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A B S T R A C T   

Background: Parkinson’s disease is one of the neurodegenerative conditions that impacts 1–2% of 
the world’s population. The only effective therapy for this condition today is to restore the 
biochemical function of the diseased dopamine neurons by giving them Levodopa or L-3,4- 
dihydroxyphenylalanine (L-DOPA). The risk of progenitor stem cells, though, is the growth of 
teratomas or the uncontrolled growth of cells. As a result, an alternative or additional method is 
needed, such as photobiomodulation therapy using a laser diode. In this research, male mice (Mus 
musculus), which were used as models for Parkinson’s disease in an in vivo paraquat study, to 
determine the optimal dose of photobiomodulation therapy and a laser diode was used as a 
treatment. 
Methods: The three sample groups are Group P-L- (control group, induced by 0.9% NaCl), Group P 
+ L- (only caused by paraquat), and Group P + L+. (Treatment group, treated by paraquat and 
photobiomodulation therapy with a laser diode). Photobiomodulation treatment doses of 0.14 J, 
0.29 J, 0.37 J, 0.76 J, 1.14 J, and 1.52 J were used in the P+L+ subgroups (6 groups). The laser 
diode generated a continuous wave with a wavelength of 658 nm, a beam spot of 2.10 mm, and 
an output power of 15.42 mW. After treatment, the histopathology results of each sample were 
inspected under a microscope. 
Result: In Parkinson’s disease-affected mice, paraquat has been shown to reduce the number of 
neurons. According to the results of the histopathological examination, photobiomodulation 
therapy using a laser diode (P + L+) on the HT-7 (Shenmen) may raise the quantity of neurons and 
the proportion of healthy cells in the mouse brain. 
Conclusion: The effective radiated energy of the photobiomodulation therapy using laser diode 
treatment on the muscle musculus cell model of Parkinson’s disease is 0.76 J.  
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1. Introduction 

Parkinson’s disease is a neurodegenerative disorder that can cause motor disturbances like stiffness, postural instability, rigidity at 
rest, and akinesia (bradykinesia). It happens when there is a problem with the nigrostriatal pathway or when dopaminergic neurons in 
the substantia nigra pars compacta die or are destroyed [1–6]. Along with motor function, this disease also has an impact on brain 
function, digestive issues, sensory issues, akathisia, olfactory issues, and autonomic issues [7]. Psychiatric symptoms like depression, 
anxiety, hallucinations, psychosis, delusions, and trouble sleeping have also been found to be caused by anti-Parkinson’s treatment [8]. 

According to study findings, 6.2 million people around the globe had Parkinson’s disease in 2015, and 14.2 million are predicted to 
have it by 2040 [1,9]. The prevalence of Parkinson’s disease is between 2 and 3% worldwide. Parkinson’s disease is thought to affect 
1% of adults over 60, with 1–2 cases per 1000 people being reported at any particular time [10]. This condition, which is more 
common in individuals between the ages of 40 and 70 and has an average age of 60, only affects about 5% of those under the age of 40 
[10,11]. 

Parkinson’s disease can only be treated with levodopa and L-3,4-dihydroxyphenylalanine (L-DOPA), which restores dopamine 
function [2,4,6,12]. Dopaminergic neurons made from human embryonic stem cells were successfully transplanted into animal models 
of Parkinson’s disease. This was made possible by stem cell therapy [13]. Parkinson’s disease treatment has not yet reached a satis
factory level, so we still need new and effective ways to treat it. When progenitor stem cells are used, teratomas or uncontrolled cell 
growth could happen [6,12]. One of the alternative therapies that has long been used to address neuropsychological problems is the 
acupuncture approach, which makes use of a number of therapeutic modalities [14–16]. 

Numerous biological processes have been shown to be altered by photon-based light therapy [17,18]. Previous studies have shown 
that photobiomodulation therapy using red light to treat renal failure [19] and infrared light combined with other types of therapy to 
treat diabetes is useful [20,21]. This modulation effect is influenced by variables such as light’s irradiance, fluence, and wavelength 
[22,23]. Aside from having no adverse side effects, photobiomodulation therapy also has anti-inflammatory qualities [24,25]. Besides, 
other studies have shown that this therapy increases angiogenesis and stimulates muscle regeneration [26], liver dysfunction [27], 
brain [28], and peripheral nerve regeneration [29]. In order to treat both chronic pain and recent pain, photobiomodulation treatment 
has been widely employed in clinical practice and rehabilitation [30]. 

Laser acupuncture is a type of photobiomodulation therapy because it has minimal irradiance and no thermal stimulation [31]. 
Acupuncture is one of the traditional Chinese diagnostic and therapeutic methods that is in high demand with the general population 
[32,33]. So far, the acupuncture method has proven effective for the treatment of mental disorders [34], liver [27] kidney [19] 
dysfunction, and hypertension [35]. Some people don’t want to try acupuncture because they are afraid of needles. This is especially 
true now that hepatitis and HIV/AIDS are so common. As a result, acupuncture therapy’s tools have been the subject of extensive study. 
One of the most popular treatment methods is photobiomodulation using laser acupuncture [19,27,36]. This equipment’s benefit over 
an electro stimulator is that it is non-invasive and does not use needle electrodes. Needles can be replaced with low-irradiance visible 
lasers between 400 and 600 nm and infrared between 600 and 1200 nm when performing acupuncture treatments [22,23]. The fact 
that laser therapy prevents pain for patients is its finest feature. Acupoint laser stimulation is thought to be the best choice for people 
who are afraid of needles because it can be done more quickly and poses no infection risk [37]. By aiming laser diode beams at specific 
acupuncture points, laser diode treatment stimulates energy. Acupuncture’s most well-known theory is to balance the body’s energy 
(Qi) [33]. Pain generally does not contribute to the body’s energy equilibrium (Qi). It is expected that the energy of the laser beam will 
balance the body’s energy [38]. Because of this, this technique is often used on babies, young children, and older people. There is some 
therapeutic benefit from acupuncture for anxiousness and cerebellar tremors. A mild tremor that starts early or gets worse quickly is 
usually easier to treat than a severe tremor that comes on later or gets worse over time. Walton-Hadlock of the USA observed varying 
degrees of relief in symptoms of tremor and rigidity, as well as decreased dyskinesia, improved balance, and improved circulation, 
regardless of the stage of the disease, and in several cases enabled a reduction of conventional medications when treating primary 
Parkinson’s disease with tuina and acupuncture (CMA) [3,5,8,10]. 

Acupuncture uses the HT-7 (Shenmen) point to treat cognitive issues [39]. This point is on the palmar wrist crease on the ante
romedial side of the wrist, next to the flexor carpi ulnar is muscle (WHO). According to the philosophy of acupuncture, the heart, one of 
the acupoints of the Heart Channel, is thought to be the “emperor” of the body and in control of everything. It is claimed to direct every 
other organ. It manages the blood and Qi and controls their flow. Since the heart controls the blood vessels and circulation, Parkinson’s 
patients frequently have a stark, white complexion due to an absence of heart action. Blood is moved through the tissue by the heart, 
which also communicates with every organ and system of the body, including those responsible for consciousness and emotion. 
Shenmen, also known as HT-7, has an impact on consciousness, memory, thinking, and sleep. As a result, HT-7 (Shenmen) can treat and 
lessen the symptoms of Parkinson’s disease, including irritability, mental illness, insomnia, and sadness (ANC) [40]. Many studies have 
shown that using a laser diode at the HT-7 (Shenmen) acupoints to treat photobiomodulation improves the performance of the 
cholinergic and dopaminergic systems and fixes problems with cognitive, neuronal, and oxidative stress in animal models of Par
kinson’s disease. Photobiomodulation therapy with a laser diode at 405 nm and 650 nm wavelengths was used in these studies [39]. 

Even though laser acupuncture has been used in clinical settings for the past 30 years, no one knows for sure how it works [37]. The 
goal of this study is to see how laser acupuncture affects the HT-7 (Shenmen) acupoint in the Parkinson’s disease mouse model (Mus 
musculus). Since the therapy works better when there are more dopaminergic neurons, photobiomodulation therapy with a laser diode 
can be used as an extra treatment for people with Parkinson’s to improve their quality of life by balancing their energy [41]. 
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2. Materials and methods 

2.1. Ethical approval 

Ethical approval was granted by the Universitas Airlangga Faculty of Dental Medicine Health Research Ethical Clearance Com
mission, with the reference number: 294/HRECC.FODM/V/2019. 

2.2. Samples 

The 24 male BALB/c strain mice (Mus musculus) utilized in this research had an age range of 6–7 weeks and a weight range of 20–22 
g. They were physically healthy as evidenced by clear eyes, shining leg fur, vigorous movements, and excellent stools. We used a 
completely random design and the Lemeshow (1997) algorithm to figure out how many times a sample should be repeated. The sample 
was divided into a Parkinson’s group (3 mice) and a healthy group (3 mice) (21 mice). The healthy group was induced intraperito
neally with NaCl (0.9% solvent), while the PD group was induced intraperitoneally with Paraquat. The dosage was given at a rate of 10 
mg/kg BW on the first, eighth, and fifteenth days [42,43]. 

The Parkinson’s group was divided into seven subgroups, each consisting of three mice: one control group (P + L-) and six 
treatment groups (P + L+). Six groups received laser photobiomodulation at various doses and times. As describe in Fig. 1. 

2.3. Laser characterization 

The illumination source Laser characterization was carried out to determine the peak wavelength using Jasco CT-10 mono
chromators. The power of the laser was measured using a power meter, model OMM-6810 B–220 V. The temperature of the laser 
stream, which needed to be below 37 ◦C, was also measured with a digital thermometer. The laser measurement from Table 1 was 
shown. Radiant energy is made when the power is multiplied by how long the laser is in contact. The irradiation time is calculated 
using equation (1) to obtain the fluence [44]: 

fluence
(
J.cm− 2)= intensity

(
W.cm− 2)× irradiation time (s) (1)  

2.4. Laser acupuncture experimental set-up 

Laser diode photobiomodulation treatment was administered to group P+L+ once daily, beginning on the sixteenth day and 
continuing for 14 days. Six different radiant energies were present: 0.14, 0.29, 0.37, 0.76, 1.14, and 1.53 J. The flexor carpi ulnaris and 
the flexor digitorum superficial tendon are positioned between the skin of the HT-7 (Shenmen) acupoint [39] on the lateral posterior 
side of the wrist. The location of HT-7 is shown on Fig. 2. 

The mice were terminated after thirty days by being placed in CO2-gas-filled tubes (euthanasia). Compared to the cervical dislo
cation procedure, this method is painless. The brain organ is then removed and used to calculate data. 

2.5. Preparation and histopathology of brain tissue 

The three sample groups (P-L-, P + L-, and P + L+) were dissected in order to acquire the brain organ. These tissues were embedded 
in paraffin for 24 h before being cleaned with 70% ethanol. A sealed container was used to dry the tissues after they had been 
dehydrated and washed with 0.5% gelatin. Dried tissues were sliced for 4 m of thickness and rinsed at two different water temperatures 
alternately: 25–26 ◦C and 38–40 ◦C. This was done prior to the dehydration process using a hotplate (38–40 ◦C) kept in the incubator 

Fig. 1. Set up treatment samples.  
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for 24 h at the same temperature. 
Hematoxylin Eosin (HE) was used to color the tissues before an Olympus® Microscope CX-21 and Optilab viewer were used to look 

at them at 400× magnification. The cells in the substantia nigra that have been named seem to have walls, cytoplasm, and nuclei. 

2.6. Statistical analysis 

Shapiro-Wilk analysis was used in this study to check whether the data were distributed normally. The Shapiro-Wilk Normality Test 
is one of the most practical and trustworthy normality test methods for small groups. After data transformation showed a value of 0.05, 
the Kruskal-Wallis and Man-Whitney tests were used to calculate the mean difference between each treatment group. The Kruskal- 
Walli’s test is a non-parametric analysis that uses the interval data’s measure. To determine whether there was a difference in the 
average value of more than two independent sample groups, the data were not normally distributed. With a p-value of 0.005, the 
Kruskal-Walli’s analysis result revealed that at least two treatments were significantly different from one another. Following that, the 
Mann-Whitney test was used to determine which treatment pairs differed significantly. The Kruskal-Walli’s test is followed by the Man 
Whitney U test, which establishes whether there is a substantial difference between categories. 

3. Results 

Using a power meter OMM-6810 B–220 V, the power of laser acupuncture at a 0 mm distance from the mice’s skin is calculated to 
be (15.42 + 0.08 mW). Stability is essential to making sure that photobiomodulation therapy using a laser diode beam produces the 
same amount of irradiance on the skin of the mice. The laser diode utilized in this work for photobiomodulation therapy has a beam 
area of (0.13 ± 0.01) cm2 at 0 mm from the mice’s skin, and the smaller the beam area, the higher the fluence. It is necessary to 
characterize the beam’s temperature to make sure it doesn’t produce the photothermic effect. The temperature during 99 s of 

Table 1 
The characterization of Laser Acupuncture.  

Laser parameters 

Parameter Value 
Emitter type Laser Diode 
Center wavelength 657,67 ± 0,07 nm 
Operating mode Continuous-wave (CW) 
Polarization Linear 
Beam spot size at the target ≈2.10 ± 0.01 mm2 

Beam divergence ≈12◦ parallel to the beam 
≈26◦ perpendicular to the beam 

Number of points irradiated 1 point HT-7 (Shenmen) 
Application technique Skin contact 
Aperture diameter 1.64 mm 
Power 15,42 ± 0,08 mW 
Beam shape Circular 
Variation in laser exposure time 9; 19; 24; 49; 74 ad 99 s 
Spectral bandwidth 10 nm 
Average radiant power 15,42 ± 0,08 mW 
Variation in radiant exposure/fluence 3.13; 13.95; 17.62; 36.00; 54.33; 72.71 J/cm2 

Area irradiated 6 mm2 

Variation in radiant energy 0.14; 0.29; 0.37; 0.76; 1.14; 1.53 J  

Fig. 2. HT-7 (Shenmen) acupoint on mice.  
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photobiomodulation treatment using a laser diode beam was (34.52 0.04) oC. Table 2 displays the statistics and the quantity of neurons 
in each category. Shapiro Wilk’s data normality test revealed p = 0.013, indicating that the data are normally distributed (data n < 50). 

The Kruskal-Walli’s test was also used to look at the differences between the therapies. A non-parametric test called the Kruskal- 
Walli’s test is used to discover whether the average value of more than two independent sample groups differs. The statistics had an 
interval scale and were not normally distributed. Table 2 displays the Kruskal-Walli’s test outcome. 

The Kruskal-Walli’s test revealed p = 0.002 < 0.005, indicating that at least two treatments were statistically different from one 
another. The Mann-Whitney test was then used to identify the treatment pairs that differed substantially. The results of the Mann- 
Whitney test are shown in Table 3. The Mann-Whitney test results revealed that a number of treatment groups differed signifi
cantly (p = 0.046) and not significantly (p = 0.050). The use of a laser in any of the treatments produced a statistically significant 
difference (p = 0.046) from the control treatment. 

Viewing microscopic slides of the brains of the experimental animals allowed researchers to acquire the findings of their anatomical 
histology observations. There were three replications of each group and therapy. The results of the histopathology are shown in Fig. 2. 
This group showed the greatest response to photobiomodulation therapy with laser diode treatment, with 74.82% more live cells 
counted in the P+L+ group than in the P + L-group, which has Parkinson’s disease but is not getting treatment. 

According to Table 2 and Fig. 3, the analysis of the histopathological data showed that photobiomodulation therapy raised the 
number of neuron cells for each radiant energy by 0.14 J in Fig. 3 (c), 0.29 J in Fig. 3 (d), 0.37 J in Fig. 3 (e), 0.76 J in Fig. 3 (f), 1.14 J in 
Fig. 3 (g), and 1.53 J in Fig. 3 (h). Fig. 3 (a) was the histopathology result on control negative group or P-L- and Fig. 3 (b) was control 
positive group or P + L-. Fig. 4 showed percentage of neuron cell viability. The effective dose of photobiomodulation therapy with laser 
diode treatment is 0.76 J, which has a 74.8% viability in neuronal cells and a survival rate of 20.52% in other cell types (see Fig. 4). 

4. Discussion 

To figure out the exact specifications of the laser, it is necessary to use photobiomodulation therapy and laser diode treatment to 
increase the number of neurons in rodents. The peak wavelength, beam strength, beam area, and beam temperature were all measured 
to find out what the laser was like. Because red laser diodes can penetrate deeper than other visible light laser diodes, they were used 
for photobiomodulation treatment [23]. In this work, a red laser diode with a wavelength of (657.67 ± 0.07) nm was employed. 
Additionally, this laser can transmit 15.42 mW of power when placed 0 mm from the skin of mice. The laser beam temperature is 
34.52 ◦C, and the irradiation time to produce the desired energy dose is 9, 19, 24, 49, 74, and 99 s. 

Light interaction with a material is influenced by a variety of phenomena, including refraction, reflection, absorption, and 
dispersion. Refraction and monitoring are reduced when light is applied perpendicular to the object. The quantity of light irradiance 
that is absorbed by the target tissue depends on absorption and dispersion. Light dispersion affects the target tissue’s light irradiance 
and irradiation orientation [22]. Visible light (400–600 nm) can’t get through because hemoglobin and melanin soak it up [44]. Only a 
small amount of light above 1400 nm is passed through water due to its high absorption capacity [45]. 

Table 2 
The result of the Kruskal Wallis test.  

Group Radiant energy (J) N Neuron Cells Kruskal – Wallis Test 

Significance Conclusion 

P− L− 0 3 27.42 ± 0.09 – – 
P + L− 0 3 14.64 ± 0.33 0.002 There was a significant difference 
P + LD1 0.14 3 15.58 ± 0.19 There was a significant difference 
P + LD2 0.29 3 18.51 ± 0.03 There was a significant difference 
P + LD3 0.37 3 18.93 ± 0.07 There was a significant difference 
P + LD4 0.76 3 20.52 ± 0.08 There was a significant difference 
P + LD5 1.14 3 19.66 ± 0.10 There was a significant difference 
P + LD6 1.53 3 17.52 ± 0.20 There was a significant difference.  

Table 3 
The result of Mann Whitney test.   

Treatments 

Treatments  P-L- P + L- LD1 LD2 LD3 LD4 LD5 LD6 
P-L-  S N N N N N N 
P + L-   S S S S S S 
LD1    N N N N N 
LD2     N N N N 
LD3      N N N 
LD4       N N 
LD5        N 
LD6         

N: non-significant difference. 
S: significant difference. 
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The red and infrared wavelengths, on the other hand, which are frequently employed for laser acupuncture, have less absorption 
and more transmission. However, collagen has spread some of them out [46]. Human skin transmits light considerably less efficiently 
at wavelengths below 800 nm, with thicknesses varying from 1 to 3 mm depending on location [45]. According to the Kolarova’s study 
findings, 5–10% of light at 632.8 nm and 6–14% of light at 675 nm were passed through skin that was 1.5–4.1 mm thick [47]. At 632.8 
nm, samples of 19-mm skin had a transmittance of 0.3%, which included the subcutaneous fat. 

Parkinson’s disease causes tremors, stiffness, akinesia, bradykinesia, and unstable posture because the substantia nigra pars 
compacta lose neurons [3]. Parkinson’s disease is brought on by paraquat, a chemical that is toxic to nerves and can damage other 
types of brain neurons, like microglia. The DNA chain breaks in paraquat, which results in cell damage or mortality. Only 53.4% of the 
total number of live cells were neuron cells in the P + L-group (positive control), which dropped to (14.64 ± 0.33) cells. 

Laser acupuncture treatment not only has a photophysical effect, but also a photobiomodulation effect that boosts ATP synthesis in 
the sensory nerve by triggering the cell respiration chain through cytochrome c oxidase (CCO) and concentrating on cellular activity in 
the mitochondria [38]. When a laser photon collides with the flesh, absorption and dispersion take place. This study uses an exposure 
distance of 0 cm to avoid dispersion. After photons are received by acupoint HT-7 (Shenmen), photobiomodulation will take place and 
is anticipated to change into electrical energy [39] in the meridian Heart, which is thought to be a source of calm in Traditional Chinese 
Medicine. According to Fig. 2, this Meridian Heart can produce regeneration to bring the stratum pyramidale’s neuron cells into 
harmonic balance or speed up the regeneration process. An experimental study in rats has demonstrated that laser puncture at HT-7 
can reduce neuronal degeneration by improving the function of the cholinergic and dopaminergic systems through the regulation of 
acetylcholinesterase and monoamine oxidase type B [39]. Acupuncture at HT-7 can affect the central nervous system to produce 
endogenous opioid peptides to lessen or eliminate pain and function as a sedative. To achieve this, the autonomic nervous system is 
modulated, and the cortico-hypothalamic-pituitary-adrenal axis is strengthened [48]. 

Comparing the dose that actually happened in this study showed that the treatment group got more. It was found that 0.76 J of 
radiant energy, which is about the same as the number of healthy group neuron cells, was the best dose. Results from radiation with 

Fig. 3. Histopathology test result: (a) group P-L-, (b) P + L-, (c) P + LD1, (d) P + LD2, (e) P + LD3, (f) P + LD4, (g) P + LD5, (h) P + LD6. (Note: PO 
= stratum oriens, P = stratum pyramidale, R = stratum radiatum). (Magnification 400×, n = 3). 

Fig. 4. Percentage of neuron cell viability.  
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1.14 J and 1.53 J were superior to those from 0.76 J of fluence. Poewe (2017) found that the quantity of energy delivered to the 
acupoint must be taken into account when using a laser [1]. The results of this research show that since the placement of acupoint HT-7 
(Shenmen) is superficial, the energy emitted by the laser beam can restore the body’s energy at a radiant energy of 0.76 J per 
acupuncture point. 

5. Conclusion 

Histopathology showed that the number of neuron cells in group P + L-was lower than in group P-L. The best and most successful 
dose of photobiomodulation therapy with laser diode treatment, according to the number of living cells and the number of neuron 
cells, was 0.76 J for group P + L+. Photobiomodulation therapy with laser diode treatment on the Mus musculus cells model of 
Parkinson’s disease gives off 0.76 J of useful energy. 
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