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Abstract
Background: Pregabalin (PGB) has been approved for the treatment of diabetic peripheral neuropathic
pain (DPNP), but the mechanism of the PGB effect in this situation is not precisely known. Would it be via
the reduction of inducible NitricOxide S ynthase (iNOS) and thus the decrease of Nitric Oxide (NO) in type
2 diabetic patients? The current clinical trial was conducted to answer this question.
Methods: Twenty Seven diabetic patients with DPNP>4, assessed by Visual Analogue Scale (VAS), were
enrolled in this study. They received placebo/Bd for ten days as a washout period, then a starting dose of
75mg/Bd PGB for one week and 150mg/Bd for the next seven weeks. We took a fasting blood sample at
baseline, before starting the treatment (BT) with PBG, then one month after the treatment (OMT), and also
at the end of two months (TMT). The iNOS and NO serum levels were measured using the ELISA kit and
the Griess method, respectively.
Results: Significant time-dependent reduction of iNOS of serum and DPNP intensities observed (P<0.05).
However, the serum levels of NO reduced significantly in OMT compared to BT (P<0.05), but no
significant differences were seen between OMT and TMT (P>0.05).
Conclusions: Our study revealed a direct correlation between serum levels of iNOS and NO with the
treatment of DPNP by PGB, thus introducing a possible mechanism for pain-relieving properties of PGB.
Trial registration: This study was approved by the ethics committee of our University of Medical S ciences,
(ethical code: IR.SBMU.MSP.REC.1395.41) and registered in our Registry of Clinical Trials (at 14/03/2016)
and approved in 19/07/2017, the registration number is: (IRCT2017012932277N1). The study was
conducted in the Diabetes Clinic of a teaching Hospital on 22/07/2017 till 18/03/2018.We have
explained the study objectives and protocols to the subjects and obtained written informed consent
before they participated in the study.

Background
Several pathologic mechanisms are reported for diabetic neuropathy (DN) and diabetic peripheral
neuropathic pain (DPNP). The increment of inducible Nitric Oxide Synthase (iNOS) is one of the possible
pivotal mechanisms of DPNP. Overproduction of NO following iNOS expression plays an essential role in
the pathogenesis of DPNP (1, 2). In higher concentrations, NO is neurotoxic to the local neural tissue via
peroxynitrite production, leading to the deterioration of regional circulation and inhibiting the axonal
mitochondria through oxidative modifications of the mitochondrial proteins of cells (3, 4). Other studies
proved the effect of iNOS and NO in the plasticity development of neuropathic pain (5, 6). Indirect
inhibition of iNOS by Alpha-lipoic acid (7) and direct inhibition by NG -nitro-L-Arginine Methyl Ester (LNAME) and some other natural and synthetic iNOS inhibitors attenuated nociceptive hypersensitivity
associated with inflammatory and neuropathic pain models in animals (8-11).
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DPNP causes sleep disorders, persons' morale dissatisfaction, and annoying life. The loss of
proprioception in advanced stages of DN leads to diabetic foot and consequently amputation in
advanced stages of DN (12, 13).
PGB is one of the three drugs which have been approved by the Food and Drug Administration (FDA) for
DPNP treatment. The mechanism of action of PGB in this situation is not fully understood, and the
inhibition of voltage-gated calcium channels is the most likely proposed mechanism (14, 15). Some
studies are showing the reduction effect of PGB on the iNOS and NO in some animal tissues at various
pathologic conditions such as osteoarthritis (16), brain ischemia (17), diabetes (18), and epilepsy (19).
In our previous study (20) we found that PGB is effective and well-tolerated in our patients with DPNP But
as far as we searched there is no clinical trial about the effect of PGB on serum concentration of iNOS
and NO in diabetic patients. Thus, to clarify the mechanism of drug action and to find the new targets for
pharmacotherapy, it is necessary to perform clinical trials besides the relevant animal studies.
Consequently, the current study was conducted to evaluate the effects of PGB on serum concentrations
of iNOS and NO in type II diabetic patients and to explain the role of these mediators modulation in the
treatment of DPNP

Methods
Ethics approval and consent to participate
This study was approved by the ethics committee of our University of Medical S ciences, (ethical code:
IR.SBMU.MSP.REC.1395.41) and registered in our Registry of Clinical Trials website: (at 14/03/2016) and
approved in 19/07/2017, the registration number is: (IRCT2017012932277N1). The study was conducted
in the Diabetes Clinic of a teaching Hospital on 22/07/2017 till 18/03/2018.We have explained the study
objectives and protocols to the subjects and obtained written informed consent before they participated
in the study.
Patients and Study design
In this quasi-experimental study, we chose a total of twenty-seven type-II diabetic patients from our
diabetes clinic, considering some inclusion and exclusion criteria. By using sample size formula, we
considered the type I error of 5%, type II error of 20%, and standard deviation 5.3 (40.43±5.30) of a
previous study (21), thus estimated the sample size of 27 patients.
The study was conducted from July 2017 to March 2018 in compliance with the Helsinki declaration. The
understudy patients’ diabetes and their diabetic peripheral neuropathy were diagnosed by a specialized
endocrinologist using American Diabetes Association Guideline 2017 (22) and Michigan Neuropathy
Screening Instrument (MNSI) (23) respectively. Subjects were randomly screened and selected according
to inclusion and exclusion criteria.
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The inclusion criteria were as follows: 1- having type-II diabetes for more than 5 years; 2- aged 40-65
years old; 3- having MNSI examination score of more than two; 4- DPNP intensity at least more than 40
millimeters by Visual Analogue Scale (VAS) and 6 months duration; 5- no smoking; 6- no intake of
synthetic or herbal drugs for DPNP treatment at least 15 days before the beginning of the study; 7- not
using Nitrates containing medicines and Sildenafil; 8- not using synthetic or botanical antioxidants.
The exclusion criteria were: 1- emerging any intolerable adverse drug reaction due to PGB; 2- any
neuropathy and pain other than DPNP such as arthritis, gout, surgery, hyperuricemia; 3- developing any
acute illnesses such as an infection; 4- having chronic diseases including severe hepatic, renal and
cardiovascular disorders; 5- any changes in the kind and dosage of medications, diet, and physical
activities during of the study.
Because of human rights, we could not have a control group, and our ethical committee did not approve a
group of patients having pain and do not receive any drug for an extended period of two months. Thus
the patients received PGB placebo capsules twice/day only for10 days as a washout period and
75mg/Bd PGB capsule in the first week of treatment, followed by 150mg/Bd for seven more weeks.
Neither physicians nor the patients were aware of the contents of the capsules. We took the fasting blood
samples of the subjects before and after treatment in three-time courses. The first time was before
treatment (BT), or at the baseline (after the washout period and before the administration of 75mg PGB.
The second sample was taken one month after treatment (OMT), or four weeks later in the middle of the
study, and third: eight weeks later or two months after treatment (TMT), at the end of the study.
DPNP assessment
The Endocrinologist measured the intensity of patients' pain by the VAS method, and we calculated the
monthly mean of patients' pain at three times: BT, OMT, and TMT. Many previous studies approved this
method for patients' pain measuring. The absence of pain is expressed by zero, and the worst pain is
stated 100 millimeters on the ruler. The numbers also represent the pain between these two ranges
according to the patient’s feelings (24).
Biochemical assays

Serum iNOS concentration measurement
The three obtained fasting blood samples of each participant were allowed to clot for 10-15 minutes at
room temperature, and then serums were separated by centrifuging (Beckman Avanti J-25; Beckman
Coulter, Brea, CA, USA) at 3000 rpm for 10 minutes. Immediately after centrifugation, we stored the
supernatant serums at -70°C until iNOS assay. Before the beginning of the analysis, we kept the frozen
samples at room temperature (RT) for at least 30 minutes. Then we assessed the concentrations of iNOS
in serum samples by applying a commercial enzyme-linked immune sorbent assay (ELISA) kit (ZellBio
GmbH, Germany, Cat. No: ZB-10928S-H9648). This kit is based on the Biotin double antibody sandwich
technology to assay the human iNOS. The wells of microplates of the package are pre-coated with an
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anti-iNOS monoclonal antibody. After adding the serum, iNOS of serum adheres to the pre-coated
monoclonal antibody. After that, adding anti-iNOS antibody labeled with biotin to combine streptavidinHRP leading to form an immune complex. Multi-step washing processes removed unbound enzymes.
Immune complex plus chromogen solutions created the color, which the related optic density is
proportional to the concentration of the iNOS. After adding a stop solution, we measured the optic density
of unknown amounts of serum iNOS of patients at 450 nm wavelength using the ELISA reader (BioTek
Instruments, Inc., Winooski, VT, USA). Finally, we calculated the iNOS concentrations of serum samples
using the standard curve.

Serum NO concentration measurement
Blood samples of each participant were allowed to clot for 10-15 minutes at room temperature, and then
serums were separated by centrifuging (Beckman Avanti J-25; Beckman Coulter, Brea, CA, USA) at 3000
rpm for 20 minutes. Then the supernatant serums were stored at -70°C until NO assay via applying a kit
based on the Griess colorimetric method (ZellBio GmbH, Germany, Cat. No: ZB-NO-96A).
After gradually defrosting the samples in RT, they were first deproteinized and then assessed by the use
of the Griess Method in a 96 flat microplate. We prepared the standard solutions of Nitrate and Nitrite in a
serial dilution. We performed the reduction of nitrate to nitrite by adding vanadium-(III)-chloride (8mg/ml).
The Griess reagent was made of 50μL sulfanilamide (2%) and 50μL N-(1-Naphthyl) ethylenediamine
dihydrochloride (0.1%). After adding Griess reagent to samples, they were incubated at 37ºC for 30
minutes, and after color formation, the absorbance was observed at 540 nm wavelength using the ELISA
reader (BioTek Instruments, Inc., Winooski, VT, USA). As a final point, the NO concentrations were
calculated using the standard curve.
Statistical analysis
We analyzed the data using the SPSS 19. We used the Kolmogorov-Smirnov test to assess the normality
of the data. We used the repeated measure method and paired t-test to detect the effect of intervention
and time on iNOS, NO, and DPNP. To assess the correlation of iNOS, NO, and DPNP, we used the Pearson
correlation test. We considered the results to be statistically significant at a p-value of less than 0.05.

Results
The pain Scores:
The consort flow chart of our study is presented in Figure 1. Ninety-five male and female
patients were randomly interviewed and examined, and fifty-nine of them were excluded
using exclusion criteria. Thirty-six patients were included and given a placebo for ten days
as a washout period. After the first blood sampling (BT) and during the first month, five
patients left the study: three patients because of the unpleasant adverse drug reactions
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(ADRs) and two for ineffectiveness. One month after the beginning of treatment (OMT), in
second-time points, three other subjects, and at the end of the study, in third-time points,
one more subject was not available for blood sampling. Lastly, three samples of twentyseven patients were used for biochemical assays.
However, all of the study subjects were included in the final statistical analysis according to
the intention-to-treat principle.

General characteristics and mean baseline values of

primary outcomes are presented in Table 1.

Table 1: Demographic and Mean±SD clinical characteristics of included patients (N=27)
Characteristics
Values
Both Genders (N)
27
Male (N)
7
Female (N)
20
Age (Yrs.)
BMI (kg/m2)
HA1c (mg %)
FBS (mg/dl)
MNSI questionnaire
MNSI examination
VAS (mm)
Serum Creatinine (mg/dl)
Duration of Diabetes(Yrs.)
Duration of DPNP (Yrs.)

54.52 ± 6.18
26.5 ± 2.2
8.24±1.25
152.04 ± 21.64
6.71 ± 2.03
2.82 ± 0.43
6.81 ± 1.08
1.02 ± 0.11
8.2 ± 3.2
3.5 ± 1.6

Note: N: number of patients that completed the study; Yrs: years; BMI: Body Mass Index; HA1c: Hemoglobin A1c;
FBS: Fasting Blood Sugar; MNSI; Michigan Neuropathy Scale Instrument; VAS: Visual Analogue Scale

In the Pearson correlation model (Table 2) serum levels of iNOS and NO were significant
predictors of DPNP intensity as measured by VAS before treatment (P < 0.05).
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VAS
iNOS
NO

Table 2: The correlation of
Variables
r
p-value
r
p-value
r
p-value

baseline values of VAS, iNOS and NO
VAS
iNOS
NO
0.397
0.516
0.040
0.006
0.397
0.651
0.040
<0.001
0.516
0.651
0.006
<0.001
-

Data analysis was done by Pearson correlation. VAS: visual analog scale; iNOS: inducible nitric oxide synthase; NO:
nitric oxide

According to the categorized DPNP scores, at the baseline (BT), all of the study subjects
had moderate to severe pain scores, while at the second (OMT) and third (TMT) time points
88.9% and 100% of the study subjects were located in the mild pain category (Table 3).

Table 3: Pain severity during the study period according to categorized DPNP scores
Variable
Timepoints
P-value
BT
OMT
TMT
Pain
Mild
0 (0)
24 (88.9)
27 (100)
<0.001
Moderate
12 (44.4)
3 (11.1)
0 (0)
severe
15 (55.6)
0 (0)
0 (0)
P-value was reported based on Friedman test. Mild= DPNP<4; Moderate= 4≤DPNP<7; Severe= 7≤DPNP
BT: Before starting the treatment or at the baseline, OMT: One Month (4 weeks) after Treatment or at the middle of the
study, TMT: Two Months (8 weeks) after treatment or at the end of the study.

On the other hand, the mean±SE of VAS scores at the baseline, middle, and the end of the
study were 6.82±0.23, 2.85±0.12, and 1.33±0.12 millimeters, respectively. Thus according
to the results obtained from the Repeated Measure Test, a significant time-dependent
reduction of pain was observed (Figure2).
The iNOS serum levels:
The study results showed that the mean serum level of iNOS reduced time-dependently
(P<0.05) (Figure3). The administration of PGB for one month significantly decreased the
Mean±SE serum level of iNOS from 152.37±11.15 to 133.81±9.92 U/L (Unit/Liter).
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Moreover, after two months, it cut to 119.89±9.76 U/L, which was also significantly lower
than BT and OMT (P<0.05) (Figure3).
The NO serum levels:
Although the NO serum level was reduced during the study period (Figure 4), unlike the
iNOS, this reduction was not in a time-dependent manner. In BT, OMT, and TMT the
Mean±SE serum levels of NO were 82.48±4.78, 70.15±3.73, and 66.10±4.41 mM/L
(micromole/Liter), respectively. Even though the serum levels of NO were significantly
reduced in OMT and TMT in comparison to the baseline value (P<0.05), but no significant
differences were seen between OMT and TMT (P>0.05) (Figure 4).

Discussion
In this quasi-experimental study, we examined the effect of PGB on pain scores in type-2diabetic patients
with DPNP and tried to understand the relation of serum concentrations of iNOS and NO in this process.
Our first finding is showing the time-dependent reduction of pain following the PGB administration
(Figure 2). This finding is consistent with some similar studies in the field of neuropathic pain (25, 26).
PGB alleviates the various types of neuropathic pain and presents itself as a first-line therapeutic agent
with remarkable safety and efficacy. Many clinical studies in different age groups and different types of
neuropathic pain have projected that PGB is the most effective agent either in monotherapy or in
combined regimens in terms of cost-effectiveness, tolerability, and an overall improvement in neuropathic
pain states (25, 26).
On the other hand, we observed the time-dependently decrement of iNOS following PGB treatment (Figure
3), and also a positive correlation of serum levels of iNOS and DPNP intensity (Table 2). This correlation
is in line with Purwata et al. study which their results indicated that the iNOS and NO production by
macrophages in diabetic patients with DPNP are 1.5 times more than that in neuropathic diabetic
patients without DPNP (1).
Our results confirmed that the decrement of iNOS following PGB treatment results in NO reduction (Figure
4), which is also in correlation with the lessening of DPNP (Table 2). The iNOS regards as a significant
contributor to the initiation and exacerbation of degenerative conditions in both central and peripheral
nervous systems after the overproduction of NO. This NO, in combination with superoxide, will result in
peroxynitrite generation and nitrosylation of mitochondrial metabolic enzymes, leading to neuronal cell
death. In a diabetic state, the overproduction of NO is seen and is related to the increase of iNOS
production (27, 28). It has been shown that the essential molecule for the gene transcription and mRNA
stability of iNOS is NF-κB. The role of NF-κB in inflammatory and neurodegenerative procedures has been
well known (17, 29, 30). Thus we can propose that the decrement of NO and iNOS in our study by PGB
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can be attributable to inhibition of the NF-κB transcription pathway. Further studies would clarify this
hypothesis.
There is other substantial evidence that the activation of iNOS and the overproduction of NO and the
following nitrosative stress are involved in the development of DPNP. One of this evidence is the reduction
of DPNP in diabetic Wistar rats by S-methylisothiourea sulfate as a specific inhibitor of iNOS (31). In
some other indications, the increase of iNOS in neuropathic pain models such as pain caused by the
herpes virus (32), the sciatic nerve chronic constriction injury (CCI)(11, 33) and the segmental spinal
ligation of lumbar (Chung model of pain) in animals (34), have also been shown.
Furthermore, we have shown in our previous study (24), and it has also been demonstrated in many other
studies that synthetic and natural inhibitors of iNOS will reduce the pathological levels of NO in different
tissues of animals (9, 10, 33-37). These studies which have been performed on various models of
neuropathic pain have shown that neuropathic pain decreases along with inhibition of iNOS activity after
administration of iNOS inhibitors (9, 10, 24,29, 31-34). It has been revealed that synthetic iNOS inhibitors
such as NG-nitro-L-arginine methyl ester (L-NAME), NG-monomethyl-L-arginine (L-NMMA), and also1400W
can reduce neuropathic pain (32-34). Likewise, the KD7332 as an iNOS dimerization inhibitor was
effective in the formalin model of nociception and Chung model of neuropathic pain (10). Similarly, other
studies have exposed that the use of Sulforaphane derived from Broccoli (30) and Capnellene extracted
from a soft Coral (9) in the CCI model of neuropathic pain can treat neuropathic pain via lowering of
iNOS.
Although studies mentioned above have demonstrated the association of iNOS and the role of its
inhibition in the improvement of neuropathic pain in animals, the best of our knowledge, this study is
showing the association of DPNP and iNOS serum level in human for the first time. Besides, the effect of
PGB in DPNP via iNOS is also a novelty of the current study, which can be a new approach to treat
neuropathic pain.

Conclusion
This study revealed a direct correlation between the reduction of iNOS and thus the decrement in NO
production with the improvement of DPNP after PGB usage. Therefore we can conclude that the painrelieving properties of PGB would be through the iNOS, NO, pathway. According to our study, this palliative
effect of PGB on DPNP may protect the degeneration of the peripheral and central nervous system by
probable direct or indirect inhibition of iNOS. Thus the iNOS inhibitors can be a novel approach for the
treatment of neuropathic pain. Additional cellular, animal, and human studies are needed to clarify this
particular effect.

Abbreviations
ADRs: Adverse drug reactions
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BMI: Body Mass Index
BT: Before starting the treatment
CCI: Chronic constriction injury
CONSORT: Consolidated Standards of Reporting Trials
DN: Diabetic Neuropathy
DPNP: Diabetic Peripheral Neuropathic Pain
ELISA: Enzyme-linked immune sorbent assay
FBS: Fasting Blood Sugar
FDA: Food and Drug Administration
HA1c: Hemoglobin A1c;
iNOS: inducible NitricOxide S ynthase
L-NAME: NG-nitro-L-Arginine Methyl Ester
L-NMMA: NG -monomethyl-L-arginine
MNSI: Michigan Neuropathy Screening Instrument
NO: Nitric Oxide
OMT: One month after the treatment
PGB: Pregabalin
TMT: Two months after the treatment
VAS: Visual Analogue Scale
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Figure 1
The study CONSORT flow chart: n: number, BT: Before starting the Treatment, ADRs: Adverse Drug
Reactions, OMT: One Month (4 weeks) after Treatment, TMT: Two Months (8 weeks) after Treatment.

Figure 2
Mean pain scores during the study period; X-axis represents the study time points; Y-axis represents the
pain scores in the Visual Analog Scale (VAS) in centimeters (cm); BT: Before treatment; OMT: One Month
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after Treatment; TMT: Two Months after Treatment. Data analysis was done by Repeated Measure Test
and are presented as Mean± SE, * P-value< 0.05 vs. baseline;  P-value<0.05 TMT vs. OMT.

Figure 3
The iNOS serum levels during the study period: iNOS: inducible nitric oxide synthase, X-axis represents
the study timepoints; Y-axis represents the iNOS serum levels in Unit/Liter (U/L); BT: Before Treatment;
OMT: One Month after Treatment; TMT: Two Months after Treatment. Data analysis was done by
Repeated Measure Test and are presented as Mean± SE;* P-value< 0.05 vs. baseline;  P-value<0.05, TMT
vs. OMT.

Figure 4
The serum levels of NO during the study period. NO: nitric oxide; X-axis represents the study time points;
Y-axis represents the NO serum levels in micromole/Liter (M/L); BT: Before Treatment; OMT: One Month
after Treatment; TMT: Two Months after Treatment. Data analysis was done by Repeated Measure Test
and are presented as Mean± SE. * P-value< 0.05 vs. baseline; ns: not significant (P-value=0.091) TMT vs.
OMT.
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