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Abstract: In this paper the study of the effects of cold Argon plasma in blood coagulation and wound healing
was done. The group of different male of mice with two month age was chosen. Every mouse was cut by 1 cm
piece of wound by knife in the rear of the back area. The studying includes two parts: the first, were done by
chosen group healthy mice, and they classified into three subgroups the first was lefts without exposure to cold
argon plasma (control), the second was exposure to 5 minute of plasma and the third was exposure to 15 minute
of 5 discrete interval plasma exposure, the periods of every interval was 3 minute. It is found that the cold argon
plasma have big positive effects on the blood coagulation processing and wound healing, and its effecting
improves with increasing of time of exposures. The second parts of the study concerned cold plasma in the
treatment of wounds in mice suffers increasing in the blood sugar concentration, where the mice were injected
by 0.1 ml of glucose. The wound of mice was exposure to 6 minute of cold plasma. Also, It is found that the
cold argon plasma have big positive effects in processing and wound healing in mice suffers increasing in the
blood sugar concentration.
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I.  Introduction

Plasma produced by electric discharge is classified into two types, thermal and non-thermal plasma.
Thermal plasma has electrons with a temperature is approximately equal to the other plasma components (lons
and neutral particles), i.e. T, = T; = T,.On the other hand, non-thermal plasma, which is also called cold
plasma, has electrons with a temperature significantly higher than that of other plasma components, which is
equal to room temperature i.e. (T, » T; = T, = 300 )[1].

Both types of plasmas have many and different important applications. Because of its high temperature,
thermal plasma is used (a) in the process of cutting and welding minerals [2], (b) in the treatment of solid
municipal waste, and medical, industrial, and nuclear waste to convert them to their basic contamination [3]. In
contrast, and of the environmental and living pollutants [4-7], (b) in medical applications such as sterilizing
instruments and medical devices [8], dental care [9], treatment of skin diseases and some cancers[ 10], wound
healing [11], and anticoagulation [12].Medical treatment of cold plasma is performed through the interaction of
plasma with living tissue by two methods [13]:

First, direct method in this method, the body of the organism represents one electrode and most of the
current passes through its body. The direct method allows for plenty of active particles, which were generated
by plasma, such as atoms, molecules, and ultraviolet radiation to reach the living tissue and interact with it.
These active particles include ozone O3, NO, and OH free radicals, but the main feature of the direct method its
containment of plenty of charged particles such as electrons, negative, and positive ions that can reach the living
tissue [13]. Second, indirect method in this method, the body of the organism is between the two electric
electrodes that generate the plasma. This method includes the influx of non-charged atoms and molecules, which
were generated in the plasma particles, with a small number of charged particles that reach the surface of living
tissues.In both methods, the characteristics of plasma can be controlled via the control of the concentrations of
the plasma components[13]. The fact that the direct method of plenty of charged particles gives the possibility to
control the effects of non-thermal plasma. On the other hand, the importance of the indirect method lies when
the treated surface is relativelyat a far distance from the plasma device [13].The nitric oxide NO that is
generated in the plasma proved that is highly effective in closing the wounds and accelerating the mechanism of
wounds healing [14.15-17]. In the present study, in vivo effect on wounds healing was investigated. A group of
mice was wounded and then exposed to plasma to observe temporal evolution of their recovery.

Il. Materials and Methods
1- Plasma system
The homemade plasma jet was used for the production of non-thermal argon plasma. The system
consist of two concentrated cylinders, the first cylinder is made of glass 100 mm long has an internal diameter
of 10 mm. The second cylinder is made of copper 90 mm long has an internal diameter of 3 mm.The copper
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cylinder extends along the glass cylinder except for a distance of 10 mm at the end to be a plasma production
area. The internal copper cylinder works as a guide for gas, and this cylinder is connected to the anode which is
one of the electrodes of high power source whereas the second electrode ( ground electrode) of high power
source is connected to the ring surrounded the glass cylinder from the outside near its end. Argon gas is used to
feed the system, the average), the peak of the voltage of the high power source is 25 kV, and the frequency is 30
kHz. In the present study, the voltage was chosen to be 5 kV and the frequency is 22 kHz. Figure 1 shows the
photographic image of the plasma system that is used in the treatment of wounds in mice.

Figure (1): Plasma system at operation.

2- Mice preparing

In the current study, a group of mice was selected from both sexes and ages two months to study the
effect of cold plasma on wounds healing. The study was divided into two parts: the first part of the study
included the effect of cold plasma on the wounds healing of normal mice which do not suffer from the high rate
of diabetes in the blood, and the second part of the study included the effect of the plasma on the wounds
healing of abnormal mice which suffer from the high rate of diabetes in the blood.

3- Study the effect of cold plasma on wounds healing in normal mice
The group of mice was divided into three subgroups which are
a- Control group:

a group of normal mice represents control group, each mouse was shaved in the area where the wound
will be. A scalpel was used to make a wound of 1 cm long in the rear area of the dorsal of each mouse as can be
seen in Figure (2). One of the wounded mice was left without exposure to the cold plasma to serve as control to
observe the time of the wound case and the recovery time. It was found that the control mouse has died after 24
hours due the bleeding. It was observed that most of the control mice die after different periods of time because
the bleeding from the wound.

Figure (2): Wounded mice before exposur to the cold plasma.

B) Second group

This group was exposed to cold plasma for 5 minutes, the time evolution of the wound case and
recovery time was recorded. Figure (3, a, b, ¢) shows the wound case after 5, 12, 30 minutes respectively after
the exposure. It was found that the wounded mice which were exposed to plasma for 45 minutes recovered and
the wound case improved after short time follows the exposure as can be seen in figure 3.
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Figure (3-b): Wounded mice after 12 minutes when exposure for 5 minutes.

Figure (3-c): Wounded mice after 15 minutes when exposure for 5 minutes.

¢) Third group

This group was exposed to the cold plasma for 15 minutes at 5 discrete periods; the time of each period was 3
minutes. The time evolution of the wound case and recovery time was recorded. Figure (4-a,b,c,d,e,f) shows the
wound case after each period of exposure.
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Figure (4-a): Wound case before exposure.

Figure (4-c): Wound case directly afterexosure for 6 minutes.

Figure (4-d): Wound case directly after exposure for 9 minutes.
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Figure (4-e): Wound case directly after exposure for 12 minutes.

Figure (4-f): Wound case directly aftr exposure for 15 minutes.

from the current results of this experiment in which the time of exposure was increased and was given in
different sessions separated by regular intervals indicated that it is possible to increase the time of exposure by
dividing the total time of exposure to short and separated sessions, and this would help to accelerate the healing
of wounds, and did not cause any noticed side effects as a result of increased exposure.

4- Study the effect of cold plasma on wounds healing in abnormal mice which suffer high blood sugar
(diabetic)

In order to study the effect of the cold plasma on wound healing in mice which suffer high blood sugar,
the wounded mice were injected with 0.1 ml Glucose solution. After that, the wound of each mouse was
exposed to cold plasma for 6 minutes as two sessions in which the time of each session was 3 minutes. The
interval between the two sessions was 15 minutes. Figure( 5- a, b, ¢, d, e) shows photos of the wound of the
mouse, which suffers an increase in blood sugar.lIt is known that the increase in blood sugar greatly reduces the
process of blood coagulation and delays wound healing processes. Through the practical results conducted on
the wounded mice suffering an increase blood sugar, it was found that cold plasma has a significant positive
impact of helping in the blood coagulation process and the healing of wounds as can be shown in figure (- 5 a, b,
c,de).
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Figure (5-c): Wound directly after exposure for 6 minutes.
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Figure (5-e): Wound after 1day after exposure for 6 minutes.

I11. Conclusions

The current study was performed to investigate the effect of cold plasma on the blood coagulation
process and wounds healing. The experiments were achieved on a group of mice. The study included two parts:
the first part was done to study the effect of cold plasma on wounds in normal mice, and the second is to study
the effect of the plasma on wounds in mice suffer high blood sugar in their blood.

For normal mice, it has proven that cold plasma has a significant positive impact on the blood
coagulation process and the healing of wounds. And it was found the effect of plasma to heal the wounds
improves as the exposure time increases. The results of the second part, which included the effect of the plasma
on the wounds healing in mice suffer high blood sugar, showed that the cold plasma has a significant positive
impact on helping in the process of blood coagulation and wound healing.
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