study was done over 20 days, and the drugs were given in four patterns, as
follows:

1. First group - G1(control): rats received pure corn oil only, the dose was 1ml/kg from
tirst day of the experiment to the end;(day1-day20).

2. Second group — G2 rats received pure corn oil for 20 days, 1ml/kg orally daily, and
were administered Trz. 10mg/kg single dose intraperitoneal (I.P.) + Dox. 10 mg/kg
single dose I.P.) at the 10* day of experiment;(single dose)

3. Third group — G3 (protected group): rats received Co-Q10 orally 10mg/kg daily
from the first day to the 10" day of experiment; at the 10% day, rats were
administered (Trz. 10 mg/kg single dose I.P. + Dox. 10 mg/kg single dose I.P. Then
administered pure corn oil 1ml/kg orally from day10 - day20 of experiment .

4. Fourth group — G4: rats received no treatment from day1 — day10 of experiment, at
10t day; they were administered (Trz. 10 mg/kg single dose I.P. + Dox. 10 mg/kg
single dose L.P. at 10* day. Then they were administered Co-Q10, 10mg/kg daily
orally from day 10 to day 20 of the experiment.

Body weight
All rats were weighed at the start of the experiment (at day 0), at the 10* day, and
at the end of the experiment (20* day).
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Blood sampling for biochemical examinations

After the end of the experimental period, rats were euthanized by ether, and after
hemodynamic monitoring, blood samples were collected directly from the retro-
orbital venous plexus. All blood samples were kept for 30 min. at room temperature.
and then centrifuged for 20 min. at 3000 RPM and serum separated within Eppendorf
tubes and stored at (-20 °C) to be ready for investigations of T-AOC and MDA"®.
Histological examination:

Specimens of submandibular salivary glands of rats were prepared and stained
with hematoxylin and eosin stains, to be examined after then by light microscope to

measure the histopathological changes of submandibular salivary gland™.

Statistical analysis
Kruskal-Wallis Test, ANOVA test, The Duncan Test and Post-Hoc-Test were used for
analyses of data of our study at level of p<0.05 value and for comparison between

groups.
RESULTS

Rats' weights

Drugs that were used in the experiment had affected the weight of animals in
general. All treated groups that received TRZ+DOX with and without protection (Co-
Q10) were exerted and showed declining body weight.

The results of the assessment of body weights of rats showed that there were
negligible changes in the weights among different groups at the 10" day interval at
(p=<0.05), in comparison with the basal line weights at day zero. However, there was a
significant decrease in the mean of body weights of rats in group-4 in which rats
received TRZ+DOX with Co_Q10, at (p<0.05) in the 20" day as in tableland figurel.
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Table: (1): Comparison among groups in the mean of BW at day (0,10 and 20)

ANOVA for Rat Weight in Grams in Day0, Day10, and Day20

Day0 Mean Mean Square F Sig.
Gl 326500 Between Gr 842.896 0.105 0.956
G2 331.500
G3 337750  Within Gro 710.229
G4 328.750

No Significant difference between four groups in day0

Dayl0 Mean Mean Square F Sig.
G1 313.000 Bet 0 Gr 842.896 1.187 0.356
G2 319750 o oe€
G3  344.000 s - 710.229
G4 314000 'VithinGro

No Significant difference between the four groups on day 10

Day20 Mean Mean Square F Sig,
G1 310.250 2.179 0.043*
G2 265.500 Between Gr 4439.896
G3 245.750 o ‘
G4 234.750 Within Gro 2037.438

* There is a Significant difference at P < 0.05 between the four groups on day 20

Day 20

AB B
234.750

A AB

245.750
265.500
400 310.250

300

200

100

Serie...

Group 1 Group 2 Group 3 Group 4

Figure: (1) differences in the mean of body weight among groups at Day 20
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Histopathological examination:
Specimens of animals' tissues (submandibular salivary glands-SMG) were

prepared and examined for searching for pathological and abnormal findings, and
H&E stains were used for this purpose. SMG in group 2 showed necrosis of the
granular convoluted tubules cells and seromucous acini cells, edema surrounding
striated ducts, and congestion of blood vessels. Degeneration of the cells lining
granular convoluted tubules cells, seromucous acini cells, and striated ducts had been
found. Infiltration of inflammatory cells and congestion of blood vessels with
increased fibrous connective tissue surrounding striated ducts were also seen, and
severe vacuolar degeneration was well-defined in the figure (2-D). The
photomicrographic examination of the SMG tissue of the groups that received Co-Q10
revealed intact seromucous acini, granular convoluted tubules, and striated ducts with
congestion of blood vessels. Hyperplasia and mild degeneration of the cells lining
seromucous acini had been found. Other findings like degeneration and necrosis of
the cells lining granular convoluted tubules and striated ducts were also found, figure
2,3 and 4.

Figure: (2) 2-A photomicrograph of rat submandibular salivary gland of the G2 showing
necrosis of the granular convoluted tubules cells (A) and seromucous acini cells (B), edema
surrounding striated ducts (C) and congestion of blood vessels (D).2-B necrosis and
degeneration of the cells lining granular convoluted tubules cells (A), seromucous acini cells
(B) and striated ducts (C). 2-C necrosis and degeneration of the cells lining granular
convoluted tubules cells (A), seromucous acini cells (B), striated ducts (C), infiltration of
inflammatory cells (D) and congestion of blood vessels (E).2-D severe vacuolar degeneration
and necrosis of the cells lining granular convoluted tubules cells (A), seromucous acini cells
(B) and striated ducts (C).
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Figure:(3) 3-A photomicrograph of rat SMG of the G3 (protected) which received Co-Q10

then Trz+Doxo showing intact seromucous acini (A), granular convoluted tubules (B) and

striated ducts (C) with congestion of blood vessels (D). 3-B showing mild degeneration of

the cells lining seromucous acini (A), hyperplasia of the cells lining striated ducts (B) and
congestion of blood vessels (C).

Figure:(4) 4-A photomicrograph of rat submandibular salivary gland of the G4 which
received Trz+Doxo then Co-Q10, showing intact seromucous acini (A), granular convoluted
tubules (B) and detachment of the striated ducts from the basement membrane (C) with
congestion of blood vessels (D), 4-B degeneration and necrosis of the cells lining seromucous
acini (A), granular convoluted tubules (B) and striated ducts (C).

The subsequent figures show significant results of the SMG toxicity in cell injury,
inflammation, and increased fibrous tissue in group 2, which received TRZ+DOX
without protection in comparison with other groups. These results were employed as
scores according to the degrees of toxicities. These scores are then conducted as
histograms as in Figures 5, 6, and 7.

a) Cell Injury
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Cell In]ury
0. 333 0 667
2. 666 1 333
CONTROL GROUP 2 GROUP 3 GROUP 4

Figure (5): Histogram of comparison of mean ranks differences of scores of cell injury
of rats SMG among four groups at the end of study.
b) Inflammation

2+ Inflammatjon

0.000 0.000
B 0.333
2 1.333
0 —
CONTROL GROUP 2 GROUP 3 GROUP 4

Figure:(6) Histogram of comparison of mean ranks differences of scores of the
inflammation of rats SMG among four groups at the end of study
¢) Fibrous Tissue

Fibrous Tissue
0.000 0. 000

0 333
2 1 333

CONTROL GROUP 2 GROUP 3 GROUP 4

Figure:(7) Histogram of comparison of mean ranks differences of scores of the increase
fibrous tissue of rats SMG among four groups at the end of study

Analysis of serum level of malondialdehyde (MDA) of rats
The result of serum level of MDA was significantly different at (p<0.05) value, in
group-2 in comparison with group-1 and group-3, with little variant but not significant

difference between group-2 and group-4, as in table 2 and figure 8.
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Table: (2) Comparison of means and standard deviations of the serum level of
MDA among groups at the end of the study
ANOVA for serum level of MDA Conc.

Std. :
Groups Mean Deviation F Sig.
Gl 33.450 4.886 4759  0.021*
G2 78.825 28.616
G3 39.850 22.428 *
G4 51.875 2.681

Significant at P < 0.05 between four groups

MDA Conc. Nmol/ml

B3 450 78. 8250

39 85 51 875
GROUP 1 GROUP 2 GROUP 3 GROUP 4

Figure:(8) Histogram of comparison of means of the serum level of MDA among
all groups at the end of the study

Analysis of serum level of total antioxidant capacity (T-AOC) of rats
Table (3) revealed that there were significant differences between group-1 and

group-4, however, there were no significant differences with other groups.

Table: (3) Comparison of means and standard deviations of the serum level of
T-AOC among groups at the end of the study

Means and standard deviation of the serum level of T-AOC

Std. Kruskal- )
Groups Mean Deviation Wallis H Sig.
G1 4.450 2.792 4.343 0.0227*
G2 4.800 3.467
G3 7.400 3.430
G4 8.325 2.064

* Significant at P < 0.05 between four groups
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Serum T-AOC U/ml

AB a
A AB 7.4 8.325
10 4.45 4.8

o e B[

CONTROL GROUP 2 GROUP 3 GROUP 4

Figure:(9) Histogram of comparison of means of the serum level of T-AOC
among groups at the end of the study

DISCUSSION

The body weights of rats were affected by TRZ+DOX, although, the TRZ+DOX
was a direct factor led to reduction of BW, but also the administration of corn oil which
was used as a solvent for Co-Q10, acted as an additional secondary factor which
participated in the BW loss"® 1%, and the BW reduction was higher after the middle
time of the experiment in all groups,

Many mechanisms have been found to contribute to this effect. TRZ causes
stomatitis, which reduces the animal's desire for food intake because of painful eating.
Nauseant effect of TRZ also decreased the ability of rats to eat, and finally, diarrhea is
one of the SE of the TRZ, which acted to reduce the BW of rats® @V, DOX had clinical
effects resembling that of TRZ, in addition to causing bloody diarrhea, which further
worsened the BW reduction® *),

Remarkable weight loss of rodent models by DOX had been noted by®, and the
BW loss as a result of TRZ use was observed by®. The higher rate of BW loss with
time had been agreed by®.

Our study revealed that the connective tissues of SMG undergone to marked
degeneration with dissociation of collagen fibers in the group-2 in which received
TRZ+DOX without protection, the group-2 in our study revealed high variant results
of tissue damage, including: cell injuries, circulatory disturbances, cell adaptation,
inflammation and connective fibrous tissue damage, which also experimented
previously by® and®. These previous results demonstrated the potential toxicity of
TRZ+DOX in the salivary gland when used as a chemotherapeutic regime. In addition,
circulatory disturbances, like congestion of blood vessels, cell adaptation like atrophy
and hyperplasia and inflammation in our results were came accordant to

Alnuaimi®who had focused on the chemotherapy induced circulatory disturbances
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of the SMG, and recently Zhu®’investigated inflammation of SMG caused by
chemotherapies, but generally this type of injury of SMG was poorly studied.

These histological findings happened as a result of administration of TRZ to rats
which adversely affects the salivary gland through binding with epidermal growth
factor receptors EGFR which are required to initiate cell growth and cell survival, so
blocking the EGFR will prevent cell proliferation, and cuts the cell survival pathway®
(2. Also, Klymiuk® studied the potential for modulating the oral microbiome as a
possible participating factor in TRZ-induced oral tissue toxicity. Additionally, DOX
can cause SMG toxicities, like xerostomia, dilated ducts, formation of cysts, and
degenerative and inflammatory changes of acini. Overproduction of ROS and
mitochondrial membrane damage by depolarizing the membrane potential of the
mitochondria participate in the cellular injury and, thus, salivary gland toxicity® ©),

Alleviation of this type of oral toxicity to any possible degree is considered an
important achievement. Starting from this point, we tried to face this challenge, by
using Co-Q10 beside TRZ and DOX. Results showed significant improvements in
groups 3 and 4 in whose rats received Co-Q10, with priority for group-3 in which Co-
Q10 is administered before TRZ+DOX, explaining that administration of Co-Q10
before starting chemotherapy will reduce toxicities more, as the biological anti-oxidant
system of rats were prepared for facing cytotoxic effects of TRZ and DOX.

There are several studies went in our study side, since® and® approved that the
use of Co-Q10 as a non-toxic anti-oxidant can reduce the oxidative stress reactions
which is usually lead to many cellular and tissue damages, and also help in increase
the ability of DNA repairing, which generally protect biological system damage®.

Co-Q10 is a mitochondrial coenzyme that is essential for the production of ATP. it
is found in the cell membrane of all over the body cells, it is found at the core of cellular

(1% and decreases

energy processes, it also improves cellular bioenergetics
proinflammatory cytokines®. Co-Q10 is an essential component in the mitochondrial
electron transport chain which modulates different functions, like the antioxidant

effect, inhibits lipid peroxidation, and prevents calcium overload. And low levels of

Co-Q10 are associated with many inflammatory processes and oxidative stress.
According to Casagrande™, Co-Q10 showed an improvement in clinical symptoms of
salivary dysfunction and restored levels of salivary secretion. It has been found that
Co0-Q10 and other antioxidants can increase the quantity of saliva. However, increases
the diameter (hypertrophy) of serous acini in both parotid and submandibular salivary
glands®). Therefore, Co-Q10 is effectively used in restoring salivary gland functions

and regenerating salivary glands“? 3.
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Serum malondialdehyde of rats

Cancer as a disease and anticancer drugs are accompanied by tissue and cell
damage™; the cell distraction by anyway means leads to an increase apparent serum
level of lipid peroxidation, which is measured in the form of MDA. The group-2 rats
that received TRZ+DOX without Co-Q10 revealed a high serum level of MDA
compared with the control group as a result of cell distraction. Rats in groups 3 and 4
that had received Co-Q10 as a protectant to reduce the toxic effects of TRZ+DOX
revealed only a small elevation in serum level of MDA, both in comparison with
Gl(control group), with priority for G3 in which Co-Q10 is administered before
TRZ+DOX.

The results of our study were parallel to Ebrahim® who demonstrated how the
serum MDA could be lowered by administration of exogenous antioxidant. Many
other studies went in our way in investigating the role of the antioxidant system
protecting against induced tissue toxicity, through measuring serum level of MDA
like“Yand®”.

Serum total antioxidant capacity of rats (T-AOC)

T-AOC is used to indicate the balance between ROS production and antioxidant

system efficacy. Many studies concluded that the administration of Co-Q10 will help
in the reduction of oxidative stress reactions 49 9,
Group-2, in which rats received TRZ+DOX without protection, had a little increment
in the serum T-AOC level; this result came parallel to a hypothesis which denotes
cellular attempt for adaptation to the damage resulted from anticancer therapy®” .
Our results of groups that received Co-Q10 showed a lot of increment in the level of
serum T-AOC in G3 and G4, These results reflected that the administration of Co-Q10
will raise the capacity of the antioxidant system to face chemotherapy-induced
toxicities.

Grinan®also explained the importance of the use of antioxidants as an adjuvant
therapy with anticancer drugs. Moreover, Gulcin® and Christiansen® studied the
role and benefits of exogenous antioxidants in reducing morbidity and disease

prognosis related to cancer and anticancer drugs .

CONCLUSIONS

Co-Q10 is used in the rat model in a dose near to that used clinically in humans which
is 10mg/kg body weight. It is better to administer Co-Q10 before starting
administration of anticancer drugs (TRZ and DOX)), since the histopathological result

of rat SMG showed improvement when the Co-Q10 was used before starting TRZ and
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DOX and the serum level of T-AOC raised and the serum level of MDA declined in
rats when Co-Q10 was administered before TRZ and DOX.
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