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Therapeutic and prophylactic effects of strontium on
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Abstract

Background and Design: This study aimed to investigate whether 5% strontium (Sr) chloride hexahydrate has preventive or therapeutic
effects on the radiotherapy (RT)-induced adverse skin effects.

Materials and Methods: Sixty-four female Wistar albino rats weighing 200-210 g, aged 4.5-5 months were divided into eight groups.
Results: There were significant differences between control group and the other groups according to the Radiation Therapy Oncology Group
Acute Radiation Morbidity Scoring Criteria (RTOG) and histopathological findings (p<0.050). However, there were no significant differences
between RT group and treatment groups (p>0.05). In addition, there were no significant differences among treatment groups (p>0.05).
Statistical results were as follows according to the immunohistochemical evaluation of transforming growth factor-p: group 1 and 4 (p=0.015),
group 1 and 5 (p=0.014), group 1 and 6 (p=0.035), group 1 and 8 (p=0.046), group 2 and 6 (p=0.047), group 4 and 6 (p=0.031); and
according to the immunohistochemical evaluation of tumor necrosis factor-a: group 1 and 2 (p=0.024), group 1 and 8 (p=0.045).
Conclusion: Topical treatment with Sr at a concentration of 5% is insufficient to prevent the side effects of RT involving the skin, as assessed
by the RTOG scoring, histopathological findings, and immunological markers.
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Amagc: Bu calismada %5'lik stronsiyum (Sr) klorlir hekzahidratin radyoterapiye (RT) bagl gelisen deri toksisitesini dnleyici ve/veya tedavi edici
etkisinin olup olmadiginin arastiriimasi amaglandi.

Gereg ve Yontem: Dort buguk-bes aylik, 200-210 gram agirliginda 64 adet, disi Wistar albino sican kullanildi ve sicanlar her bir grupta 8 sican
olacak sekilde rastgele 8 gruba ayrildi.

Bulgular: Radyo Terapi Onkoloji Grubu Akut Radyasyon Morbidite Puanlama Kriterleri (RTOG) ve histopatolojik bulgulara gore karsilastirma
yapildiginda kontrol grubu ile diger gruplar arasindaki fark istatistiksel olarak anlamliydi (p<0,05). Fakat RT grubu ile diger tedavi gruplar
arasinda istatistiksel olarak fark yoktu (p>0,05). Ayrica tedavi gruplari arasinda anlamli farklilik yoktu (p>0,05). Gruplar transforme-edici biylime
faktoru-B'nin immunohistokimyasal degerlendirmesine gore karsilastirildiginda istatistiki sonuglar: Grup 1 ve 4 (p=0,015), grup 1 ve 5 (p=0,014),
grup 1 ve 6 (p=0,035), grup 1 ve 8 (p=0,046), grup 2 ve 6 (p=0,047), grup 4 ve 6 (p=0,031) seklindeydi. Gruplar timor nekroz faktori-o'nin
immunohistokimyasal degerlendirmesine gore karsilastinldiginda istatistiki sonuglar: Grup 1 ve 2 (p=0,024), grup 1 ve 8 (p=0,045) seklindeydi.
Sonug: Topikal olarak kullanilan %5 konsantrasyondaki Sr RT'nin deri (izerinde yan etkilerini dnlemek icin yeterli degildir. Bu sonug RTOG
puanlama, histopatolojik bulgular ve immuinolojik belirteclerle desteklenmistir.
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Introduction

Radiotherapy (RT) is implemented as both therapeutic and palliative
treatment in approximately 60% of all cancers. Controlling the side
effects associated with RT, especially with curative application, is
important for treatment success. The continuation of the treatment in
the programmed manner is essential to avoid resistant clonogenic cells
and accelerated repopulation. One of the side effects of the treatment
process is seen on the skin, sometimes requires treatment interruption.
Side effects of RT involving the skin are typically begin in the second
week of the treatment and continue to increase until the end of the
treatment. Erythema, edema, and dry and wet desquamations are
seen in the early period, while fibrosis, pigmentation disorders (hypo- or
hyper-pigmentation), edema, telangiectasia, and ulcers are the adverse
effects seen in the late periods. These effects impair the patient’s
quality of life. Side effects of RT involving the skin are seen in three
phases. These phases are regulated by a complex interaction between
keratinocytes, endothelium, and fibroblasts.

In phase 1, an inflammatory period begins with epithelial destruction
after RT, and neutrophils, macrophages, and lymphocytes accumulate
at the injury site. This phase lasts zero to four days, and the mediators
secreted from the cells as a result of inflammation are proinflammatory
cytokines such as transforming growth factor-$ (TGF), vascular
endothelial growth factor (VEGF), tumor necrosis factor-o. (TNF-a),
interferon-y, interleukin (IL)-1, and IL-8. These cytokines accumulate in
the matrix in an uncontrolled way as a result of injury. These mediators
play a role in the keratinocyte and fibroblast mitogenesis, keratinocyte
migration, angiogenesis, and cellular chemotaxis of fibroplasia.

Phase 2 is a proliferative phase and includes reepithelialization
and neovascularization. Granulation tissue formation and collagen
deposits are present. The factors having role in this phase are TGF-,
VEGF, epidermal growth factor, fibroblast growth factor, and platelet-
derived growth factor. Additionally, nitric oxide stimulates collagen
accumulation, and thus contributes to wound healing. This phase lasts
between three days and three weeks.

Phase 3 is the remodeling or maturation phase. It takes three weeks to
two years. Matrix metalloproteinases (MMP-1, MMP-2, MMP-12, MMP-
13, and TIMP) have important roles in this phase'~.

Strontium (Sr) induces neurotransmitter secretion in the nerve endings
of the skin (type C nociceptor neurons: sensory nerves), similar to
calcium in calcium channels. However, it is less powerful than calcium
in the calcium-dependent depolarization®**. On the other hand, it can
change the electrostatic region of calcium ion channels, giving rise to
stimulation of the unmyelinated sensory neurons and decrease the
ionic passage from the channel. Sr has inhibitory effects on neurogenic
inflammation®*. Additionally, Sr can directly affect keratinocyte and
immunoregulatory cells. It has been shown to decrease TNF-g, IL-1, and
IL-6 in in vitro cultures®. In addition to the effects on the nerve edges,
Sr has effects on the inflammatory cell mediators, therefore causing a
decrease in inflammation.

Ninety-nine percent of Sr is found in the bone tissue in the body.
Excretion of Sr from the body occurs through fecal and urinary paths.
It was reported in some animal studies that it had adverse effects on
bone tissue in high doses (>350 mg/kg). Some studies have reported
that there were no side effects at a dose of 40 mg/kg*.
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The current study aimed to investigate whether 5% Sr chloride has
preventive or therapeutic effects on RT-induced adverse skin reactions.

Materials and Methods

The study was conducted with the approval of Cumhuriyet University
Animal Ethics Committee (65202830/50). Sixty-four female Wistar
albino rats weighing 200-210 g, aged 4.5-5 months, grown in
accordance with the 3Rs tenet (Reduction, Replacement, and
Refinement; adopted as ethical principles for experiments on animals
in Cumhuriyet University of Medicine Experimental Animals Production
and Research Laboratory), were divided into eight groups.

Srand 5% Sr chloride hexahydrate (SrCl 6H,0 +) containing an
oil emulsion in water were used as topical preparations in the
study. An oil emulsion prepared in water without Sr (SrCl 6H,0
-) was used twice a day as a topical preparation in the control
group.

The groups are summarized as follows:

Group 1: Control group,

Group 2: RT group.

Treatment groups: Group 3: 5% SrCl 6H,0 cream was topically
applied before RT twice a day for 7 days,

Group 4: Cream without SrCl 6H,0 was topically applied before RT
twice a day for 7 days,

Group 5: 5% SrCl 6H,0 cream was topically applied after RT twice a
day for 15 days,

Group 6: Cream without SrCl 6H,0 was topically applied after RT twice
a day for 15 days,

Group 7: 5% SrCl 6H,0 cream was topically applied before and after
RT twice a day for 7 days before RT and for 15 days after RT,

Group 8: The cream without SrCl 6H,0 was topically applied before
and after RT: twice a day for 7 days before RT and for 15 days after RT.
Ketamine HCl was administered for anesthesia before radiation,
measurements of the rats were taken by simulation on the prepared
foam assembly, and the arms and legs were fixed with adhesive tape.
RT region was established as the skin of the thorax (back) consisting of
10% of the total body of the rats®°. Maximum two rats were irradiated
at one time. Radiations were administered using a Linac device, sized
4x30 cm, with a SSD to a depth of 4 mm, with only a single fraction
of the 30 Gy dose from the only front area, with 6 MeV electron
energy, and a bolus of 0.5-1 cm. After application, the groups were
divided into separate cages, each of them including a maximum of five
rats, and daily care was provided during the time of the study which
was completed in the experimental animal laboratory. At the end of
three weeks following the first applications, the study was completed,
and the experimental animals were given high dose anesthetics (200
mg/kg sodium thiopental intraperitoneally). The back skin tissue was
dissected and was placed in a sterile container of 10% formalin. The
samples were transferred for pathologic examination after assigning a
separate number to a part of each rat.

Test evaluation
Radiation Therapy Oncology Group Acute Radiation Morbidity
Scoring Criteria

The photos of the rats were taken three times (at the beginning of the
experiment, beginning of the RT, and at the end of the experiment).
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Clinical adverse skin reactions were graded according to the RTOG
scoring criteria'®. RTOG scoring was made by grading from 1 to 4.
Grade 1: Follicular, pale, or dull erythema/epilation/dry desquamation/
decreased sweating,

Grade 2: Sensitive or bright erythema, partly moist desquamation/
moderate edema,

Grade 3: Unified, with the exception of skin folds; moist, desquamation,
pitting edema,

Grade 4: Ulceration, hemorrhage, necrosis.

Histopathological evaluation

Skin tissue was stained with hematoxylin-eosin and Masson'’s trichrome
stain. Changes in epidermal thickness, fibrosis, collagen loss, edema,
and ulceration were evaluated by a pathologist. The subjects were
transferred to the pathology department investigators without group
identification. Ten different radiation-induced changes were evaluated
in the histopathological examination and one point was given for
histopathological changes in each item. Sum of the findings give the
total histopathology score'"2.

Histopathological changes included:

1. Intracellular edema and nuclear pyknosis,

2. Adnexal atrophy or loss of hair follicles,

3. Inflammatory infiltrate in the dermis (may show epidermal
permeation),

4. Dilation of some blood vessels; swelling of the others, especially wall
swelling of the large vessels in the dermis; endothelial swelling, even
thrombosis,

5. Edema of collagen fibers,

6. Degenerative separation of the epidermis in cases that developed
blisters,

7. Presence of an ulcer, not only in the epidermis, but also necrosis in
the dermis,

8. Neutrophil infiltration around the necrotic areas,

9. Radiation fibroblasts,

10. Vascular changes associated with
Immunohistochemical staining

TNF-a. and TGFB evaluation in the skin tissue was carried out by a
pathologist.

Statistical Analysis

Statistical analysis was performed using the SPSS version 15.0 (SPSS
Inc., Chicago, IL, USA). Descriptive statistics were used and data were
expressed as frequency. Each group was compared with the chi-square
test for RTOG scoring, histopathological finding, TNF-a, and TGFf§
levels. A p value of <0.05 was considered statistically significant.

radiation;  congestion.

Results

One rat in group 2, 2 in rats in group 3, 2 in group 4, 1 in group 5, 3
in group 6, 2 in group 7, and 4 rats in group 8 died before completing
the treatments.

The results of the subjects according to RTOG scoring are shown in Table
1. There were statically significant differences in RTOG score between
control group and the other groups, [group 1 and 2 (p=0.014); group
1 and 3 (p=0.003); group 1 and 4 (p=0.003); group 1 and 5 (p=0.002);
group 1 and 6 (p=0.005); group 1 and 7 (p=0.003); group 1 and 8

(p=0.002)]. However, there were no significant differences between
RT group and treatment groups (p>0.05). In addition, there were no
significant differences among treatment groups (p>0.05). Adverse skin
effects in the subjects in groups 1, 2, 5, and 6 are shown in Figure 1.
The histopathological results are shown in Table 1. There were
significant differences in the results of histopathological evaluation
between the control group and the other groups. P values were as
follows: group 1 and 2 (p=0.020); group 1 and 3 (p=0.043); group 1
and 4 (p=0.014); group 1 and 5 (p=0.009); group 1 and 6 (p=0.005);
group 1 and 7 (p=0.003); group 1 and 8 (p=0.007). However, there
were no significant differences between RT group and treatment
groups (p>0.05). In addition, there were no significant differences
among the treatment groups (p>0.005).

The results of immunohistochemical evaluation of TGF-f are shown
in Table 2. When the groups were compared, there were statistically
differences in the results of immunohistochemical evaluation between
group 1 and 4 (p=0.015); group 1 and 5 (p=0.014); group 1 and 6
(p=0.035); group 1 and 8 (p=0.046); group 2 and 6 (p=0.047); group
4 and 6 (p=0.031).

The results of immunohistochemical evaluation of TNF-a. are shown
in Table 2. When the groups were compared, there was a significant
difference between group 1 and 2 (p=0.024) and group 1 and 8
(p=0.045).

Discussion

The presence and severity of side effects associated with RT are
extremely important especially in curative applications. To complete
the treatment without interruption and with minimal side effects is
of great importance in terms of treatment efficacy. The control of
adverse effects is necessary to avoid accelerated tumor repopulation
with the shortness of tumor doubling time in head and neck cancers.
Skin reactions are also commonly encountered in RT in head and
neck cancer and breast cancer. Current treatments and new agents
are being investigated for adverse effects involving the skin in subjects
receiving RT.

Figure 1. Normal skin findings were observed in the rats in the control
group. However, hair loss, hyperemic and dry desquamation, some
ulcerated areas were observed locally in the areas of radiotherapy in
the rats of the radiotherapy and treatment groups
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Sr affects calcium channels more rapidly than calcium itself'*. It mimics
the effects of calcium on cell growth and cell motility instead of
calcium itself*>'3. It binds to proteins similar to calcium, and interacts
with calcium bound ligands®. In a study of rats with ulcerative colitis,
the cases receiving prednisolone treatment was compared with those
receiving lower doses of SRCL 6H,0 (40 mg/kg) and higher doses of
SRCL 6H,0 (160 mg/kg). Efficacy of treatment was equal between
the three groups. Both macroscopic and microscopic effects of SRCL
6H,0 on wound healing were equivalent to those of prednisone.
There was no significant difference in treatment efficacy between low
doses and high doses of SRCL 6H,0™. In this study, side effects of
RT involving the skin were graded according to the RTOG. According
to this grading, there was a statistically significant difference between
control group and the other groups. However, in the comparison of all
groups with each other, there were no significant differences between
RT group and treatment groups. In addition, there were no significant
differences among treatment groups according to RTOG criteria. There
were no positive effects found on clinical improvement in the rats that
were topically treated with 5% SRCL 6H,0, based on the RTOG criteria.
In the histopathological examination, there was a statistically significant
difference between the control group and RT and the treatment groups.
Furthermore, there was no difference in the comparison between RT
group and treatment groups treated with using regular creams and

Table 1. Results of subjects according to Radiation
Therapy Oncology Group Acute Radiation Morbidity

Scoring Criteria scoring and the histopathological
findings

RTOG scoring

Groups Grade 0 |Grade 1 |Grade 2 |Grade3 |Grade 4
n (%) n (%) n (%) n (%) n (%)

Group 1 8 (100) - - -

Group 2 2 (29) 3(42) |- 2 (29)

Group 3 - 1(17) | 2@33) |3(50)

Group 4 - 1(17) | 4(66) |1(17)

Group 5 - 2(29) |2(29) |3 (42

Group 6 - - 1(20) 3 (60) 1(20)

Group 7 - - 3(50) 2 (33) 1(17)

Group 8 - - 2 (50) 2 (50)

Histopathological findings

Groups 0 point 1-3 point | 4-6 point| 7-10 point
Group 1 3(37) 5 (63) - -

Group 2 - 4 (57) 1(14) 2 (29)
Group 3 - 2 (33) 2 (33) 2 (33)
Group 4 - 1(17) 4 (66) 1(17)
Group 5 - 1(14) 4 (57) 2 (29)
Group 6 - - 2 (40) 3 (60)
Group 7 - - 1(17) 5 (83)
Group 8 - - 1(25) 3(75)

RTOG: Radiation Therapy Oncology Group Acute Radiation Morbidity Scoring
Criteria

creams containing SRCL 6H,0. No histologically positive changes were
shown with 5% SRCL 6H,0 administration.

The clinical effects of ionizing radiation are seen with the release
of several mediators at the cellular level. The most marked one of
these mediators is TGF-B. TGF-f is released via Smad3 and regulates
inflammation and chemotaxis'. TGFf stimulates myelofibroblast
proliferation and leads to collagen deposit formation in the matrix and
has an important role in wound healing via fibrosis'. Several studies
have reported in vitro and in vivo that, TGF-§ increases in ionizing
radiation in human and mammalian tissues'. In the present study,
there was no difference between the control group and group 2, which
received only RT based on TGF-B. TGF-§ was found at higher values in
subjects that received cream containing Sr before RT, compared to the
control group, however, this difference was not statistically significant.
Therefore, we concluded that the TGF-B values in group 3 that used
Sr-containing cream seven days before RT, and group 2 that had only
RT, were similar to that in the control group. TGF values in all other
groups except these two groups were significantly higher than in the
control group. Although there was a statistically significant difference
between group 2 and 4 and group 4 and 6, the groups using Sr-
containing cream had higher TGF-§ levels.

Sr can directly react with non-neuronal cells such as keratinocytes or
immune regulatory cells™. Cytokine release from lymphocytes and
the other immune cells occurs from the cell membrane in a calcium
dependent manner. An increase in intracellular calcium leads to calcium
calmodulin complex formation. Thus, calcineurin activation occurs and

Table 2. Results of subjects according to the

evaluation of transforming

immunohistochemical
growth factor-f§ and tumor necrosis factor-o

The immunohistochemical evaluation of TGF-f§
Groups 0 1 2 3 4 5

n (%) n(%) | n(%) | n(%) [ n(%) | n(%)
Group 1 8 (100) - - - - -
Group 2 5(71) 2(29) |- - - -
Group 3 2 (33) 1(017) |- 2(33) |1(17) |-
Group 4 2 (33) 4(67) |- - - -
Group 5 2 (29) 2(29) |- 3(42) |- -
Group 6 2 (40) - - 3(60) |- -
Group 7 2 (33) - - 2(33) |1(17) [ 1(17)
Group 8 1(25) - - 1(25) | 1(25) | 1(25)
The immunohistochemical evaluation of TNF-a
Group 1 | 7(88) |- - 1(12) |- -
Group 2 | 1(14) |3(43) | 2(29) 1(14) |- -
Group3 |3(50) [1(17) |- 2(33) |- -
Group 4 | 3(50) [1(17)|2(33) - - -
Group 5 | 4 (57) |- 1(14) 2(29) |- -
Group 6 | 2 (40) |- 1 (20) 2 (40) |- -
Group 7 | 2(33) |- - 2(33) |1(17) |1 (17)
Group 8 | - 1(25) | 1(25) 1(25) | 1(25) |-
TGF-: Transforming growth factor-B, TNF-a: Tumor necrosis factor-a
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stimulates expression of proinflammatory cytokines such as TNF-a and
IL-1. Sr may indirectly decrease TNF-o. and IL-1 expression by inhibiting
this flow*. In some studies, it was shown that SRCL 6H,0 suppressed
TNF-q, IL-1a, and IL-6 in in vitro cultures®2%22. The main effect of TNF-a.is
to regulate immune cells, in addition to inducing cell apoptosis?. TNF-o,
plays a key role in wound healing, immune cell regulation, and cytokine
release. On the other hand, Sr may have a negative effect on wound
healing by reducing TNF-a levels and suppressing the inflammatory step
of wound healing. It is also known that glass biomaterials containing
SRCL 6H,0 can contribute positively to wound healing via antioxidant
effects®*. Sr cannot show positive clinical and histopathological effects
on the tissues with radiodermatitis, which may be due to the severity
of radiodermatitis and concentration of the administered treatment.

It was found that Sr blocks TNF-a related to nuclear factor-kB signaling
pathway and inhibits the release of inflammatory mediators from
monocytes®?>. In this study, there were significantly higher TNF-a
values between the control group and group 2 that had only RT, and
group 8 that had cream application before and after RT. However, the
results of the other groups were similar to those of the control group.
Low TNF-a secretion was observed regardless of the application time in
the groups that had Sr-containing cream and normal cream. This effect
was not linked to Sr as the TNF-a secretion was also reduced in groups
that received Sr-free cream.

Conclusion

Consequently, topical treatment with 5% concentration of Sr seems
insufficient to prevent adverse skin effects of RT. This result was
observed in the light of RTOG scoring, histopathological findings, and
immunological markers. A higher concentration of topical Sr application
in the radiodermatitis model may provide new information to evaluate
the efficacy.
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