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Aim The aim of this study was to show the preventative
effects of dexpanthenol in radiation injuries caused by
radiotherapy (RT) through the use of lung perfusion
scintigraphy in the pre-RT and post-RT periods.

Materials and methods Six male New Zealand rabbits
(5–6 months of age and ∼ 2.5–3 kg in weight) were the used
in this study. The animals were subjected to
99mTc-macroaggregated albumin lung perfusion
scintigraphy in the pre-RT and post-RT (i.e. 2 weeks after
treatment) periods. The scintigraphies were performed with
the same dose by the same staff and the methodology used
the same acquisition parameters. The rabbits were divided
into two groups: group I (administered RTonly) and group II
(also administered intramuscular 500mg dexpanthenol
injections for 14 consecutive days after RT). Quantification
was performed to compare the groups and the
quantification variables were compared using a paired
samples t-test, with P value less than 0.05 considered to be
statistically significant. Histopathological analysis was also
carried out.

Results The post-RT scintigraphies indicated a decrease in
the counts in both lungs, suggesting early post-RT injury.

The difference between the counts obtained from both
lungs in groups I and II was significantly different and
favoured group II. Histopathological results confirmed the
scintigraphy results.

Conclusion It is possible to estimate post-RT changes in
the early period (in contrast to previous data) by lung
perfusion scintigraphy. Dexpanthenol may also reduce the
effects of RT to a degree. Although this is the first study to
report the preventive effects of dexpanthenol on RT injuries,
further studies are warranted in this area. Nucl Med
Commun 00:000–000 Copyright © 2015 Wolters Kluwer
Health, Inc. All rights reserved.
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Introduction
Radiation pneumonitis as a result of radiation injury is a

highly mortalAQ3 and dose-limiting complication of radiation

therapy, occurring within 6 months after therapy. The

disease is characterized by cough, shortness of breath,

fever and reduced lung functions [1]. Among patients

receiving radiotherapy (RT), approximately one-third

experience radiation pneumonitis [2]. The predisposing

factors for the development of radiation pneumonitis are

various drugs (such as taxanes) and some diseases (e.g.

allergic rhinitis, asthma) [3,4]. Several diagnostic methods

are used to investigate radiation pneumonitis, including

chest radiography, lung perfusion, ventilation scinti-

graphy and 18F-fluorodeoxyglucose (18F-FDG) PET. In

addition, 67Ga scintigraphy has been reported to indicate

the presence of radiation pneumonitis early in the course

of the disease [5], whereas a previous study has suggested

that 111In pentetreotide imaging may better delineate the

disease [6]. Among these methods, 18F-FDG PET serves

as a positive marker (identifying an accumulation of

increased activity related to radiation injury) and lung

scintigraphy serves as a negative marker (identifying

hypoperfusion).

The diagnostic effects of these imaging methods are

normally evaluated later on in the course of the disease

because the clinical symptoms are generally present in

the late phase. However, there has been no study on the

presentation of early radiation injury in the lungs as

shown by diagnostic tests. In addition, there have been

no previous investigations of possible preventative drugs

for radiation injury. Dexpanthenol has been shown to be

a preventative drug in pulmonary fibrosis in a recent

experimental model [7]. Therefore, this study had two

aims; first, to investigate the role of lung perfusion scin-

tigraphy in early radiation injury to the lungs following

RT and second, to identify the preventative effects of

dexpanthenol for radiation injuries using lung perfusion

scintigraphy.
The paper was presented at the 17th ISORBE congress as an abstract in March
2015 in İzmir/Turkey.
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Materials and methods
Rabbits
Six male New Zealand White rabbits, 5–6 months of age

and ∼ 2.5–3 kg in weight, were used in this study. The

rabbits were divided into two groups: group I (n= 3,

control) and group II (n= 3, dexpanthenol).

Dexpanthenol administration (500 mg/2 ml) was per-

formed in all three rabbits of group II by an intramuscular

injection on the day of RT and for 14 consecutive days

before the second scintigraphy took place. All animal

protocols were approved by the Institutional Animal Care

and Use Ethics Committee. The study was carried out

according to the National Institutes of Health Guide for

the Care and Use of Laboratory Animals and the Helsinki

Declaration, revised in 2008.

Radiation therapy
RT was performed using the same dose (6 Gy) on all

rabbits in both groups with the same intensity modulated

radiation therapy device and methodology (Fig. 1).

Before treatment, a dose calculation and simulation was

performed.

Sedation
The animals were sedated by an intramuscular adminis-

tration of 35 mg/kg ketamine and 20 mg xylazine before

all imaging and therapeutic procedures were initiated.

Scintigraphy
Lung perfusion scintigraphy was performed by an intra-

venous administration of 1 mCi of
99mTc-macroaggregated albumin through an intravenous

line placed in the ear vein, and the imaging of the lung

region in anteroposterior projection was performed in the

planar mode by a single-photon emission computed

tomography (SPECT) gamma camera (Infinia II; GE,

Tirat Hacarmel, Israel) under sedation. The images were

compared by visual evaluation and quantification by an

experienced nuclear medicine physician. The same pixel

size rectangular region of interest was generated covering

the right and left lobes of the lungs separately and was

then compared. In addition, comparison of the upper

middle and lower lobes was performed using the quan-

tification program of our Xeleris (GE) workstation.

Statistical analysis
Comparison of the counts (average counts in the lung

region of interest) of the lungs of the rabbits in each

group was performed using a paired samples t-test. A
value of P less than 0.05 was considered statistically

significant.

Fig. 1
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Images of the dose calculation according to simulation (the methodology includes the SAD-100 technique; the distance between the source and
target was 100 cm; conformal dose technique).
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Pathology
The rabbits were decapitated under high sedation, and

the lung tissues of the rabbits were removed and ana-

lysed with haematoxylin–eosin staining.

Results
Visual interpretation of the images obtained in the post-

treatment scintigraphies showed a significant decrease in

the lungs of the rabbits, indicating severe early radiation

injury. However, uptake in the lungs of the rabbits in

group II was significantly better than that in group I

(Fig. 2 and Graph 1).

In the histopathological evaluation of the lungs of both

groups following RT, pathological changes related to

acute radiation injury were observed in the tissues

(Fig. 3). In the lungs of group II, the severity of damage

related to acute radiation injury was found to be lower

compared with group I (Fig. 4).

Discussion
Although the groups were small, our results indicate that

lung perfusion scintigraphy might be useful against early

radiation injury in the lungs. In addition, dexpanthenol

might also exert a protective effect on the lungs in rela-

tion to radiation injuries from RT.

Pulmonary radiation injury is the most common side

effect of radiation and is divided into early and late pre-

sentation categories. Early presentation involves com-

plaints such as cough and dyspnoea, which can be

responsive to steroid treatment; however, late presenta-

tion, which is termed fibrotic injury, manifests after

6 months and may lead to mortality [8]. Functional

imaging might provide a better and earlier evaluation of

Fig. 2

Anteroposterior 99mTc-macroaggregated albumin lung perfusion scintigraphy images. (a) Perfusion scintigraphy image of one of the rabbits before
radiotherapy (normal). (b) Perfusion scintigraphy image of a rabbit in group I 14 days after radiotherapy. (c) Perfusion scintigraphy image of a rabbit in
group II 14 days after radiotherapy.
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radiation injury in the lungs than morphological imaging

methods. In previous studies with rats, it has been shown

that hemithoracic irradiation of the lungs leads to perfu-

sion loss within 4–6 weeks of RT [9,10]. Our study

indicates that the perfusion changes related to radiation

injury begin at an earlier phase after RT, although

symptoms also occur in the late phase in humans.

Other imaging modalities have also been used to inves-

tigate earlier patterns in the early phase of radiation

injury. A previous study with gadolinium-enhanced MRI

showed that enhancement patterns may differentiate

early radiation pneumonitis and radiation fibrosis

according to the pathology results [11]. In a previous

review, it was suggested that the earliest indicator of

radiation injury is disproportionate perfusion changes

[12], and our results confirm this suggestion. In addition,

in another previous study, computed tomography (CT)

perfusion imaging was shown to be a better tool than CT

in the evaluation of early radiation changes [13]. A recent

review noted that, with respect to normal tissue injury

because of RT, CT imaging shows injury from doses

more than 40 Gy; although perfusion scintigraphy was

less dose dependent in terms of injury [14] in our study,

we used a very minimal dose (6 Gy). To the best of our

knowledge, these are the only results in the literature

that relate to early radiation injury. Our study includes

the earliest evaluation of radiation injury in the lungs and

indicates severe impairment of functional tissue in a

rabbit model.

Functional assessment by means of radionuclide imaging

aids the diagnosis of radiation injury and helps to predict

possible radiation pneumonitis, and there have been

suggestions that SPECT-guided intensity modulated

radiation therapy applications require dose–volume his-

togram analysis to decrease the risk of radiation pneu-

monitis [15–17]. Recent studies have shown that
18F-FDG PET additionally predicts which patients will

have a tendency for radiation pneumonitis before RT

[18]. We already know that 18F-FDG PET imaging

shows early changes related to radiation injury: it is not

recommended that 18F-FDG PET imaging be performed

early after RT in routine practice. The rationale for this

time delay between imaging and therapy is that con-

siderably increased activity, as a consequence of RT, may

Graph 1
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Graphic demonstration of the average counts (mean±SD) in all rabbits
in all groups.

Fig. 3

Histopathological findings in group I. (a) Intra-alveolar haemorrhage, alveolar collapse. (b) Interstitial oedema and infiltration of infectious cells. H&E,
×200.
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obscure other pathologies. Therefore, 18F-FDG PET

imaging might reflect early changes related to radiation

injury.

A previous study has indicated that recovery following

RT is an ongoing process for 4 years after therapy, and it

showed that pulmonary functional measurements using

lung perfusion and ventilation scintigraphy at month 18

may predict the functional outcome [19]. In addition, a

review noted that SPECT imaging may be more efficient

than planar imaging in estimating overall pulmonary

function [20]. According to a retrospective analysis, upper

lung lobes have a higher metabolic radiation response

compared with lower lobes when taking into account

PET results [18]. This study also suggested 5 Gy radia-

tion as a limiting dose – that is, below this level there may

not be enough injury to allow observation. We therefore

performed RT with the lowest dose possible (6 Gy) [18].

However, we did not observe differential impairment of

lung lobes because of radiation. In addition, the quanti-

tative analysis of the upper, middle and lower lobes

showed no significant differences compared with the

pretherapy images.

A previous study has shown no significant correlation

between the extent of the perfusion defects and radiation

pneumonitis [21]. However, many other studies have

indicated that perfusion defects correlate with the results

of perfusion function tests and the clinical symptoms of

patients [22,23]. De JaegerAQ4 et al. [24] compared pul-

monary function tests, SPECT and CT in the evaluation

of pulmonary function after RT because of non-small-cell

lung cancer and concluded that the mean perfusion-

weighted lung dose and predicted perfusion reduction

are the best parameters. According to our results, lung

perfusion scintigraphy might be among the earliest mar-

kers for predicting the functional loss of lung tissue

because of radiation injury. This information could be

applied to human studies to predict the patients who may

go on to develop radiation pneumonitis.

Dexpanthenol has been reported to be an effective

antioxidant medication by several previous studies

relating to an ischaemia–reperfusion-induced renal injury

model, a testicular ischaemia–reperfusion model and

reduced oxidative stress because of γ radiation and

apoptosis [25–27]. Finally, Ermis et al. [7] investigated

the effects of dexpanthenol on bleomycin-induced lung

injuries. We instead determined the effects of this anti-

oxidant medication on the prevention of radiation injury.

As the basic mechanism of RT involves destruction

related to oxygen radicals and oxidation because of

radiation, this antioxidant molecule might prevent injury.

However, it remains to be investigated whether or not

this prevention additionally decreases the therapeutic

effect of radiation. Dexpanthenol could be used in other

types of radiation therapies, but radiation pneumonitis

remains the most problematic complication related to

radiation therapy.

There are several limitations to this study. First, the

groups were small in number and second, the study could

have been more informative if it had included a positive

marker such as 18F-FDG. However, PET imaging in

small objects requires special equipment (e.g. a micro-

PET device).

Conclusion
Lung perfusion scintigraphy indicates the earliest signs of

radiation injury related to RT and could be performed to

Fig. 4

Histopathological findings in group II. (a) Decrease in intra-alveolar haemorrhage, alveolar collapse. (b) Decrease in interstitial oedema and infiltration
of infectious cells compared with group I. H&E, ×200.
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predict the patients who might experience radiation

pneumonitis. According to our results, dexpanthenol as

an antioxidant agent might prevent radiation injury, but

the effects of this vitamin need to be evaluated in much

larger prospective studies.
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