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A B S T R A C T

Mitogen-Activated Protein Kinases (MAPKs) consist of three major signaling members: extracellular signal-
regulated kinase (ERK), p38 and C-JUN N-terminal kinase (JNK). We investigated physiological effects of
Pulsed Electromagnetic Field Therapy (PEMFT) and Low Level Laser Therapy (LLLT) on human body, adopting
the expression level of mitogen-activated protein kinases as an indicator via assessment of the activation levels
of three major families of MAPKS, ERK, p38 and JNK in the peripheral lymphocytes of patients before and after
the therapies. Assessment for the expression levels of MAPKs families' were done, in the peripheral lymphocytes
of patients recently have appendectomy, using flow cytometric analysis of multiple signaling pathways, pre and
post LLLT and PEMFT application (twice daily for 6 successive days) on the appendectomy wound. There were
non-significant differences in the expression levels of MAPKs families' pre- therapies application. But there were
significant increase in the ERK expression levels post application of LLLT compared to its pre application (p <
0.01). Also, there was significant increase in the ERK, p38 and C-Jun N terminal expression level values post
application of PEMFT compared to its pre application expression levels (p < 0.01 for each). The present study
demonstrates that PEMFT has a powerful healing effect more than LLLT as it increase the activation of ERK,
P38 and C-Jun-N Terminal while LLLT only increase the activation of ERK. LLLT has more potent pain
decreasing effect than PEMFT as it does not activate P38 pathway like PEMFT.

1. Introduction

Lasers are often described by the kind of lasing medium they use-
solid state, gas, exciter, dye or semiconductor. Lasers are also
characterized by the duration of laser emission-continuous wave or
pulsed laser (according to Oregon state university- faculty of Physics
classification). The most common use of LLLT in the field of physical
therapy is to promote healing process and decrease pain sensation after
injury as LLLT has been suggested to enhance the activity of macro-
phages and fibroblast migration and proliferation and its subsequent
increase in type I and III procollagen mRNA synthesis [1], it promote
revascularization of wound [2], it also enhances bone healing, it also
has visible stimulation of blood microcirculation in case of tissue
heating on 0.8–1 °C or more [3], so it has potent effect in enhancing
the healing process and in management of pain [4].

LLLT promote ATP synthesis [5] as cell absorb the radiated

photons from laser and convert its energy to ATP which is a necessary
source of energy for living cells in most of its functions. ATP is formed
in cell mitochondria using glucose and oxygen in Krebs cycle to convert
ADP to ATP. LLLT increases mitochondrial membrane potential and
ATP synthesis in C2C21 myotubes with a peak response at 3–6 h [6].
This effect depends on chromophores which are light absorbing
components in the cells and other cell components as cytochrome c,
porphyrins and flavin also have a light absorbing capability [7]. Given
explanation of this effect by the forming of singlet oxygen, reactive
oxygen species (ROS), or nitric oxide. The enhanced ATP formation
promote essential functions in the cell like cell homeostatic function,
mitosis and proliferation by enhancing mRNA activity. The effect of
laser depend on the time of application, intensity of the energy and
exposure area, while, the depth of penetration depends on the wave
length of the applied laser. High energy laser lead to cell damage [8,9].
While LLLT has a high effect on injured cells more than sound one that
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