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Abstract Diabetic neuropathy (DN) is the highly occurred complication of diabetes mellitus;
it has been defined as an event of peripheral nerve dysfunction characterized by pain,
allodynia, hyperalgesia, and paraesthesia. The current study was conducted to evaluate the
efficacy of low-level laser therapy (LLLT) in the management of neuropathy in diabetic rats.
The used animals were divided into the following groups: negative control, streptozotocin-
induced diabetic rats, and diabetic rats with peripheral neuropathy (DNP) and DNP treated
with gabapentin or with LLLT. Behavioral tests were carried out through hotplate test for the
determination of pain sensations and the Morris water maze test for spatial reference memory
evaluation. Blood samples were collected at the end of treatment for biochemical determina-
tions. In the current study, the latency of hind-paw lick decreased significantly when DNP are
treated with gabapentin or LLLT. The Morris water maze test showed that LLLT treatment
improved memory that deteriorated in DNP more than gabapentin do. The results of the
biochemical study revealed that LLLT could not affect the level of beta-endorphin that
decreased in DNP but significantly decreased S100B that rose in DNP. PGE2 and cytokines
IL-1β, IL-10, and TNF-α showed significant increase in DNP compared with control group.
The gabapentin administration or LLLT application significantly reversed the levels of the
mentioned markers towards the normal values of the controls. Levels of serumMDA and nitric
oxide increased significantly in the DNP but rGSH showed significant decrease. These
markers were improved significantly when the DNP were treated with gabapentin or LLLT.
The treatment with gabapentin or LLLT significantly decreased the raised level in total
cholesterol in DNP but could not decrease the elevated level of triglycerides, while LDL
cholesterol decreased significantly in DNP treated with gabapentin but not affected by LLLT.
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Values of serum alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), urea,
and creatinine increased significantly in the DPN and diabetic rats without peripheral neurop-
athy (PN) compared with control group. The treatment of DNP with gabapentin induced
significant increases in ALAT and ASAT activities but LLLT treatment induced significant
decreases in ALAT and ASAT activities as compared with DNP group. Neither gabapentin nor
LLLT could improve the elevated levels of serum urea and creatinine in the DNP. It could be
concluded that LLLT is more safe and effective than gabapentin in the management of
neuropathy in diabetic rats.
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Introduction

Diabetes mellitus (DM) is considered as a complex metabolic disease because it affects the
metabolism of glucose and other metabolites [1]. It is characterized by chronic hyperglycemia
associated with many pathophysiological deteriorations like polyuria, polydipsia, blindness,
polyphagia, sore heals, weight loss or gain, and burning and tingling sensation [2]. The most
common and debilitating microvascular complication of diabetes is diabetic peripheral neu-
ropathy (DPN), affecting 50–90% of people with diabetes [3].

Neuropathy is a nerve damage. Nerve cells are vulnerable to damage from disease or
anything that impairs the body’s ability to turn nutrients into energy, to process waste products,
to circulate oxygen, or to make cellular repair. Diabetes does create the nerve cells vulnerable
to damage, but there are many ways in which nerves can get damaged [4].

DPN is a widespread disorder comprising damage of peripheral nerves. DPN develops as a
complication of hyperglycemia as well as metabolic disturbance, mainly due to oxidative stress
[5]. Pathologically axonal damage and segmental demyelination can be seen with diabetic
neuropathies. Management of diabetic neuropathy should begin at the initial diagnosis of
diabetes and mainly requires tight and stable glycemic control [6]. Extremely long axons
originating in the small neuronal body are vulnerable on the most distal side as a result of
malnutritional axonal support or environmental insults [7]. Sparse vascular supply with
impaired autoregulation is likely to cause hypoxic damage in the nerve. Such dual influences
exerted by long-term hyperglycemia are critical for peripheral nerve damage, resulting in
distal-predominant nerve fiber degeneration [7].

Peripheral neuropathy involves changes in sensory and motor nerves, as well as autonomic
nerves [8]. One or more types of nerves may be affected. Muscle weakness, cramps, spasms,
and loss of balance are the main symptoms associated with damage to the motor nerve [9],
whereas tingling, numbness, and a burning pain are associated with sensory nerve damage [9].
Disturbance in involuntary and bladder functions and abnormal blood pressure and heart rate
are caused in autonomic nerve damage [9]. Until now, there is no strategy to completely treat
or reverse nerve injury although hyperglycemic treatments decelerate diabetic neuropathy and
decrease the development of symptoms. The obtainable treatments of neuropathy are only
sedative, with the purpose of minimizing pain.

Laser is a noninvasive, nonionizing, monochromatic electromagnetic high concentrated
light beam [10]. Low-level laser therapy (LLLT) has a large spread of usage in medicine.
During the previous decades, LLLT has been used in the treatment of a variety of pathological
conditions such as musculoskeletal complications, wounds, and pain controls [11]. It has been
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found that LLLT also induces collagen synthesis, protein synthesis, tissue repair, and pain
relief and accelerates the healing of injured nerve fiber [12, 13]. Laser has also been admitted
as a noninvasive therapy that was added to medicine and physiotherapy. It is suggested that the
bio-effect of LLLT on animal and human tissues is through photochemical cellular reactions
that mediated by photochemical actions at the cellular level [14]. It is used also for the
improvement of tissue hypoxia/ischemia and inflammation in nerve entrapment neuropathy,
as well as for the promotion of nerve regeneration [15]. Therefore, the current study aimed to
evaluate the efficacy of low-level laser therapy (LLLT) in amelioration of diabetic peripheral
neuropathy-induced rat model.

Materials and Methods

Chemicals and Kits

Streptozotocin (STZ) and the anti-neuropathy drug (Gabapentin®) produced by Sigma Co.
Kits for the determination of alanine aminotransferase (ALAT) and aspartate transaminase
(ASAT) activities as well as for lipid peroxidation (MDA), nitric oxide (NO), glutathione
(GSH), urea, creatinine, cholesterol, triglycerides, and LDL cholesterol and HDL cholesterol
levels in the animal sera were obtained from Leader Trad Co. ELISA kits for the determination
of serum S100B, beta-endorphin, PGE2, TNF-α, IL-1β, and IL10 were purchased from
ASSAY Pro, USA. Other chemicals, disposables, plastics, glasses, small equipment, and
solvents were obtained from the stores on the National Research Centre.

Animals and Treatments

One hundred adult male albino rats (weighting 150–200 g) were obtained from the animal
house, in the National Research Centre. The animals were housed in suitable plastic cages for
1 week for acclimation with the new room conditions. Fresh tap water and standard rodent
food pellets (proteins, lipids, fibers, NaCl, lysine, methionine, vitamins, salts, and wheat) were
always available. All animals received human care in compliance with the standard institu-
tion’s criteria for the care and use of experimental animals according to the National Research
Centre, ethical committee (committee number FWA 00014747).

After acclimation, the animals were randomly divided into main two main groups. The first
one is the negative control (control group, ten rats) which comprised of healthy male rats and
did not receive any treatments, while the second one is the diabetic group. Animals were made
diabetic by intraperitoneally injecting with streptozotocin (55 mg/kg b.w.) dissolved in ice cold
0.1 M sodium citrate buffer (20 ml of 0.1 M sodium citrate with 30 ml of 0.1 M citric acid,
pH = 4.0) followed by oral administration of 2–3 ml sucrose solution 10% (w/v) for 1 day.
Animals were fasted overnight and one drop blood sample was obtained by nicking the lateral
tail vein using a sterile surgical scissors and immediately the blood glucose level was
determined using GlucoDr Super Sensor AGM-2200, Korean glucometer, and its test strips.
Animals with blood glucose level above 240 mg/dl were considered to be diabetic [16]. After
1 week, ten subjects from the diabetic rats served as diabetic without peripheral neuropathy (D
without PN group) and the rats of the control group were subjected to hotplate and maze tests
as behavioral estimation then were fasted overnight, and following diethyl ether anesthesia,
blood specimens from each animal were withdrawn from the retro-orbital plexus using
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heparinized and sterile glass capillary (single draw vacutainer needle) into open vacutainer
collecting tubes. Immediately, blood samples were centrifuged and blood sera were separated
in aliquots and frozen for further biochemical investigations.

The remaining diabetic rats were feed high-fat diet for 12 weeks for establishing peripheral
neuropathy and then subdivided into three groups. One group of which served as diabetic with
peripheral neuropathy (DPN group) and was subjected to hotplate and maze tests then fasted
overnight and their blood samples were collected for biochemical analysis. The second group
(peripheral neuropathy-induced animals) was treated daily for 8 weeks with pharmaceutical
drug (*gabapentin 20 mg/kg) diluted with sterilized water (diabetic with PN+Gab) [17]. The
third group of peripheral neuropathy-induced animals was treated: three sessions per week,
with LLLT (gallium arsenide 808-mW laser) at three anatomical points (sciatic notch, popliteal
fossa, planter of foot) for 30 s each point at a dose of 3 J/s each point (diabetic with PN+ LLLT
group) [18]. After 8 weeks of treatment, the last two groups were subjected to hotplate and
maze tests then fasted overnight and their blood samples were collected for biochemical
analysis.

Latency or Hotplate Test

Hotplate was manipulated because it has previously been suggested that pain sensations are
elicited by different thermal stimuli. It may initially recruit Aδ or C fibers. The hotplate test
was conducted during the subjects light period on an IITC Export model 35-D Analgesia meter
in a dimly lit room. A Plexiglas box without a lid 25 cm high enclosed the hotplate.

Latency to the first hind-paw lick or escape from the cylinder which rarely occurred was
used as the behavioral endpoint. Sessions were terminated after 60 s when tests were
conducted at 45 °C to avoid tissue damage. The maximum latency was assigned to any subject
that failed to emit the hind-paw lick or to escape [19].

The Morris Water Maze Test

Spatial reference memory was evaluated using this test. In brief, the apparatus was a plastic
round tub (120 cm in diameter) filled with room temperature water containing a submerged
platform (10 cm in diameter). The platform remained in a fixed location across all days and
trials, testing spatial reference memory; the test consisted of six trials/day for 3 days. Animals
were dropped off at different starting points (north, south, east, or west) for each trial, varying
semi-randomly. Animals had 60 s to locate the platform where they remained for 15 s before
being placed back into a heated cage awaiting the next trial. The inter-trial interval was
approximately 5–8 min. To evaluate whether animals spatially localized the platform, a
seventh probe trial was given on the third day of testing, during which the platform was
removed and animals were given 60 s to swim freely in the maze [20].

Serum Biochemistry, Oxidative Stress, and Inflammatory Markers

Using spectrophotometry analysis, serum ALAT and ASAT activities as well as lipid perox-
idation (MDA), nitric oxide, GSH, urea, creatinine, total cholesterol, triglycerides, and LDL
cholesterol and HDL cholesterol levels were assayed, while ELISA technique was used in the
determination of serum S100B,beta-endorphin, PGE2, TNF-α, IL-1β, and IL10 levels.
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Statistical Analysis

The obtained data were subjected to one way analysis of variance (ANOVA) followed by the
Duncan test at level of P ≤ 0.05 [21], using statistical analysis system (SAS) program software
(copyright (c) 1998 by SAS Institute Inc., Cary, NC, USA).

Results

Peripheral thermal sensitivity was assessed by paw withdrawal threshold and hind-paw lifting
duration, as an index of heat hyperalgesia. The latency of hind-paw lick (measured by seconds)
increased significantly in diabetic rats with PN (DPN) but did not affected in diabetic rats
without PN compared with the control group. The latency of hind-paw lick decreased
significantly when DPN treated with gabapentin or LLLT compared with the DPN (Table 1).
The Morris water maze test showed that LLLT treatment improved the deteriorated memory in
DPN more than gabapentin does (Table 1).

In comparison with the control group, serum β-endorphin decreased significantly in
diabetic rats without PN but S100B was not affected. In DPN, β-endorphin showed significant
decrease and S100B showed significant increase in their levels compared with the control
values. Neither gabapentin nor LLLT could improve the reduction in β-endorphin level which
occurred in DPN. On the other hand, gabapentin could increase significantly the raised level of
S100B in DPN; in contrast, LLLT could decrease it (Table 2).

PGE2 and the cytokines IL-1β, IL-10, and TNF-α showed significant increase in DPN and
diabetic rats without PN. The administration of gabapentin or LLLT application significantly
decreased the levels of the mentioned markers towards the normal values of the controls
(Table 3).

Levels of serum lipid peroxidation (MDA) and nitric oxide (NO) increased significantly in
DPN and the diabetic rats without PN but reduced glutathione (rGSH) showed significant
decrease in DPN. MDA and NO were improved significantly when DPN treated with
gabapentin or LLLT but rGSH was not affected (Table 4).

Levels of serum cholesterol, triglycerides, and LDL cholesterol showed significant increase
in the DPN and without PN. The treatment with gabapentin or LLLT significantly decreased
the raised level in total cholesterol in DNP but could not decrease the elevated level of
triglycerides, while as LDL cholesterol decreased significantly in DNP treated with gabapentin

Table 1 Serum fasting blood glucose, latency of hind-paw lick (seconds), and the Morris water maze test of STZ
diabetic animal groups with peripheral neuropathy treated with either gabapentin or LLLT

Group Fasting blood glucose (mg/dl) Hotplate test (seconds) The Morris water maze test

Control 99 ± 21B 33 ± 2.1A 6/6 healthy memory
D without PN 406 ± 37.3A 36 ± 2.3A 6/6 healthy memory
D with PN 424 ± 22.8A 54 ± 2.4B 4/6 deteriorated memory
D with PN+Gab. 402 ± 24.6A 30 ± 2.2A 2/6 deteriorated memory
D with PN+LLLT 409 ± 20A 39 ± 2.1A 1/6 deteriorated memory

All data are expressed as mean ± standard deviation for ten animals per group. Data were subjected to one way
ANOVA and the Duncan test. Means with different superscript letters are significantly different at p ≤ 0.05
D diabetic, PN peripheral neuropathy, Gab. gabapentin, LLLT low-level laser therapy
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but not affected by LLLT. On the other hand, serum HDL cholesterol showed insignificant
changes among the different studied groups (Table 5).

Activities of serum ALAT and ASAT increased significantly in DNP and D without PN.
The treatment of DNP with gabapentin induced insignificant increase in ALAT activity and
significant increase in ASAT activity but LLLT treatment induced significant decreases in
ALAT and ASAT activities as compared with DNP group (Table 6). On the other hand, levels
of serum urea and creatinine showed significant increase in the DNP and D without PN.
Neither gabapentin nor LLLTcould improve the elevated levels of serum urea and creatinine in
the DPN (Table 7).

Discussion

In the current study, we used the hotplate test to investigate the pain response. In our results,
we observed that the latency of hind-paw lick decreased significantly when diabetic rats with
PN are treated with gabapentin or LLLT. This indicated improvement in pain response.
Hyperglycemia is the major pathophysiological factor in the development of diabetic neurop-
athy. It triggers a number of mechanisms that lead to diabetic neuropathy [22] such as
generation of free radicals [23], activation of the polyol pathway [24], stray regulation of
neurotrophic factors [25], and formation of glycation end products [26]. More details on the
mechanisms leading to neuropathy are described by Yagihashi et al. and Bierhaus et al. [7, 27].
Neuronal dysfunction that leads to loss of pain perception triggers sequence of events which in

Table 2 Levels of serum beta-endorphin and S100B of STZ diabetic animal groups with peripheral neuropathy
treated with either gabapentin or LLLT

Group β-endorphin (pg/ml) S100B (pg/ml)

Control 51.9 ± 3.89A 51 ± 4.2C

D without PN 45.1 ± 6.8B 48 ± 3.5C

D with PN 33.4 ± 5.1C 113 ± 9.5B

D with PN+Gab. 37.1 ± 5.6C 126 ± 10.5A

D with PN+LLLT 36.6 ± 5.5C 78 ± 9.2D

All data are expressed as mean ± standard deviation for ten animals per group. Data were subjected to one way
ANOVA and the Duncan test. Means with different superscript letters are significantly different at p ≤ 0.05
D diabetic, PN peripheral neuropathy, Gab. gabapentin, LLLT low-level laser therapy

Table 3 Levels of serum PGE2 and the cytokines of STZ diabetic animal groups with peripheral neuropathy
treated with either gabapentin or LLLT

Group PGE2 (ng/l) TNF-α (pg/ml) IL-1β (pg/ml) IL-10 (pg/ml)

Control 196 ± 16E 19 ± 6.70D 715 ± 66E 184 ± 23D

D without PN 344 ± 29D 32 ± 19.2C 1072 ± 95C 263 ± 23B

D with PN 877 ± 56A 98 ± 25.4A 1275 ± 98A 326 ± 29A

D with PN+Gab. 727 ± 60B 73 ± 31.0B 1142 ± 88B 231 ± 21C

D with PN+LLLT 660 ± 55 C 72 ± 23.0 B 849 ± 79 D 221 ± 19 C

All data are expressed as mean ± standard deviation for ten animals per group. Data were subjected to one way
ANOVA and the Duncan test. Means with different superscript letters are significantly different at p ≤ 0.05
D diabetic, PN peripheral neuropathy, Gab. gabapentin, LLLT low-level laser therap
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turn results in diabetic ulcers, which is considered the major cause of morbidity in diabetic
patients [28].

LLLTwhich accelerate the healing of injured tissue is a noninvasive therapy that was added
to medicine and physiotherapy for treatment of rheumatoid arthritis and osteoarthritis for joint
pain control and functional improvement [29]. It was suggested that the effects of laser
radiation are initiated at cellular and subcellular levels that cause electronic excitation of the
photoacceptor molecules [30]. This occurs by binding with the corepressor carboxyl-terminal
binding protein (CtBP) that is involved in transcriptional pathways important for cell cycle
regulation [31]. It was suggested that four possible events follow electronic excitation of the
photo acceptors including redox regulation by NAD+ and NADH [31], the changes in
formation of superoxide and single oxygen, and the change in biochemical activity [32].
The electron transport in the mitochondrial membrane enhances metabolism and proliferation
of cells including generation of ATP from ADP, which could manifest itself as increased DNA
and syntheses of protein [11] and hence accelerate the healing of injured nerve cells and
improve pain perception. In addition to the significant reduction in the latency of hind-paw lick
by LLLT, the improved pain perception in the present work is further confirmed by the
significant reduction in S100B level that increased in DPN. This indicates the regeneration
of injured nerve cells. S100B is glial-specific protein; it is usually elevated in the adult
organism due to nervous system damage, which makes it a potential clinical marker [33].
On the other hand, LLLT could not significantly affect the level of β-endorphin that had
significantly decreased in diabetic rats with PN. Others found that LLLT treatments increase
peripheral β-endorphin precursor mRNA expression in blood cells of the rats by 830-nm Ga-

Table 4 Levels of serum lipid peroxidation (MDA), nitric oxide (NO), and rGSH of STZ diabetic animal groups
with peripheral neuropathy treated with either gabapentin or LLLT

Group MDA (μmol/l) NO (μmol/l) rGSH (nmol/ml)

Control 1.76 ± 0.15D 169 ± 21D 8.2 ± 1.9A

D without PN 2.19 ± 0.18C 245 ± 32C 7.2 ± 1.7A

D with PN 3.60 ± 0.30A 318 ± 41A 6.4 ± 1.5B

D with PN+Gab. 3.21 ± 0.26B 285 ± 36C 5.8 ± 1.2B

D with PN+LLLT 2.24 ± 0.19C 266 ± 55BC 6.7 ± 1.4B

All data are expressed as mean ± standard deviation for ten animals per group. Data were subjected to one way
ANOVA and the Duncan test. Means with different superscript letters are significantly different at p ≤ 0.05
D diabetic, PN peripheral neuropathy, Gab. gabapentin, LLLT low-level laser therapy

Table 5 Levels of some markers of lipid profile in serum of STZ diabetic animal groups with peripheral
neuropathy treated with either gabapentin or LLLT

Group Cholesterol (mg/dl) Triglycerides (mg/dl) LDL C (mg/dl) HDL C (mg/dl)

Control 80 ± 11D 52 ± 5.9B 38 ± 8C 29 ± 11A

D without PN 297 ± 42C 292 ± 52A 143 ± 30B 24 ± 9A

D with PN 321 ± 46A 270 ± 48A 220 ± 33A 23 ± 8A

D with PN+Gab. 263 ± 37B 264 ± 46A 165 ± 26B 23 ± 6A

D with PN+LLLT 260 ± 44B 269 ± 47A 209 ± 32A 24 ± 9A

All data are expressed as mean ± standard deviation for ten animals per group. Data were subjected to one way
ANOVA and the Duncan test. Means with different superscript letters are significantly different at p ≤ 0.05
D diabetic, PN peripheral neuropathy, Gab. gabapentin, LLLT low-level laser therapy
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Al-Ar Laser irradiation [34]. This discrepancy is returned to the variation in the wavelength,
dosage, duration of LLLT treatment, and site of application.

Several evidences suggest that DM might have also negative effects on cognitive perfor-
mance [35]. Deteriorated memory in DM appears to be caused by various factors [36] that
strongly correlate with cardiovascular disease, such as hypertension and cerebral vascular
complications [37]. Honardoost et al. and Reagan et al. [38, 39] suggested that diabetes-related
cognitive impairment is attributed to disrupted insulin signaling and glucose homeostasis in the
central nervous system. It is found, in another study, by Wessels et al. [40] that hyperglycemia-
associated microvascular changes in the brain triggered cognitive deficits in diabetic patients
and reduced the risk of microvascular complication. The Morris water maze test, in the current
study, showed that LLLT treatment improved the deteriorated memory in diabetic rats with PN
more than gabapentin do.

PGE2 and the cytokines IL-1β, IL-10, and TNF-α showed significant increase in serum of
DPN rats. A large epidemiological studies showed that inflammation and insulin resistance are
both common in several chronic diseases such as diabetes mellitus [41]. Several reports have
shown that the accumulation of advanced glycation end products results from hyperglycemia
in tissues from diabetic patients, binding with a cellular receptor and initiates a signaling
cascade leading to an increase of the nuclear transcription factor (NF-κB) which cause an
additional increase in oxidative stress and production of pro-inflammatory cytokines [42]. The
inflammatory reaction results in increased levels of TNF-α and IL-1 β [43] which are found to
be elevated following nerve injury [44]. IL-10 cytokines also might play a role in the
pathogenesis of nerve fiber damage or represent a compensatory or neuroprotective mecha-
nism. Elevated IL-10 level was found to associate with signs of motor nerve demyelination and

Table 6 Activities of serum ALAT and ASAT of STZ diabetic animal groups with peripheral neuropathy treated
with either gabapentin or LLLT

Group ALAT (U/l) ASAT (U/l)

Control 88 ± 7D 155 ± 11D

D without PN 308 ± 25B 233 ± 17B

D with PN 336 ± 28A 248 ± 18B

D with PN+Gab. 351 ± 29A 295 ± 22A

D with PN+LLLT 282 ± 24C 210 ± 15C

All data are expressed as mean ± standard deviation for ten animals per group. Data were subjected to one way
ANOVA and the Duncan test. Means with different superscript letters are significantly different at p ≤ 0.05
D diabetic, PN peripheral neuropathy, Gab. gabapentin, LLLT low-level laser therapy

Table 7 Levels of serum urea and creatinine of STZ diabetic animal groups with peripheral neuropathy treated
with either gabapentin or LLLT

Group Urea (mg/dl) Creatinine (mg/dl)

Control 22 ± 6B 0.99 ± 0.08D

D without PN 45 ± 12A 2.03 ± 0.16C

D with PN 47 ± 13A 2.65 ± 0.21B

D with PN+Gab. 50 ± 13A 2.95 ± 0.23B

D with PN+LLLT 48 ± 13A 2.76 ± 0.22B

All data are expressed as mean ± standard deviation for ten animals per group. Data were subjected to one way
ANOVA and the Duncan test. Means with different superscript letters are significantly different at p ≤ 0.05
D diabetic, PN peripheral neuropathy, Gab. gabapentin, LLLT low-level laser therapy
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associated with large nerve fiber damage but not to small fiber function [45]. The administra-
tion of gabapentin or LLLT application significantly reversed the levels of the mentioned
markers towards the normal values of the controls. This indicates that LLLT can reduce
inflammation. Our present results are in analogue with the results of Yamaura et al. [46] which
indicated that LLLT treatment reduce pro-inflammatory cytokines such as TNF-alpha, IL-1
beta, and IL-8 produced by synoviocytes from RA patients. Moreover, reduced prostaglandin
concentrations with LLLT therapy were reported [47, 48].

In our study, levels of serum lipid peroxidation (MDA) and nitric oxide (NO) increased
significantly in the DPN but rGSH showed significant decrease. This study results are agreed
with the results of Mourad et al. [49].These markers were improved significantly when the
DPN rats were treated with gabapentin or LLLT. It is established that diabetes is associated
with oxidative stress due to autoxidation of glucose and glycosylation of proteins [50].The
persistent increase in reactive oxygen species and reactive nitrogen species concomitant with a
decrease in antioxidant activity leads to the occurrence of oxidative and nitrosative stress
which can cause endothelial dysfunction, insulin resistance, and alterations in number and
functions of pancreatic 훽 cells [51, 52] and the beneficial effect of LLLT therapy in reducing
this oxidative stress may be attributed to the anti-inflammatory activity of LLLT which was
demonstrated by several studies [46, 47].

Levels of serum cholesterol, triglycerides, and LDL-cholesterol showed significant increase
in the diabetic rats with PN. These results are agreed with the results of Kou et al. [53]. The
EURODIAB study found a significant association between the elevated serum cholesterol and
triglycerides and the development of diabetic neuropathy [54] and cardiac autonomic
neuropathy [55]. Vincent et al. [56] suggested that oxy low-density lipoproteins are one
notable “lipid factor” responsible for nervous system injury. Systemic oxidative stress results
in the modification of these lipoproteins, which is well characterized in atherosclerosis [57].
The treatment with LLLT significantly decreased the raised level in cholesterol in diabetic rats
with PN but could not decrease the elevated level of triglycerides and LDL cholesterol.

Activities of serum ALAT and ASAT increased significantly in DPN group. ALAT and
ASAT are released into blood after cellular damage so the increase in these enzymes in serum
may be attributed to the damage in the structural integrity of the liver [58]. Liver disease is an
important cause of death in type 2 diabetes [59]. This attributed to protein glycation and
glucose autoxidation which may generate free radicals, which in turn enhance lipid peroxida-
tion [60, 61] and induce disturbances of antioxidant defense systems [62]. The treatment of
diabetic rats with PN with gabapentin induced significant increases in ALAT and ASAT
activities but LLLT treatment induced significant decreases in ALAT and ASAT activities as
compared with diabetic rats with PN group which is still significantly higher than the control
values. These data indicate the toxic effect of gabapentin on hepatic tissue.

Levels of serum urea and creatinine showing significant increase in the diabetic rats with
PN indicated the progressive nephrotoxicity. Neither gabapentin nor LLLT could improve the
elevated levels of serum urea and creatinine in the diabetic rats with PN. Diabetic nephropathy
is one of the most prevalent and serious microvascular complications of diabetes mellitus [63].
Several studies suggest that oxidative stress plays a major role in the pathogenesis of diabetic
nephropathy in both type 1 and type 2 diabetes mellitus [64, 65]. Various reports suggest that
inflammation is a key pathophysiological mechanism in diabetic nephropathy and that kidney
inflammation is crucial in promoting the development and progression of diabetic nephropathy
[66, 67]. Furthermore, previous studies have shown that many inflammatory cytokines that
play a pivotal role in diabetic nephropathy, such as TGF-β1, TNF-α, and interleukin (IL)-1β,
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can also induce tubular epithelial cell-myofibroblast transdifferentiation, which is an important
event in diabetic nephropathy [68, 69].

It could be concluded that LLLT is independently effective in the management of DPN and
its complications as proven by the biochemical tests. It could be used as an important adjunct
modality above or in addition to pharmacological agents like gabapentin.
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