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   خلاصةال

ـائي ) (  CL( ي التــألق الكیمیـائ دیعـ       كیــز اتر لكشـف عــن ق الدقیقــة لائـر طلا احـد)الضـوء المنبعــث خـلال تفاعــل كیمیـ

التـألق الكیمیـائي  تعـرف بمحالیـل حالیـلم ه الجذور باسـتعمالهذویتم الكشف عن . جذور الاوكسجین  ة ، ولاسیماالجذور الحر 

تعریضــه الــى ل ةفـي الــدم نتیجــ ةجین المتكونــفـي هــذا البحــث  اســتخدم كاشـف اللمینــول للتعــرف علــى تركیـز جــذور الاوكســ.

  .طاقات نبضیة لامواج مایكرویة 

والتغبرالـذى یحصــل ان شـدة ضـوء التــألق یعتمـد بصـورة مباشــرة علـى تركیــز الجـذور الحـرة الموجــودة فـي محلـول التــألق       

ة كـون هـذا ا.الجذور یرجع الى حصول تغیرات فى تركیب محلول التألق هفى تركیزهذ ، لمحلـول جـزءا مـن نسـیج حیـوىفـى حالـ

ومن جانب اخر یمكـن دراسـة التـأثیرات البایلوجیـة للاشـعاع وذلـك عـن طریـق . یفة النسیجظفأن ذلك یعنى حدوث تغیر فى و 

ة مـن العوامـل التـي تطـر . ملاحظـة التغیـرات التـي تحصـل فـي شـدة التـألق الكیمیـأئي علـى  أوالاخیـرة تعطـي مؤشـرات علـى جملـ

الجذور الحرة على الصفات الكهربائیة لمكونات الخلیة وتـأثیر الاشـعاع  هما تأثیر هذ" للاشعاع ، مثلا الخلیة بسبب تعرضها

یحنـر وحسـبت قـیم التوصـیلیة و  -الاسـئلة تـم الاسـتعانة بمعادلـة ماكسـویل ههـذ نوللاجابـة عـ. نفوذیة جـدار الخلیـة  فيكذلك 

 للسـایتوبلازم و 0.1ms/cm بزیـاده قـدرها  اى ( ms/gm 56.1وللوسـط المعلـق  ms/cm 18.3الكهربائیـة للسـاتیوبلازم وهـي

0.26ms/cm 1ن معدل الامتصاص النـوعي للطاقـة ا )وللوسط المعلقkw/gm  . وكانـت الطاقـة الكلیـة المترسـبة لكـل غـرام

ة مـن الطاقـة هـو  هاما مقـدار الارتفـاع فـي درجـة الحـرارة بسـبب امتصـاص هـذ mJ  50لكل نبضة هي   0.003الكمیـ
0C , 

0.004
0
C ,0.017

o
C

 
ـات الــدم الحمـــراء و  ــق ،كریــ ــط المعلـ ـــى التــوالي  لكـــل مــن الوسـ ـاء عل ــادان هـــذه ا. البیضــ فـــي  ةالزیـ

نـتج مـن اتحـاد الجـذور یتكوین تراكیز من بیروكسید الهیـدروجین الـذي   التوصیلیة الكهربائیة والارتفاع في درجة الحرارة سببه

قابلیـة الالتهــام وتكـوین الاذرع الوهمیــة  فیــزمـن بیروكســید الهیـدروجین تــؤدي الـى  تحان التراكیـز القلیلــة . للاوكســجین  ةالحـر 

ولكـن عنـد زیـادة تركیـز  .یزداد عند الجرعات الواطئة ثـم یأخـذ بالنقصـان للجـرع العالیـة هفأن مفوسایت اما عدد  ال.مفوسایتللـ

10    بیروكسـید الهیـدروجین عـن
-8   M ة تحلـل كریـات الـدم ستحصـعفأن   ل ویسـبب اضـطراب فـي عملیـة الانتشـار عبـرملیـ

  . "أیضا جدران الخلیة
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Abstract 

      Chemiluminescenc (CL), light emitted during chemical reaction, is one of the accurate 
methods used to detect directly oxygen free radicals. In this study, luminol was used as CL 
detector, to detect the concentration of free radicals formed in whole blood exposed to high 
power microwave pulses. The changes in the intensity of CL signal gives a clear relation 
between the concentration of free radicals formed by radiation in blood and changes in blood 
properties such as hemolysis of blood cells. This is done by measuring the electrical 
sy toplsimic electrical properties, the results are substituted in Maxwell-Wagner equation, to 
obtain electrical conductivity of cytoplasm, which is 18.3   ms/cm, while at suspension 
medium was 56.1 ms/cm, with specific absorption rate 1Kw/ gm and the total deposited 
energy per gm per pulse of 50 mJ.The over all temperature rise per pulse in suspension, red 
and white blood cells are, 0.017 

0C, 0.004 oC and 0.003oC respectively. All these changes lead 
to increase the peak of CL signal compared with unexposed blood. This also indicates that, 
the formation of different reactive oxygen species in blood would increase and leads to the 
formation of hydrogen peroxide, which causes to enhance phagocytes behavior of leukocytes 
at the early time of exposure, but then causes blood hemolysis for later duration and causes 
membrane perturbation.       
                      

Introduction 
      The electrical conductivities of the cytoplasm and extracellular fluids of biological cells 
are similar at microwave frequencies but not identical[1]. The temperature differences created 
across the cell membrane are due to differential absorption of pulsed microwaves with the 
same average power, which can create larger transient temperature differences. The 
magnitude of these transients would be calculated. Particular attention would be paid to red 
blood cells (RBC), leukocytes and hemolysis due to exposure of pulses at 2GHz. 
      The RBC and leukocytes was motivated by predication that small transmembrance 
temperature differences could cause large osmotic pressure differences across the membrane. 
Also changes in membrane permeability  of RBC and leukocytes had been reported, when 
exposed to microwaves [2]. These changes related primarily to the passage of small molecules 
across the membrane and may have been caused by heating. More recently, it has been 
reported of effects in nerves [3], ocular lenses [4] and rabbit erythrocytes [5]. Hydroperoxide 
– initiated CL has been used to detect decreased level of endogenous antioxidants in lever 
homogenate of ethanol treated rates [6].And cardiac homogenate of ischemia reperfused 
rabbit [7]. 
      Because of the extreme instability of these molecules the measurements must be done by 
indirect method. One of these methods, CL technique was tried in this work. Luminol as a CL 
probe was used for measuring the reactive oxygen species (ROS) production.  
     For the past thirty  years many researches have been done in various aspects of interaction 
between microwaves interaction with biological systems. All these researches agree that the 
conversion of the absorbed energy into kinetic energy is the only significant mechanism 
involved in such an interaction [ 8 ]. The thermoregulatory response in warm-blooded animals 
is well suited for the detection of bio-effects of continuous waves [9]. However, discrepancies  
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between empirical observations and theoretical explanations suggest that non-thermal effects 
of the microwave exposure may also play a role in post-irradiation events, although there is 
no measurable increase in tissue temperature [10]. Non-thermal effects are presently not 
completely understood [11]. Based on the theoretical study done by Gartner to measure 
thermal gradient across red blood cells[12], this study try to measure thermal gradient in other 
blood contains, and also gives an experimental explanation by means of chemiluminescene 
probes.         
       The aim of this study is to observe the effects of pulsed microwaves on the hematological 
parameters in exposed rabbits, and also to study the thermal effects of this radiation on blood 
by using chemiluminescence probe.   
Materials and Sample preparation 
      Fourteen rabbits weighting 2 - 2.5 kg were used in this study as blood donners . The 
animals were housed in temperature, humidity  and light controlled environment. For all 
rabbits whole blood samples were obtained with heparinzed plastic syringes immediate before 
exposing to microwave pluses as control blood samples. Series of blood samples were 
obtained immediate after taking exposure. 
        The rabbits exposed to pulsed microwave radiations for 30 days, 5 days a week, 4 hours 
a day. The animals were irradiated in Plexiglas cages. During each exposure session, the 
animals received no feed or water. The exposure conditions and average absorbed power are 
shown in table (1).     
      The measurement of blood luminol amplified t-Butyl hydroperoxide (TBHP), initiated CL 
as described below. Briefly 0.2 ml of luminol in phosphate buffer saline (PBS), buffer 
(concentration 5 mg/l, pH 7.4), was added to 0.4 ml of sample (heparinzed blood) in a 
stainless steel cell (5 cm in diameter). The mixture of sample was then incubated in 37

0C for 
10 min. The CL was then measured in an absolutely dark chamber of the CL reader system 
shown in fig.(1). This system is extremely sensitive to detect as 10

-15
 w of radiation energy 

according to the manufacturers specifications [13]. 
          Photon emission from the whole blood was counted at 10 sec intervals at 37

0C and 
under atmospheric conditions. After 100 sec 0.1 ml of TBHP in PBS (PH=7.4) was injected 
into the cell. CL in the sample was continuously measured for total of 1000 sec. The total 
amount of CL was calculated by integrating the area under the curve and subtracting it from 
the background level. The assay was performed in duplicated for each sample and was 
expressed as CL counts/10 sec for blood. A mean (ISE, standard error) of CL level of each 
sample was calculated. 
Statistical analysis 
      Differences between groups were evaluated by a repeated measurement analysis of 
variance statistical method. The post hoc test performed was Bonferronis t-test. The level of 
statistical significance is defined as p< 0.05. 

 
Results 

    1. Exposures of pulsed microwave radiation to leukocytes and RBC:  
Blood was obtained from rabbits by  cardiac puncture using heparin as the anticoagulant. The 
RBC was suspended in 25 mM hydroxyethylpiperazine ethane sulfonic acid buffer containing 
140 mM NaCl, 5 mM glucose, and 3% albumin at PH 7.4. While leukocytes were isolated 
according to (Bauer, 1980) method [14]. 
       The temperature of the blood was kept at 37

 0
C by means of Haake bath and water 

jacketed tubing. Using this bath to keep temperature constant during 30 min exposure period. 
Samples were centrifuged and amount of hemoglobin was determined by using the method 
discussed by Morris and Davey [15] and measuring the optical density  at 421 nm.  
      Initial experimental tests, RBC and leukocytes were isolated   from cardiac arteries  were 
exposed to pulsed microwave radiation at 2.0 GHz, supplied by an Epsco model PG5KB 
source and a Hewlett Packard model 436A power meter was used to monitor the power. The  
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pulse duration and pulse repetition rate were measured on a 1.5GHz Tektronix DM  44 
Oscilloscope. 
      Pulse duration and pulse repetition rate were altered in series from (20 to 2000) pulses per 
second (pps) and pulse duration from (0.5 to 50) ms as in  
 
      Absorbed power was calculated by subtracting the transmitted and reflected power from 
the incident power. Using this method of calculation, an average incident power of 1.35w 
resulted in 0.29w of absorbed power; approximately 21% of the incident power was absorbed 
by the sample. The 0.29w of absorbed power produced an average specific absorption rat 
(SAR) of 1.75w/g. 
      2. Dielectric measurements and transmembrane thermal gradient: 
     The temperature differences to be expected across leukocytes and RBC membrane by 
calculating the cytoplasmic conductivity in the following manner. As an initial step, the 
dielectric properties of the leukocytes, RBC suspension and the suspending medium were 
measured at 2 GHz in 37

0C using Maxwell-Wagner equation shown below [16]:  
(s - a) / (s + 2a) = F (Y - a) / (Y + 2a)              (1)  

Where s, a are the complex conductivities of the suspension and the medium respectively. 
Y is the complex electrical conductivity of cytoplasm. F is volume fraction of cell. The 
complex conductivities are of the form: 
                              =   + jω0        (2)    
  where; 
 = electrical conductivity, 0 = permittivity of space,  = relative dielectric constant, ω = 2пf 
(angular frequency) and f = frequency.  
     The cytoplasmic electrical conductivity was, 18.3 ms/cm, while for medium was 56.1 
ms/cm. It was clear that the cytoplasmic conductivity was about 1/3 less than that for the 
medium. 
     It is well known that during a pulse the transmembrane temperature difference must 
depend almost entirely on the heat flow across the thermal resistance provided by the 
membrane [12], and very little on heat storage [17]. The temperature difference rises within a 
fraction of microsecond to its limiting value at the beginning of the pulse, The heat flow 
depends on the volume of the cell, the area of the membrane, the membrane thermal 
conductance per unit area, and the power absorption difference between the cytoplasm and the 
medium [18]. For the dimension of RBC as a dish of 2mm thick and 8mm in diameter and for 
the leukocytes as a sphere of 12mm in diameter and 4mm thickness. Using transmembrace 
temperature difference equation [19] below:                          
                 T = VP / hA                              (3)              
    where; 
T = temperature drop across membrane, 
V = volume of cytoplasm, 
h = thermal conductance per unit area of membrane, 
 = fractional difference in power absorption, 
P = specific absorp tion rate during peak pulse, 
A = area of the cell. 
V = R

2
d and A=  R

2
, where, R,d are the radius and thickness of RBC and leukocytes. 

Using: 
P = 1.75 Kw/gm, d = 2mm, = 1/3 and h = 12 x 10

6 w/m2k,[19], then   T = 10-7 0C. Even 
though this is very small temperature difference it corresponds to a substantial transmembrane 
thermal gradient. If the temperature difference were divided by 10 nm width of the 
membrane, the gradient would be about 100 0C / cm. 
        As a result of this temperature gradient across the membrane cell the amount of 
hemoglobin released was increased, as shown in fig. (2) 
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 The ratios vary above 1.0; a value of 1.0 indicating no difference in hemoglobin release 
between exposed and control samples. These results show that as the pulse repetition rate of 
the exposing field increases, then hemoglobin release will increase too. This is because of 
membrane alteration and lead to cell hemolysis. But as seen from the fraction, even for this 
relatively high microwave power the hemolysis caused by the thermal gradient was no large 
enough to cause a large amount of hemoglobin release. Perhaps, more intense pulses could 
cause more membrane alteration. Now one may ask, what causes that membrane alteration? 
.The answer is given by the CL study for the blood samples treated with pulsed microwave 
signals as discussed in the flowing section. 
3. Luminol –amplified TBHP-initiated CL: 
      CL studies gave good evidence to the relation between pulse duration and cell membrane 
alteration. It was well known that ionized radiation would cause bounds breaking for tissue 
components [20]. But for non-ionized radiation the effects of interaction differ. It was seen, 
from the above calculation that heat is one of these effects. Also, recent evidence suggests that 
oxygen derived free radicals may play a role in the pathophysiology of thermal treatments for 
the tissue [21]. As demonstrated above that luminol, TBHP initiated blood CL was evaluated 
in Table (2),the effect of lumionl –amplified TBHP-initiated tissue CL flowing exposure for 
the conditions (pulse repetition = 500pps, pulse duration= 4μs and absorbed power= 291mw). 
   Also CL of RBC and leukocytes were increased as the duration of microwave exposure, as 
shown in fig. (3). 
    This is because, as in table (1), the absorbed power from the incident field increases for low 
pulse duration. This is also an indication for the formation of reactive oxygen products from 
activated blood leukocytes increase compared with control (Zero exposure leukocytes). Also 
fig’s.(4a,b and c).show that,the numbers of RBC,s increase as the exposure increase, this 
because of the thermal action of  radiation [18].While for lymphocytes, there is an induced 
phagosytosis ability because of specific low exposures of microwave radiations during the 
first week. But then the numbers of lymphocytes would be reduced as the exposure become 
heigh. Fig.(4c) shows the total numbers of leukocytes behave as lymphocytes, but there are 
some differences because of the contribution of other components of leukocytes.  
   Fig.(5) shows how CL signal for RBCs and leukocytes reduce after 4h after 20 hours of  
irradiation, but still more than background. This also indicates that hemoglobin is still 
released through 4h after irradiation, for the 16 µsec and 4µsec pulse durations. That is an 
expected result, because of the large amount of ROS generated during irradiation, as clear 
from fig.(6), that the destruction in cell membrane is because of the ROS .   
       For low pulse durations, cell may return to its previous condition, but for high pulse 
duration the cell membrane will be destroyed. These data suggest that high pulsed microwave 
radiation leads to systemic leukocyte activation and the activated leukocytes lead to the 
production of toxic oxygen products. 
       The release of these free radicals and their toxic metabolites results in destabilization of 
cell membrane, peroxidation of enzyme and antienzyme, causes increases in capillary 
permeability  and changes in vascular reactivity . All of these modifications strongly resemble 
some of the prominent characteristics of circulatory  burn shock [22]. The generation of free 
radicals in the presence of defective scavenging defense might be the cause of the distant 
organ failure after high intense pulsed microwave radiation absorption.  
      The microwave exposure in environment is about 10 mw/cm

2 on the order 1 mw/cm2 at 
2000 MHz [23]. It is clear that the peak value of exposure used in this work is about 10

3
 times 

grater than that in nature. Thus it seems unlikely that homolysis occurs in animals under 
ordinary condition of exposure. Also the peak temperature difference that had been calculated 
is of order 10-

4 0C. While naturally it about 103 times less than the calculated value i.e. the 
temperature difference is about 10-4 0C. So this difference could have any effects. 
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Conclusion 
      Heat cannot be stored across the leukocytes and red cell membrane during a microwave 
pulse.ThereforE, The transmembrane temperature difference during a pulse depends almost 
entirely on heat flow across the membrane.Hemolysis increase as the peak power increases. 
      The temperature difference of only 10

-4
 
0
C created by pulsed with peak SAR of 1.75 kw/g, 

in this study it may seem to be very small, but it corresponds to a substantial thermal gradient 
across the membrane of 100 

0
C/cm. A gradient of this size is enough to cause hemolysis and 

cell membrane perturbations. 
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     Table (1) below: 

Microwave exposure conditions 
Pulse parameter units Conditions tested 
Pulse repetition  (pps) 2000 1000 500 250 125 62 20 

Pulse duration (ms) 0.5 1.0 2.0 4.0 8.0 16.0 50 

Entergy/ pulse (mJ) 0.67 1.35 2.70 5.40 10.8 21.6 86.4 
Absorb. power (mW) 287 293 296 301 311 318 322 

 
      Table(2): Effect of luminol amplified TBHP-initiated CL  

Tissue CL(counts/10sec/1mg) P value 

Control Treated tissue 

Leukocytes 621 17609 <0.001 
RBC 492 7954 <0.001 
Cytoplasm 358 6177 <0.001 

 

 
 
 

Fig. (1) Chemiluminescenc reader system 
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Fig.[2]:Hemoglobine relase in 

diffrent microwave duration treatment
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Fig.[3]: CL of leckocyts and RBC 

at different pulse durations.
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Fig.[5]:CL of leukyoctes and RBC's at pulse durations    

4    sec and 16    sec for aperiod of time up to 6h.
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Fig.[6]: CL and exposure time dependance for 

leukocytes at different pulse duratons.
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