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glands, transforming the glandular tissue into a fibrotic 
state and reducing the efficacy of therapeutic interven-
tions [5]. Recovery from dry mouth typically requires at 
least six months [6], and it has been reported that over 
64% of patients continue to complain of moderate to 
severe xerostomia even three years post-treatment [7]. 
A recent study demonstrated that only 18% of treated 
patients experienced complete recovery of xerostomia 
after a median follow-up of 37 months [8]. This condi-
tion significantly disrupts speech, swallowing, and oral 
hygiene, thus profoundly affecting the patient’s quality of 
life [9]. Therefore, efficient methods to prevent RiX are of 
crucial importance.

This issue has urged researchers worldwide to evaluate 
different strategies to reduce the incidence or severity of 
RiX [10]. There is still no confident method to prevent 
dry mouth. Surgical interventions have been applied 
to displace the submandibular glands to the submental 
space or forearm away from the radiation fields [11, 12]; 
however, this procedure might be associated with surgical 
complications and does not preserve the parotid glands 
from radiation. The sole FDA-approved xerostomia pre-
ventive method, amifostine, faces limited acceptance 

Main text
Radiotherapy (RT) is the mainstay of treatment in 
patients with head and neck cancer [1]. Dry mouth (xero-
stomia) is one of the most common complaints observed 
in patients following head and neck RT [2]. Studies reveal 
that even with modern RT techniques, such as IMRT, a 
significant number of patients may be impacted by dry 
mouth [3]. Radiation-induced xerostomia (RiX) can 
occur early during the course of RT, with approximately 
a 50–60% decline in salivary flow within the first week 
of RT [4]. This adverse effect stems from direct acinar 
damage followed by collagen deposition in the salivary 
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Abstract
Radiotherapy in patients with head and neck cancer fairly leads to xerostomia, profoundly affecting their quality of 
life. With limited effective preventive and therapeutic methods, attention has turned to exploring alternatives. This 
article outlines how intraglandular injection of mitochondria-boosting agents can serve as a potential strategy to 
reduce salivary acinar damage. This method can contribute to the thoughtful development of study protocols or 
medications to reduce radiation-induced salivary glands damage.
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due to serious side effects [13]. In addition, some studies 
raised concern that amifostine may not be effective in the 
prevention of xerostomia in patients who receive con-
comitant chemotherapy [14]. Regarding the treatment of 
RiX, the available approaches use saliva substitutes and 
cholinergic agents (pilocarpine and cevimeline), which 
are limited in broad-spectrum clinical application due to 
short-term and severe side effects, respectively [15]. As 
such, the quest for effective preventive methods regard-
ing RiX remains crucial.

RiX primarily arises from the generating free radicals 
and acinar cell damage [16]. Given this concept, several 
studies have tried to evaluate the efficacy of different 
sorts of antioxidants to prevent RiX. While antioxidants, 
such as α-lipoic acid (ALA), are highly reactive to free 
radicals and can prevent tissue damage and dysfunction 
[16], their effectiveness in preventing RiX may be lim-
ited. In addition, concerns about the tumor-protective 
effects of antioxidants would further restrict their clinical 
application during the RT course [17]. Due to these limi-
tations, alternative agents are required to diminish the 
radiation effects on protecting salivary glands.

Emerging research has indicated that bolstering nor-
mal tissue mitochondria can mitigate RT side effects 
[18]. For example, Mohamed and Said demonstrated 
that coenzyme Q10 (CoQ10) (a mitochondria-boost-
ing agent) could prevent the radiation-induced bowel 
toxicity in a rat model [19]. In a separate animal study, 
low-dose CoQ10 could provide protection against radia-
tion-induced ovarian damage [20]. These benefits might 
be due to the following mechanistic pathways: (1) As 
noted in our previous study, activated mitochondria can 
reduce the radiation effects by scavenging the released 
reactive oxygen species (ROSs) [21]; (2) Besides, the 
mitochondrial enhancement would restore the adenos-
ine-triphosphate (ATP) content of salivary cells, support-
ing the function DNA-preserving proteins (e.g., PARP-1, 
XRCC1, ATM, and DNA ligases), which are reliant on 
ATP molecules [22]; (3) Cell proliferation is an energy-
consuming process [23]. Hence, mitochondrial activa-
tion can improve the normal tissue capacity to divide and 
replace the damaged tissues. The first mechanism reflects 
the “radioprotective effect” of mitochondrial-boosting 
agents, while the second and third mechanisms reflect 
their “radiomitigating effect” [24].

Therefore, boosting the salivary glands’ acinar cells’ 
mitochondrial metabolism can potentially reduce the risk 
of acinar damage, thereby xerostomia, following radia-
tion. In the following, two questions need to be answered: 
(Q1) Which agents can be applied to boost the mitochon-
drial function of salivary glands acinar cells? (Q2) What 
is the best method to deliver the selected mitochondria-
activating agent to the salivary glands? Systemic or local?

R1) Mitochondrial metabolism relies on several cofac-
tors; for example, CoQ10, α-lipoic acid, and L-carnitine. 
These cofactors have been applied in the supplements 
and medicines to improve the mitochondrial function 
[25]. Among these, CoQ10 is of special interest, and is 
more commonly applied in clinical settings. Idebenone is 
a synthetic, water-soluble form of CoQ10 applied to treat 
hereditary mitochondrial disorders [26]. In addition to 
the three mechanisms mentioned above, CoQ10 can fur-
ther protect the acinar cells from radiation effects by its 
intrinsic antioxidant effects [27]. Other potential agents 
to improve mitochondrial biogenesis are resveratrol [28], 
mitochondria-targeted antioxidants (e.g., Mito-Tempo, 
mitoquinone [MitoQ], and 10-(6′-plastoquinonyl) decy-
ltriphenylphosphonium [SKQ1]) [29], mitochondrial 
biogenesis modulators (e.g., PGC-1α activators). Select-
ing a single agent simplifies monitoring of its impact on 
mitochondrial biogenesis, ensuring focused and effective 
intervention. Among the available choices, idebenone 
is likely the optimal choice. FDA-approved for various 
human diseases, its superior tolerability, water solubility, 
and potent antioxidant properties make the idebenone 
a compelling option over CoQ10 [26]. In addition, the 
activation of idebenone in the mitochondrial membrane, 
cytosol, and mitochondrial matrix underscores its advan-
tages over CoQ10 [30].

R2) Systemic administration of mitochondria activa-
tors might interfere with the radiation effects on the 
cancer cells by directly activating the cancer cells’ mito-
chondria [21]. In addition, cancer cells can improve their 
mitochondrial content by hijacking the functional mito-
chondria from the nearby normal cells through the inter-
cellular nanoscale tubes [31]. With this background in 
mind, we propose a new technique to prevent the radia-
tion damage to the salivary glands (Fig. 1):

In this approach, the at-risk major salivary glands are 
identified based on RT dosimetric planning and salivary 
gland tolerance. The mitochondria-enhancing agent is 
injected into the at-risk salivary glands before primary 
RT and regularly during radiation. Intraglandular injec-
tions entail administering medication directly into the 
salivary glands. This approach offers the benefit of direct 
access, minimizing systemic side effects common with 
numerous therapies. Additionally, it is a time-efficient 
approach that necessitates lower dosages for injection. 
For patients undergoing RT, the intraglandular injection 
approach is preferred over the intraductal approach as 
it avoids the need to administer medication through the 
inflamed mucosa. This method bypasses potential dis-
ruptions to the procedure or challenges with tolerability. 
Applying a non-surgical transcutaneous approach can 
assist in reducing the morbidity of the procedures [32]. 
The benefit of an ultrasound guide can assist in better 
exploring the salivary glands [32]. Regular application of 
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anti-inflammatory ointments or creams during radiation 
therapy can facilitate the use of transcutaneous injections 
throughout RT. Eventually, this method would enhance 
the acinar cells’ tolerability to the released ROS and 
improve their capability to repair the radiation-induced 
DNA damage (discussed above). This approach has the 
potential to inform the deliberate design of study proto-
cols to mitigate radiation-induced salivary gland damage. 
To formulate comprehensive protocols for human stud-
ies, conducting animal-based studies is crucial to address 
key knowledge gaps, including determining the optimal 
agent, dosage, and administration sequence.

Conclusions
The impact of RiX on patients with head and neck can-
cer underscores the critical need for effective preventive 
and therapeutic approaches. Current preventive inter-
ventions, including surgical repositioning of glands and 
medicines, fall short due to associated complications 
and limited efficacy. Similarly, the use of antioxidants in 
preventing RiX presents challenges in balancing radio-
protective effects and tumor protection concerns. As 
a promising alternative, enhancing salivary gland cells’ 
mitochondria offers multifaceted benefits. Activated 
mitochondria scavenge reactive oxygen species, restore 
ATP levels, and bolster cell proliferation, collectively 
mitigating radiation effects on salivary glands. Further 
exploration of mitochondrial-boosting agents is crucial 
in addressing the challenges posed by RiX and enhancing 
patients’ quality of life.
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