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Introduction: The standard treatment for differentiated thyroid carcinoma is 
post-surgical radioiodine ablation; however, salivary gland damage is prevalent. 
This study aimed to evaluate the efficacy of Zataria multiflora Boiss. (ZM) aerial 
part essential oil in protecting salivary glands from post-radioiodine therapy 
damage in differentiated thyroid cancer patients. 
Methods: In this randomized clinical trial, 24 patients with differentiated thyroid 
cancer were randomly allocated to two groups: 11 patients in the ZM essential 
oil group and 13 in the placebo group. Patients in the intervention and placebo 
groups received 20 oral drops three times a day of ZM essential oil or placebo 
respectively, starting from one week before radioiodine therapy to 4 weeks 
afterward. Salivary gland function was assessed using scintigraphic parameters 
before and six months following radioiodine therapy. 
Results: Follow-up scintigraphy demonstrated significant decrease in parotid UI 
in the placebo group (P=0.032) while significant increase in UI (P=0.025) and EF 
(P=0.042) of the parotid was observed in the ZM group. Comparing changes in 
functional indices of salivary glands between the two groups after six months 
revealed significantly better function in parotid UI (P=0.005) and parotid EF 
(P=0.006) in the ZM group. Substantial damage to parotid UI was significantly less 
in the ZM group (P=0.044).  
Conclusion: Results of this study demonstrated that administration of ZM 
essential oil to patients with differentiated thyroid cancer may protect the 
salivary glands from radioiodine injury. 
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INTRODUCTION 

One of the most prevalent endocrine cancers is 
thyroid cancer, which is among the most common 
cancers in women globally. Histologically, this 
cancer has four types: papillary, follicular, 
medullary, and anaplastic [1]. Papillary and 
follicular types are differentiated types and 
account for more than 90% of thyroid cancers [2].  
High-dose radioiodine (131I) therapy is the 
standard complementary treatment for patients 
after thyroidectomy in differentiated types to 
ablate the thyroid remnant successfully [3]. 
Despite good prognosis of DTC, post radioiodine 
therapy damage to the salivary glands is reported 
to be about 25-60% [4-6].  
Decreased salivation, in addition to making 
patients feel uncomfortable, causes disturbance 
in taste, speech problems, changes in eating 
habits, and a predisposition to tooth decay and 
opportunistic infections [7]. Decreased salivary 
gland function is not always associated with 
patients feeling dry mouth, but patients suffer 
from adverse consequences such as tooth decay 
[4]. 
Various strategies have been proposed for 
decreasing salivary glands damage, including 
pilocarpine administration, parotid gland massage, 
and the use of sour candies [8]. As the damaging 
effect of 131I is related to the free radical formation 
[9] in the last decade, several studies have assessed 
the use of agents with free radical scavenging and 
antioxidant properties as radioprotective 
substances. There are articles on vitamins E, C, 
selenium, amiophostin, and several herbs [10-14]. 
Radioprotective materials, while protecting 
healthy cells from radiation, do not necessarily 
protect cancer cells from radiation and can even 
make cancer cells more susceptible to radiation 
damage [15, 16]. However, due to the side effects 
of some therapies and the lack of sufficient or 
controversial evidence in other methods, there is 
still no standard preventive measure to prevent 
the salivary gland damage following the 
administration of radioactive iodine [17]. 
Zataria multiflora Boiss. (ZM) with the common 
name, Avishan-e-Shirazi (Shirazi thyme), and the 
traditional name, Saatar, is a member of the 
Lamiaceae family, used as a popular spice [18]; 
which  is native to Iran, Afghanistan, and Pakistan 
[19]. This plant has also been used in various 
forms for treating diseases of the brain, 
gastrointestinal tract, genitourinary system, and 
joints in Persian Medicine [20]. Along with these 
various applications, it was known to have an 
important characteristic that was “Teryaghiyat”, 
i.e., the antidote property; therefore, it was 

considered as a “Teryagh”. Teryagh is defined as 
a medicine that has a fast and strong benefit to 
maintaining and strengthening the body against 
toxins or anything harmful to the body [21]. 
According to recent studies, this plant has 
analgesic, antispasmodic, antibacterial [22], and 
anti-inflammatory [23] properties. It can control 
the symptoms of irritable bowel syndrome [24] 
and induces cytotoxicity in some cancer cell lines 
[18]. It also inhibits angiogenesis in tumors [25]; 
reduces the severity of PMS symptoms [26]; has 
antioxidant properties [22, 24] and protective 
effects on intestinal ulcers [27]; is against drug-
induced kidney [19], liver [28] injuries, and 
gamma radiation [29]; and improves symptoms 
and lung function in respiratory diseases. The 
most active ingredients of ZM essential oil are 
phenolic compounds: thymol and carvacrol [30, 
31]. The antioxidant and radioprotective effect of 
thymol and carvacrol has been shown in various 
studies [32-34]. ZM essential oil therapeutic dose 
is much less than the lethal dose [35] in the same 
line with prior studies, all in favor of its safety for 
therapeutic usage [24, 36].  
Based on the traditional usage of ZM as an 
antidote besides current evidence of its anti-
inflammatory, antioxidant, and radioprotective 
properties, this study was implemented to assess 
the efficacy of ZM essential oil on post-RAI 
therapy salivary glands injury in differentiated 
thyroid carcinoma patients. 

METHODS 

Study plan 
 This study was designed as a parallel, single-
center, double blind, placebo-controlled, 
randomized clinical trial and has been registered 
in the Iranian Registry of Clinical Trials (No: 
IRCT20140514017684N8). The study protocol 
was approved by the Ethics Committee of Shiraz 
University of Medical Sciences 
(IR.SUMS.MED.REC.1399.244). All participants 
provided signed informed consent.  

Patient population 
Twenty-four patients aged above 18 years, who 
had differentiated thyroid carcinoma, and were 
referred to our nuclear medicine center between 
December 2020 and September 2021 for post-
surgical high-dose radioiodine therapy were 
randomly allocated to each of the study groups 
according to a random list. Patients with the 
following conditions were excluded: xerostomia; 
history of salivary gland dysfunction; salivary 
issues such as stone or tumor; history of prior 
head and neck radiotherapy; having diagnosed  
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rheumatological diseases such as Sjögren's 
disease; earlier administration of 131I, use of drugs 
affecting the salivary gland function, such as 
antihistaminic agents, beta-blockers, atropine, 
benzodiazepines, tricyclic antidepressants, and 
antipsychotic drugs 14 days prior to the study; 
and history of hypersensitivity to ZM. According 
to the instruction of the manufacturer and a 
former study [24], patients in the intervention 
group and the control group received 20 drops of 
ZM and placebo solution respectively, three times 
a day from one week before 131I therapy until four 
weeks following treatment. 

ZM aerial part essential oil and preparation of 
placebo solutions  
The 2% solution of ZM aerial part essential oil with 
the “Gastrolit” trademark with the batch number 
of 63004037 and the placebo solution were 
bought from Barij Essence Pharmaceutical 
Company. Gastrolit oral drops were standardized 
based on 4.4–7 mg thymol per ml. To increase 
odor matching, the dropper of the placebo 
solution was soaked in the essential oil and was 
dried by the company. Bottles were coded as A 
and B; hence, patients and the investigator who 
recorded scintigraphic parameters were not 
aware of the contents. 

Salivary gland imaging 
On the admission day for radioiodine ablative 
therapy, all patients underwent salivary gland 
scintigraphy (SGS). Each patient was in a 
hypothyroid state with serum thyroid stimulating 
hormone levels higher than 25 mIU/l. Patients 
were instructed to fast before salivary imaging. 
During SGS, the patients were in supine position 
with their necks hyperextended. Using a dual-
head gamma camera (General Electric Infinia 
Hawkeye 4 scintillation dual-head gamma 
camera) equipped with a low-energy, high-
resolution collimator, the images were acquired 
on a large field of view. 370MBq of [99mTc]Tc-
pertechnetate was injected intravenously for 
each patient. Sequential dynamic images were 
taken at 2 min/ frame on a 128_128 matrix with a 
zoom factor of 1.55 for 40 min, promptly after 
[99mTc]Tc-pertechnetate administration. The 
energy window was 20% around the 140 keV 
photopeak of 99mTc. To stimulate the secretion of 
saliva, twenty minutes post- injection of the 
radiotracer, a syringe was used to administer 5ml 
of lemon juice (50% concentrated) into the 
patient’s mouth.  

Image interpretation 
Circular ROI was drawn manually over every 
parotid and submandibular gland. Uniform 

background regions were made in bilateral 
temporo-orbital regions for parotid glands and 
the bilateral supraclavicular regions for 
submandibular glands. Time–activity curves of 
[99mTc]Tc-pertechnetate were constructed using 
counts per minute, uptake, and washout. 
Concerning interpersonal variations bias during 
the time of constructing the regions of interest 
(ROI), documentation of scintigraphic parameters 
was done.  Based on gained ROI counts and the 
resulting curves of time–activity, subsequent 
functional indices were applied for each salivary 
gland according to the following revised formulae 
as the outcome measures [37-39]: 
(1) Uptake index (UI)  
UI = (count of a salivary gland at the maximum 
uptake minute − count of the background of 
corresponding salivary gland at the maximum 
uptake minute)/count of the background of the 
salivary gland at the maximum uptake minute. 
(2) Excretion fraction (EF) 
EF= (count of a salivary gland at the maximum 
uptake minute − count of a salivary gland at the 
minimum uptake minute after lemon juice)/count 
of a salivary gland at the maximum uptake minute 
× 100%. 

Follow up assessment 
Six months after 131I administration, 22 patients 
underwent the second SGS with the same 
condition as the first SGS. Each patient was in a 
hypothyroid state with serum thyroid stimulating 
hormone levels higher than 25 mIU/l. Considering 
the first SGS, the same scintigraphic parameters 
were calculated, and changes of functional 
parameters were finally calculated as follows: (1) 
change in UI (∆UI): pretreatment UI minus post-
radioiodine therapy UI; (2) change in EF (∆EF): 
pretreatment EF minus post-radioiodine therapy 
EF. According to the mentioned formulae, a 
positive value for each marker indicates 
functional deterioration after 131I treatment. 
Conversely, a negative change accounts for 
functional improvement. Significant (moderate or 
severe) damage was considered more than a 21% 
reduction in scintigraphic parameters according 
to prior studies [40]. 

Statistical Analysis 
Quantitative variables between the two groups 
were compared using the Mann–Whitney U-test. 
Wilcoxon signed-rank test was applied to 
compare the two phases within the same group. 
To compare categorical variables between the 
two groups, Fisher’s exact test was used. 
Significant P-values were considered as less than 
0.05. 
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RESULTS  

Study flow 
During the six months of the study course, out of 
the 24 patients enrolled in the study, two failed 
to follow up; one deceased due to prostate 

cancer, and the other refused the second 
salivary gland scintigraphy for personal reasons. 
Finally, data from 22 patients, composed of ten 
patients in the ZM group and twelve in the 
placebo group, were analyzed. Figure 1 
demonstrates details of the consort chart. 

 

 
Figure 1. CONSORT flow diagram of the patients’ enrollment and follow-up 

 
Baseline 
Demographic characteristics and 131I dose are 
shown in Table 1. There was no significant 
difference in age, sex, BMI, and  131I dose 
between the study groups (P > 0.05). Table 2 

shows the baseline scintigraphic parameters of 
the patients, which showed no significant 
difference at baseline between the two groups 
(P > 0.05).  

Table 1. Demographic characteristics and 131I dose in the ZM and placebo groups before the intervention 

Baseline variables ZM, n =10 Placebo, n=12 P value† 

Gender [n (%)] 
Male 

Female 

 
1 (10%) 
9 (90%) 

 
1 (8.3%) 

11 (91.7%) 
1.000 

Age (years) (mean ± SD) 40±11.56 41.41±10.85 0.668 

BMI (kg/m2) (mean ± SD) 25.50±3.90 27.48±2.20 0.129 

Administered I-131 activity (mCi) (mean ± SD) 160±21.08 150±10.66 0.239 
† Mann–Whitney U-test for quantitative variables; Fisher’s exact test for qualitative variables 
  BMI: body mass index 
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Table 2. Baseline variables in the ZM and placebo groups before the intervention 

Type of salivary gland 

 Scintigraphic indices (mean±SD)  

 
ZM 

(mean ± SD), 
n =20a 

Placebo 
(mean ± SD), 

n =24a 
P value† 

Parotid gland 
UI 1.93±0.69 2.35±0.76 0.150 
EF 40.50±18.58 47.16±16.99 0.168 

Submandibular gland 
UI 1.94±1.05 1.76±0.77 0.906 
EF 37.24±16.47 29.95±13.20 0.069 

 aTotal number of similar glands 
† Mann–Whitney U-test 
EF, excretion fraction; UI, uptake index 

 
Scintigraphy parameters 
Table 3 shows the scintigraphic parameters of 
the placebo group before and six months after 
radioiodine therapy. As noted, the UI of the 
parotid glands significantly decreased after RAI 

therapy (P<0.05).  As shown in Table 4, UI and EF 
of the parotid glands increased significantly after 
treatment with radioiodine in the ZM group 
(P<0.05). 

Table 3. Scintigraphic variables before and after RAI therapy in the placebo group 

Category of salivary gland 
Scintigraphic indices (mean±SD) 

P value† 
 

Prior to 131I therapy 
(mean ± SD), n =24a 

Post 131I therapy 
(mean ± SD), n =24a 

Parotid gland 
UI 2.35±.0.76 1.82±.0.61 0.032* 
EF 47.16± 16.99 39.08± 17.77 0.079 

Submandibular gland 
UI 1.76±0.77 2.22±3.52 0.123 
EF 29.95±13.20 28.25±14.40 0.738 

a Total number of similar glands  

†Wilcoxon signed-rank test 
*Significant difference 
EF, excretion fraction; UI, uptake index 

Table 4. Scintigraphic variables before and after radioiodine therapy in the ZM group 

Category of salivary gland 
Scintigraphic indices (mean±SD) 

P value† 
 

Prior to 131I therapy 
(mean ± SD), n =20a 

Post 131I therapy 
(mean ± SD), n =20a 

Parotid gland 
UI 1.93± 0.69 2.14± 0.82 0.025* 
EF 40.50± 18.58 48.75± 16.72 0.042* 

Submandibular gland 
UI 1.94± 1.05 1.72±0.83 0.093 
EF 37.24±16.47 35.45±11.74 0.575 

a Total number of similar glands 

† Wilcoxon signed-rank test 
*Significant difference 
EF: excretion fraction, UI: uptake index 

Changes in functional scintigraphic parameters 
in the ZM and placebo groups after treatment 
are shown in Table 5. As demonstrated in this 
Table, changes in UI and EF of the parotid gland 

showed significant differences between the two 
groups (P<0.05), indicating a better function of 
the parotid gland in the ZM group after 
radioiodine therapy. 

Table 5. Comparison between ZM and placebo groups after treatment 

Types of salivary 
gland 

Changes of functional 
scintigraphic indices a 

ZM group (mean ± SD), n 
=20b 

Placebo group (mean ± SD),  n 
=24b 

P value† 

Parotid gland 
∆UI -0.21±0.49 0.53±1.08 0.005* 
∆EF -8.25±17.48 8.08±25.18 0.006* 

Submandibular 
gland 

∆UI 0.22±0.48 -0.46±3.60 0.925 
∆EF 1.79±20.88 1.70±13.25 0.540 

aFor all scintigraphic parameters, the changes (Δ) after 131I therapy corresponding to the values before therapy were calculated as pre-
131I therapy minus post-131I therapy values  
bTotal number of similar glands 

†Mann–Whitney U-test  
*Significant difference 
EF: excretion fraction, UI: uptake index 

The total percentage of moderate and severe 
damage was significantly less in the UI of the 

parotid gland of the ZM group in comparison 
with the placebo group: 2 out of 20 parotid 
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glands (10%) versus 9 out of 24 (37.5%) (P<0.05). 
Figures 2 and 3 show the pre- and post-
treatment salivary gland scintigraphies of a 

patient in the ZM group. The scintigraphies of a 
patient in the placebo group are shown in 
Figures 4 and 5. 

 

 
Figure 2. Uptake and excretion function of four major salivary glands in a patient from the Zataria multiflora Boiss group before the RAI therapy 

 

 
Figure 3. Uptake and excretion function of four major salivary glands in a patient from the Zataria multiflora Boiss group 6 
months after the RAI therapy 

 

 
Figure 4. Uptake and excretion function of four major salivary glands in a patient from the placebo group before the RAI therapy  
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Figure 5. Uptake and excretion function of four major salivary glands in a patient from the placebo group 6 months after the RAI 
therapy 

 
Adverse events 
During the study course, one patient in the ZM 
group developed an aphthous lesion. Other 
patients did not report any adverse events. 

DISCUSSION 

The current study results showed that using ZM 
aerial parts essential oil 20 drops three times a 
day from one week before to 4 weeks after 
administration of 131I might protect the salivary 
glands from radioactive iodine (RAI) therapy 
damage. 
131I is specifically taken up by the thyroid tissue, 
but it also actively accumulates in the acinar cells 
of the salivary glands by iodine substitution for 
chloride in the sodium-potassium-chloride 
(Na/K/Cl) cotransporter [41, 42]. The 
concentrated 131I in the salivary glands is even up 
to 700 times than the plasma level [42]. This high 
concentration exposes the salivary glands to a 
harmful radiation dose [12], but the exact 
mechanism is unknown [43]. SGS has been used 
for about five decades. Along with its safety, it is 
also non-invasive, well tolerated, reproducible, 
and easily performed. Hence, it is the sole 
imaging technique for demonstrating the 
function of the salivary glands [44]. 

Changes in functional SGS parameters in the 
placebo group 
In our study, after the radioiodine therapy, the 
uptake index of the parotid glands declined 
significantly in the placebo group. Which is in 
concordance with prior studies, showing that 
parotid glands are more susceptible to 
radioiodine than submandibular glands [40, 43, 
45]. In Jeong et al. study on 213 DTC patients 
who underwent RAI ablation, by salivary 

scintigraphic studies before and five years after 
the treatment; in 47.4% of the patients, the 
function of salivary glands decreased in the five 
years follow-up SGS. EF decreased, and 
moderate to severe decrease was more 
prevalent in the parotid in comparison with the 
submandibular gland (31.9% vs. 9.4% and 30.3% 
vs. 8.7%, respectively) [40]. 
Krčálová et al. showed that activities higher than 
150 mCi significantly deteriorated the excretion 
of the parotid gland. In activities more than 250 
mCi, the parotid uptake was also decreased. 
Submandibular glands were not affected even in 
higher RAI activities [46]. Conversely, Lv et al. 
showed that among 458 patients with DTC who 
received multiple RAI therapies with low to high- 
doses of 131I (30-550 mCi) in each course, 
submandibular glands had more functional 
deterioration than parotid glands [47]. In 
another study among 36 patients who received 
100 mCi 131I, a significant decline in function was 
observed only in the left submandibular gland six 
months after RAI therapy [39]. According to the 
above-mentioned studies, it is controversial 
which salivary gland is more susceptible to 
radioiodine damage. Different hypotheses are 
proposed. One is that the parotid glands are 
more susceptible to radiation. The reason could 
be the fact that the main radiation damage is 
seen in acinar cells, and they are more prevalent 
in the parotid glands [43]. Another group, based 
on some animal and scarce human studies, 
proposes that radioiodine concentration in 
submandibular glands is higher than in parotid 
glands; therefore, submandibular glands are 
more susceptible to radiation damage [47]. 
Different results of these studies may be the 
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result of the difference in RAI doses, follow-up 
duration, SGS indices, and sample sizes. 

Changes in functional SGS parameters in the ZM 
group 
Given the functional parameters of the parotid 
and submandibular glands in the ZM group, a 
significant increase was shown in UI and EF of 
parotid glands after radioiodine therapy. Our 
study also showed that the function of salivary 
glands in the ZM group after the intervention 
was less affected by RAI therapy. 
Among different strategies proposed for the 
prevention of post-RAI therapy salivary gland 
damage, using antioxidants has attracted the 
researchers’ concern in recent decades [48]. 
Several studies have shown the antioxidant 
property of thymol and carvacrol as ZM essential 
oil main components [49]. An animal study that 
used thymol at a dose of 50 mg/Kg 
demonstrated the protective effect of thymol on 
post-radiotherapy salivary glands damage in rats 
according to SGS parameters [34]. Results of an 
animal study on 47 veterans exposed to sulfur 
mustard treated with ZM extract showed an 
increase in antioxidant biomarkers and a 
decrease in oxidant biomarkers [50].  
The increase in SGS parameters following RAI 
ablation in our study has been demonstrated in 
other studies as well [47]. One of the 
illustrations of this compensatory mechanism is 
the proliferation of undamaged cells, which is 
shown to be enhanced by pretreatment with 
vitamin E and pilocarpine [12, 51]. 
Given that differentiated thyroid cancer has an 
excellent prognosis, it is essential preventing 
damage to the salivary gland to improve the 
patients’ quality of life. ZM essential oil is a 
natural antioxidant with high lethal dose of its 
main ingredient, thymol. No serious adverse 
event has been reported regarding therapeutic 
doses of ZM products [24, 52]. In the current 
study, there was no report of severe side effects 
of ZM essential oil consumption that might be 
the result of the small sample size. 

CONCLUSION 

To the best of our knowledge, this was the first 
human study that assessed the radioprotective 
effect of ZM. In addition to the strengths of the 
present study such as prospective design, using 
a placebo against ZM, and double blinding the 
study, there were some inherent limitations. 
Small sample size, administration of one dose of 
ZM, and lack of assessment of related clinical 
symptoms that might present minor salivary 

gland damage were among the most noticeable 
limitations. This study revealed that using ZM 
essential oil might protect the salivary glands 
from post-radioiodine injury in differentiated 
thyroid cancer patients. However, further 
human studies with the similar reference values 
and SGS indices, larger sample sizes, and follow-
ups in different stage to evaluate the effects on 
acute and chronic damages, along with assessing 
clinical symptoms, are recommended. 
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