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Abstract

Background Type 2 diabetes mellitus (T2DM) leads to neurological complications through multiple pathways. Black elder-
berry (Sambucus nigra, SN) is rich in bioactive compounds with potential neuroprotective properties. This study sought to
evaluate the neural-protective potential of SN extract in STZ-diabetic rats using an integrated molecular, biochemical, and
histomorphological approach.

Methods Forty male Sprague-Dawley rats were divided into four groups (n=10/group): control (C; 0.9% NaCl), SN
(0.040 g/kg body weight), diabetes mellitus (DM; streptozotocin 50 mg/kg), and DM+ SN (streptozotocin+ SN). The treat-
ment period was 10 weeks. Brain tissue was analyzed for histopathological changes, caspase-3 expression, microRNA
(miRNA) expression, and oxidative stress markers.

Results Histopathological examination revealed severe neuronal degeneration in the DM group, significantly attenuated in
the DM+ SN group (p<0.001). Caspase-3 immunoreactivity was markedly increased in DM group compared to controls
and significantly reduced by SN treatment (»<0.01). In situ hybridization showed high ribonucleic acid (rno)-miR-124-5p
and rno-miR-144-5p expression in C and SN groups, with reduced expression in DM group (p<0.05). SN treatment moder-
ated these changes in DM+ SN group. Quantitative real-time polymerase chain reaction (QRT-PCR) confirmed decreased
miR-124 expression in DM group, restored to control levels by SN treatment. Biochemically, SN extract reversed diabetes-
induced changes in oxidative stress markers, decreasing malondialdehyde (MDA) levels while increasing glutathione (GSH)
and nitric oxide synthase (NOS) levels (p<0.01).

Conclusions SN extract exerted robust neuroprotective actions in the diabetic brain through apoptosis inhibition, miRNA
profile restoration, and amelioration of redox imbalance, underscoring its therapeutic promise for diabetes-associated
neuropathy.
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Background

Type 2 diabetes mellitus (T2DM), which accounts for over
90% of all diabetes cases, has become a major public health
crisis with an escalating global burden. According to the
11th edition of the International Diabetes Federation (IDF)
Diabetes Atlas, approximately 589 million adults (aged
20-79 years) worldwide were living with diabetes in 2024,
corresponding to a prevalence of 11.1%, and this number is
projected to rise to 853 million by 2050 [1]. In Tiirkiye, the
situation is particularly alarming, as the country has the high-
est diabetes prevalence in the European region, estimated at
approximately 16.5% among adults [2, 3]. T2DM, through
both its immediate metabolic derangements and long-term
organ damage, diminishes patient well-being and imposes
a substantial socioeconomic burden. When glycemic regu-
lation remains suboptimal in T2DM or when antidiabetic
therapy proves inadequate, susceptibility to macrovascular
disorders (coronary atherosclerosis, peripheral arterial com-
promise, hypertensive disease, cerebrovascular accidents)
and microvascular pathologies (renal impairment, periph-
eral nerve dysfunction, retinal deterioration) escalates sub-
stantially [4]. Therefore, preventive measures before the
onset of T2DM can reduce both the frequency of disease
occurrence and the related morbidity and mortality.

The frequency of certain new complications increases,
particularly in elderly diabetic patients. Numerous studies
have shown that T2DM hastens cerebral senescence and
cognitive deterioration while amplifying dementia suscepti-
bility, a concern of mounting relevance given demographic
aging trends [5]. Oxidative stress associated with T2DM
and insulin resistance leads to harmful effects of reactive
oxygen species on lipids, proteins, and DNA, contributing
to neuronal damage and the formation of segmental demy-
elination in diabetic patients [6, 7]. It has been shown that
with increasing age, the influence of T2DM on cerebral
vascular and neurodegenerative issues increases, which can
ultimately lead to subcortical infarcts, white and gray matter
lesions, and cerebral microbleeds. Reductions in total brain
volume alongside gray and white matter atrophy serve as
neuroimaging indices of both diffuse and region-specific
cerebral degeneration [§].

The management of T2DM and its complications has
increasingly drawn attention toward plant-derived thera-
peutic agents. Botanical remedies have a centuries-long
tradition in addressing metabolic ailments, and the bioac-
tive constituents they contain—particularly polyphenols,
flavonoids, and anthocyanins—have demonstrated notable
antioxidant, anti-inflammatory, and antidiabetic properties
[9]. These natural compounds exert their protective effects
by scavenging reactive oxygen species, modulating key sig-
naling pathways, and attenuating inflammatory cascades,
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thereby offering a complementary approach to conventional
pharmacotherapy. Among these medicinal plants, black
elderberry (Sambucus nigra, SN) has gained considerable
interest due to its particularly rich content of anthocyanins
and polyphenolic compounds with potent biological activi-
ties [10].

Sambucus nigra has long been recognized as a versa-
tile medicinal plant with applications spanning traditional
and contemporary healthcare practices. Native to various
temperate regions, including the Northern Anatolian zone
of Tiirkiye, this species thrives in bushy habitats. Virtu-
ally every anatomical structure of the plant—from root to
fruit—has been attributed therapeutic significance [11]. The
phytochemical profile of SN is notably enriched with antho-
cyanins, diverse polyphenols, and flavonoids that contribute
to its marked antioxidant capacity. Dominguez et al. [12]
conducted a detailed LC-MS/MS-based profiling of elder-
berry nutritional and polyphenolic composition, revealing
an abundant reservoir of aromatic hydroxylated phenolics.
Their analysis detected multiple phenolic acid species (gal-
lic, gentisic, 4-hydroxybenzoic, caffeic, vanillic, coumaric,
and ferulic acids) alongside five flavonol derivatives (rutin,
quercetin, kaempferol, syringetin, isorhamnetin) and the
anthocyanin malvidin [12]. Collectively, these phytoconstit-
uents exhibit a broad spectrum of pharmacological activities
encompassing anti-inflammatory, free radical-scavenging,
antiviral, antineoplastic, and glucose-regulatory properties
[10]. It has been proven that SN increases bone mineral
density and enhances insulin secretion from the pancreas 3
cells. Additionally, it has been reported that SN acts as a free
radical scavenger, reducing oxidative stress in diabetic rat
models [13]. In addition to its antihyperglycemic effect, SN
has been found to be effective in reducing neuropathic pain,
a long-term complication of T2DM [14]. Beyond polyphe-
nols, SN harbors functionally distinct macromolecules such
as ribosome-inactivating proteins and lectins. The former
class disrupts ribosomal translation machinery by catalyzing
depurination of rRNA through their intrinsic N-glycosidase
activity [15]. Given these characteristics, SN extract could
be considered as a potential source of bioactive compounds
for formulations aimed at adjuvant therapy in T2DM.

MicroRNAs (miRNAs) constitute a class of small non-
coding RNA molecules that govern post-transcriptional gene
silencing. Through complementary sequence recognition of
target messenger RNAs (mRNAs), miRNAs trigger either
transcript destabilization or translational arrest [16]. T2DM
patients have increased risk for multiple comorbidities
including cardiovascular disease, hypertension, depression,
and Alzheimer’s disease [17]. In this context, miR-124-5p,
predominantly expressed in brain tissue, plays crucial roles
in neuronal development and has been shown dysregulated
in diabetic conditions, affecting insulin secretion and glucose
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metabolism [6, 18]. Similarly, miR-144-5p has been iden-
tified as a key regulator in both diabetes and neurological
disorders, with elevated levels observed in diabetes patients
and significant effects on oxidative stress responses [19, 20].
The involvement of these miRNAs in both diabetic and neu-
rological pathways, particularly in T2DM and Alzheimer’s
disease progression, suggests shared molecular pathways in
these conditions and makes them potential therapeutic tar-
gets for diabetes-induced neural complications [21, 22].

Therefore, this study aimed to investigate the neuro-
protective effects of SN extract in streptozotocin-induced
T2DM rats. Given that T2DM-induced chronic hypergly-
cemia and oxidative stress are key contributors to central
nervous system complications, we hypothesized that SN
extract, through its rich polyphenolic content, may attenuate
diabetes-induced neuronal damage via modulation of oxi-
dative stress, apoptotic signaling, and miRNA expression.
The potential therapeutic effects were evaluated through
multiple approaches: histopathological examination of neu-
ronal damage, immunohistochemical analysis of caspase-3
expression, molecular assessment of miR-124-5p and miR-
144-5p levels, and biochemical measurement of oxidative
stress markers including MDA, GSH, and NOS levels in
brain tissue.

Methods
Black elderberry (SN) plant extraction

The plant specimen was purchased from Temmuz Organic
Production Farm (Konya, Tiirkiye) (code number: ST00136,
and confirmed by Asst. Prof. Leyla Giiven. The dried elder-
berries were ground and subjected to extraction with 50%
ethanol under acidic conditions (pH: 2) for a total of 5 days
at room temperature in the dark, with shaking maceration
repeated three times. The acidified methanol extract was
prepared using a 25% HCI: methanol (1:9) solvent mixture,
extracted at room temperature and in an ultrasonic bath for
30 min, repeated three times [12]. The solvent was evapo-
rated using a rotary evaporator, and the obtained extracts
were lyophilized to dryness using a rotavapor (<40 °C). The
extracts were stored in dark-colored bottles at -20 °C until
the time of analysis [23]. The bioactive composition of SN
extract, including anthocyanins (malvidin), flavonols (quer-
cetin, rutin, kaempferol), and phenolic acids (gallic, caffeic,
ferulic acid), has been extensively characterized in previous
studies [12, 15].

Animals and experimental groups

Eight- to ten-week-old male Sprague Dawley rats with a
body weight (BW) of 200+20 g were used in the study. Sam-
ple size was determined using G*Power software (version
3.1.9.7). Based on previous STZ-induced diabetic rat study
(Ayan et al., 2019), an effect size of f=0.56 was calculated.
With a=0.05 and power=0.80, one-way ANOVA analysis
required n=10 per group (total N=40). The study strictly
adhered to the ARRIVE guidelines and was conducted fol-
lowing the national regulations for the ethical use and care
of laboratory animals. During the experiment, the rats were
allowed ad libitum access to standard laboratory chow and
tap water under a 12-hour dark/light cycle at 22+3 °C.

Rats were randomly divided into four experimental
groups (n=10/group):

Control (C): Healthy rats receiving 0.5 mL of 0.9% NaCl
via oral gavage every other day for 10 weeks. Rats were not
subjected to STZ injection.

Sambucus nigra (SN): Healthy rats receiving SN extract
(0.040 g/kg BW) suspended in 0.9% NaCl via oral gavage
every other day for 10 weeks. No diabetes induction was
performed [24].

Diabetes mellitus (DM): Rats were fasted for 8 h and
then received a single intraperitoneal injection of STZ (50
mg/kg BW) in citrate buffer (0.1 M, pH 4.5) to induce dia-
betes [25]. Blood glucose levels were measured from tail
vein samples at 72 h post-injection to confirm diabetes
(FBG > 250 mg/dL) and again at week 10 to assess progres-
sion without treatment.

Diabetes+Sambucus nigra (DM+SN): Following dia-
betes confirmation (as above), rats received SN extract
(0.040 g/kg BW) via oral gavage starting one day post-diag-
nosis and continuing every other day for 10 weeks.

Sample collection

Upon completion of the 10-week intervention, animals
underwent an 8-hour fast with unrestricted water access
before terminal FBG assessment and blood sampling. Deep
surgical-plane anesthesia was subsequently achieved via
sevoflurane inhalation (Sevorane®, Abbott Laboratories,
Istanbul, Tiirkiye), and euthanasia was performed by over-
dose of inhalational anesthesia, in accordance with the insti-
tutional animal care and use committee guidelines and the
AVMA Guidelines for the Euthanasia of Animals. Imme-
diately following euthanasia, trunk blood was drawn into
plain collection tubes and permitted to coagulate at ambient
temperature over 30 min. Samples were then centrifuged at
1500 x g for 5 min at 4 °C. The resulting serum supernatants
were carefully collected, aliquoted, and stored at —80 °C
until biochemical and molecular analyses. Following
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decapitation, intact brains were swiftly harvested and rinsed
with chilled sterile physiological saline to clear residual
blood. A mid-sagittal division yielded two hemispheres:
one was flash-frozen in liquid nitrogen and maintained at
—80 °C for subsequent biochemical assays and qRT-PCR
analyses, while the other hemisphere was immersed in 10%
neutral buffered formalin solution for 2448 h for histopath-
ological examination. Fixed tissues were processed through
graded ethanol series, cleared in xylene, and embedded in
paraffin blocks for sectioning.

Histopathological examination

Harvested brain specimens underwent fixation in 10% phos-
phate-buffered formalin, sequential dehydration through
graded ethanol concentrations, xylene clearing, and paraf-
fin infiltration. Serial sections of 4 um-thick sections were
obtained and mounted on poly-L-lysine-coated slides. Depa-
raffinized sections received H&E staining for morphologi-
cal evaluation. Cortical neuronal degeneration and nuclear
pyknosis were graded semi-quantitatively by determining
the proportion of damaged neurons across six randomly
sampled microscopic fields at 20 magnification. The grad-
ing scale was assigned as follows: Absent (-) designating
intact neuronal architecture with uniformly round, vesicu-
lar nuclei bearing conspicuous nucleoli. Mild (+): <25% of
neurons showing pyknotic nuclei (condensed, hyperchro-
matic, shrunken) or cytoplasmic shrinkage. Moderate (++):
25-50% of neurons affected by pyknotic or degenerative
changes. Severe (+++): >50% of neurons displaying severe
pyknosis, cytoplasmic vacuolization, or loss of normal cel-
lular architecture. These criteria were adapted from estab-
lished histopathological scoring systems for experimental
models of diabetic neuropathy and neurotoxicity [26, 27].
Quantitative analysis was performed using ImagelJ software
(ImageJ bundled with 64-bit Java 1.8.0 112, Wayne Ras-
band, National Institute of Health, Bethesda, MD, USA), all
assessments being performed by a histopathologist who was
masked to group allocation.

In situ hybridization

The staining procedure utilized oligonucleotides rno-miR-
124-5p (5Dig/ ATCAAGGTCCGCTGTGAACACG) and
rmo-miR-144-5p (5Dig/ACTTACAGTATATGATGATATC
C). Paraffin-embedded tissue was sectioned at 4 um thick-
ness and placed onto poly-L-lysine-coated glass slides.
While these slides provided adequate tissue adhesion under
our experimental conditions, we note that positively charged
glass slides (e.g., SuperFrost Plus) may be preferable in
future studies to further minimize tissue detachment during
enzymatic digestion and elevated temperature incubations.
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The mounted sections underwent thermal conditioning at
57 °C for 60 min before deparaffinization via sequential
xylene and graded alcohol baths. After washing with PBS,
the sections were treated with Proteinase K at 10 pg/mL in
50 mM Tris-HCI, 5 mM EDTA, pH 8.0 for 10 min at room
temperature, which was optimized to achieve sufficient tis-
sue permeabilization while preserving RNA integrity. Pre-
hybridization solution was applied at 50 °C for 3 h, and
sections were incubated overnight at 45 °C with digoxi-
genin-labeled probes at a working concentration of 50 nM
in hybridization solution. Following hybridization, slides
were washed in 2x SSC for 10 min at room temperature, fol-
lowed by two washes in 0.5x SSC at 55 °C for 15 min each.
A final high-stringency wash was performed in 0.1x SSC at
60 °C for 10 min. Sections were then equilibrated in PBS
and subjected to a blocking step. After blocking, the sec-
tions were incubated with anti-DIG antibody (1:50 dilution)
at room temperature for 4 h, followed by three 10-minute
washes with PBS and two 5-minute washes with alkaline
phosphatase buffer. Staining was performed using 6.6 uL
NBT and 3.3 uL BCIP per 1 mL of AP buffer, resulting in
final concentrations of 33 uM NBT and 16.5 uM BCIP, at
room temperature. Sections were then washed with distilled
water, counterstained, and examined under a microscope.
Control experiments included sections hybridized with
a scrambled sequence probe of comparable length and GC
content as a negative control, which consistently showed
no detectable staining following NBT/BCIP development,
indicating that endogenous alkaline phosphatase activity
did not contribute to background signal. A probe targeting
U6 snRNA was used as a positive control to verify RNA
integrity and ISH efficiency; robust and consistent U6 stain-
ing was observed in all samples. For quantification, miRNA
expressions were analyzed in six randomly selected cor-
tex areas at x20 magnification using the ImageJ] program
(ImageJ bundled with 64-bit Java 1.8.0 112, Wayne Ras-
band, National Institutes of Health, Bethesda, MD, USA).

RNA isolation, cDNA synthesis, and qRT-PCR analysis

The expression levels of miR-124-5p and miR-144-5p in
tissue and serum samples were evaluated using real-time
polymerase chain reaction (QRT-PCR). For this purpose,
RNA isolation, cDNA synthesis, and gqRT-PCR procedures
were carried out according to the following protocols.
RNA isolation from tissue and serum samples stored at
-80 °C was performed using the ECoPURE Total RNA Kit
(Ecotech Biotechnology, Erzurum, Tiirkiye) and TRUEzol
LS Reagent (Ecotech Biotechnology, Erzurum, Tiirkiye),
following the manufacturer’s protocol. The concentration
and purity of the RNA samples were measured using an
Epoch Microplate Spectrophotometer (BioTek Instruments,
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Winooski, VT, USA) [28]. Due to the limited size of the
tissue samples, comparable tissue fragments of similar size
were used for RNA isolation rather than weighing each
specimen individually. Tissue samples used for RNA isola-
tion and antioxidant enzyme assays were processed using
independent tissue portions.

cDNA synthesis was performed using 1000 ng of RNA
from tissue samples and 100 ng of RNA from serum sam-
ples. The cDNA synthesis was carried out using the ‘High
Capacity cDNA Reverse Transcription Kit” (Thermo Fisher
Scientific, USA) and stem-loop RT primers according to the
manufacturer’s protocol. For miRNA reverse transcription,
miRNA-specific stem-loop RT primers were used to enable
the specific reverse transcription of mature miRNAs prior
to qRT-PCR analysis. The stem-loop RT primers and cor-
responding miRNA-specific qPCR primers were designed
according to the stem-loop RT-qPCR strategy described
by Kramer [29]. Amplification reactions utilized 5x HOT
FIREPol® EvaGreen® qPCR Mix following the manufac-
turer’s instructions, with a Rotor-Gene Q Real-Time PCR
(Qiagen). For expression analysis in tissue samples, the
RNU43 was used as an internal control, while RNU6b (U6)
was used as an internal control for serum sample expres-
sion analysis. The Ct values of the reference genes were
evaluated and showed no significant variation among the
experimental groups, indicating stable expression under the
experimental conditions. The experiments were performed
at least in duplicates. Relative quantification analysis was
conducted using the 2°-ACt method [29]. The primer
sequences used in the study are provided in Table 1.

Table 1 qRT-PCR Primer Sequences

Gene Primer Sequence
RNU43 Forward 5’-CAAATGATGAATCCTTTGAC
GGGC-3’
Reverse  5’-AGATCAGAACATGACAATC
AGCAC-3’
Ue Forward 5’-CGCTTCGGCAGCACATATA
CT-3°
Reverse  5’-ACGCTTCACGAATTTGCG
TG-3’

rno-miR-124-5p  Stem loop 5’-GTCGTATCCAGTGCAGGGT
CCGAGGTATTCGCACTGGATA
CGACATCAAG-3’
5’-CACGCACGTGTTCACAGC-3’
5’-CAGTGCAGGGTCCGAGGT
A-3
Stem loop 5’-GTCGTATCCAGTGCAGGGT
CCGAGGTATTCGCACTGGATA
CGACACTTAC-3’

Forward
Reverse

rno-miR-144-5p

Forward 5’-CGCGCGCGGATATCATCAT
A-3’

Reverse  5’-CAGTGCAGGGTCCGAGGT
A-3’

Biochemical examination

Brain specimens designated for biochemical assessment
were procured immediately after sacrifice and preserved
at -80 °C until the time of analysis. Tissue disruption was
carried out under cryogenic conditions using a TissueLy-
ser device (Qiagen, Hilden, Germany), with homogeniza-
tion performed in PBS at a ratio of 1 mL per 50 mg tissue.
The resulting homogenates were clarified by centrifugation.
In all homogenates, levels of reduced glutathione (GSH),
malondialdehyde (MDA), nitric oxide synthase (NOS),
and aldose reductase (AR) were quantified with validated
commercial ELISA platforms according to each manufac-
turer’s recommended protocol. Levels of GSH (SunRed,
Catalog No: 201-11-5134), MDA (SunRed, Catalog No:
201-11-0157), NOS (SunRed, Catalog No: 201-11-0705),
AR (SunRed, Catalog No: 201-11-6135) were reported in
mg/L, nmol/mL, ng/mL, and ng/mL, (per gram of wet tis-
sue) respectively.

Immunohistochemical method

Tissue Sect. (5 um) mounted on poly-L-lysine—coated
slides were deparaffinized in xylol, rehydrated through a
descending alcohol gradient, rinsed in PBS, and treated with
3% hydrogen peroxide for 10 min to quench endogenous
peroxidase activity. To release the antigen in the tissues,
they were treated with antigen retrieval solution at 500 W
for 2x5 min. Following a non-specific protein blocking
step and PBS rinse, sections were exposed to anti-caspase-3
primary antibody (1:200 working dilution) at 4 °C for an
overnight incubation period. As secondary; Large Volume
Detection System: Anti-Polyvalent, HRP (Thermo Fisher,
Catalog No: TP-125-HL) was used as recommended by
the manufacturer. DAB (3,3’-diaminobenzidine) was used
as chromogen. After counterstaining with Mayer’s hema-
toxylin, they were covered with aqueous mounting medium
and examined under a light microscope. Immunopositivity
intensities in 6 different random cortex areas at x20 magni-
fication were evaluated in Image]J software.

Statistical analysis

All statistical computations were executed in SPSS v25.0
(IBM Corp., Armonk, NY) in conjunction with GraphPad
Prism 9.0 (San Diego, CA). Distribution normality was
confirmed via the Kolmogorov—Smirnov procedure and
variance equality by Levene’s test prior to parametric analy-
ses. All variables satisfied these distributional prerequisites
(p>0.05 for both tests). For biochemical parameters, his-
topathological scores, immunohistochemical quantification,
and in situ hybridization data, inter-group comparisons were
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conducted by one-way ANOVA with Tukey’s multiple com-
parison correction. Values are reported as mean+SD for
n=10 per group. For qRT-PCR gene expression data, sta-
tistical comparisons between control and treatment groups
were performed using Student’s t-test. Expression data are
presented as mean+ standard error of the mean (SEM). Sta-
tistical significance was defined at a threshold of p<0.05.
All statistical tests were two-tailed.

Results
Blood glucose levels

Diabetes confirmation was performed 72 h after STZ
administration by measuring tail-vein FBG. Animals exhib-
iting FBG exceeding 250 mg/dL were classified as diabetic
and enrolled, whereas those not achieving this glycemic
threshold were excluded to guarantee sustained hypergly-
cemic status. Fasting blood glucose levels were reassessed
at the end of the 10-week intervention to monitor both the
persistence of diabetes and the effects of the SN treatment.
Inclusion criteria were male Sprague Dawley rats aged 7
week with body weight 200+20 g, and confirmed hyper-
glycemia after STZ injection. Exclusion criteria included
rats failing to develop hyperglycemia or exhibiting severe
health complications during the study period. STZ injec-
tion produced consistent hyperglycemia across both the
DM and DM+SN cohorts by 72 h post-administration
(265.0+£31.12 and 265.0+39.11 mg/dL, respectively) com-
pared to control groups (p<0.001). By week 10, untreated

Table 2 Mean fasting blood glucose and body weight levels measured
at baseline/72 h and at week 10 of the intervention

Fasting Blood Glucose (mg/dL)

Groups 72h Week 10 p-value*
Control 82.22+16.91% 84.02+2.14% 0.950
SN 82.00+16.15" 80.98+16.16° 0.100
DM 265.0+31.12¢ 485.0+40.01¢ 0.850
DM +SN 265.0+39.11%¢ 127.0+39.11%¢ 0.185
p-value** 0.000 0.000

Body Weight (g)

Groups Baseline Week 10 p-value*
Control 208.2+6.0 258.0+3.3 <0.001
SN 208.3+5.1 257.3+3.6° <0.001
DM 211.3+5.7 218.2+4.0° 0.011
DM+SN 210.4+6.3 237.1+4.4%¢ <0.001
p-value** 0.559 <0.001

DM: diabetes group, SN: sambucus nigra extract group, DM+ SN:
diabetes and sambucus nigra extract group. Notes: *Comparison
within groups using paired-samples t-test. **Comparison among
groups using One-way ANOVA test. ® > 9¢ Different superscript
letters indicate statistically significant differences between groups
(p<0.05). Values are expressed as mean+SD; N=10; p<0.05 was
considered statistically significant
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DM animals displayed a progressive glycemic escalation
(485.0+40.01 mg/dL), indicating progressive hyperglyce-
mia. Notably, SN-supplemented diabetic rats showed a pro-
nounced attenuation of hyperglycemia (127.0+39.11 mg/
dL at week 10; p<0.001 compared to DM group), reflect-
ing considerable hypoglycemic potency of the extract. Con-
trol and SN-only groups maintained normoglycemic levels
throughout the study period (Table 2).

Mean body weight levels measured at baseline and at
week 10 of the intervention were reported in Table 2. There
were significant differences in terms of body weight in con-
trol, SN, and DM+ SN groups in the 10.week compared to
baseline levels.

Oxidative stress and biochemical parameters

To assess the impact of diabetes on oxidative/nitrosative
stress and the protective effects of SN extract, we mea-
sured GSH, MDA, NOS, and AR levels in both brain tis-
sue (expressed per gram of wet tissue) and serum (Fig. 1).
Oxidative stress markers (GSH, MDA), nitrosative stress
indicator (NOS), and polyol pathway enzyme (AR) lev-
els in brain tissue and serum are presented in Fig. 1. All
one-way ANOVA tests (AR, MDA, GSH, NOS both in
brain tissues (expressed per gram of wet tissue) and serum
samples) resulted significant p values (p <0.05). Post-hoc
Tukey test demonstrated statistically significant differences
across all parameters in both brain tissue (Fig. 1A) and
serum (Fig. 1B) among experimental groups. In diabetic
rats, MDA levels were significantly elevated while GSH
levels were markedly decreased, indicating severe oxidative
stress. SN treatment effectively reversed these alterations,
reducing MDA and restoring GSH to near-control levels.
Similarly, NOS activity and AR levels, which were altered
in the diabetic condition, showed significant improvement
with SN administration (p <0.01). Figure 1. Levels of GSH,
MDA, NOS, and AR expression were measured in brain
tissue samples through biochemical analysis. Data are pre-
sented as mean+SD (n=10 per group). Statistical analysis
was performed using one-way ANOVA followed by Tukey’s
post hoc test. *p<0.05, **p<0.01, ***p<0.001.

gRT-PCR results

To probe the molecular underpinnings of SN-mediated
neural protection, we profiled the abundance of two diabe-
tes-linked miRNAs (miR-124-5p and miR-144-5p) across
brain parenchyma and circulating serum fractions (Fig. 2).
The analysis of miR-124-5p and miR-144-5p in bar-
ian tissue samples of differrent groups, we found that the
expression level of miR-124-5p significantly decreased in
the DM group compared to the Control group (Fig. 2A).
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Fig. 3 rmo-miR-124-5p expression. (A) Control group, (B) SN group;
severe expression, (C) DM group; mild expression, (D) DM+SN
group; moderate expression (—), rno-miR-144-5p expression. A-

Table 3 Statistical analysis of the expression levels of rno-miR-124-5p
and rno-miR-144-5p

Groups rno-miR-124-5p rno-miR-144-5p
Control 14.51+4.31% 17.32+5.90°
SN 16.09+5.83° 15.94+6.242
DM 427+2.18° 9.41+4.85"
DM +SN 9.04+4.16° 8.17+5.01°

DM: diabetes group, SN: sambucus nigra extract group, DM+ SN:
diabetes and sambucus nigra extract group. ~ ®¢ The difference
between groups in the same column (p<0.05)

Additionally, SN-treated diabetic animals displayed a recov-
ery of miR-124-5p levels approaching those observed in the
control cohort (Fig. 2A). Furthermore, miR-144-5p abun-
dance in cerebral tissue did not differ significantly across
groups (Fig. 2B). Assessment of circulating miRNA profiles
revealed that neither miR-124-5p nor miR-144-5p exhibited
inter-group variation at the serum level (Fig. 2C-D).

In situ hybridization results

To spatially visualize miRNA expression patterns in brain
tissue and validate qRT-PCR findings, in situ hybridization
was performed using probes specific for rno-miR-124-5p
and rno-miR-144-5p (Figs. 3; Table 3). As shown in Table 3,
statistically significant differences were detected among
groups in the in situ hybridization staining with rno-miR-
124-5p and rno-miR-144-5p oligonucleotides (p <0.05).

In the control and SN groups, the expression levels of
rno-miR-124-5p and rmo-miR-144-5p were at severe levels.

@ Springer

Control group, B- SN group; severe expression, C- DM group; moder-
ate expression, D- DM+ SN group; moderate expression, (—). Scale
bar: 50 pm; magnification: x20. IHC

In the DM group, the expression of rno-miR-124-5p was at
a mild level, while the expression of rno-miR-144-5p was
at a moderate level. In the DM+ SN group, both rno-miR-
124-5p and rno-miR-144-5p were expressed at a moderate
level (Fig. 3).

Immunohistochemical results

To evaluate apoptotic pathway activation in neuronal tis-
sues, we assessed caspase-3 expression, a key executioner
enzyme in programmed cell death (Fig. 4; Table 4). Statisti-
cally significant differences were detected among groups in
the caspase-3 expression evaluation (Table 4).

No significant caspase-3 immunopositivity was detected
in the Control and DM group. In the other treatment groups,
caspase-3 immunopositivity was found to be severe in the
DM group and mild in the DM+ SN group (Fig. 4).

Histopathological results

To determine the ultimate morphological consequences of
diabetes-induced oxidative stress, miRNA dysregulation,
and apoptotic activation, histopathological examination of
neuronal integrity was performed (Fig. 5; Table 5). Statisti-
cally significant differences were detected among groups in
the histopathological evaluation (Table 5).

Cortical neurons in both Control and SN-only animals
exhibited intact cytoarchitecture. By contrast, diabetic
groups (DM and DM+SN) displayed graded neuronal
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Fig.4 Immunohistochemical expression of caspase-3 in rat cerebral cortex. A- Control group, B- SN group; immun negative, C- DM group; severe
immunpositivity, D- DM+ SN group; mild immunpositivity, (—). Scale bar: 50 pm; magnification: x20. IHC

Table 4 Caspase-3 expressions in neurons

Groups Cortex
Control 4.09+2.18*
SN 5.34+3.29*
DM 78.61+13.46°
DM+SN 27.46+6.39¢

DM: diabetes group, SN: sambucus nigra extract group, DM+ SN:
diabetes and sambucus nigra extract group. Data are presented as
mean=SD (n=10/group). ® ®° The difference between groups in the
same column (p<0.05)

pathology: the DM group showed pronounced pyknosis and
cellular degeneration, whereas the DM+ SN group exhib-
ited only mild morphological alterations. Affected neurons
were characterized microscopically by nuclear condensa-
tion and perikaryal shrinkage (Fig. 5).

Discussion

The present investigation examined the antioxidant and
neural-protective capacity of black elderberry (Sambucus
nigra, SN) extract were investigated in experimentally
induced T2DM rats. This study is unique in evaluating the
protective effects of SN extract on both brain and serum
in an experimental T2DM model. Considering the effects
of oxidative stress and sorbitol accumulation in tissues in
the pathogenesis of diabetic neuropathy, investigating these
effects in both serum and brain tissue is valuable. In addition
to histopathological evaluation, molecular and biochemical
analyses were conducted to strengthen the results.

Chronic hyperglycemia in T2DM triggers mitochondrial
dysfunction and excessive production of reactive oxygen
species, leading to oxidative stress that plays a central role
in the development of diabetic complications [30]. Our bio-
chemical analyses revealed marked oxidative imbalance
in diabetic rats, evidenced by elevated MDA levels and
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Fig.5 Histological changes in the rat brain cortex. A-B Control group,
C-D SN group; normal histological appearance, E-F DM group;
severe pyknosis and degeneration in neurons (g, —), G-H DM+SN

Table 5 Pyknotic and degenerative changes in neurons

Groups Cortex
Control 2.26+1.84%
SN 3.15+1.74%
DM 15.84+6.18"
DM +SN 6.71+3.69¢

DM: diabetes group, SN: sambucus nigra extract group, DM+ SN:
diabetes and sambucus nigra extract group. Data are presented as
mean+SD (n=10/group). * *° The difference between groups in the
same column (p<0.05)

depleted GSH levels. SN extract effectively reversed these
alterations, restoring both parameters to near-control levels
(p < 0.01). This redox-modulatory effect carries substan-
tial mechanistic weight, as oxidative burden constitutes the
proximal instigator of several deleterious downstream cas-
cades: suppression of neuroprotective miRNA pools, com-
promise of mitochondrial bioenergetics, and engagement of
programmed cell death signaling [31]. By neutralizing reac-
tive oxygen species through its polyphenolic compounds,
SN extract interrupts this initiating pathological mechanism.
These findings align with studies demonstrating antioxidant
effects of polyphenol-rich extracts in diabetic models [9,
32]. In this context, a study conducted on mice found that
SN extract has a reducing effect on oxidative DNA damage
[33]. This result suggests that SN extract has antioxidant
properties and may protect cells from the harmful effects
of free radicals. Our data indicated that diabetic conditions
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elevated MDA—a terminal byproduct of membrane lipid
peroxidation widely employed as an oxidative damage
index—whereas SN supplementation attenuated these ele-
vations. Conversely, the endogenous antioxidant defenses
reflected by GSH content and NOS activity were depleted
under hyperglycemic stress but substantially recovered
upon SN administration. In an experimental study investi-
gating the efficacy of SN extract in diabetes within a gold
nanoparticulate formulation, SN extract increased the GSH/
GSSG ratio in muscle tissue and circulation, and decreased
MDA levels in rats with diabetes induced by streptozoto-
cin. Researchers have suggested that gold nanoparticulate
with SN extract offers a great potential as an adjuvant for
diabetes treatment due to its ability to increase antioxidant
defense and reduce inflammation in liver tissue [34].
Furthermore, a notable observation in our study was that
SN extract’s regulatory effect on aldose reductase activity,
a critical enzyme in the polyol pathway. Under hyperglyce-
mic conditions, increased aldose reductase activity leads to
excessive sorbitol accumulation in neural tissues, triggering
osmotic stress and contributing to diabetic neuropathy [35].
Our results demonstrated that SN extract significantly atten-
uated the diabetes-induced elevation of aldose reductase
activity in brain tissue. The modulation of aldose reductase
by SN extract likely occurs through the direct interaction of
its polyphenolic compounds with the enzyme’s active site,
similar to the mechanism reported for quercetin derivatives
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[36]. This regulation of the polyol pathway not only protects
against neuronal damage but may also help prevent other
diabetes-related microvascular complications where aldose
reductase plays a pathogenic role [37].

From a molecular signaling perspective, the neuropro-
tective mechanism of SN extract appears to involve sev-
eral interconnected pathways beyond direct antioxidant
scavenging. Recent evidence has demonstrated that SN
extract activates the nuclear factor erythroid 2-related fac-
tor 2/heme oxygenase-1 (Nrf2/HO-1) signaling cascade,
a master regulator of the cellular antioxidant defense sys-
tem [38]. Activation of Nrf2 promotes the transcription of
cytoprotective genes including HO-1, NAD(P)H quinone
dehydrogenase 1 (NQO1), and glutathione S-transferase,
collectively enhancing the cell’s capacity to neutralize reac-
tive oxygen species and electrophilic stress. Concurrently,
SN bioactive compounds particularly quercetin, rutin, and
cyanidin-3-glucoside have been shown to suppress the
nuclear factor-kappa B (NF-kB) inflammatory signaling
pathway, thereby reducing the production of pro-inflamma-
tory cytokines such as tumor necrosis factor-alpha (TNF-
o), interleukin-1p (IL-1B), and interleukin-6 (IL-6) [39,
40]. The crosstalk between Nrf2 activation and NF-kB sup-
pression is particularly relevant in diabetic neuropathy, as
chronic hyperglycemia-induced NF-kB activation drives
neuroinflammation, which in turn exacerbates oxidative
damage and neuronal apoptosis. Furthermore [41], demon-
strated that aqueous SN extract promotes neuroprotection
partly through inhibition of mammalian target of rapamy-
cin complex 1 (mTORCI1) and recovery of autophagy in
neuronal cell models, suggesting that SN may facilitate the
clearance of damaged cellular components and misfolded
proteins that accumulate under diabetic conditions. Addi-
tionally, narcissoside, a flavonoid glycoside isolated from
SN flowers, has been shown to exert neuroprotective effects
through enhancement of the miR200a/Nrf2/GSH axis and
modulation of ERK/Akt signaling while inhibiting JNK and
p38 MAPK phosphorylation in neurotoxicity models [42].
These converging molecular pathways collectively explain
the observed reduction in oxidative stress markers, attenu-
ation of caspase-3-mediated apoptosis, and preservation of
miR-124-5p expression in SN-treated diabetic rats in the
present study.

The molecular mechanisms underlying SN’s neuropro-
tective effects were further evidenced by our miRNA expres-
sion analyses. We observed that miR-124-5p expression
significantly decreased in diabetic rat brain tissue and was
restored to near-control levels following SN treatment. This
finding requires careful interpretation within the context of
tissue-specific miRNA regulation. miR-124, the most abun-
dant miRNA in the brain, exhibits paradoxical expression
patterns across different tissues in diabetes. While [43] and

[44] report elevated miR-124 in serum and pancreatic tis-
sues of diabetic patients where it negatively regulates insu-
lin secretion, our observation of decreased brain miR-124
aligns with findings in other diabetic tissues showing miR-
124 suppression under oxidative stress conditions. Liang et
al. [45] demonstrated that miR-124-3p expression decreases
in diabetic kidney disease, where it regulates mitochondrial
function through the FOXQ1/Sirt4 pathway. Similarly, in
another study using an in vitro diabetic retinopathy model, it
was shown that miR-124 suppresses the function of G3BP2,
which regulates the p38MAPK signaling pathway, thereby
regulating the impaired functions of human retinal micro-
vascular endothelial cells induced by high glucose, suggest-
ing that miR-124 could be used as a potential biomarker in
diabetic retinopathy treatment [46]. These studies suggest
that miR-124 acts as a protective factor in multiple tissues,
and its suppression under diabetic conditions contributes
to cellular dysfunction. The restoration of miR-124 by SN
treatment likely reflects the extract’s ability to reduce oxi-
dative stress and preserve protective signaling pathways,
thereby maintaining cellular integrity and mitochondrial
function in brain tissue. Yu et al. [47] showed that miR-144
inhibition reduces cardiac apoptosis in diabetic mice, while
Ekta et al. [48] reported its upregulation in diabetic liver
damage. This tissue-specific pattern suggests that miR-144
dysregulation primarily affects metabolic and cardiovas-
cular systems rather than brain tissue in our experimental
model. The modest changes observed by in situ hybridiza-
tion, which were not confirmed by qRT-PCR, may reflect
regional or cellular heterogeneity within brain structures
that is masked when analyzing whole-tissue homogenates.
Our findings demonstrated that SN extract modulates diabe-
tes-associated miRNA dysregulation in a tissue-appropriate
manner, restoring miR-124-mediated neuroprotective sig-
naling pathways without affecting miR-144 expression in
brain tissue. This selective miRNA modulation, combined
with direct antioxidant effects and reduced caspase-3 activa-
tion, contributes to the observed neuronal protection.
Programmed apoptotic cell death, governed by tightly
coordinated gene programs and frequently implicated in
neurodegenerative pathology, represents a pivotal route
through which hyperglycemia inflicts irreversible neuro-
nal loss [49]. The executioner protease caspase-3 occupies
a central position in this apoptotic cascade and constitutes
a decisive effector of neuronal demise within the central
nervous system [50]. Our immunohistochemical findings
demonstrated significantly increased caspase-3 expression
in the cerebral cortex of diabetic rats, indicating enhanced
neuronal apoptosis. Treatment with SN extract markedly
attenuated this diabetes-induced apoptotic response, as evi-
denced by reduced caspase-3 immunoreactivity. This neu-
roprotective effect aligns with recent study demonstrating
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that anthocyanin-rich extracts prevent neuronal apoptosis
in diabetic models by modulating the Bel-2/Bax pathway
and suppressing caspase activation [51]. The mechanism
underlying SN’s anti-apoptotic effect appears multifacto-
rial: our findings demonstrate that SN extract reduces oxi-
dative stress (decreased MDA, increased GSH and NOS),
which prevents mitochondrial dysfunction and subsequent
caspase-3 activation. Additionally, the restoration of miR-
124-5p expression in SN-treated diabetic rats may contrib-
ute to anti-apoptotic signaling, as this miRNA regulates
multiple pathways involved in neuronal survival and glu-
cose metabolism [52].

The histopathological evidence of reduced neuronal
pyknosis and degeneration in SN-treated diabetic brains
provides critical validation that molecular and biochemical
improvements translate to preserved tissue integrity. This
concordance between markers (restored miR-124, reduced
caspase-3), biochemical parameters (normalized oxidative
stress, decreased aldose reductase), and morphology dem-
onstrates an integrated protective mechanism rather than
isolated effects.

Several limitations should be acknowledged. First, the
single-dose design without dose-response evaluation limits
determination of optimal therapeutic ranges and prevents
comparison with standard pharmacological agents. Sec-
ond, while caspase-3 immunoreactivity provided evidence
of apoptosis, additional markers such as Bax, Bcl-2, and
TUNEL assay would offer more comprehensive character-
ization of apoptotic pathway modulation. Third, although
we have discussed the possible involvement of Nrf2/HO-1,
NF-kB, and mTORC1/autophagy pathways based on pub-
lished evidence with SN extract, direct measurement of
these signaling molecules was not performed in the present
study and warrants investigation in future research. Fourth,
as we could not determine the total protein concentration,
we reported the results on a per gram of wet tissue weight
basis, not on milligrams of protein per wet tissue. Future
studies should incorporate dose-response designs with phar-
macological controls, comprehensive apoptotic and antioxi-
dant enzyme profiling, detailed signaling pathway analyses
(including Nrf2, NF-«kB, and PI3K/Akt), and mechanistic
investigations to establish SN extract’s clinical translation
potential for diabetic neuropathy management.

Conclusion

Taken together, our findings establish that SN extract con-
fers pronounced antidiabetic and neuroprotective ben-
efits in a streptozotocin-induced T2DM rat model, with
results consistent with the literature highlighting its anti-
oxidant properties. The extract modulated miR-124-5p and
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miR-144-5p expression, suppressed neuronal apoptosis as
evidenced by reduced caspase-3 immunoreactivity, and
improved oxidative stress markers by decreasing MDA lev-
els while increasing GSH and NOS. These molecular and
biochemical improvements were supported by histopatho-
logical evidence showing reduced neuronal degeneration.
These results position SN extract as a candidate adjunctive
intervention for T2DM management and the prevention of
associated neurological sequelae. Further research should
investigate the clinical relevance of these findings and the
potential for integrating SN extract into therapeutic regi-
mens for diabetic patients, with a focus on understanding
the precise molecular mechanisms involved. Future studies
should also explore apoptotic signaling pathways in greater
detail, including the evaluation of gene expression and addi-
tional molecular markers related to apoptosis.
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Journal’s performance

Journal Impact Factor

The Journal Impact Factor (JIF) is a journal-level metric calculated from data indexed in the Web of Science Core

Collection. It should be used with careful attention to the many factors that influence citation rates, such as the volume

of publication and citations characteristics of the subject area and type of journal. The Journal Impact Factor can

complement expert opinion and informed peer review. In the case of academic evaluation for tenure, it is inappropriate

to use a journal-level metric as a proxy measure for individual researchers, institutions, or articles. Learn more

2024 JOURNAL IMPACT
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View calculation
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Journal Citation $ Export
Indicator (JCI)

0.48

The Journal Citation Indicator (JCI) is the average Category
Normalized Citation Impact (CNCI) of citable items (articles
& reviews) published by a journal over a recent three year
period. The average JCl in a category is 1. Journals with a
JCl of 1.5 have 50% more citation impact than the average
in that category. It may be used alongside other metrics to
help you evaluate journals. Learn more
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Total Citations *
19,221

The total number of times that a journal has been cited by
all journals included in the database in the JCR year.
Citations to journals listed in JCR are compiled annually
from the JCR years combined database, regardless of
which JCR edition lists the journal.
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Citation distribution + Export

The Citation Distribution shows the frequency with which items published in the year or two years prior were cited in the JCR
data year (i.e., the component of the calculation of the JIF). The graph has similar functionality as the JIF Trend graph,
including hover-over data descriptions for each data point, and an interactive legend where each data element's legend can be
used as a toggle. You can view Articles, Reviews, or Non-Citable (other) items to the JIF numerator. Learn more
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Times cited in JCR year

Articles ® Reviews @ Other Article Citation Median ® Review Citation Median

Open Access (OA) + Export

The data included in this tile summarizes the items published in the journal in the JCR data year and in the previous two years.
This three-year set of published items is used to provide descriptive analysis of the content and community of the journal. Learn

more

ltems Citations”

TOTAL CITABLE % OF CITABLE OA TOTAL CITABLE % OF CITABLE OA
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Rank by Journal Impact Factor

Journals within a category are sorted in descending order by Journal Impact Factor (JIF) resulting in the Category Ranking
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below. A separate rank is shown for each category in which the journal is listed in JCR. Beginning in 2023, ranks are calculated

by category. Learn more

CATEGORY

BIOCHEMISTRY & MOLECULAR BIOLOGY
187/320

JCR YEAR JIF RANK JIF QUARTILE JIF PERCENTILE

2024

2023

187/320 Q3

204/313 Q3

41.7

35.0

Rank by JIF before 2023 for BIOCHEMISTRY & MOLECULAR
BIOLOGY

EDITION

Science Citation Index Expanded (SCIE)

JCR

YEAR

2022

2021

2020

JIF
JIF RANK

QUARTILE

206/285 Q3
237/297 Q4

238/295 Q4

JIF PERCENTILE

27.9

20.37

19.49
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Rank by Journal Citation Indicator (JCI)

Journals within a category are sorted in descending order by Journal Citation Indicator (JCI) resulting in the Category Ranking

below. A separate rank is shown for each category in which the journal s listed in JCR. Data for the most recent year is

presented at the top of the list, with other years shown in reverse chronological order. Learn more

CATEGORY

BIOCHEMISTRY & MOLECULAR BIOLOGY

241/321

JCR YEAR JCI RANK JCI QUARTILE JCI PERCENTILE

2024

2023

2022

2021

2020

2019

2018

Citation network

241/321 Q4
245/313 Q4
251/315 Q4
248/322 Q4
248/311 Q4
264/310 Q4

210/308 Q3

25.08

21.88

20.48

23.14

20.42

15.00

31.98

Cited Half-life

4.1 years

The Cited Half-Life is the median age of the items in this

Citing Half-life
7.1 years

The Citing Half-Life is the median age of items in other

journal that were cited in the JCR year. Half of a journal's cited publications cited by this journal in the JCR year.

items were published more recently than the cited half-life.

TOTAL NUMBER OF CITES

19,221

NON SELF-CITATIONS

18,918

SELF-CITATIONS

303

Cited Half-life Data

https://jcr.clarivate.com/jcr-jp/journal-profile?journal=MOL BIOL REP&year=2024
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Top 20 journals citing MOL BIOL REP by number of citations

CURR ISSUES MOL BIOL: 92
BIOMOLECULES: 94
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PLOS ONE: 124

BIOMEDICINES: 125

GENES-BASEL: 131

FRONT PHARMACOL: 132

FRONT IMMUNOL: 138
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# OF CITES FROM
2024

19,221 citations
1,075 citations
1,808 citations
3,424 citations
2,989 citations
2,689 citations
1,366 citations

582 citations

52 citations
213 citations
271 citations

4,752 citations

INT J MOL SCI: 815

SCI REP-UK: 355

MOL BIOL REP: 303

PLANTS-BASEL: 219
INT J BIOL MACROMOL: 211

CUMULATIVE

%

100.00%

5.59%

15.00%

32.81%

48.36%

62.35%

69.46%

72.49%

72.76%

73.87%

75.28%

# OF CITING
SOURCES

3,371 sources >
557 sources >
873 sources >

1,333 sources >

1,272 sources 2>

1,185 sources >
724 sources >
410 sources >

49 sources >
158 sources >

198 sources >
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Content metrics

Source data

This tile shows the breakdown of document types
published by the journal. Citable Items are Articles and
Reviews. For the purposes of calculating JIF, a JCR year
considers the publications of that journal in the two prior

years. Learn more

1,123 total citable items

ARTICLES REVIEWS COMBINED(C) OTHER

DOCUMENT
TYPES(O)

NUMBER IN 877 246 1,123 42

JCR YEAR

2024 (A)

NUMBER OF 38,273 25,733 64,006 76

REFERENCES

(B)

RATIO (B/A) 43.6 104.6 57.0 1.8

Contributions by $ Export
organizations

Organizations that have contributed the most papers to
the journal in the most recent three-year period. Learn more

RANK ORGANIZATION COUNT

1 INDIAN COUNCIL 107
OF AGRICULTURAL
RESEARCH (ICAR)

- ISLAMIC AZAD 107
UNIVERSITY

3 EGYPTIAN 106
KNOWLEDGE
BANK (EKB)

4 SHAHID 95
BEHESHTI
UNIVERSITY
MEDICAL
SCIENCES

5 TEHRAN el
UNIVERSITY OF
MEDICAL

Cricnircc
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0 PERCEI

96%

100%

Average JIF Percentile * &

The Average Journal Impact Factor Percentile takes the
sum of the JIF Percentile rank for each category under
consideration, then calculates the average of those values.

Learn more

ALL CATEGORIES BIOCHEMISTRY &

AVERAGE MOLECULAR
41 7 BIOLOGY
. 41.7

Contributions by $ Export
country/region

Countries or Regions that have contributed the most
papers to the journal in the most recent three-year period.

Learn more

RANK  COUNTRY / COUNT
REGION
1 CHINA 835
MAINLAND
2 INDIA 589
3 IRAN 555
4 TURKIYE 254
5 USA 203
6 PAKISTAN 142
7 EGYPT 108
8 BRAZIL 101
9 SAUDI ARABIA 87
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Additional metrics

| 4=

Eigenfactor
Score

0.01755

The Eigenfactor Score is a reflection
of the density of the network of
citations around the journal using 5
years of cited content as cited by the
Current Year. It considers both the
number of citations and the source
of those citations, so that highly
cited sources will influence the
network more than less cited
sources. The Eigenfactor calculation
does not include journal self-
citations. Learn more

0.01755

0.01316

0.00877

Eigenfactor Score

0.00439

0.00000
2020 2021 2022 2023 2024

JCR Years

5Year Impact *

Factor
2.8

View Calculation

The 5-year Impact Factor is the
average number of times articles
from the journal published in the
past five years have been cited in the
JCRyear. It is calculated by dividing
the number of citations in the JCR
year by the total number of articles
published in the five previous years.

Learn more

https://jcr.clarivate.com/jcr-jp/journal-profile?journal=MOL BIOL REP&year=2024

| €=

Normalized
Eigenfactor

3.93237

The Normalized Eigenfactor Score
is the Eigenfactor score
normalized, by rescaling the total
number of journals in the JCR each
year, so that the average journal
has a score of 1. Journals can then
be compared and influence
measured by their score relative to

1. Learn more

3.93237
2.94928
1.96619

0.98309

Normalized Eigenfactor

0.00000
2020 2021 2022 2023 2024

JCR Years

Immediacy =
Index

1.0

View Calculation

The Immediacy Index is the count
of citations in the current year to
the journal that reference content
in this same year. Journals that
have a consistently high
Immediacy Index attract citations

rapidly. Learn more

Article influence®
score

0.510

The Article Influence Score
normalizes the Eigenfactor Score
according to the cumulative size of
the cited journal across the prior five
years. The mean Article Influence
Score for each article is 1.00. A score
greater than 1.00 indicates that each
article in the journal has above-
average influence. Learn more

0.510
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Article Influence Score
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