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Abstract: On the model of formalin test in mice, the analgesic effects of low-intensity polarized light (PL) of BIOPTRON device
(480-3,400 nm, polarization up to 95%, power density 40 mW/cm?) and three pharmacological analgesics (ibuprofen, analgin, tramal)
were compared. We used analgesics in the optimal and half-dose, as well as half-doses of analgesics combined with the application of
PL to the analgesic acupuncture point (AP) E-36. Pain was induced by subcutaneous injection of a 5% formalin solution (30 pL) into
the back of the foot of the left hind limb of the animal. The intensity of pain was judged by duration of pain (licking of the affected limb)
and non-painful (sleeping, eating, running, washing) behavioral reactions during 60 minutes of observation. In animals that
immediately after the creation of the locus of tonic pain, received an injection (intraperitoneally) of ibuprofen, analgin or tramal in
optimal doses (30.0; 8.3 and 1.7 mg/kg), duration of the pain response reduced by 46.0; 74.9 and 56.2%, respectively. Half doses of
these analgesics (15.0; 4.2 and 0.8 mg/kg) weakened the pain by 23.1; 28.5 and 34.2%. A statistically significant reduction of pain was
also observed in groups where instead of analgesics, was applied a 10-min PL session to the anti-pain AP E-36 (by 27.0%) or to the
locus of pain (by 35.8%). These data indicate that PL analgesic effect is comparable to the effect of moderate doses of analgesics.
Combined use of analgesic and PL suppresses pain more effectively than one analgesic in the same dose. The 10-minute PL application
to the analgesic AP E-36 in 1.5-2 times (statistically significantly) increased the analgesic effect of small analgesics doses. In contrast to
animals in which analgesia was caused by administration of high doses of analgesics, in the case of low doses of analgesic in
combination with PL, caused no disturbances in motor activity and eating behavior. Clinical significance of the presented data is to
prove the possibility of reducing the dose of analgesic pharmaceuticals by applying PL, which reduces the risk of unwanted side
post-pharmacological effects.
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1. Introduction visceral (acetate test) pain in animals, and also
significantly increases the pain threshold of acute pain
(electric platform). Statistically significant pain relief
can be obtained by application of the PL as a specific
anti pain acupuncture points (AP), and directly on the
locus of pain.

The aim of the present work was to make a
comparative evaluation of the analgesic effect of
low-intensity PL and pharmacological analgesics, as
well as to study the effects of combined use of PL and
low doses of analgesics. We selected two non-narcotic

Corresponding author: Sergiy Gulyar, M.D., Ph.D., D.Sc., analgesics widely used in the clinic (ibuprofen, analgin)
professor, research fields: medicine (including environmental . i
medicine), physiology, electromagnetic and light therapy and a narcotic analgesic—tramal.
(Bioptron, Laser, LED). The experiments were carried out on animals, this

The main means to fight pain still remains chemical
analgesics. Despite their effectiveness, the side effects
from their use sometimes cause significant harm to
health. There are known violations of hematopoiesis,
liver and kidney functions, allergic reactions, drug
dependence emergence [1, 2].

Our previous studies [3-11] showed that the
low-intensity polarized light (PL) of BIOPTRON
device weakens the somatic tonic (formalin test) and
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ensured absence of the psychological factor inevitably
inherent for man, as well as the possibility to evaluate
the quantity of the pain intensity.

2. Materials and Methods
2.1 Animals

The experiments were performed on adult white
male mice weighing 28-32 g. All experiments were
carried out in accordance with the ethical

recommendations of the International Pain Association.

The animals were kept in the vivarium of the Institute
of Physiology, AA Bogomolets NAS of Ukraine (Kiev)
in conditions of controlled temperature (18-20 <C) and
12-hour light day. All animals had free access to water
and food (special granulated food). The day before the
experiment, the mice were placed one by one in plastic
cells and adapted to the experimental conditions.

Animals were randomly divided into 13 groups: one
control/placebo (15 mice) and 12 experimental (10
mice in a group). Immediately after the locus of
inflammation creation, which was the source of
prolonged tonic pain, some animals received an
injection  (intraperitoneally) of one of the
pharmacological analgesics. Other groups instead of
analgesics received a PL session. The 3rd group
received an analgesic injection and immediately
afterwards got PL application. Control animals
received a simulated light therapy session.

Each mouse was used only in one experiment and at
the end it was put to sleep by a lethal dose of urethane
(intraperitoneally). To reduce the effect of circadian
rhythms on the nociceptive sensitivity of animals [14],
all experiments were conducted at the same time of the
light part of the day (from 10 to 13 hours).

2.2 Creation of the Locus of Pain

The locus of inflammatory somatic pain was induced
by subcutaneous injection of 30 uL of a 5% formalin
solution (in 0.9% NaCl solution) into the back surface
of the left hind limb. At the injection site, there
appeared reddening and swelling, which lasted for

several hours. The pain intensity indicator was the
duration of the painful reaction (licking of the affected
limb) and non-painful (running, washing, sleeping,
eating) behavioral responses for 10-min intervals and
during 60 minutes of observation.

This test is a classical model of the tonic
chemo-genic pain [12, 13]. The formalin-induced pain
response consists of two phases. The early phase (acute
pain caused by irritation of painful skin receptors)
begins immediately after the injection of formalin and
lasts up to 10 minutes. The late phase (tonic pain,
which is the consequence of the inflammatory process),
begins after the 10th min and lasts more than an hour.
Since in our experiments, immediately after the
formalin solution injection, to do the 10-min light
application, the mouse was placed in the chamber,
partially limiting its motor activity, the early phase of
the pain reaction was not recorded. Further, we will
only talk about the latter—tonic pain.

With the help of a computer program, we calculated
the duration of pain and non-painful behavioral
responses for each consecutive 10 min, and for the
entire observation period (60 min) as a whole.

2.3 Applications of Polarized Light

Immediately after the creation of the inflammatory
pain locus, we performed 10-min applications by PL to
the analgesic AP E-36, located in the upper-external
part of the tibia. BIOPTRON-Compact device was the
PL source with a polychromatic filter (produced by
Bioptron AG, Zepter, Switzerland), radiating a linearly
polarized (up to 95%), incoherent, low-energy (40
mW/cm?) light with a wavelength range of 480-3,400
nm in the visible and near infrared spectrum [15]. The
distance from the light filter to the illuminated surface
of the skin was 5 cm. The light spot diameter of the
device was 40 mm, but for these experiments we used a
diaphragm with a hole of 5 mm. After the 10-min
session, we recorded the beginning and the end of each
cycle of the above pain and non-painful behavioral
reactions during 60 min of observation.
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2.4 Injections of Pharmacological Drugs

In those groups where we studied the effects of
pharmacological analgesics, each animal immediately
after creation of the locus of pain, was injected with a
solution of ibuprofen (Ibuprofen-solution,
SIGMA-OLDRICH), analgin (analgin, Ukraine,
Darnitza) or tramal (Tramadol®/Tramadol
hydro-chloric, Poland, after the license of
GrunenthalGmdH).  Preparations  were injected
intraperitoneally, 0.2 mL in 0.9% NacCl solution.

Ibuprofen was used in doses of 5, 10, 15, 20, 30 and
40 mg/kg (for comparison: the dose of the drug for a
person is from 20 mg/kg to 40 mg/kg per day in several
ways). Analgin was used in doses of 4.2 or 8.3 mg/kg.
Tramal was used in doses of 1.7 or 0.8 mg/kg. These
figures were obtained by recalculating one-time
average and maximum analgesic doses of these drugs
for an adult person, weighing 60 kg [16, 17].

Then the animal was placed in a small chamber with
a hole for the hind leg and held there for 10 minutes in
the position with the elongated leg. This was done to
accurately reproduce the experimental conditions
applying PL. In the experiments with the combined use

of PL and analgesic, during these 10 min the PL was
applied to AP E-36 or to the locus of pain. After this we
recorded the above behavioral responses.

2.5 Statistical Analysis

With the help of a special computer program, we
calculated the duration of pain and non-painful
behavioral reactions for every consecutive 10-min
intervals of time and for the entire observation period
(60 min). Experimental data are presented as mean =+
SEM. The reliability of the difference between the
groups was determined by the student’s test (t-test).
The difference was considered statistically significant
atp <0.05.

3. Results

3.1 Effects of lbuprofen and Polarized Light on
Formalin-Induced Somatic pain

3.1.1 Determination of the Dose of Ibuprofen,
Optimal for Pain Suppression

To select the optimal dose for pain suppression, we
investigated the action of the following ibuprofen
concentrations 5, 10, 15, 20, 30 and 40 mg/kg (Fig. 1).

Pain

495

Control 5 10

Doses of IBUPROFEN, mg/kg

435.6

15 20 30 40

Fig. 1 Duration of the pain reaction in 60 minutes of observation, depending on the dose of ibuprofen. This and subsequent

figures indicate mean +=SEM.
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As you can see from Fig. 1, a minimal pain reaction
occurred in the group where the animals received the
ibuprofen dose of 40 mg/kg. The duration of pain in
this group was 29.7 seconds compared to 566.2
seconds in the control group. The pain attenuation
compared to the control group was 94.8%. The
difference is statistically significant (p < 0.001).
However, this concentration of ibuprofen cannot be
considered optimal, since animals that received the
ibuprofen dose of 40 mg/kg were in a hindered state,
indicating an overdose of the drug (toxic dose). Most of

the time the animals sat motionless with their eyes open.

They did not eat, did not drink, practically did not run
and did not wash.

Ibuprofen small doses (5 and 10 mg/kg) did not
make a significant pain reduction. These doses can be
considered ineffective. The use of ibuprofen in doses of
15, 20 and 30 mg/kg caused a statistically significant
decrease in the duration of the pain reaction. The
duration of pain was 76.9, 57.2 and 54 s, respectively
(vs. 566.2 s in the control). Analgesia was 23.1, 42.8
and 46% respectively.

Based on the experiments, the ibuprofen dose of 30
mg/kg was found to be optimal, as it caused analgesic
effect (46% analgesia) without significant effect on
non-painful behavioral responses. When the dose was
raised up to 40 mg/kg, there were clear signs of
intoxication.

3.1.2 Investigation of the Effectiveness of the 50%
Dose of Ibuprofen for Pain Suppression (without Light
Exposure)

The results of the evaluation of the dynamics and
summary values of pain reactions on the 50% dose of
ibuprofen (15 mg/kg) are shown in Fig. 2. One
experimental group received the optimal dose (30
mg/kg) of ibuprofen injection and the second—50% of
the optimal dose (15 mg/kg).

It can be seen that the pain reaction in the group
treated with a 50% ibuprofen dose (15 mg/kg) is
intermediate between the control and the optimal
analgesic dose (30 mg/kg). Differences are most
noticeable in the first 30-40 minutes (Fig. 2A).
Comparison of the mean values (over 60 min of
observation) of pain duration in the three groups (Fig. 2B)
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Fig. 2 Dynamics (A) and the total duration (B) of the pain response in animals receiving the ibuprofen optimal dose (30

mag/kg), and a 50% dose (15 mg/kg) compared to the control.
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showed that both experimental groups differ from the
control group with a high degree of reliability. The
difference between the two experimental groups is also
reliable.

The above experimental data suggest that ibuprofen
shows an adequate effect in relation to the model of tonic
pain. This assures in the possibility of further studies of
the effect of combined use of PL and ibuprofen.

3.1.3 Pain Suppression by Application of
Low-Intensity Polarized Light to AP E-36

We considered the results of a series of experiments
on animals with an experimentally-induced locus of

somatic pain (formalin test), who received PL
application on AP E-36. Throughout the whole period
in a group where we applied PL, the pain response was
weaker compared to the control group (Fig. 3). At the
same time, monitoring the dynamics of sleep showed
that animals, who received a PL session, slept longer
than the control animals.

The duration of reactions in general for 60 min of
observation in the two groups was significantly
different (Table 1). In the group where animals
immediately after the creation of the locus of somatic
pain received a PL session to AP, the pain was 413.7 s

Pain
£ 150
e
o
—
5
- 100
[
‘©
o
IS == Control
c 50 ---
o —\—pL
]
o
=0
D O T T T T 1
10 20 30 40 50 60

Time of observation, min
c Sleep
£ 300
o
—
= )
% 200
= /
o
8 A
“g 100 —4—Control
- —B—-PL
°
o
5 0 - T T T T !
e 10 20 30 40 50 60

Time of observation, min

Fig.3 Dynamics of pain reaction and sleep after a 10-minute application to acupuncture point E-36 of low-intensity polarized
light of the BIOPTRON device with a polychromatic filter in comparison with the control.
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Table1l Mean values of the duration of pain and non-painful behavioral responses within 60 min of observation in the control
group (without light applications) and in the experimental group, where 10-min action of polychromatic polarized

BIOPTRON light on the acupuncture point E-36 was applied.

Polychromatic polarized light

Reactions Control (placebo) (action on AP E-36)
Dain 56624715 4137 +42.8 5%
100% 73.1%
. 386.3+79.3s 668.8 + 118.6 s**
Sleeping 100% 173.1%
. 137.9+325s 324.2 + 60 s***
Washing 100% 235.1%
. 655+13s 455+7.3s*
Running 100% 69.5%
. 11+04s 237 +9.8 s***
Eating 100% 2,154.5%

Reliability of the difference in comparison with the control: ***p < 0.05; **p < 0.1; *p < 0.5.

compared to 566.2 s in the control. The reliability of
the difference is high (p < 0.05). The total duration of
the pain reaction was 73.1% of the control value, and
analgesia was on average 26.9%. Statistically
significant changes were also experienced by all
non-painful behavioral reactions. They (with the
exception of running) became longer, which also
indicated to the pain easing under the influence of
low-intensity polychromatic PL.

This experiment showed that PL has an analgesic
effect comparable to that of an analgesic ibuprofen in a
50% dose (15 mg/kg).

3.1.4 The Effects of Combined Use of Polarized
Light and Ibuprofen

After combined use of the PL and a 50% dose of
ibuprofen throughout the entire observation hour, the
pain response was less intense than in the groups where
the animals received only PL or ibuprofen (Fig. 4).

Table 2 clearly shows that both pain and non-painful
reactions in the group receiving half of the dose of
ibuprofen in combination with PL application
statistically significantly differ from similar reactions
registered in the group where only one analgesic was
used (taken as 100%). The pain was 68.7%, i.e. 1.5
times weaker than in animals that received only the
analgesic. At the same time, the duration of sleep
increased 2.9 times, which also indicated pain
reduction. Consequently, the combined use of
ibuprofen and PL suppresses pain more effectively

than the analgesic alone. The 10-min PL application to
the AP allows, with a low dose of an analgesic (50% of
a dose) to obtain an effect comparable to the action of a
twice larger dose (Fig. 5).

Comparison of the intensity of the pain response in
different experimental groups (Fig. 5) showed a
significant pain relief under the action of both ibuprofen
and the BIOPTRON light (with a polychromatic filter).
The effect of PL was approximately the same as that as
50% of ibuprofen dose. But in the case of combined use
of 50% ibuprofen dose and PL, the analgesic effect was
almost the same as that produces by ibuprofen in the
optimal dose (30 mg/kg). Analgesia of the 50% dose of
ibuprofen was 23.1%, and in case of combination with
PL—47.1% (2 times more). This means that the PL
allowed to halve the dose of ibuprofen, i.e. the effect of
a 50% ibuprofen dose can be potentiated by PL action
on the analgesic AP.

3.2 Effects of Analgin and Polarized Light of the
BIOPTRON Device on the Somatic Pain

3.2.1 Comparison of the Effects of the Use of
Polarized Light and Analgin

The scheme of the study was similar to that
described above. We conducted a comparative
evaluation of the effectiveness of analgesia by injection
of analgin and the action of PL (Fig. 6). Doses of
analgin were 8.3 mg/kg (optimal) and 4.2 mg/kg
(50%).
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Fig. 4 Dynamics of the pain response after the ibuprofen injection (a dose of 15 mg/kg), a 10-min application to the
acupuncture point E-36 by BIOPTRON polarized light (PL) with a polychromatic filter and joint use of ibuprofen and PL.

Table 2 Comparison of the duration of painful and non-painful behavioral responses in two experimental groups, one of
which immediately after the locus of pain creation received the ibuprofen injection (50% of a dose), and the second similar
injection and a 10-min application of BIOPTRON device PL (with a polychromatic filter) on acupuncture point. The total

duration of the reaction for 60 min of observation.

Ibuprofen (15 mg/kg)

Reactions Ibuprofen (15 mg/kg) +PL on AP E-36
pain 4356+ 655 299.3 + 38.6 s***
100% 68.7%

. 355+90's 1,023.6 + 175.8 s***
Sleeping 100% 288.3%

. 183.9+255 129.5 +27.8 5*
Washing 100% 70.4%

. 496465 77 + 27 s**
Running 100% 155.2%
Eating 74+5s 6+£36s

Reliability of the difference between the groups: ***p < 0.05; **p < 0.01; **p < 0.5.

In all three experimental groups, we observed a
statistically significant reduction in the duration of the
pain reaction. The group of animals that received the
PL session on AP E-36 occupied an intermediate
position between the two groups in which analgin was
used. The total time of painful behavioral response in
animals receiving analgin in a dose of 4.2 mg/kg was
673.9 s, and at a dose of 8.3 mg/kg—243.6 s. This
amounted to 71.5 and 25.9% of the control. The
difference between the two experimental groups is

statistically significant (p < 0.001). After a 10-min light
application, the duration of the pain reaction was 471.3
s compared with 942.1 s in the control group, that is,
halved. The PL effect was significantly higher than that
of analgin in a dose of 4.2 mg/kg, but lower than that of
analgin in a dose of 8.3 mg/kg.

From the non-painful behavioral reactions, it is most
interesting to note the features of sleeping and eating
behavior in different experimental groups. After the
analgin injection in a dose of 8.3 mg/kg, none of 10 mice
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Fig. 5 The duration of the pain reaction during 60 minutes of observation in the control group (placebo) and in the four
experimental groups that received the optimal (30 mg/kg) and 50% (15 mg/kg) dose of ibuprofen, 10 min application to AP
E-36 by polarized light or combined use of ibuprofen (50% dose) and polarized light.

Reliability of the difference with the control: ***p < 0.001; **p < 0.1.
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Fig. 6 Comparison of the effects of analgin and polarized light on the duration of pain response in mice with a locus of tonic
pain: (A) Dynamics of pain process development. (B) Comparison of the total (60 min of observation) duration of painful
behavioral response in mice in the control and three experimental groups. 1—Control group; 2—Analgin 4.2 mg/kg; 3—PL;
4—Analgin 8.3 mg/kg.

Reliability of the difference with the control: *** p < 0.001; **p < 0.01; * p < 0.05.

in 60 min of observation did not touch the feed. these animals was almost twice as long as of the control
However, in the group where the PL was applied to AP animals (1,261.8 and 557.3 s, respectively).
E-36, feeding did 6 out of 10 mice, sleeping duration of In animals that received high doses of analgin,
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inhibition arose; they spent a considerable part of the
time in a stationary state with their eyes open (frozen
posture). This was never observed in the animals of the
group receiving PL, whose behavior was closer to the
natural.

3.2.2 The Effects of Combined Use of Polarized
Light and Analgin

The PL analgesic effect in combination with analgin
(50% dose) is shown in Fig. 7. The first experimental
group received injections of a solution of analgin in a
dose of 4.2 mg/kg, the second group — in addition to
analgin solution injecting (4.2 mg/kg) underwent a
10-min action of PL on AP E-36. It can be seen that
analgin in combination with PL suppresses pain more
than without stimulation of AP.

The total duration of the pain response in 60 minutes
of observation in animals treated with analgin in a dose
of 4.2 mg/kg was 673.9 s (71.5% of the control). If PL
additionally acted on AP E-36, the duration of the pain
reaction was significantly (p < 0.01) reduced, down to
498.2 s (52.9% of the control). Analysis of non-painful

behavioral responses showed that animals that beside
analgin received PL in addition, were more mobile
(running time double increased), and they also had
more pronounced grooming.

3.3 The Effect of Tramal and BIOPTRON Polarized
Light on the Somatic Pain

3.3.1 Comparison of the Analgesic Effect of Tramal
and BIOPTRON Polarized Light

We evaluated the effects of tramal (doses of 0.8 and
1.7 mg/kg) and PL application. It was found that the
pain response was weaker in the animals treated with
tramal than in the control (Fig. 8). At the same time, a
dose of 1.7 mg/kg had a more pronounced analgesic
effect compared to a dose of 0.8 mg/kg. If we
summarize all the episodes of licking of the locus of
tonic pain per hour of observation, the total duration of
the pain reaction at a dose of 1.7 mg/kg was 412.9 s,
and at a dose of 0.8 mg/kg—620.2 s, 942.1 s). The
difference in control for both groups is statistically
significant (p < 0.01; p <0.05).
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Fig. 7 Dynamics (A) and total duration in 60 minutes of observation (B) of painful behavioral response in mice of the control
group, analgin-treated mice, and mice that, in addition to analgin, underwent a 10-min action of PL on AP E-36.
Reliability of the difference with the control: ** p < 0.01; * p < 0.05.
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Fig. 8 Comparison of the influence of tramal (in doses of 1.7 and 0.8 mg/kg) and polarized light on the duration of pain
reaction in mice with a locus of tonic pain. (A) Dynamics of the pain process development in mice of the control and three
experimental groups. (B) Total (for 60 min of observation) duration of painful behavioral reaction in different groups.
Reliability of the difference with the control: *** p < 0.001; ** p < 0.01; * p < 0.05.

As to the effectiveness of pain suppression, PL
occupied an intermediate position between the two
groups where tramal was used. The total duration of the
painful behavioral response in the animals treated with
tramal was 43.8% (at a dose of 1.7 mg/kg) and 65.8%
(at a dose of 0.8 mg/kg), and in animals that received
only a PL session on AP E-36, -50% of the value in the
placebo group.

Of the non-painful behavioral responses, the greatest
differences between the groups where the tramal and
the PL were used were in sleeping and eating behavior.
The sleep duration compared with the control, in the
group receiving tramal, increased insignificantly, while
under the PL influence, it increased approximately
twice. In groups where tramal was used in a dose of 1.7
mg/kg, only one mouse out of 10 for a short time ate
feed (in control, only one mouse out of 10 ate feed).
However, in the group where the analgesic effect was
caused by the action of PL on TA E-36, six of ten mice
ate feed.

Animals, who received large doses of tramal, were in
the inhibited state for a considerable part of the time
(immobility with open eyes). This was never observed
after PL applications to analgesic AP E-36.

3.3.2 The Effects of the Combined Use of Polarized
Light and Tramal

It was found that the PL in combination with tramal
caused more powerful suppression of pain than the use
of only one tramal (Fig. 9). We compared the effects of
tramal in a dose of 1.8 mg/kg and the combined use of
tramal in the same dose + 10-minute exposure to PL of
AP E-36.

The total duration of the painful behavioral reaction
per hour of observation at a dose of tramal 0.8 mg/kg
was 65.8% of the control value (without the use of PL).
At the combined use of PL with tramal in the same dose
(0.8 mg/kg), the pain was reduced down to 49.3% in
comparison with the control. The difference between
the two experimental groups is statistically significant.
Animals that received an additional PL session were
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Fig. 9 Dynamics (A) and the total duration in 60 minutes of observation (B) of the painful behavioral response in the animals
of the control group, the group receiving the tramal, and the group that additionally received a 10-minute PL application to AP

E-36.

Reliability of the difference with the control: ** p < 0.01; * p < 0.05.

0 10

Analgesia, %

Low-intensive PL

Ibuprofen
Ibuprofen + PL

Analgin
Analgin + PL

Tramal
Tramal + PL

30 40 50 60
| 26.9 i i i
23.1 | | |
47.1 i
I
285 | | i
471 |
' i |
34.2 ! |
50.7 |

Fig. 10 The effect of the low-intensity polarized light on the analgesic effect of pharmacological analgesics at 50% of the
optimal doses: ibuprofen (15 mg/kg), analgin (4.2 mg/kg) and tramal (0.8 mg/kg).

more mobile. However, they had no interest to food, as
other animals. The duration of sleep was not reliable.
So, the results show that the combined use of PL and
analgesics (ibuprofen, analgin, tramal) gives a
significant analgesic effect at smaller doses. So, if one

ibuprofen (at a dose of 15 mg/kg) weakened the pain by
23.1%, and one analgin (a dose of 4.2 mg/kg) or a
single tramal (0.8 mg/kg dose) weakened the pain by
28.5% and by 34.2%, the combination of these
analgesics (in the same doses) with PL increased
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analgesia up to 47.1%, 47.1% and 50.7%, respectively
(Fig. 10).
4. Discussion

The main achievements of this work are: (1) For the
first time, it was shown that the analgesic effect of
low-intensity PL is comparable with the effect of
moderate doses of pharmacological analgesics; (2) For
the first time, it has been experimentally proven that the
combined use of an analgesic and a PL suppresses pain
more effectively than one analgesic in the same dose.

Widely used drugs for pain suppression—ibuprofen,
analgin and tramal in doses equivalent to a single dose
for humans, on the model of experimentally induced
tonic pain (formalin test) weakened the pain by 46.0,
74.9 and 56.2%, respectively. Half doses of these drugs
caused analgesia 23.1, 28.5 and 34.2%. A statistically
significant reduction in pain was also observed in
groups where, instead of analgesics, a 10-min PL
application was used to analgesic AP E-36 (27.0%) or
to the locus of pain (by 35.8%).

The mechanisms of the analgesic effect of the
pharmacological drugs used by us have been studied in
some detail today. Analgin has been shown to cause an
analgesic effect due to direct activation of endogenous
opioid systems [20], potentiation of the action of
endogenous opioids [21], as well as blocking the action
of analgesics on the endings of nociceptive terminals
[22, 23]. Tramal activates opioid mu-receptors, and
also inhibits the re-uptake of norepinephrine, enhances
the effect of serotonin and facilitates the action of
dopamine in brain neurons [24, 25].

Regarding the PL anti-nociceptive mechanisms, they
are less well studied. Earlier we have shown that pain
can be weakened by the influence on AP not only by
PL of the halogen nature [7], but also by polarized
LED-light [26]. As a result of the effects of PL on AP,
there are triggered the descending analgesic systems of
the brain, which leads to suppression of transmission of
pain impulses at the neuronal level. Such a mechanism
has now been proven to exist in case of impact on AP
by electric current or by low-intensity electromagnetic

radiation of the microwave range. Microwaves with a
flow rate of 10°® to 10" W/cm? when influencing on AP
cause analgesia in mice with tonic pain through opioid
and serotonergic system of the brain stem [27, 28]. Our
previous studies indicate that opiate receptors play an
important role in the analgesic effect of PL on AP [29].
This conclusion is consistent with the data obtained in
respect of the mechanisms of electro-acupuncture
analgesia, which has been studied much better [30-32].
It is known that electrostimulation of the same AP that
was used in our experiments (E-36) suppresses the
answers of convergent neurons of the dorsal horn
caused by nociceptive stimulation of the hind-limb [33].
Our experiments [29] demonstrate the involvement of
the opioid system in providing an analgesic effect by a
low-intensity PL when it is applied to AP. However, it
should be noted that even a high dose of naloxone does
not eliminate the analgesic effect of PL completely.
This indicates that other analgesic systems of the brain,
possibly serotonergic, dopaminergic, noradrenergic,
etc., also participate in the PL implementation in the
pain effect.

In this study, it was shown for the first time that the
effect of small doses of analgesics can be significantly
(approximately 1.5-2 times) potentiated by the action
of PL on the analgesic AP [34]. Such a mutual
enhancement was also observed when acupuncture was
combined with pharmacological preparations that
inhibit the decay or re-uptake of opioid peptides and
amines belonging to the anti-pain systems of the brain
[18]. However, with the use of pharmacological
compounds that block the synthesis of monoamines or
opioid peptides, the analgesic effect of acupuncture
weakened [19].

The mechanism of amplification by the PL of the
effects of analgesics of the central action appears to be
a complex and multistage process. It is known that the
analgesic effect of classical acupuncture (with the
introduction of a needle into AP) is carried out: (a)
through activation of the descending analgesic systems;
(b) through inhibition of neurons transmitting
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nociceptive information from the peripheral structures
of the brain to its central structures; (c) due to increased
synthesis of endogenous opioids by neurons of the
brain-stem and hypothalamus. Thus, it is obvious that
the interaction between the chemical effects of
analgesics and the electromagnetic processes that arise
in response to PL, occurs in the integrative structures of
the brain stem, which comprises the analgesic systems.

Low-intensity  electromagnetic  waves cause
complex physicochemical changes in the body, which
activate a number of molecular processes. They can
extend the stages of protein synthesis, change the
conformational properties of their binding sites, cause
twisting and vibrations, as well as rotation and
reorientation of dipole molecules [35-37], and change
the movement of ionized Ca’* [38]. The energy of
external EMW is converted into energy of chemical or
mechanical processes when interacting with enzymes
that have the corresponding electromagnetic
characteristics [39]. Low-intensity EMW induce
redistribution of membrane integral proteins,
reorganization of microfilament structures, modulation
of cell membrane channels [40], change in
cytoskeleton orientation [41], activation of gene
transcription [42], facilitating signal transfer between
cells [43]. They alter the activity of enzymes, hormones,
growth factors, cytokines, cell proliferation, DNA
synthesis [44]. High-intensity electric currents,
magnetic fields and EMW, causing tissue heating,
negatively affect the subtle life processes. They modify
and disrupt the functions of cells and body systems,
and interact unpredictably with biological molecules
and drugs [45-47]. Clinically, their effect is manifested
in headaches, fatigue, disorders of sleep and vision,
blood functions, digestive, excretory, endocrine and
immune systems.

It should be emphasized that the potentiation of
analgesia was obtained by us due to single combination
of analgesics and PL. It is not yet known how analgesia
will develop if the combination is repeated. It is known
that with repeated and long-term administration of

analgesics, especially large doses, along with pain
suppression, undesirable side effects may occur, which
also have in analgesics experienced by us:
hematopoietic  depression, allergy, motor and
autonomic disorders, drug dependence, etc. To believe
that the combination of pharmacotherapy and
BIOPTRON PL will make it possible to use lower
doses of analgesics in the clinic and, consequently, to
reduce the risk of unwanted development of side
effects.

5. Conclusions

It has been experimentally revealed that the
analgesic effect of PL is comparable to the pain relief
caused by the wuse of moderate doses of
pharmacological analgesics (ibuprofen, analgin,
tramal). The use of the formalin test model allowed
doing quantitative determination of pain intensity in
animals. The combined use of analgesic and PL on the
acupuncture pain relief point E-36 suppresses pain
more effectively than an isolated analgesic in the same
dose. These data also prove the possibility of obtaining
a biological effect in the case of non-contact
application of PL to the AP. The clinical significance of
these data is to prove the possibility of reducing the
dose of analgesic drugs by applying polychromatic
polarized light to specific biologically active zones,
which reduces the risk of developing unwanted
post-pharmacological side-effects.
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