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Abstract

Poor educated people in some parts of Iran use burned mantles as a wound healing powder to prevent the bleeding and infections caused by injuries. Over the past 3 years we have studied the bio-stimulatory effects of the topical application of radioactive lantern mantle powder on rats' neck wounds. In this paper the overall bio-stimulatory effects of burned radioactive lantern mantles on wound healing are presented. To perform surface area measurement, twenty rats were divided randomly into two groups of 10 animals each. After inducing general anesthesia, full thickness excision wound was made on the dorsal neck in all animals. The 1st 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 at the same days. Accurate blind surface measurement of the wounds by transparency tracing was used for assessment of the wound healing at 1st, 3rd, 7th, 10th and 15th days after making wounds. For histological study, 36 male rats randomly divided into two groups of 18 animals each. Full thickness excision wound (314±31.4 mm2) 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. Finally, to measure the tensile strength, an incision was made on the dorsal neck of the rats. Samples were obtained at 14th, 21st and 31th days after making incisions. Surface area measurement of the wounds showed a progressive surface reduction in both groups. 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 3rd and 5th days after wounding, a statistically significant difference was observed between the thorium and the control groups at the day7, day10 and day 15. The mean wound surface in thorium and control groups were 150.20±15.87 and 186.37±12.68 mm2 at day7 (P<0.001), 92.90±15.97 and 134.12±14.19 mm2 at day 10 (P<0.001), 1.4±0.41 and 8.56±2.04 mm2 at day15 after wounding, respectively (P<0.01). On the other hand, histological study showed a significant statistically difference between cases and controls with respect to fibrinoid necrosis and exudative neutrophilic 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. No difference was observed in superficial epithelization and collagen fiber synthesis at all days. Tensile strength study showed no statistically significant difference between the cases and controls at the days 14 and 21. However, a significant difference was observed at day 31 (P<0.001). The overall results obtained in this long-term study suggest that low-level radioactive burned mantle is capable of decreasing inflammatory reactions and accelerates wound healing in rats. However, as thorium oxide is a known human carcinogen, more research is needed to clarify if low levels of radioactive burned mantle can be utilized for accelerating the healing of human wounds. These results confirm the findings of other investigators who showed a wide variety of stimulatory effects in human and laboratory animals after exposure to low levels of ionizing radiation.
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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 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 angiogenesis, 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, reconstitution, and restoration of the tensile strength of injured skin (Romo and Perason 2005). 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 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 prevention 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 some parts of Iran, low educated people use radioactive lantern mantle powder as a therapeutic agent for enhancing wound healing without being aware of its possible dangers. As far as we know, this is the first research which evaluates the stimulatory effects of topical application 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 countries 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) recommended that lantern mantles containing thorium should be withdrawn 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 ionizing radiation, there have been two different views on detrimental effects of low doses; the first view states that even low dose radiations pose a danger 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). 

    It is a general belief that low doses of ionizing radiation produce detrimental effects proportional to the effects produced by high-level radiation. Over the past decades, however, some pioneer scientists reported that low-dose ionizing radiation is not only a harmless agent but often has a beneficial or hormetic effect. That is, low-level ionizing radiation may be essential trace energy for life, analogous to essential trace elements. It has been even suggested that about one third of all cancer deaths are preventable by increasing our low dose radiation (Luckey 1997). 
   During the 1950`s, Luckey, a pioneer researcher in radiation hormesis, indicated that low dose dietary antibiotics caused a growth surge in livestock. Later he found that hormesis could be induced effectively by low doses of ionizing radiation. In 1980 the first complete report on radiation hormesis was published (Luckey 1980). In this report he reviewed numerous articles regarding radiation hormesis. Since the first reports, 3000 papers have been published on the benefits of low doses of ionizing radiation (for a review see Luckey 1980, Luckey 1982, Luckey 1992). The concept of radiation hormesis is usually applied to physiological benefits from low LET radiation in the range of 1-50 cGy total absorbed dose (Macklis 1991). It is widely believed that radiation biology in the future will be focused on biomolecular and genetic implications, problems of damage and repair and connected problems such as radiation hormesis and radioadaptive response.
     "Hormesis" is a phenomenon in which a harmful substance gives stimulating effects to living organisms when the dose is small. This concept that was initially defined in the field of toxicology, then extended to ionizing radiation. It has been shown that living organisms possess the ability to respond to low-dose radiation in very sophisticated ways. Adaptive Response is a good example of such responses (Sakai 2006). The induction of the cytogenetic radioadaptive response in human lymphocytes by low doses of ionizing radiation was first reported by Olivieri et al. (1984). They reported that the frequency of chromatid aberrations were down to 50% less than they expected after exposure to 1.5 Gy of x-rays. Many articles have demonstrated radioadaptive response in plant cells (Cortes et al. 1990), insects (Fritz-Niggli and Schaeppi-Buechi 1991), Chinese hamster V79 cells (Ikushima 1987, 1989a, 1989b), cultured human lymphocytes (Wiencke et al. 1986, Shadley and Wolff 1987, Wolff et al. 1988, Shadley and Wiencke 1989, Sankaranaryanan et.al. 1989), embryonic and HeLa cells (Ishii and Watanabe 1996), occupationally exposed persons (Barquinero et al. 1995, Gourabi and Mozdarani 1998), cultured animal lymphocytes (Flores et al. 1996), and in vivo studies on laboratory animals (Wojcik and Tuschl 1990, Cai and Liu 1990, Farooqi and Kesavan 1993, Liu et al. 1992). 
There are also reports indicating lack of radioadaptive response in cultured human lymphocytes (Bosi and Olivieri 1989, Olivieri and Bosi 1990, Hain et al. 1992). Furthermore, long-term follow up studies indicate that lack of radioadaptive response is not a temporary effect and in contrast with the early reports of Olivieri and Bosi (1990) does not depend on transient physiological factors (Mortazavi et al. 2000, Ikushima and Mortazavi 2000). Many epidemiologic studies with high statistical significance have shown that exposure to low or intermediate levels of radiation may lead to decreased mortality or decreased incidence of cancer. It has been reported that there was a decreased rate of cancer in persons living in the Eastern Urals after radiation exposure from a thermal explosion (Jaworowski 1995). 

Preliminary results of the cytogenetical, immunological and hematological studies on the residents of high background radiation areas of Ramsar have been recently reported (Mortazavi et al. 2001, Ghiassi-Nejad et al. 2002 and Mortazavi et al. 2002), suggesting that exposure to high levels of natural background radiation can induce radioadaptive response in human cells. Lymphocytes of Ramsar residents when subjected to 1.5 Gy of gamma rays showed fewer induced chromosome aberrations compared to residents in a nearby normal background control area whose lymphocytes were subjected to the same radiation dose. 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 

A- 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. 

B- Area Measurement

To perform surface area measurement, twenty rats were divided randomly into two groups of 10 animals each. After inducing general anesthesia, full thickness excision wound was made on the dorsal neck in all animals. The 1st group received topical burned radioactive lantern mantle (Butterfly, China) powder at 1st-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 1st, 3rd, 7th, 10th and 15th days after making wounds. The following equation was used for determining the percentage of wound. 
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In this equation, dayx was the day of wound area measurement (days 3, 5, 7, 10, 15 after wounding) and day0 was the day wounding had done. On the other hand, the percentage of healing was measured as:

(%) Wound Percentage – 100 =Healing
Relavent statistical tests (Student-t, and ANOVA) were performed using SPSS (version 15) at p<0.05 as the significant level.
C- Histological Study

For histological study, 36 male rats randomly divided into two groups of 18 animals each. Full thickness excision wound (314±31.4 mm2) 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 criteria used for histological investigation were 1) fibrinoid necrosis and exudative neutrophilic, 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 significant level.
D- Tensile Strength

Thirty six rats were randomly divided into two groups of case and controls (each consisted of 18 animals). For the first 3 days, cases received topical application of the radioactive lantern mantle powder while controls 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 30th 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

A- Area Measurement

Surface area measurement of the wounds showed a progressive surface reduction in both groups. 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 3rd and 5th days after wounding, a statistically significant difference was observed between the thorium and the control groups at the day7, day10 and day 15. The mean wound surface in thorium and control groups were 150±15.87 and 186±12.68 mm2 at day7 (P<0.001), 93±15.97 and 134±14.19 mm2 at day 10 (P<0.001), 1±0.41 and 9±2.04 mm2 at day15 after wounding, respectively (P<0.01). 
Table 1. Wound area changes in control and test groups at different times.
	P-Value
	Wound Area in Cases*
(mm2)
	Wound Area in Controls * [Vehicle Group]
(mm2)
	Time of Investigation

	NA
	314 ( 31.40
	314 ( 31.40
	Day 0 (wounding)

	NS
	255 ( 17.20
	258 ( 20.65
	3 Days  after wounding

	NS
	218 ( 8.95
	224 ( 11.38
	5 Days  after wounding

	P < 0.001
	150 ( 15.87
	186 ( 12.68
	7 Days  after wounding

	P < 0.001
	93 ( 15.97
	134 ( 14.19
	10 Days  after wounding

	P < 0.01
	1 ( 1.29
	9 ( 5.76
	15 Days  after wounding


*Mean ( SD      NA: Not applicable    NS: Non Significant

Table 2. Healing percentages in control and test groups at different times.
	Healing Percentage in Cases [Radioactive Group]

	Healing Percentage in Controls [Vehicle Group]

	Time of Investigation

	0
	0
	Day 0 (wounding)

	18.8
	17.8
	3 Days  after wounding

	30.5
	28.6
	5 Days  after wounding

	52.2
	40.6
	7 Days  after wounding

	70.4
	57.3
	10 Days  after wounding

	99.5
	97.3
	15 Days  after wounding


B-Histological Findings
    On the other hand, our histological study showed a significant statistically difference between cases and controls with respect to fibrinoid necrosis and exudative neutrophilic 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. No difference was observed in superficial epithelization and collagen fiber synthesis at all days. 
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Figure 1. Median score of fibrinoid necrosis and exudative neutrophilic at days 3, 7 and 14 in control 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.
C-Tensile Strength
    Finally, tensile strength study showed no statistically significant difference between the cases and controls at the days 14 and 21. However, a significant difference was observed at day 30 (P<0.001).
Table 3. Tensile strength in case and control groups at days 14, 21 and 30
	
	Group
	No
	Tensile Strength (N/mm²)
(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
Discussion

   The results of the current study clearly indicate that topical use of radioactive mantle powder could accelerate the healing process of the 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 recent studies of Mortazavi and his colleagues (Mortazavi 2004, Mortazavi et al. 2005a, Mortazavi et al. 2005b) who showed the appearance of adaptive response in the people living in high background radiation areas above a threshold of dose. 

   Identification of the bio-positive effects of low doses of ionizing radiation may change the public perception of the occupational, medical and even environmental dangers of radiation. Considering the possible mechanisms 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 radiation 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 inducing a kind of stimulation on the defense system, could accelerate the healing process. Although still we do not know the entire mechanisms of radiation hormesis, the following theories may explain this process: 

1-DNA repair (Mollecular 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 indicated 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 rejoining 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.
2-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 inhibition 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. 

3-Stimulation of immune system (Cellular level) 
Despite the fact that high doses of ionizing radiation are immunosupressive, many studies have indicated that low doses radiation may stimulate the function of the immune system. In 1909 Russ first showed that mice treated with low-level radiation were more resistant against bacterial disease (Russ 1909). Later in 1982 Luckey published a large collection of references supporting immunostimulatory effects of low doses of ionizing radiation (Luckey 1982). 

Radiation Protection Aspects
Our current radiation protection policy is based on linear extrapolation from the dose-response data of high doses of ionizing radiation. According to the results of many worldwide studies, this assumption is not compatible with observed health effects of  low levels of radiation. Obviously LNT and current radiation protection regulations exaggerate the risk of low level ionizing radiation (in the range of 1-50 cGy) and cause radiophobia (Yalow 1990). 
This study indicated that low educated people who have used lantern mantle powder, without being aware of its possible dangers,  have known the healing power of this radioactive material and in times of need have used it through out the years. Needless to say, 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 therapeutic method is always based on the evaluation of the possible risks and benefits. Considering the known risk of alpha emitting radioactive materials (internal radiation), this study was not concerned with evaluation of the dangers of such an internal irradiation. In this light further studies are needed to clarify whether low level radioactivity can be used as a therapeutic agent for enhancing the process of wound healing.
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