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SUMMARY : Peripheral nerve injury is frequently associated with incomplete functional recovery despite surgical intervention.
Sitagliptin, a dipeptidyl peptidase-4 inhibitor, has shown anti-inflammatory, antioxidant, and anti-apoptotic qualitiesibeaafu
animal models. This study was designed to evaluate the potential neuroregenerative effect of sitagliptin following mediaisimerve
injury in rats. Forty-eight adult male albino rats were randomly assigned into eight groups, including sham-operateid-seatgigp;
median nerve injury, and median nerve injury treated with sitagliptin groups, evaluated at 7 and 28 days. Sitagliptiy achmiarstered
at a dose of 10 mg/kg/day. Biochemical assessment included oxidative stress markers, antioxidant enzymes, inflammatsyy cytokine
and nerve growth factor. Hematoxylin and eosin and Masson's trichrome were used for the histological evaluation, while
immunohistochemical analygsassessed GFAP, Nrf2, and BAX expression. Median nerve crush injury at 7 days (MNI-7 group) resulted in
marked oxidative stress, inflammatory response, apoptosis, structural nerve disruption, and collagen deposition, accorefdanédti by
nerve growth factor levels. While, MNI-28 group unambiguously illustrated some improvement in all measured parametets Sitaglip
treatment significantly attenuated lipid peroxidation, restored antioxidant enzyme activity, reduced inflammatory markersaaed
nerve growth factor levels. Histological and immunohistochemical findings demonstrated improved nerve architecture, nediged fib
decreased GFAP and BAX immunoreactivity, and enhanced Nrf2 expression, particularly with prolonged treatment. Thesealfoatangs in
that sitagliptin promotes biochemical and structural recovery following median nerve crush injury, likely through itsaamtatdiry,
antioxidant, and anti-apoptotic properties, pointing to a possible medicinal use in promoting peripheral nerve regeneration.
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INTRODUCTION

Peripheral nerve injury (PNI) represents a seriodsrce—commonly produced by instruments such as surgical
and highly prevalent global health problem thatlamps—acts on the nerve without causing complete
substantially compromises patients’ quality of lifetransection. Crush injuries may also arise from high-impact
Depending on the severity and extent of injury, PNI magvents, including motor vehicle collisions or blunt assault
result in partial or complete loss of motor function in théCaillaudet al, 2019).
innervated organs, sensory disturbances, chronic
neuropathic pain, and, in severe cases, permanent functional In contrast to the central nervous system neurons,
disability (Faroniet al, 2015; Liet al, 2019). The most neurons of the peripheral nervous system possess a limited
common etiologies of peripheral nerve injuries include roddtrinsic capacity for regeneration following injury.
traffic accidents, gunshot wounds, penetrating traumievertheless, restoration of normal structure and function
traction injuries, and crush injuries (Alvitesal, 2018).  after PNI remains a major clinical challenge for orthopedic,

plastic, and reconstructive surgeons (Houscletaal.,

Among these mechanisms, crush injury constitute016). Axonal regeneration after peripheral nerve injury is
one of the most frequently encountered forms of peripheraften slow, incomplete, and inefficient, frequently resulting
nerve trauma. Such injury occurs when a blunt compressiveirreversible structural and functional deterioration of
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target organs before effective reinnervation can be achiewddTERIAL AND METHOD
(Li et al, 2019). Consistent with this, numerous clinical
reports over recent years have demonstrated thatimals
postoperative functional recovery—particularly motor
recovery—following peripheral nerve injury remains Forty-eight healthy adult male albino rats,
suboptimal (Liet al, 2019). Accordingly, there is a approximately 8 weeks of age and weighing 25D
compelling need to identify novel therapeutic approaches were obtained from the animal house of Kasr El-
capable of accelerating nerve regeneration and improviAgni Faculty of Medicine, Cairo University. Animals
functional outcomes. were housed under standardized laboratory conditions,
including controlled temperature, humidity, and a 12-
Inhibitors of dipeptidyl peptidase-4 (DPP-4), sucthour light/dark cycle, with unrestricted access to
as sitagliptin (STG), are FDA-approved oral hypoglycemistandard laboratory chow and tap water. Before the
agents that enhance insulin secretion and suppress glucageperimental procedures began, there was a one-week
release (Huangt al, 2022). Sitagliptin was first approvedacclimatization phase to minimize stress-related
for the treatment of type Il diabetes mellitus in the Unitedariability.
States in October 2006 and subsequently by the European
Medicines Agency in 2007 at a standard daily dose of 100  All experimental procedures were approved by the
mg. The drug is generally well tolerated, withinstitutional Scientific Research Ethics Committee, Faculty
predominantly mild to moderate adverse effects reported Medicine, Menoufia University (IRB approval number:
(Karagianniset al, 2014). 6/2025ANT4), and were carried out in compliance with
accepted international standards for the handling and care
Pharmacologically, sitagliptin acts throughof lab animals.
competitive inhibition of the DPP-4 enzyme, a membrane-
bound aminopeptidase presents in plasma that playSargical median nerve crush injury procedure
critical role in glucose homeostasis and inflammatory
regulation. DPP-4 mediates the degradation of the incretin Rats were anesthetized by intraperitoneal injection
hormones gastric inhibitory polypeptide, and glucagorof ketamine hydrochloride (100 mg/kg) combined with
like peptide-1. By preventing the breakdown of thesgylazine (20 mg/kg). Adequate anesthesia was confirmed
peptides, sitagliptin prolongs their biological activity,by the absence of withdrawal reflexes. Following shaving
leading to enhanced insulin secretion, reduced glucagofthe operative area and application of aseptic techniques,
release from pancreatic a-cells, and subsequeaiongitudinal skin incision was made along the medial
normalization of blood glucose levels (Ezzeddihial, aspect of the right forelimb.
2019).
The right median nerve was carefully exposed
Beyond its established antidiabetic efficacyapproximately 10 mm proximal to the elbow joint. A
growing evidence suggests that sitagliptin exerts beneficgthndardized crush injury was induced using a conventional
effects in a variety of pathological conditions, includindiemostatic forceps applied at the second notch for a
cardiac, renal, pulmonary, intestinal, pancreatic, aruration of two minutes, ensuring uniform compression
gastrointestinal injuries, as well as ischemic strokeithout complete nerve transection. After the injury, the
(Bassendineet al., 2020; Huanget al, 2022). These nerve was repositioned, and the skin incision was closed
pleiotropic effects have largely been attributed to the potemging 4-0 silk sutures, as previously described by Santos
antioxidant, anti-inflammatory, anti-apoptotic, andet al (2012).
neuroregenerative properties of sitagliptin, mediated
through preservation of endogenous antioxidant defendesperimental substances
and attenuation of free radical generation.
Sitagliptin (STG) tablets (Januvia®, 100 mg) were
As far as we comprehend, the possiblebtained from Merck & Co., Inc. (Kenilworth, NJ, USA).
neuroregenerative effects of sitagliptin in peripheral nen&TG was freshly prepared by dissolving the required dose
injury have not yet been investigated. Therefore, the distilled water. The experimental dose of STG was 10
objective of the current study was to assess, for the firsig/kg/day, administered orally via gastric gavage in a
time, the antioxidant, anti-inflammatory, anti-apoptoticyolume of 0.1 mL/100 g body weight, in accordance with
and neuroregenerative effects of sitagliptin in apreviously validated experimental protocols (Kiziétal,
experimental model of median nerve crush injury. 2021).
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Experimental design Catalase (CAT), and Glutathione peroxidase (GPXx):
Evaluated as indicators of antioxidant defense and
The forty-eight rats were randomly allocated into oxidative stress status.
eight experimental groups (n = 6 rats per group) as follow8: Interleukin-6 (IL-6) and Tumor necrosis factor-a
(TNF-a): Appraised as indices of systemic inflammatory
I.  Sham-7 group:A surgical incision was performed response.
without median nerve compression, and the wound wdsNerve growth factor (NGF): Assessed as a biochemical
closed on day 1 of the experiment. Rats were sacrificedmarker of neuronal regeneration following injury.
onday 7.
Il. Sham-28 group:A surgical incision was performed Histological and immunohistochemical studies
without median nerve compression, and the wound was
closed on day 1 of the experiment. Rats were sacrificed Rats were sacrificed at the conclusion of the
on day 28. experiment, and specimens of median nerves were
I1l. STG-7 group: Sitagliptin was given orally at a dose ofmeticulously dissected. Samples were processed normally,
10 mg/kg/day, dissolved in 0.1 mL/100 g distilled watefijxed in 10 % formol saline for a full day, and embedded in
from day 1 of the experiment for 7 days. Rats wengaraffin wax. Paraffin blocks were sectioned at a thickness
sacrificed on day 7. of 5 um for light microscopic examination (Suvareial,
IV. STG-28 group: Sitagliptin was given orally at a dose2019).
of 10 mg/kg/day, dissolved in 0.1 mL/100 g distilled
water, from day 1 of the experiment for 28 days. RatsHistological studies(Suvarneet al., 2019):
were sacrificed on day 28.
V. MNI-7 group: Median nerve crush injury was inducedl. Hematoxylin and Eosin (H&E) stainUsed to evaluate
on day 1 of the experiment, after which the incision the general histological architecture of the median nerve.
was closed. Rats were sacrificed on day 7. 2. Masson’s Trichrome stain:Applied to assess collagen

VI. MNI-28 group: Median nerve crush injury was induced fiber distribution and deposition.
on day 1 of the experiment, after which the incision
was closed. Rats were sacrificed on day 28. [I. Immunohistochemical studies

VII. MNI & STG-7 group: Median nerve crush injury was
induced on day 1 of the experiment, followed by oral Immunohistochemical staining was performed using
administration of sitagliptin (10 mg/kg/day) for 7 daysthe labeled avidin—biotin peroxidase technique (Bancroft
Rats were sacrificed on day 7. & Gamble, 2008) to detect the immunoexpression of the

VIIl. MNI & STG-28 group: Median nerve crush injury following markers:
was induced on day 1 of the experiment, followed by
oral administration of sitagliptin (10 mg/kg/day) for- Glial fibrillary acidic protein (GFAP): Used as a marker

28 days. Rats were sacrificed on day 28. for Schwann cell (Neurolemmocyte) activation and
neuroglial response following nerve injury (Farahetni
Evaluation methods al., 2022).
- Nuclear factor erythroid 2-related factor 2 (Nrf2):
Biochemical analysis Evaluated as a marker of antioxidant defense and

oxidative stress response (Oh & Jun, 2017).

The animals were fasted overnight at the conclusiecnBAX: Assessed as a marker of apoptosis, representing
of the trial. Each rat's tail vein was used to draw blood, pro-apoptotic signaling pathways within injured nerve
which was then left to clot for 30 minutes at room tissue (Zhangt al, 2014).
temperature. After that, samples were centrifuged for 15
minutes at 2000 rpm. Prior to biochemical examination, Appropriate positive and negative controls were
the separated serum was collected and kept afE80 included in all immunohistochemical procedures.
(Nemzeket al, 2001).

Morphometrical analysis

The following serum parameters were assessed:

Morphometric evaluation was performed using an

1. Malondialdehyde (MDA): Assessed as a measure ofmage analyzer system (Leica Q500 MC, Leica

oxidative stress and lipid peroxidation. Microsystems, Germany) at the Anatomy Department,
2. Glutathione (GSH), Superoxide dismutase (SOD), Faculty of Medicine, Menoufia University. Five non-
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overlapping fields per section were examineck4®0 RESULTS

magnification.

The following parameters were quantified:

No statistically significant differences were detected

among the Sham-7, Sham-28, STG-7, and STG-28 groups

across all

evaluated biochemical, histological,

- Mean area percent of collagen fiber deposition irmmunohistochemical, and morphometric parameters.

Masson’s trichrome-stained sections

Statistical analysis

The Statistical Package for Social Sciences (SPSS)

Accordingly, these groups were considered collectively as
- Mean area percent of positive immunoreactivity for GFAEhe control group for subsequent comparisons.

- Mean area percent of positive immunoreactivity for Nrf2
- Mean area percent of positive immunoreactivity for BAXSerum Biochemical results

Lipid peroxidation and oxidative stress markers

Serum MDA levels showed a highly significant

version 27 (SPSS Inc., Chicago, IL, USA) was used focrease in the MNI-7, MNI-28, and MNI & STG-7 groups
statistically analyze the collected data. The range and mesinen compared to the control group (P < 0.001). When
+ standard deviation were used to express quantitatiegempared with the MNI-7 group, MDA levels were
variables. Group comparisons were performed using tegnificantly reduced in the MNI-28 and MNI & STG-7
Mann-Whitney U test. Statistical significance was definegroups (P = 0.004 and P = 0.009, respectively). The MNI &
STG-28 group demonstrated a highly significant decrease

as a p-value of less than 0.05.

Table I. Serum biochemical lipid peroxidation and oxidative stress markers in the studied groups.

Studied groups
Control MNI-7 MNI-28 MNI & STG-7 MNI & STG-28

1. Malondialdehyde (MDA) nmol/ml 42.839.33 148.6218.63 104.629.46 91.92+5.64 54.019.31
Mean +SD 33-60 129 — 170 88.9-117.8 85.2-98.1 40.3-63.10
Range
Test 4.5 3.8 3.6 1.59
P value <0.00% <0.00% <0.00% 0.06""

0.004 0.009 <0.00F
2. Glutathione (GSH) mmol/ml 152.05+21.10  62.32+8.88 102.28+9.82 119.12+20.51 133.229.55
Mean +SD 129.8 — 187 52.3-75.4 89.1-115.8 95.6 — 139.5 119.5 — 144.9
Rarge
Test 3.10 2.88 2.01 1.60"

2.3 2.66 2.98
P value <0.001 <0.008 0.045 0.11
3. Superoxide dismutase (SOD) u/ml 57.23+10.21 20.1+7.73 32.5+7.68 39.33+10.53 45.10+9.86
Mean +SD 456-735 9.7-30.2 20.1-425 39.6 - 57 33.9-60.7
Rarge
Test 3.66 2,71 241 1.76"

2.08 2.57 3.11
P value <0.001 0.008 0.2 0.08

0.037 0.007 <0.00F
4. Catdase (CAT) u/ml 232.9+19.34 113.18+20.12 177.23+17.60 202.13+13.30 227.90+12.96
Mean +SD 216.5-269.8 90.5—140.1 146.5 — 201.5 185.6 — 217.8 213.3 — 240
Rarge
Test 3.16 3.08 2.56 0.16

2.89 2.77 3.1¢
P value <0.001 <0.001 0.0 0.87

0.006 0.008 <0.00F
5. Glutathione peroxidase (GPx) 101.28+12.38  42.75+4.57 61.43+6.01 82.35+12.47 99.12+12.65
u/ml 88.5-117.5 36.9-48.7 55.8 — 70.4 63.2-97.4 80.8 - 114.3
Mean +SD
Test 3.50 2.70 2.24 0.32

257 2.33 3.17
P value <0.001 0.009 0.025 0.75

0.0 0.0Z <0.00F

1: Comparing with control. 2: Comparing with MNI-7 group.
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in serum MDA levels compared with the MNI-7 group (P <exhibited a significant reduce in GSH, SOD, and GPx levels
0.001), with non-significant difference when compared witand a highly significant reduction in CAT activity compared
the control group (P = 0.06) (Table I, Fig. 1). to the control group. The MNI & STG-7 group illustrated a
significant decline in GSH, CAT, and GPx levels, whereas
Serum GSH, SOD, CAT, and GPx levels revealed @0OD activity did not substantially deviate from the control
highly significant reduction in the MNI-7 group comparedralues.
to the control group (P < 0.001). Compared with the MNI-7
group, these antioxidant parameters showed a significant  In contrast, the MNI & STG-28 group demonstrated
increase in the MNI-28 and MNI & STG-7 groups (P valuea highly significant increase in GSH, SOD, CAT, and GPx
ranging from 0.006 to 0.037). levels compared with the MNI-7 group (P < 0.001), with
non-significant difference compared to the control group
Despite partial recovery, the MNI-28 group still(Table I, Fig. 1).

Serum biochemical lipid peroxidation and oxidative
stress markers

OControl EMNI-7 [CMNI-28 [OMNI&STG-7 EMNI&STG-28

250
2329
227.9
202.13
200
177.23]
1 50 148.67 152.058
100 101.28 09.12
57.23
50
0o
Malondialdehyde Glutathione (GSH) Superoxide dismutase Catalase (CAT) u/ml Glutathione
(MDA) nmol/ml mmol/ml (SOD) u/ml peroxidase (GPx) u/ml

Fig. 1. Histogram of the serum biochemical lipid peroxidation and oxidative stress markers displaying a high significamt elevat
(P<0.001) of serum MDA in MNI-7, MNI-28 and MNI & STG-7 groups comparing to the control group, and a significant reduce in
MNI-28 and MNI & STG-7 groups comparing to MNI-7 group. MNI & STG-28 group displaying a high significant reduction (P<0.001)

in MDA level when comparing to MNI-7 and a non-significant variation (P=0.06) with the control group. Serum GSH, SOD, CAT, and
GPx establishing a high significant decline (P<0.001) in MNI-7 group comparingto the control, and a significant improvaaralidI-

MNI & STG-7 groups comparing to MNI-7 group. Moreover, GSH, SOD, and GPx levels demonstrating a significant decrease, and
serum CAT revealing a high significant reduction (P<0.001) in MNI-28 group when comparing to the control. Additionally,Sdfum G
CAT, and GPx illustrating a significant decrease, and serum SOD displaying a non-significant difference in MNI & STG-7 group
comparing to the control group. Group MNI & STG-28 serum GSH, SOD, CAT, and GPx showing a marked significant rise (P<0.001)
comparing to MNI-7 group with a non-significant difference comparing with the control group.

Serum inflammatory markers

Serum interleukin-6 (IL-6) levels showed a highlycompared to the control group (P = 0.04). Compared with
significant elevation in the MNI-7 and MNI-28 groupsthe MNI-7 group, IL-6 levels were highly significantly
compared to the control group (P < 0.001). A significareduced in the MNI-28, MNI & STG-7, and MNI & STG-
increase was also noted in the MNI & STG-7 groug8 groups (P < 0.001). In the MNI & STG-28 group, IL-6
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levels showed no statistical significant difference whegroup (P = 0.006). When compared with the MNI-7 group,
compared to the control group (P = 0.09) (Table Il, Fig. 2Y.NF-a levels were significantly reduced in the MNI-28 and
MNI & STG-7 groups. The MNI & STG-28 group
Serum TNF-a levels were highly significantlydemonstrated a highly significant decline compared with the
elevated in the MNI-7 and MNI-28 groups compared to thieINI-7 group (P < 0.001), with no statistically significant
control group (P < 0.001). The MNI & STG-7 group alsdlifference compared with the control group (P = 0.06) (Table
showed a significant increase compared with the contrid) Fig. 2).

Table 1. Serum biochemical inflammatory markers in the studied groups.

Studied groups
Control MNI-7 MNI-28 MNI & STG-7 MNI & STG-28

1. Interleukin 6 (IL-6) pg/mi 39.88+4.7 183.9+10.21 120.52+13.98 73.4+8.11 48.17+8.52
Mean +SD 33.4-453 166.5 — 194 100 — 139.2 63.7-84.7 38.9-61.2
Range
Test 3.17 3.01 2.26" 1.68

317 3.8¢ 3.14
P value <0.001 <0.001 0.04 0.09

<0.007 <0.00% <0.00F
2. Tumor necrosisfactor alpha 18.97+9.76 98.65+10.26 70.52+4.35 41.80+7.67 34.85+5.19
(TNF-a) pg/ml 9-356 86.5—111.4 65.7 - 77.4 31.5-54.8 24.7 - 39.6
Mean £SD
Range
Test 4.21 3.16' 2.72 1.92

2.36 2.80 317
P value <0.001 <0.001 0.0068 0.06'

0.0% 0.005 <0.00F

1: Comparing with control. 2: Comparing with MNI-7 group.
Serum biochemical inflammatory markers

EControl EMNI-7 OMNI-28 @EMNI&STG-7 EMNI&STG-28

200

183.9

180
160
140
120

98.65

100
80
60
40
20

1]
Interleukin 6 (IL-6) pg/ml Tumor necrosis factor alpha (TNF-a) pg/ml

Fig. 2. Histogram of the serum biochemical inflammatory markers presenting a high significant increase (P<0.001) of llegederum

in MNI-7, MNI-28 groups with a significant rise (P=0.04) in MNI & STG-7 group comparing to the control group. ControversMNI-2
MNI & STG-7, and MNI & STG-28 groups illustrating a high significant reduction (P<0.001) comparing to MNI-7 group. However,
MNI & STG-28 group showing a non-significant variation (P=0.09) with the control group. Serum TNF-a revealing a high significan
rise (P<0.001) in MNI-7, MNI-28 groups and a significant increase (P=0.006) in MNI & STG-7 group comparing to the control group
In contrast MNI-28 and MNI & STG-7 groups illustrating a significant decrease comparing to MNI-7 group. But, TNF-a leve&in MNI
STG-28 group showing a high significant decline (P<0.001) comparing to MNI-7 group and a non-significant variation (Pa@t@5) tha
control group.
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Serum nerve growth factor (NGF)

Serum nerve growth factor (NGF) levels displayed 8.005), with no statistical significant difference compared
highly significant decline in the MNI-7 and MNI-28 groupsto the control group (P = 0.07) (Table Ill, Fig. 3).
compared with the control group (P < 0.001). A significant
decrease was also noted in the MNI & STG-7 group compared In contrast, groups MNI-28 and MNI & STG-7
with the control group (P = 0.008). When compared with théisplaying a significant rise when comparing to MNI-7
MNI-7 group, NGF levels showed a significant rise in thgroup. In MNI & STG-28 group, serum NGF showing a
MNI-28 and MNI & STG-7 groups (P = 0.01 and P = 0.009significant increase (P=0.005) in comparison to MNI-7 group
respectively). The MNI & STG-28 group demonstrated and a non-significant decrease (P=0.07) when comparing to
significant increase compared with the MNI-7 group (P #he control.

Table Ill. Serum biochemical nerve growth factor (NGF) marker in the studied groups.
Studied groups

Control MNI-7 MNI-28 MNI & STG-7 MNI & STG-28
Nerve growth factor 216.53+9.44 155.85+11.32 178.2849.11 185.67+9.11 206.37+10.32
(NGF) pg/ml 199.2 —225.6 1423 -170.5 1654 —-189.7 173 - 199 1923 -220.3
Mean +SD
Range
Test 387 298 257 185
2 56 264 284
P value <0.001 <0.001 0.008 007
0.012 0.009 0.008

1: Comparing with control. 2: Comparing with MNI-7 group.

Serum biochemical nerve growth factor (NGF) marker

250

£
200
Fig. 3. Histogram of the serum biochemical NGF
s marker presenting a high significant decrease
(P<0.001) of NGF in MNI-7, and MNI-28
10 groups, and a significant decline (P=0.008) in
MNI & STG-7 group comparing to the control.
5
0

o

o

(=]

Control MNI-7 MNI-28 MNI&STG-7 MNI&STG-28
Histological, morphometrical, and statistical analysis Sections from the MNI-7 group revealed severe
results histopathological alterations, including widely separated nerve
fibers, multiple areas of vacuolation, marked nerve fiber loss,
Hematoxylin and eosin histological stain results and discontinuity of nerve fibers. In addition, diffuse

mononuclear inflammatory cell infiltration was observed,

H&E-stained longitudinal sections of the mediaralong with dilated and congested blood vessels (Figs. 4BI,Bll).
nerve from all studied groups were carefully examined.
Sections from the control group demonstrated the typical The MNI-28 group exhibited minimal histological
histological architecture of the adult rat median nervémprovement, as nerve fibers remained separated with
characterized by closely packed, parallel myelinated nerpersistent areas of vacuolation and nerve fiber loss.
fibers with oval basophilic Schwann cell nuclei locatedlononuclear inflammatory cell infiltration was still clearly
between the fibers (Fig. 4A). evident (Fig. 4C).
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Fig. 4. H&E photomicrographs of longitudinal sections of median nerve (scale hars2@00) revealedA. Control group of adult rat median nerve
presenting normal architecture of rat's median nerve. There are notable parallel myelinated nerve fibers (red arrowpastiplolial Schwann cell
nuclei (yellow arrow) between the fibers. Bl. MNI-7 group displaying severe pathological changes in the form of widelydsepamatibers with
several vacuolated areas (V), nerve fiber loss (yellow arrow) and prominent mononuclear cell infiltration (red arrow).-Blgrdigl displaying the
same severe pathological changes as Bl photomicrograph in the form of widely separated nerve fibers with several vaas{\teshaneerve fiber
loss (yellow arrow). Additionally, there is discontinuity of nerve fibers (green arrow), and eminent spread of mononuiciiéitnatielh (red arrow) with
some dilated and congested blood vessels (BV) were also @oteiNI-28 group showing minimal improvement as the nerve fibers are still separated
with many areas of vacuolation (V) and nerve fiber loss (yellow arrow). Also, obvious mononuclear cell infiltration (retsatitbwesentD. MNI &
STG-7 group: demonstrating improvement with minimal nerve fibers were still separated with areas of vacuolation (V) aimmkrse (fyellow
arrow). Minimal mononuclear cell infiltration (red arrow) is still pres&tMNI & STG-28 group: showing restoration of normal architecture of rat's
median nerve nearly resembling the control where there are parallel myelinated nerve fibers (red arrow), with oval betsaphitic&8l nuclei (yellow
arrow) between the fibers.
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Sections from the MNI & STG-7 group showed7 group exhibited marked disorganization of collagen fibers
partial improvement in nerve fiber arrangement; howeverith extensive areas of collagen loss. The MNI-28 group
some nerve fibers were still separated, with residual arestsowed moderate collagen disorganization, while the MNI
of vacuolation and nerve fiber loss. Mononuclea& STG-7 group displayed mild disruption. The MNI & STG-
inflammatory cell infiltration remained apparent (Fig. 4D)28 group showed collagen fiber organization comparable to

the control group.
In contrast, sections from the MNI & STG-28 group
demonstrated a histological appearance closely resembling  Morphometric analysis revealed a highly significant
that of the control group, with restoration of the normalise in the mean area percent of collagen fiber deposition in
architecture of the rat median nerve and marked attenuatitbbe MNI-7, MNI-28, and MNI & STG-7 groups compared
of the histological changes induced by the crush injury (Fitp the control group (P < 0.001). When compared with the

4E). MNI-7 group, a significant reduction was observed in the
MNI-28 and MNI & STG-7 groups. The MNI & STG-28
Masson’s Trichrome histological stain results group demonstrated a highly significant decrease compared

with the MNI-7 group (P < 0.001), with no statistical
Masson'’s trichrome-stained sections from the contrglgnificant difference compared to the control group (Table
group revealed regularly arranged collagen fibers. The MNIV, Fig. 5).

Table IV. Area percentage of collagen fiber deposition in the studied groups.

Area % of collagen fiber Studied groups
deposition Control MNI-7 MNI-28 MNI & STG-7 MNI & STG-28
Mean +SD 9.50+1.87 118.83+25.24 88.83+12.87 70.0£15.30 12.33+4.88
Range 7-12 90— 152 72— 108 59- 98 5-18
Test 353 494 361 1.32
20% 307 110
P value <0.001* <0.001 <0.001 0.23
0.036 0.00% <0.00%

1: Comparing with control. 2: Comparing with MNI-7 group.

Immunohistochemical, Morphometrical, and Statistical ~reaction in the control group. The MNI-7 group exhibited a

analysis results markedly negative reaction, while the MNI-28 group showed
mild positivity. Moderate immunoreactivity was observed
Glial fibrillary acidic protein (GFAP). in the MNI & STG-7 group. The MNI & STG-28 group

demonstrated strong immunoreactivity comparable to the
GFAP immunostaining was negative in the contratontrol group.
group. The MNI-7 group showed a marked positive
immunoreaction, while the MNI-28 group exhibited Morphometric analysis revealed a highly significant
moderate positivity. Mild positivity was observed in the MNidecrease in Nrf2 immunoexpression in the MNI-7 group
& STG-7 group. The MNI & STG-28 group showed acompared to the control group (P < 0.001). Compared with
negative immunoreaction comparable to the control groufie MNI-7 group, Nrf2 expression showed a significant rise
in the MNI-28 and MNI & STG-7 groups. The MNI & STG-
Morphometric analysis demonstrated a highlg8 group demonstrated a highly significant increase
significant rise in GFAP immunoexpression in the MNI-7compared with the MNI-7 group, with no statistically
MNI-28, and MNI & STG-7 groups compared to the controsignificant difference compared with the control group (Table
group (P < 0.001). Compared with the MNI-7 group, GFARW, Fig. 7).
expression was significantly reduced in the MNI-28 and MNI
& STG-7 groups. The MNI & STG-28 group illustrated aBAX
highly significant decline compared with the MNI-7 group,

with no statistical significant difference compared with the BAX immunostaining was negative in the control

control group (Table V, Fig. 6). group. The MNI-7 group exhibited a marked positive
immunoreaction, while the MNI-28 group showed moderate

Nuclear factor erythroid 2-related factor 2 (Nrf2). positivity. Mild positivity was observed in the MNI & STG-

7 group. The MNI & STG-28 group showed a negative
Nrf2 immunostaining showed a strong positivémmunoreaction comparable to the control group.
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Fig. 5. Masson’s Trichrome stain photomicrographs of longitudinal sections of median nerve reve@ledtrol group of adult rat
median nerve revealing closely packed well-organized collagen fibers (black arrow). (scalg@ibardiD).B. MNI-7 group demonstrating
disorganized collagen fibers (black arrow) with several spaces of collagen loss (red arrow). (scalprbax420).C. MNI-28 group
showing moderate disorganized collagen fibers (black arrow) with moderate spaces of collagen loss (red arrow). (s¢aie k48820

D. MNI & STG-7 group: presenting minimal disorganized collagen fibers (black arrow) with minimal spaces of collagen loss\yed arr
(scale bar=2@xm, x400).E. MNI & STG-28 group: revealing closely packed well-organized collagen fibers (black arrow) nearly similar
to control. (scale bar=30m, x400).F. Histogram of the mean area % of collagen fiber deposition displaying a noticeable high significant
rise in MNI-7, MNI-28, and MNI & STG-7 groups (P<0.001) in comparison to the control group. However, there is a significent dec
in both MNI-28 and MNI & STG-7 groups comparing to MNI-7 group. In MNI & STG-28 group, there is a noteworthy highly significant
decrease (P<0.001) when comparing to MNI-7 group and non-significant increase (P=0.23) comparing to the control group.

267



SALAMA, R. M. & ZEDAN, O. I. Neuroregenerative impact of dipeptidyl peptidase IV inhibitor (sitagliptin) on median nerve injury in rats: Biochemitagidastand immunohistochemical
methodologylnt. J. Morphol., 44(1p58-275, 2026.

Fig. 6. GFAP immunostaining photomicrographs of longitudinal sections of median nerve demon&tr@mutrol group of adult rat

median nerve displaying a negative GFAP immune reaction in Schwann cells of myelinated nerve axons. (scaim pe462)D

B. MNI-7 group showing a remarkable marked positive GFAP immune reaction in Schwann cells of myelinated nerve axons. (scale
bar=20um, x400).C. MNI-28 group: illustrating moderate positive GFAP immune reaction in Schwann cells of myelinated nerve axons.
(scale bar=2@m, x400).D. MNI & STG-7 group: revealing mild positive GFAP immune reaction in Schwann cells of myelinated nerve
axons. (scale bar=20n, x400).E. MNI & STG-28 group: demonstrating negative GFAP immune reaction in Schwann cells of myelinated
nerve axons. (scale bar=@fh, x400).F. Histogram of the mean area % of GFAP immunostaining presenting a remarkable high significant
increase in MNI-7, MNI-28, and MNI & STG-7 groups (P<0.001) comparing to the control group. Conversely, a significantrdecline i
both MNI-28 and MNI & STG-7 groups comparing to MNI-7 group. There is also a notable high significant reduction (P<0.001) in MN

& STG-28 group when comparing to MNI-7 group and a non-significant variation (P=0.57) with the control group.
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Fig. 7. Nrf2 immunostaining photomicrographs of longitudinal sections of median nerve demonstrated:

A. Control group of adult rat median nerve displaying marked positive reaction for Nrf2 immunostain. (scalgibgr&ID)

B. MNI-7 group showing a negative Nrf2 immune reaction. (scale baus2&400)

C. MNI-28 group: illustrating mild positive immune reaction for Nrf2. (scale bag20x400)

D. MNI & STG-7 group: revealing moderate positive immune reaction for Nrf2. (scale ban+26100)

E. MNI & STG-28 group: showing strong positive immune reaction for Nrf2. (scale bamm28400).

F. Histogram of the mean area % of Nrf2 immunostaining displaying a noticeable high significant decline in MNI-7 group whémgcompar
to the control group (P<0.001). But, MNI-28 and MNI & STG-7 groups demonstrating a significant rise comparing to MNI-7 group.
MNI & STG-28 group showing a high significant rise when comparing to MNI-7 group (P<0.001) and a non-significant variation with
the control group.
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BAX Immunochistochemical marker
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Fig. 8. BAX immunostaining photomicrographs of longitudinal sections of median nerve demonstrated:

A. Control group of adult rat median nerve displaying negative reaction for BAX immunostaining. (scalepray=200)

B. MNI-7 group showing a marked positive immune reaction for BAX immunostaining. (scale hars2a@00)

C. MNI-28 group: demonstrating a moderately positive reaction for BAX immunostaining. (scale par=2000)

D. MNI & STG-7 group: revealing a mild positive reaction for BAX immunostaining. (scale bam28400)

E. MNI & STG-28 group: showing negative reaction for BAX immunostaining. (scale bamm28400)

F. Histogram of the mean area % of BAX immunostaining demonstrating a notable high significant increase in MNI-7, MNI-28, and
MNI & STG-7 groups (P<0.001) comparing to the control group. However, a significant decline in both MNI-28 and MNI & STG-7
groups comparing to MNI-7 group. MNI & STG-28 group illustrating a marked high significant decrease (P<0.001) comparing to MNI-
7 group and a non-significant difference (P=0.38) when comparing to the control group.
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Table V. Immunohistochemical markers in the studied groups.

Studied groups
Control MNI-7 MNI-28 MNI & STG-7 MNI & STG-28

1. GFAP

Mean +SD 8.67+3.44 115.33+5.39 95.41+15.75 78.73+8.93 10.33+5.43

Range 4-12 107 - 120 73-115 66 — 91 5-19

Test 512 411 3.83 0.56
2.52 2.8% 4.89

P value <0.00% <0.00% <0.00% 0.57
0.02 0.004 <0.002

2. Nrf2

Mean +SD 117.83+5.71 6.33+2.94 24.50+7.81 76.50+10.54 109.83+10.11

Range 110-125 1-9 16 - 33 62— 92 95-121

Test 6.13 5.89 2.64 1.36
2.31 2.88 3.11

P value <0.00% <0.00% 0.0 0.17
0.04 0.004 <0.002

3. BAX

Mean +SD 7.0+4.19 112.83+12.89 88.17+13.21 72.5+14.4 9.33+4.37

Range 1-12 94 -131 71-105 50 — 90 4-15

Test 5.16 4.87 412 0.89
2.48 2.88 3.17

P value <0.00% <0.00% <0.00% 0.38
0.07 0.004 <0.002

1: Comparing with control. 2: Comparing with MNI-7 group.
Morphometric analysis demonstrated a highly As part of drug repositioning strategies, DPP-4

significant raise in BAX immunoexpression in the MNI-7 inhibitors such as STG have attracted increasing attention
MNI-28, and MNI & STG-7 groups compared to the controfor their potential therapeutic applications beyond glycemic
group (P < 0.001). Compared with the MNI-7 group, BAXcontrol (Pushpakonet al., 2019). Several studies have
expression was reduced significantly in the MNI-28 and MNdisplayed that DPP-4 inhibitors possess neuroprotective
& STG-7 groups. The MNI & STG-28 group demonstrategroperties capable of attenuating neuronal degeneration and
a highly significant lower compared with the MNI-7 groupjmproving neural tissue integrity (Abdelsalam & Safar,
with non-statistically significant difference compared witt2015). Therefore, the present study sought to assess the

the control group (Table V, Fig. 8). neuroregenerative potential of STG in a rat model of median
nerve crush injury using biochemical, histological,
DISCUSSION immunohistochemical, and morphometric approaches.
Peripheral nerve injury (PNI) represents a significant In the present study, the MNI-7 group demonstrated

clinical challenge because of its heterogeneous etiology aadharked increase in serum MDA levels, reflecting enhanced
variable severity, which may result in outcomes ranging frofipid peroxidation and oxidative stress following nerve injury.
mild functional impairment to complete loss of motor and hese results align with earlier studies indicating early
sensory function (Patet al, 2018). In addition, PNI induces activation of lipid peroxidation after peripheral nerve
molecular and cellular alterations that contribute tdamage, with MDA serving as a sensitive biomarker of
progressive muscle atrophy and dysfunction, particularly mxidative injury and demyelination (Kongseti al, 2023).
chronic or untreated cases (Yadav & Dabur, 2024). Despi@®ncomitantly, the significant reduction in endogenous
advances in microsurgical techniques and improvementsantioxidant enzymes, including GSH, SOD, CAT, and GPx,
rehabilitative care, optimal functional recovery of injuredurther confirms the presence of pronounced oxidative stress
peripheral nerves remains unsatisfactory (Somagl, in crushed median nerves, as previously reported by&gut
2017). al. (2020). This oxidative imbalance has been attributed to
excessive reactive oxygen species (ROS) generation
Among the different mechanisms of peripheral nervibllowing nerve injury, which accelerates neuronal
injury, crush injury is one of the most frequently encounteredkegeneration and impairs regeneration (Kobayaslail,
and experimentally reproducible models (Alvitetsal, 2012).
2018). Accordingly, a crush injury model was selected in
the present study to investigate the pathological changes ROS are known to promote lipid peroxidation and
following median nerve injury and to evaluate the potentialisrupt antioxidant defense systems, ultimately triggering
neuroregenerative effects of STG. necrotic or apoptotic cell death (Ragy, 2015). This
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mechanism was supported in the present study by the markiediifferentiation during early regenerative responses
increase in BAX immunoexpression in the MNI-7 group(Gugliandoloet al, 2018). GFAP plays an essential role in
indicating activation of pro-apoptotic pathways followingSchwann cell plasticity and axonal regeneration, and its
nerve injury. absence has been associated with delayed nerve repair (Triolo
et al, 2006; Berget al, 2013).
In addition to oxidative stress, inflammation plays a
critical role in the progression of peripheral nerve damage. In contrast, Nrf2 immunoexpression was significantly
The present findings demonstrated significant elevationsiieduced following nerve injury, consistent with previous
inflammatory markers, IL-6 and TNF-a, in the early phaseeports demonstrating impaired antioxidant defense
following median nerve injury. These results are consistenmtechanisms after peripheral nerve damage (Tosyall,
with previous studies reporting enhanced expression of p2823). Nrf2 is a key transcription factor regulating cellular
inflammatory mediators at the injury site, driven by activateantioxidant responses, and its suppression contributes to
Schwann cells and infiltrating macrophages, which furthéncreased vulnerability to oxidative stress (Oh & Jun, 2017).
amplify oxidative stress and tissue damage (‘&feat, 2011; Reduced Nrf2 activity has also been associated with
Yu et al,, 2023). metabolic stress conditions, including diabetes, which further
compromise antioxidant capacity (Tahal, 2011).
Conversely, NGF levels were significantly decreased
in the MNI-7 group. This observation aligns with previous Treatment with STG resulted in marked improvement
findings showing diminished NGF expression in Schwanacross all evaluated parameters. Sitagliptin administration
cells following peripheral nerve damage (Tosyalal, significantly reduced oxidative stress markers while restoring
2023). NGF plays a crucial role in the developmengntioxidant enzyme activity, consistent with previous studies
maintenance, and survival of sensory and sympathetlemonstrating its potent antioxidant and free radical
neurons, and its deficiency has been associated with impaisadvenging properties (Pintaea al, 2013; Jamwal &
axonal growth and neuronal degeneration (Yamadtitel, Kumar, 2019; Kabeét al, 2019). In addition, sitagliptin
2017). Furthermore, NGF has been shown to enhance neemfianced NGF levels and improved histological organization
regeneration and accelerate axonal elongation, highlightio§ nerve fibers, supporting its role in promoting
its therapeutic relevance in peripheral nerve repair (ein neuroregeneration and neuronal plasticity (Paetsal.,
al., 2022). The observed increase in NGF levels in the MN2021).
28, MNI & STG-7, and MNI & STG-28 groups suggest a
gradual recovery process that is enhanced by sitagliptin The anti-inflammatory impacts of STG were further
treatment. evidenced by the attenuation in IL-6 and TNF-a levels, in
agreement with reports demonstrating that DPP-4 inhibitors
Histologically, the MNI-7 group exhibited severemodulate innate immune responses and suppress pro-
structural alterations, including nerve fiber separatiomflammatory cytokine production (Zhorgt al, 2013;
vacuolation, fiber loss, increased collagen deposition, aidcin’skiet al, 2018). Moreover, STG attenuated collagen
inflammatory infiltration. Similar pathological features havaleposition and fibrosis, consistent with findings in other
been described in previous studies during the early phassues showing reduced extracellular matrix accumulation
following crush nerve injury (Ramét al, 2017; Tiredet following sitagliptin supplementation (Alaet al, 2015).
al., 2018). These changes are characteristic of Walleri®TG treatment also resulted in decreased GFAP expression,
degeneration, which typically initiates within the first weelsuggesting reduced glial activation and inflammation,
after injury and peaks between days 3 and 7, facilitatirmpnsistent with previous studies linking GFAP reduction to
debris clearance but also contributing to transient functionatproved neural outcomes (Seh al, 2017; Songet al,
deterioration (Wanget al, 2018). Increased vascular2024). Furthermore, enhanced Nrf2 expression in STG-
permeability and endoneurial edema further exacerbateated groups supports activation of antioxidant signaling
ischemia and oxidative damage, leading to axonahthways, as previously demonstrated in renal and metabolic
degeneration and myelin breakdown (@&4al, 2013). disease models (Warg al, 2019; Konget al., 2021; Abd-
Eldayemet al, 2024). The activation of Nrf2-dependent
Immunohistochemical analysis in the current studgathways plays a crucial role in cellular defense against
revealed a marked raise in GFAP expression followingxidative damage and regulation of inflammatory responses
median nerve injury, reflecting Schwann cell activation an(He et al., 2020; Baird & Yamamoto, 2020).
reactive gliosis. Similar increases in GFAP expression have
been reported following peripheral nerve crush injury and Finally, STG significantly reduced BAX
are indicative of Schwann cell proliferation andmmunoexpression, indicating suppression of apoptosis.
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Similar anti-apoptotic effects of STG have been reported ios 7 y 28 dias. La sitagliptina se administr6 por via oral a una
renal and neural tissues and are ascribed to its cytoprotecti@gis de 10 mg/kg/dia. La evaluacién bioquimica incluyo
and antioxidant qualities (Abueleet al, 2016; Kizilayet marcadores de estrés oxidativo, enzimas antioxidantes, citocinas

al., 2021). Notably, prolonged STG treatment (MNI & sTginflamatorias y factor de crecimiento nervioso. Se utilizaron
J ! . . matoxilina y eosina y tricromico de Masson para la evaluacion
28 group) resulted in more pronounced 'mprovemenpitolégica, mientras que el analisis inmunohistoquimico evalu6

F;ompared with shorter tre_atment duration, highlightin_g thg expresion de GFAP, Nrf2 y BAX. La lesién por aplastamiento
importance of sustained therapy for optimaje| nervio mediano a los 7 dias (grupo MNI-7) resulté en estrés

neuroregenerative outcomes. oxidativo marcado, respuesta inflamatoria, apoptosis, disrupcién
nerviosa estructural y deposicion de colageno, acompafiados de
CONCLUSIONS niveles reducidos de factor de crecimiento nervioso. Mientras que

el grupo MNI 28 ilustré inequivocamente cierta mejoria en todos

Based on the findings of the current study, STdPs parametros medidos. El tratamiento con sitagliptina atenud
demonstrated a clear neuroregenerative effect followi ignificativamente la peroxidacion lipidica, restauré la actividad
median nerve crush injury. This effect appears to be zimatica antioxidante, redujo los marcadores inflamatorios y

diated. at | i it th h dulati fbioch .C%imenté los niveles del factor de crecimiento nervioso. Los
mediated, atleast in part, through modulation ot biochem! llazgos histolégicos e inmunohistoquimicos demostraron una

disturbances related to lipid peroxidation, oxidative streSgyejor arquitectura nerviosa, una menor fibrosis, una menor
and inflammatory responses. In addition, STG marked|¥munorreactividad de GFAP y BAX, y un aumento de la expresion
improved histopathological alterations of the injured mediate Nrf2, especialmente con el tratamiento prolongado. Estos
nerve, with enhanced restoration of nerve architecturegllazgos indican que la sitagliptina promueve la recuperacién
reduced glial activation and apoptosis, as evidenced bpquimicayestructural tras una lesién por aplastamiento del nervio
decreased GFAP and BAX immunoreactivity, andnediano, probablemente gracias a sus propiedades anti-

upregulation of the antioxidant regulator Nrf2 inflamatorias, antioxidantes y antiapoptéticas, lo que apunta a un
' posible uso medicinal para promover la regeneracion de los nervios

eriféricos.
The present results also support the concept tHOat

peripheral nerves possess an intrinsic capacity for  pa| ABRAS CLAVE: Lesion de nervios periféricos;

spontaneous regeneration when an gdequate recovery peislyliptina; Estrés oxidativo; GFAP; Nrf2; BAX.

is allowed, as reflected by the partial improvement observed

?n the median nerve injury 28—day group. Howe_ver, recovelyEFERENCES

in the absence of pharmacological intervention remained

incomplete when compared with STG-treated groups. Abd-Eldayem, A. M.;_Makram, S.M.; Me_ssih_a, B.A. S._;Abd-EIhafeez, H.
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