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0 Some people in different parts of Iran use burned mantles as a wound healing medi-
cine. To perform surface area measurement, twenty rats were divided randomly into two
groups of 10 animals each. The Ist group received topical burned radioactive lantern
mantle powder at 1st-3rd day after making excision wounds. The 2nd group received non-
radioactive lantern mantle powder. For histological study, 36 male rats randomly divided
into two groups of 18 animals each. Full thickness excision wound (314+31.4 mm?) was
made on the dorsal neck in all animals after inducing general anesthesia. For the first 3
days, cases received topical application of the radioactive lantern mantle powder. Finally,
to measure the tensile strength, an incision was made on the dorsal neck of the rats.
Surface area measurement of the wounds showed a progressive surface reduction in both
groups. Histological study showed a significant statistically difference between cases and
controls with respect to fibrinoid necrosis and neutrophilic exudate at the days 3 and 14.
Considering the existence of granulation tissue, a significant difference was observed
between case and control groups at days 3 and 7. Tensile strength study showed no signif-
icant difference between the cases and controls until 30 days after excision.
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INTRODUCTION

Despite the scientific basis of medicine, WH Auden, stated “Healing
is not a science but the intuitive art of wooing nature” (Roth 1990).
Body’s natural process of regenerating dermal and epidermal tissue is
usually termed wound healing. After wounding, a set of events takes place
to repair the damage. These events can be categorized into 3 separate
steps of the inflammatory, proliferative, and remodeling phases. In the

Address correspondence to SMJ Mortazavi, PhD, Associate Professor of Medical Physics,
The Center For Radiological Research, Shiraz University of Medical Sciences, PO Box: 71345-
1755, Shiraz, Iran; E-mail: mmortazavi@sums.ac.ir, jamo23@lycos.com; Tel: +98-711-2295023,
2294720 ext 262, Fax: +98-711-228911

149



S. M. J. Mortazavi and others

inflammatory phase, bacteria and debris are phagocytized and removed
and factors are released that lead to the migration and division of cells
involved in the proliferative phase (Stadelmann et al. 1998, Iba et al.
2004, Quinn 1998). The proliferative phase is characterized by angiogen-
esis, collagen deposition, granulation tissue formation, epithelialization,
and wound contraction (Midwood et al. 2004). In fact wound healing is a
natural restorative response to tissue injury. Healing is the interaction of
a complex cascade of cellular events that generates resurfacing, reconsti-
tution, and restoration of the tensile strength of injured skin (Romo and
Pearson 2008). To enhance wound healing, a wide variety of methods
have been used such as the topical application of herbal medicine (Gupta
et al. 2006, Gupta et al. 2005), low level laser therapy (Al-Watban et al.
2007), natural honey (Mphande et al. 2007), ultrasound (Harvey et al.
1975, Dyson and Smalley 1983), ultraviolet light (Nordback et al. 1990),
superficial heating (Khan et al. 2004), electrical stimulation (Lawson and
Petrofsky 2007, Bayat et al. 2006), pulsed electromagnetic fields
(Houghton and Campbell 1999) and fibroblast growth factor (Zheng et
al. 1994). In spite of these modalities, the main approach is still the pre-
vention of infection using antibacterial and antiseptic agents (Burleson
and Eiseman 1973, Geronemus et al. 1979). Regarding ionizing radiation,
it has been shown that irradiation of skin caused slower healing of open
wounds (Bernstein et al. 1994).

In different parts of Iran, some educated people use radioactive
lantern mantle powder as a therapeutic agent for enhancing wound heal-
ing without being aware of its possible dangers. As far as we know, this is
the first research which evaluates the stimulatory effects of topical appli-
cation of radioactive lantern mantel powder on the wound healing. Some
lantern mantles which are commonly used for camping contain different
levels of thorium compounds (Mohammadi and Mehdizadeh 1983).
Thorium is used in mantles to produce incandescence when lantern fuel
is burned in the mantle. Although only thorium is initially used in the
mantles, the daughters of thorium build up, and when the mantle is used
significant quantities of these daughters exist. Some of these daughters
are released when the lantern fuel is burned in the mantle.
(Luetzelschwab and Googins 1984). Recently, in some developed coun-
tries the use of thorium-free mantles has become popular due to the risks
associated with the use of a radioactive heavy metal (Poljanc et al. 2007).
Thorium oxide is a known human carcinogen. In Australia, in November
1992, the National Health and Medical Research Council (NHMRC) rec-
ommended that lantern mantles containing thorium should be with-
drawn from sale over time and that in the meantime, packets containing
these lantern mantles should carry a warning (ARPANSA 2006).

All living organisms evolved and exist in a sea of ionizing radiation,
much of which is internal. Since the beginning of the discovery of ioniz-
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ing radiation, there have been two different views on detrimental effects
of low doses; the first view states that even low dose radiations pose a dan-
ger and there is no threshold dose for the side effects. The other view not
only believes in the existence of a threshold dose, but also emphasizes on
the beneficial or stimulatory effects of low levels of ionizing radiation
based on phenomena such as radiation hormesis and adaptive response
(Upton 2001, Prekeges 2003, Feinendegen 2005, Kant et al. 2003 ).

Due to lack of published reports on the stimulatory effects of topical
application of radioactive lantern mantle powder on wound healing, this
research was conducted.

MATERIALS & METHODS
Laboratory Animals

In this experimental study 20 Albino N Mary rats which were kept in
the Animal laboratory center of Rafsanjan University of Medical Sciences
(RUMS) were randomly divided into two groups of 10 (experimental and
control). The mean weight of the animals was 200 grams (ranged 190-210
g). All the animals were kept in an identical standard condition. In order
to prevent any bias, all the animals were given a code and only after the
experiment was done, decoding was performed.

Area Measurement

To perform surface area measurement, twenty rats were divided ran-
domly into two groups of 10 animals each. After inducing general anes-
thesia, full thickness excision wound was made on the dorsal neck in all
animals. The Ist group received topical burned radioactive lantern man-
tle (Butterfly, China) powder at 1s-3rd day after making excision wounds.
The activity of each mantle was about 0.8 kBq. The 2nd group received
non-radioactive lantern mantle powder at the same days. Accurate blind
surface measurement of the wounds by transparency tracing was used for
assessment of the wound healing at 1lst, 3rd, 7th, 10th and 15t days after
making wounds. The following equation was used for determining the
percentage of wound.

Wound Area

_ Dayy
Wound (%) = Wound Area,, x 100

ayo
In this equation, day_was the day of wound area measurement (days 3, 5,
7, 10, 15 after wounding) and day, was the day wounding had done. On

the other hand, the percentage of healing was measured as:

Healing = 100 — Wound Percentage (%)
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Relevant statistical tests (Studentt, and ANOVA) were performed
using SPSS (version 15) at p<0.05 as the significant level.

Histological Study

For histological study, 36 male rats randomly divided into two groups
of 18 animals each. Full thickness excision wound (314+31.4 mm?) was
made on the dorsal neck in all animals after inducing general anesthesia.
For the first 3 days, cases received topical application of the radioactive
lantern mantle powder while controls received non-radioactive lantern
mantle powder. Three, seven and fourteen days after wounding, 6 rats
were chosen by random in each group for wound sampling. The four cri-
teria used for histological investigation were 1) fibrinoid necrosis and
neutrophilic exudate, 2) granulation tissue, 3) superficial epithelization
and 4) collagen fiber synthesis. The minimum and maximum scores for
each criterion were 1 (or minus) and 5 (or 4+) respectively. Data analysis
was performed by using Mann-Whitney statistical test at p<0.05 as the sig-
nificant level.

Tensile Strength

Thirty six rats were randomly divided into two groups of case and con-
trols (each consisted of 18 animals). For the first 3 days, cases received
topical application of the radioactive lantern mantle powder while con-
trols received non-radioactive lantern mantle powder. To measure the
tensile strength, a full thickness incision (20 mm length) was made on the
dorsal part of the rats. Samples were obtained at 14th, 21st and 30t days
after making incisions. Tensile strength was measured by using a
Tensiometer. Student’s t-test and ANOVA were used for data analysis at
p<0.05 as the significant level.

RESULTS
Area Measurement

Surface area measurement of the wounds showed a progressive sur-
face reduction in both groups (Table 1). However, for thorium treated
group, the rate of recovery was significantly enhanced compared to that
of the control group. Although the wound area in the thorium group was
not significantly different from that of the control group at the 3rdand 5th
days after wounding, a statistically significant difference was observed
between the thorium and the control groups at the day7, dayl0 and day
15. The mean wound surface in thorium and control groups were
150+15.87 and 186+12.68 mm? at day7 (P<0.001), 93+15.97 and
134+14.19 mm?at day 10 (P<0.001), 1+0.41 and 9+2.04 mm? at day15 after
wounding, respectively (P<0.01). Healing percentages in control and test
groups at different times are presented in Table 2.
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TABLE 1. Wound area changes in control and test groups at different times.

Wound Area in Controls

Time of Investigation [Vehicle Group] (mm?) Wound Area in Cases (mm?) P-Value
Day 0 (wounding) 314 + 31.40 314 + 31.40 NA

3 Days after wounding 258 + 20.65 255 + 17.20 NS

5 Days after wounding 224 +11.38 218 +8.95 NS

7 Days after wounding 186 + 12.68 150 + 15.87 P <0.001
10 Days after wounding 134 + 14.19 93 +15.97 P <0.001
15 Days after wounding 9+5.76 1+1.29 P <0.01

Mean + SD NA: Not applicable NS: Non Significant

TABLE 2. Healing percentages in control and test groups at different times.

Healing Percentage in Controls Healing Percentage in Cases

Time of Investigation [Vehicle Group] [Radioactive Group]
Day 0 (wounding) 0 0

3 Days after wounding 17.8 18.8

5 Days after wounding 28.6 30.5

7 Days after wounding 40.6 52.2

10 Days after wounding 57.3 70.4

15 Days after wounding 97.3 99.5

Histological Findings

On the other hand, our histological study showed a significant statis-
tically difference between cases and controls with respect to fibrinoid
necrosis and neutrophilic exudate at the days 3 and 14 (Figure 1).
Considering the existence of granulation tissue, a significant difference
was observed between case and control groups at days 3 and 7. No dif-
ference was observed in superficial epithelization and collagen fiber syn-
thesis at all days (Figure 2).

Tensile Strength

Finally, tensile strength study showed no statistically significant differ-
ence between the cases and controls at the days 14 and 21 (Table 3).
However, a significant difference was observed at day 30 (P<0.001).
Analysis of variance could not detect any significant difference among the
means of tensile strengths at days 14, 21 and 30 in cases (Table 4).
However, a statistically significant difference was observed among the
means of tensile strengths in controls.

DISCUSSION

The results of the current study clearly indicate that topical use of
radioactive mantle powder could accelerate the healing process of the
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FIGURE 1. Median score of fibrinoid necrosis and neutrophilic exudate at days 3, 7 and 14 in con-
trol and case groups.
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FIGURE 2. Median score of granulation tissue at days 3, 7 and 14 in control and case groups.

wound in rats. As Table 1 indicates, surface area measurement of the
wounds at the day 7, day 10 and day 15 showed a statistically significant
difference between the case and control groups (P<0.01, P<0.001 and
P<0.01, respectively). Based on these data, it could be concluded that as
the radioactive thorium is absorbed through the surface area of the
wound and when a threshold of radiation is reached, the process of
wound healing is accelerated. These results are consistent with the results
of numerous studies including the studies of Mortazavi and his colleagues
(Ghiasi-nejad et al. 2002, Mortazavi et al. 2003, Mortazavi 2004, Mortazavi
et al. 2005a, Mortazavi et al. 2005b, Mortazavi et al. 2006) who showed the
appearance of adaptive response in the people living in high background
radiation areas above a threshold of dose.
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TABLE 3. Tensile strength in case and control groups at days 14, 21 and 30

Group No Tensile Strength (N/mm?2) (Mean +SD) P-Value (t-test)

Day 14  Cases 6 2.62+2.29 NS
Controls 6 4.26+2.82

Day 21  Cases 6 2.23+1.07 NS
Controls 6 2.07+0.62

Day 30  Cases 4 4.39+2.58 P<0.001
Controls 6 11.52+1.99

NS: Non Significant

TABLE 4. Comparison of the means of tensile strengths at days 14, 21 and 30 in case and control
groups

Tensile Strength (N/mm2) (Mean +SD)

Cases Controls
Day 14 2.62+2.29 (n=6) 4.26+2.82 (n=6)
Day 21 2.23+1.07 (n=6) 2.07+0.62 (n=6)
Day 30 4.39+2.58 (n=4) 11.52+1.99 (n=6)
P-Value (ANOVA) NS P<0.001

NS: Non Significant

Identification of the bio-positive effects of low doses of ionizing radi-
ation may change the public perception of the occupational, medical and
even environmental dangers of radiation. Considering the possible mech-
anisms of the effects of radioactive powder on the wound healing, we
could mention the important role of low dose ionizing radiations in the
stimulation of the body’s defense mechanisms. Body’s defense system,
especially granulocytes and macrophages, has a considerable role in the
healing of the acute wounds. On the other hand, the factors which could
cause the weakness of the defense system could also show their final effect
as a disturbance in the wound healing. In some cases this disturbance is
so strong that it causes the prolonging of the healing and takes it into the
persistent phase (Davidson 2001). The reaction of the defense system to
the ionizing radiation depends on some determining factors such as radi-
ation dose and the dose rate (Liu and Bai 2000, Liu et al. 2000). On the
other hand recently the stimulating effect of ionizing radiation on the
defense system has become an important measurement in the evaluation
and identification of the bio positive effects of low dose radiation (Liu
and Xie 2000). It seems that low levels of radioactive materials, by induc-
ing a kind of stimulation on the defense system, could accelerate the heal-
ing process. Results obtained in our study are in contrast with those
reported by Bernstein et al. (1994) who showed that irradiation of skin
caused slower healing of open wounds. As hormetic effects can only be
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observed within a narrow range of dose and dose rates, this difference
can be clearly explained.

Although still we do not know the entire mechanisms of radiation
hormesis, the following theories may explain this process:

DNA repair (Molecular level)

According to this theory, low doses of ionizing radiation induce the
production of special proteins, that are involved in DNA repair processes
(Ikushima 1996). Studies using two dimensional gel electrophoresis indi-
cated new proteins in cells irradiated with low doses of radiation. Also, it
was further shown that cycloheximide, a protein synthesis inhibitor blocks
this hormetic effect. The function and importance of these radiation
induced proteins is still unknown. Also it was foud that inhibitors of poly
ADP-ribose polymerase, an enzyme implicated in DNA strand break rejoin-
ing could prevent the induction of adaptive response (for a review see
Wolff 1998). More recent In vivo experiments indicated that low doses of
ionizing radiation help protect against radiation-induced myeloid leukemia
(Mitchel et al., 1999) and spontaneous cancer in mice (Mitchel et al., 2003).
These phenomena may be related to adaptations in DNA repair processes.

Free radical detoxification (Molecular level)

In 1987 Feinendengen and his colleagues indicated that low doses of
ionizing radiation cause a temporary inhibition in DNA synthesis (the
maximum inhibition at 5 hours after irradiation). This temporary inhibi-
tion of DNA synthesis would provide a longer time for irradiated cells to
recover (Feinendengen et al. 1987). This inhibition also may induce the
production of free radical scavengers, so irradiated cells would be more
resistant to any further exposures.

Stimulation of immune system (Cellular level)

Despite the fact that high doses of ionizing radiation are immunosu-
pressive, many studies have indicated that low doses radiation may stimu-
late the function of the immune system. In 1909 Russ first showed that
mice treated with low-level radiation were more resistant against bacteri-
al disease (Russ 1909). Later in 1982 Luckey published a large collection
of references supporting immunostimulatory effects of low doses of ion-
izing radiation (Luckey 1982).

Radiation Protection Aspects

Our current radiation protection policy is based on linear extrapola-
tion from the dose-response data of high doses of ionizing radiation.
According to the results of many worldwide studies, this hypothetical
assumption is not compatible with observed health effects of low levels
of radiation. Obviously LNT and current radiation protection regulations
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exaggerate the risk of low level ionizing radiation (in the range of 1-50
cGy) and cause radiophobia (Yalow 1990).

CONCLUSION

This study indicated that poorly educated people who have used
lantern mantle powder, unaware of its possible dangers, have known the
healing power of this radioactive material and in times of need have used
it throughout the years. The results of this study should not be considered
as a permit for using lantern mantle powders as a wound healing agent.
In medicine all the decisions for the use of any chemical or physical ther-
apeutic method is always based on the evaluation of the possible risks and
benefits. Considering the known risk of alpha emitting radioactive mate-
rials (internal radiation), this study was not concerned with evaluation of
possible dangers of such an internal irradiation. In this light further stud-
ies are needed to clarify whether low level radioactivity could safely be
used as a therapeutic agent for enhancing the process of wound healing.
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