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L-arginine and N-acetyl-L-cysteine effects

OpwuriHaAbHI AOCAIAXKEHHS

on morphometric parameters in experimental type 1 diabetes-induced

myocardial fibrosis

M. I. Isachenko

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine

Aim. To study the morphometric changes of the myocardial connective tissue component under conditions of experimental
type 1 diabetes mellitus (T1DM) and to evaluate the effectiveness of correction with L-arginine and N-acetyl-L-cysteine.

Materials and methods. The study was conducted on 47 male Wistar rats (18-20 months old). T1DM was induced by strep-
tozotocin (45 mg/kg). The animals were divided into groups: control, T1DM without correction, T1DM with L-arginine, and
T1DM with N-acetyl-L-cysteine (1.5 g/kg/day). The degree of fibrosis was assessed using Masson'’s trichrome staining and
immunofluorescence of type 1 collagen. Microphotographs were analyzed using ImageJ software.

Results. The development of T1DM over 8 weeks led to pronounced myocardial remodeling: interstitial fibrosis increased
by 3.8 times, and perivascular fibrosis by 1.9 times compared to the control. Type 1 collagen content increased by 538 %,
and its concentration by 332 % (p < 0.05). L-arginine administration significantly reduced the progression of both types
of fibrosis (interstitial by 0.5 times, perivascular by 0.7 times); however, it was accompanied by a 37 % increase in type
1 collagen concentration compared with the T1IDM group. N-acetyl-L-cysteine showed a selective effect, significantly
correcting only perivascular fibrosis (0.7-fold reduction) without a significant impact on the interstitial component or type
1 collagen markers.

Conclusions. Experimental type 1 diabetes mellitus leads to maladaptive myocardial remodeling, manifested by fibrosis with a
predominance of the perivascular component over the interstitial and critical accumulation of type 1 collagen. Administration of
L-arginine reduces the progression of interstitial and perivascular fibrosis, but increases the concentration of type 1 collagen.
The use of N-acetyl-L-cysteine effectively corrects perivascular fibrosis, realizing an endothelioprotective effect, but does not
affect the severity of interstitial fibrosis, the content and concentration of type 1 collagen.

Bnaus L-apriHiHy Ta N-auetua-L-uucteiny Ha mopdpomMeTpuuHi napameTpu
npu $ibpo3i miokapaa Ha GpOHi eKkcnepuMeHTaAbHOro LKpPoBOro Aiabety 1 Tuny

M. I. IcaueHko

Merta po6oTH - BUBYUTI MOPPOMETPUYHI 3MiHW CMIONYYHOTKAHUHHOTO KOMMOHEHTa Miokapaa 3a yMOB eKCrepUMEHTarNbHOTo
uykpoBoro gjabety 1 Tuny (LA1) i npu BBEAEHH aMiHOKMCIIOT.

Marepianu i metoau. locnimxeHHs npoeaeHo Ha 47 wwypax-camusx niHii Wistar (18-20 micsauis). L1 mogentoBanu Bee-
LEHHSIM CTPENTO30TOLWMHY (45 mr/kr). TBapuH NOZINUIU Ha YOTMPK rpynn: KoHTporb, L1 6e3 kopekuii, LUA1 3 BBeAEHHAM
L-apriniHy Ta i1 3 BBeaeHHam N-auetun-L-umcteiny (1,5 r/kr/goby). CtyniHb ¢ibpo3y ouiHIoBany 3a JONOMOrok TPUXPOMHOTO
3abapBneHHst 3a MaccoHoM Ta iMyHOIyOpEeCLEHTHOTO BU3HAYEHHS BMICTY Ta KOHLEHTpaUii konareHy 1 tuny. Lindpposuii
aHani3 mikpodpotorpadiii 3gjicHeHo y nporpami ImagedJ.

Pesyastatu. Po3sutok L1 npoTsrom 8 TWKHIB CNpUYMHUB BUPaXeHe peMoaerntoBaHHs Miokapaa: iHTepcTuuiansHun ¢idpos
36inbLumBes y 3,8 pasa, a nepuBackynsipHuii — y 1,9 pasa nopiBHsHO 3 KOHTponeM. BmicT konareHy 1 Tuny 36inbLumBeS Ha
538 %, a ioro koHueHTpauis — Ha 332 % (p < 0,05). BBeaeHHs L-apriHiHy 4OCTOBIPHO 3MEHLUMIIO MPOrpecyBaHHs 0box Tu-
niB ¢pibpoay (iHTepctuuiansHoro — B 0,5 pasa, nepusackynspHoro — B 0,7 pa3a), npoTe CynpoBOAXyBanocs NigBULLEHHAM
KOHLeHTpauii konareHy 1 Tuny Ha 37 % wopgo rpynu LA 1. N-auetun-L-umcTein BusiBuB BUBIpKOBMIA €¢pekT, LOCTOBIPHO KO-
pUrytoun nuLle nepusackynspHui ¢ibpos (3meHwueHHs B 0,7 pasa), 6e3 CyTTEBOrO BNMMBY Ha IHTEPCTULI@NbHWA KOMMOHEHT
Ta NokasHWKW konareHy 1 Tuny.

BucHoBKkM. EKCniepuMeHTanbHU LykpoBwid giabeT 1 Tny npu3BoAMTbL 4O NATOMOMYHOTO PEMOAENtoBaHHA Miokapaa, Lo
nposBNSETbCS hibPO30M i3 NepeBaxaHHAM NepUBaCKYNAPHOrO KOMMOHEHTA Haj iHTEPCTMLanbHUM Ta KPUTUYHUM HaKomu-
YeHHsIM konareHy 1 Tvny. BeeaeHHsi L-apriHiHy 3MeHLLYe NporpecyBaHHs iHTEPCTULanbHOrO i nepuBackynspHoro ¢ibpoay,
npoTe MiABULLYE KOHLEHTpaUito konareHy 1 Tuny. 3actocyBaHHs N-aueTun-L-umncteiHy edhekTUBHO Kopurye NnepuBackynsipHui
hibpo3, peanisytoun eH[oTENIONPOTEKTOPHMIA eChEKT, ane He BNMBAsIO HAa BUPAXEHICTb iHTepCTULianbHOro ¢ibposy, BMiCT
Ta KOHLUEHTpaLlito konareHy 1 Tuny.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Type 1 diabetes mellitus (T1DM) is an independent factor
for the development of cardiomyopathy, characterized by
structural and functional remodeling of the myocardium.
The key morphological feature of this process is progres-
sive interstitial and perivascular fibrosis, which leads to
increased myocardial stiffness, diastolic dysfunction, and
reduced coronary reserve [1]. The pathogenesis of cardiac
fibrosis in diabetes is associated with chronic hyperglyce-
mia, activation of oxidative stress, impaired bioavailability
of nitric oxide (NO), endothelial dysfunction, and fibroblast
stimulation resulting in excessive synthesis of collagen,
predominantly type 1 [2]. Under hyperglycemic conditions,
competition for the substrate (L-arginine) occurs between
endothelial NO synthase (eNOS) and arginase. Activation
of the arginase pathway can shift L-arginine metabolism
from the production of vasoprotective NO to the synthesis
of ornithine — a precursor of proline and polyamines that
stimulate fibrogenesis [3].

The role of antioxidant therapy in correcting different
compartments of fibrosis remains debatable. Donors of
local gasotransmitter systems, such as L-arginine and
N-acetyl-L-cysteine, demonstrate potential cardiopro-
tective properties, but their impact on interstitial versus
perivascular fibrosis may differ significantly [4,5].

Aim

The aim of the study was to study the morphometric
changes of the myocardial connective tissue component
under conditions of experimental type 1 diabetes melli-

tus and to evaluate the effectiveness of correction with
L-arginine and N-acetyl-L-cysteine

Materials and methods

The study was conducted at the Educational and Scientific
Medical and Laboratory Center with Vivarium of Zapo-
rizhzhia State Medical and Pharmaceutical University (Cer-
tificate of Technical Competence of the Ministry of Health of
Ukraine No 181/23 from 21.12.2023, due to 20.12.2028),
following national and European norms for the protection
of animals used for scientific purposes, after approval by
the local Bioethics Commission at the ZSMPHU (protocole
No. 8 from 20 May, 2026) [6,7]. T1DM was modeled in 47
male normoglycemic, normotensive Wistar rats (18-20
months old). The animals were divided into 2 experimental
groups: control (n = 7) and DM1 (n =40) [8]. Induction was
performed with streptozotocin (45 mg/kg, Sigma Aldrich)
in citrate buffer. Control rats received buffer only. Animals
with glycemia >15 mmol/L were included in 2 weeks. From
week 6, DM1 rats were divided into: DM1-1 (without the in-
troduction of amino acids), DM1-2 (L-arginine), and DM1-3
(N-acetyl-L-cysteine). Both substances were administered
in drinking water (1.5 g/kg/day) for 2 weeks (total duration
of simulation — 8 weeks). Euthanasia was performed by
decapitation under sodium thiopental (120 mg/kg).

To visualize collagen fibers and assess the degree
of myocardial fibrosis, 5 um thick paraffin sections of the
rat heart apex were prepared. The classical Masson’s
Trichrome staining method was used, as a result of which
collagen fibers acquired an intense blue color, muscle
tissue — red, and cell nuclei became dark brown.
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Quantitative assessment of myocardial interstitial
fibrosis was performed with Imaged software (National
Institutes of Health, USA). Photomicrographs were
obtained using a light microscope on “PrimoStar” (Carl
Zeiss, Germany) with an “AxioCam 105 color” digital
camera (Carl Zeiss, Germany) with the same lighting and
exposure parameters and saved in TIFF format without
compression. After calibration, the Color Deconvolution
plugin [9] was used to separate the color components
with the “Masson Trichrome vector” selected, and then
the collagen channel (aniline blue) was used for analysis.
Collagen-positive areas were isolated by “Threshold” seg-
mentation using the standard “Default” method and a light
background with visual control to exclude cardiomyocytes
and background; the same threshold parameters were
applied to all images in the series. After thresholding,
a binary mask was created on which the collagen area
was determined using the “Analyze Particles” function
with @ minimum particle size of 210 pm?, a roundness of
0.00-0.70, and exclusion of objects at the edges of the
image. The percentage of fibrosis was calculated as the
ratio of the area of collagen-positive areas to the total area
of tissue in the field of view (58452.6146). For each heart,
50 randomly selected fields of view were analyzed, after
which the average value was calculated.

The assessment of the content and concentration of
collagen type 1 was carried out using the indirect immu-
nofluorescence method. After standard histochemical
processing, tissue antigens were unmasked with 10 mM
sodium citrate buffer, pH = 6.0 (Santa Cruz biotechnology,
Inc., USA, sc-294091) in a PT-module (Thermo Scienti-
fic, USA) for 20 min at +95 °C. After cooling the slides,
they were immersed in phosphate-buffered saline (PBS)
pH =7.4 (Santa Cruz biotechnology, Inc., USA, sc-24946)
and washed in 3 portions of 5 min. After aspiration of
excess moisture in the dark, 300 pl / glass of UltraCruz®
blocking reagent (Santa Cruz biotechnology, inc, USA,
sc-516214) was applied to the sections, in which the
primary and secondary antibodies were subsequently
diluted at a concentration of 1:64. After that, the slides
were washed again three times in PBS. Then, primary
antibodies (goat polyclonal antibodies COL1A1 (C-18):
sc-8784, Santa Cruz Biotechnology, Inc., USA) were used,
with slide incubation for 1 day at t = +4 °C. After washing
three times in PBS, the slides were incubated for 1 hourin
a humidified chamber (t = +37 °C) with FITC-conjugated
secondary antibodies (Santa Cruz Biotechnology, Inc.,
USA: sc-2356). After washing, the sections were mounted
in glycerol for fluorescence microscopy (1040950250,
Sigma-Aldrich, Germany).

Immunofluorescence study was performed using
an Axiolmager-M2 microscope (Carl Zeiss, Germany)
equipped with high-emission 38HE filters (green fluo-
rescence — Aex = 470/40 nm, Aem = 525/50). Analysis of
at least 50 image files, obtained using a high-sensitivity
AxioCam-ERc 5s video camera (Carl Zeiss, Germany),
was carried out in ImageJ. Areas with statistically signifi-
cant fluorescence were identified in an automatic mode,
followed by the calculation of the immunoreactive material
content (expressed in Uif), which was defined as corrected
total cell fluorescence (CTCF). It was calculated using
the formula: CTCF = (ID — (S x (M — SD))) / 1000, where
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Table 1. Results of the study of the parameters of the connective tissue component of the myocardium of rats of the experimental groups, M £+ m

Parameter
Control, n=7 10.19£0.48 2.04+£0.01 50.13 £ 0.57* 1.01+0.01*

DM1-1,n=7 19.85 £ 0.93* 7.68 £0.11* 319.93 + 46.08* 4.37 £0.36*

DM1-2,n=7 14.02 £ 0.82* 4.01+0.02* 382.83 £25.21* 5.99 +0.41%

DM1-3,n=7 14.38 + 0.59** 7.95+0.17* 328.52 + 23.45* 4.66 +0.41*

*: statistically significant difference compared to control, p < 0.05; #: statistically significant difference between correction groups compared to DM1-1 without amino acids,

p < 0.05; $: tatistically significant difference between DM1-3 group with N-acetyl-L-cysteine compared to DM1-2 with L-arginine, p < 0.05.

ID — the integrated density; S — the area of the region of
interest (ROI), um? M (Median) — the median pixel value
in the ROI, Uif; SD — the standard deviation of grey values
calculated in the ROI.

The concentration (C) of the immunoreactive mate-
rial (IRM) (Uif/lum?) was calculated using the following
formula: C = CTCF / S, where CTCF (corrected total cell
fluorescence) — the immunoreactive material content, Uif;
S is the area of the ROI, ym2.

Statistical processing was performed using one-way
analysis of variance (ANOVA) in the Statistica software
(License No. JPZ8041382130ARCN10-J). All continuous
variables were tested for normal distribution using the
Shapiro-Wilk W-test. Continuous variables are presented
as mean  standard error of the mean (M + m). A two-
tailed p-value <0.05 was considered statistically significant
for all tests.

Results

A study of the myocardium of control rats stained with
Masson’s trichrome revealed the proliferation of connec-
tive tissue (blue and purple areas) of the stroma between
muscle fiber bundles (red), as well as the appearance of
significant layers of fibrous tissue in the walls of blood
vessels, which is characteristic of age-related remodeling,
accompanied by sclerosis and hyalinosis (Fig. 1A-D,
Table 1).

After 8 weeks of T1DM progression, rats in the DM1-1
group formed pronounced interstitial fibrosis and sclerosis
of the myocardial stroma, significantly exceeding the corre-
sponding values in the control group (Fig. 1E, Table 1). The
severity of these structural changes was accompanied by
vascular remodeling with increase in perivascular fibrosis
compared to the control (Fig. 1F, Table 1). Additionally,
Masson’s trichrome staining revealed focal degenera-
tive-destructive and necrotic changes in cardiomyocytes,
with their cytoplasm acquiring violet and blue tints. Such
areas were most frequently found near vessels with the
most pronounced expansion of perivascular spaces due
to edematous and pre-sclerotic changes, confirming an is-
chemic mechanism of damage (Fig. 1E,F, Table 1). Structural
changes in the interstitium were realized through anincrease
in the content and concentration of type 1 collagen (by 538 %
and 332 %, respectively, relative to control values, p < 0.05)
(Fig. 1G,H, Table 1).

Microscopy of myocardial sections from the DM1-2
group rats with L-arginine revealed the preservation of
interstitial connective tissue layers between bundles of
cardiomyocytes, represented mainly by collagen fibers
intensely stained in blue. At the same time, the structure
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of muscle fibers was (or became) partially disorganized,
with areas of uneven cardiomyocyte staining (Fig. 2A,B,
Table 1).

In contrast to the DM1-1 group, the group treated
with L-arginine showed a statistically significant mod-
erate reduction in the thickness of perivascular fibrous
cuffs, with less pronounced sclerosis and preservation
of the vessel lumen. Signs of perivascular space edema
were less intense, indicating partial normalization of the
microcirculatory bed. The administration of L-arginine to
these rats led to a reduction in the progression of inter-
stitial fibrosis, the percentage of which was significantly
lower than in the DM1-1 group (Fig. 2A,B, Table 1). While
L-arginine had no statistically significant effect on the
content of type 1 collagen, its concentration significantly
increased by 37 % compared to the DM1-1 subgroup
without amino acid administration (Fig. 2C,D, Table 1).

The myocardium of the DM1-3 group rats with
N-acetyl-L-cysteine was characterized by moderately
pronounced interstitial fibrosis with a diffuse arrangement
of collagen fibers between cardiomyocytes; its intensity
exceeded control values, though comparison with the
DM1-1 group revealed no statistically significant differ-
ences (Fig. 2E,F, Table 1). Concurrently, a significant
reduction in the thickness of connective tissue layers was
noted in the perivascular zones compared to the DM1-1
group, with lower collagen fiber density and the absence of
coarse vascular wall sclerosis. Cardiomyocytes mainly re-
tained their transverse striation, although focal dystrophic
changes were observed in some areas. Unlike the effects
of L-arginine, the content and concentration of Type 1
collagen did not change statistically significantly compared
to the subgroup without correction (Fig. 2G,H, Table 1).

Discussion

The obtained results convincingly demonstrate that exper-
imental T1DM is accompanied by pronounced structural
remodeling of the myocardium, with progressive interstitial
and perivascular fibrosis serving as the key morphological
manifestation. The identified increase in the proportion of
the connective tissue component and the accumulation
of type 1 collagen support the concept of diabetic cardi-
omyopathy, which possesses a clearly defined fibrotic
phenotype [1,2,10]. Itis known that excessive deposition
of fibrillar collagen in the extracellular matrix leads to in-
creased myocardial stiffness, impaired diastolic filling, and
reduced coronary reserve, which determine the functional
failure of the heart in diabetes [2,4].

The predominance of perivascular fibrosis in T1DM rats
without correction points to primary damage to the microcir-
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Fig. 1. Microphotographs of the myocardium of rats from experimental groups. Masson’s trichrome, x400: A, B — control, E, F — DM1 without amino acids; type 1 collagen, x630:
C,D — control, G,H — DM1 without amino acids.
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2G(DM 1-3) 2H(DM 1-3)

Fig. 2. Microphotographs of the myocardium of rats from experimental groups. Masson’s trichrome, x400: A, B — DM1 with L-arginine, E, F — DM1 with N-acetyl-L-cysteine; type 1
collagen, x630: C, D — DM1 with L-arginine, G, H — DM1 with N-acetyl-L-cysteine.
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culatory bed as one of the early pathogenetic mechanisms
of diabetic myocardial remodeling. Chronic hyperglycemia
promotes the development of endothelial dysfunction,
reduces nitric oxide bioavailability, and activates oxidative
stress, thereby triggering a cascade of proinflammatory
and profibrotic signaling pathways, particularly through the
activation of transforming growth factor- (TGF-8) and car-
diac fibroblasts [2,5]. The obtained morphometric data align
with literature reports indicating that perivascular fibrosis
is a morphological marker of the early stages of diabetic
cardiomyopathy and determines the further progression of
interstitial sclerosis [10].

L-arginine administration was accompanied by a
statistically significant reduction in interstitial and perivas-
cular fibrosis, indicating its positive impact on myocardial
remodeling. L-arginine is a substrate for endothelial NO
synthase, and increased nitric oxide availability promotes
the normalization of endothelium-dependent vasodilation,
reduction of leukocyte adhesion, inhibition of smooth
muscle cell proliferation, and decrease in vascular scle-
rosis [3,11]. At the same time, the lack of a statistically
significant effect of L-arginine on type 1 collagen content,
despite a simultaneous increase in its concentration,
may indicate complex processes of extracellular matrix
remodeling. It is likely that L-arginine does not so much
inhibit collagen synthesis as influence its organization,
degradation, or redistribution between the interstitial and
perivascular compartments. This may also reflect the stag-
es of fibrosis formation, where a reduction in the total area
of fibrosis is accompanied by relative stabilization or even
accumulation of more densely organized collagen [11].

In contrast to L-arginine, N-acetyl-L-cysteine adminis-
tration led to a reduction in perivascular fibrosis without a
statistically significant effect on the interstitial component
or type 1 collagen parameters. N-acetyl-L-cysteine is a
precursor of glutathione and a potent antioxidant that
reduces reactive oxygen species levels, stabilizes redox
homeostasis, and protects the endothelium from oxidative
damage [12]. This may explain the reduction in vascular
fibrosis and the improved state of the perivascular space.
However, the lack of a substantial impact on interstitial
fibrosis suggests that antioxidant therapy has limited
efficacy against an already formed fibrous matrix and is
insufficient to halt the further progression of this remod-
eling component [10].

Thus, the results of this study not only confirm the
key role of fibrosis in the pathogenesis of diabetic cardi-
omyopathy but also demonstrate compartment-specific
effects of L-arginine and N-acetyl-L-cysteine on myocar-
dial remodeling. This provides a deeper understanding of
the mechanisms of action of amino acid donors involved
in gasotransmitter signaling and antioxidant defense,
highlighting the potential of differentiated or combined
therapeutic approaches for attenuating left ventricular
fibrotic remodeling in T1IDM.

Further research should focus on clarifying the
molecular mechanisms behind the L-arginine-induced
accumulation of type 1 collagen, particularly regarding
the arginase pathway and extracellular matrix remode-
ling factors. Moreover, evaluating a combined therapy
using both L-arginine and N-acetyl-L-cysteine repre-
sents a promising direction to achieve comprehensive,

ISSN 2306-8027  https://pat.zsmu.edu.ua

compartment-specific cardioprotection against diabetic
fibrosis. It is also essential to correlate these structural
alterations with functional cardiac metrics and coronary
microcirculation changes in chronological dynamics.

Conclusions

1. Experimental type 1 diabetes mellitus leads to
pathological myocardial remodeling, manifested by fibro-
sis with a predominance of the perivascular component
over the interstitial one and critical accumulation of type
1 collagen.

2. L-arginine administration reduces the progression
of interstitial and perivascular fibrosis but increases the
concentration of type 1 collagen.

3. The use of N-acetyl-L-cysteine effectively corrects
perivascular fibrosis but does not affect the severity of
interstitial fibrosis or the content and concentration of
type 1 collagen.

Al statement

During the preparation of this article, the following artificial
intelligence tool was used: Gemini 3.5 Flash. It was used for language
editing and translation. All Al-generated or Al-assisted content

was carefully reviewed and edited by the authors, who take full
responsibility for the content of the article.

Funding

The study was funded by the National Research Foundation of
Ukraine as part of the project “Competition for Grants of the President
of Ukraine to Support Scientific Research and Development of

Young Scientists - Doctors of Philosophy / Candidates of Sciences”,
No. 2025.05/0004 “Correction of Structural and Functional
Restructuring of the Myocardium in Diabetic Cardiomyopathy by
Precision Targeted Modulation of Disorders of the Gasotransmitter
NO System”, No. 281.05/0004 dated 01.04.2026.

Conflicts of interest: the authors declare no conflicts of interest
KoHniKT iHTepeciB: BiaCyTHIi.

Haailwaa o pepakii / Received: 08.05.2026
Nicas poonpaLitoBaHHs / Revised: 15.07.2026
CxBaneHo A0 ApyKy / Accepted: 21.07.2026

Information about the authors:

Isachenko M. 1., MD, PhD, Associate Professor of the Department
of Pathological Physiology with the Course of Normal Physiology,
Zaporizhzhia State Medical and Pharmaceutical University, Ukraine;
ESC Member.

ORCID ID: 0000-0002-3026-1012

BiaomocTi npo aBTopiB:

IcaueHko M. I., PhD, aoueHT kad. natoaoriuHoi gisionorii 3 kypcom
HOPMaAbHOT (i3ioorii, 3anopisbkuiA AEPXaBHUI MEANKO-
dbapmaLeBTUYHUI yHIBepcHTeT, YkpaiHa.

Mariia Isachenko (Mapis IcaueHko)
fedotova@zsmu.pp.ua

References

1. Abdullah AR, Seliem MA, Khidr EG, Sobhy AM, EI-Shiekh RA, Ha-
feez M, et al. A comprehensive review on diabetic cardiomyopathy
(DCM): histological spectrum, diagnosis, pathogenesis, and manage-
ment with conventional treatments and natural compounds. Naunyn

Pathologia. Volume 23, Issue 2, May - August 2026


https://pat.zsmu.edu.ua/
https://orcid.org/0000-0002-3026-1012
mailto:fedotova%40zsmu.pp.ua?subject=

Schmiedebergs Arch Pharmacol. 2025;398(8):9929-69. doi: 10.1007/
500210-025-03980-9

Sun J, Zhou R, Liu M, Zhang D. The role of myocardial fibrosis in
the diabetic cardiomyopathy. Diabetol Metab Syndr. 2025;17(1):242.
doi: 10.1186/s13098-025-01783-9

Qiu D, Hu J, Zhang S, Cai W, Miao J, Li P, Jiang W. Fenugreek extract
improves diabetes-induced endothelial dysfunction via the arginase 1
pathway. Food Funct. 2024;15(7):3446-62. doi: 10.1039/d3fo04283a
Hsuan CF, Teng S, Hsu CN, Liao D, Chang AJ, Lee HL, et al. Emerging
Therapy for Diabetic Cardiomyopathy: From Molecular Mechanism
to Clinical Practice. Biomedicines. 2023;11(3):662. doi: 10.3390/
biomedicines11030662

LiuM, Zeng C, Zhang Y, Xin Y, Deng S, Hu X. Protective role of hydro-
gen sulfide against diabetic cardiomyopathy by inhibiting pyroptosis
and myocardial fibrosis. Biomed Pharmacother. 2024;175:116613.
doi: 10.1016/j.biopha.2024.116613

European Union. Directive 2010/63/EU of the European Parliament
and of the Council of 22 September 2010 on the protection of animals
used for scientific purposes. Official Journal of the European Union,
L276/33, 2010.

Verkhovna Rada of Ukraine. [On the Protection of Animals from Cruelty].
Law of Ukraine dated 2006 Feb 21; no. 3447-IV. Available from: https:/
zakon.rada.gov.ua/laws/show/3447-15?lang=en#Text

Kolesnyk YM, Isachenko MI. Analysis of the body composition of rats
with experimental diabetes mellitus type 1 and its correction. Modern
Medical Technology. 2024;16(4):247-54. Ukrainian. doi: 10.14739/
mmt.2024.4.311425

Ruifrok AC, Johnston DA. Quantification of histochemical staining
by color deconvolution. Anal Quant Cytol Histol. 2001;23(4):291-9.
Tuleta I, Frangogiannis NG. Fibrosis of the diabetic heart: Clinical
significance, molecular mechanisms, and therapeutic opportunities.
Adv Drug Deliv Rev. 2021;176:113904. doi: 10.1016/j.addr.2021.113904
Thakur MR, Tupe RS. I-Arginine: A multifaceted regulator of diabetic
cardiomyopathy. Biochem Biophys Res Commun. 2025;761:151720.
doi: 10.1016/j.bbrc.2025.151720

Mushtaq |, Bashir Z, Sarwar M, Arshad M, Ishtiag A, Khan W, et al.
N-Acetyl Cysteine, Selenium, and Ascorbic Acid Rescue Diabetic
Cardiac Hypertrophy via Mitochondrial-Associated Redox Regulators.
Molecules. 2021;26(23):7285. doi: 10.3390/molecules26237285

Matonoria. Tom 23, Ne 2(67), TpaBeHb - ceprieHb 2026 p.

OpwuriHaAbHI AOCAIAXKEHHS

ISSN 2306-8027

https://pat.zsmu.edu.ua 109


https://pat.zsmu.edu.ua/
https://doi.org/10.1007/s00210-025-03980-9
https://doi.org/10.1007/s00210-025-03980-9
https://doi.org/10.1186/s13098-025-01783-9
https://doi.org/10.1039/d3fo04283a
https://doi.org/10.3390/biomedicines11030662
https://doi.org/10.3390/biomedicines11030662
https://doi.org/10.1016/j.biopha.2024.116613
https://zakon.rada.gov.ua/laws/show/3447-15?lang=en#Text
https://zakon.rada.gov.ua/laws/show/3447-15?lang=en#Text
https://doi.org/10.14739/mmt.2024.4.311425
https://doi.org/10.14739/mmt.2024.4.311425
https://doi.org/10.1016/j.addr.2021.113904
https://doi.org/10.1016/j.bbrc.2025.151720
https://doi.org/10.3390/molecules26237285

	Isachenko M. I. [L-arginine and N-acetyl-L-cysteine effects on morphometric parameters in experimental type 1 diabetes-induced myocardial fibrosis]
	Article info
	UDC
	DOI
	Key words

	Introduction
	Aim
	Materials and methods
	Results
	Discussion
	Conclusions
	AI statement
	Funding
	Information about the authors
	Corresponding author
	References
	Tables
	Table 1. Results of the study of the parameters of the connective tissue component of the myocardium of rats of the experimental groups, М ± m

	Figures
	Fig. 1. Microphotographs of the myocardium of rats from experimental groups. Masson’s trichrome, ×400: A, B – control, E, F – DM1 without amino acids; type 1 collagen, ×630: C,D – control, G,H – DM1 without amino acids.
	Fig. 2. Microphotographs of the myocardium of rats from experimental groups. Masson’s trichrome, ×400: A, B – DM1 with L-arginine, E, F – DM1 with N-acetyl-L-cysteine; type 1 collagen, ×630: C, D – DM1 with L-arginine, G, H – DM1 with N-acetyl-L-cysteine.



