Functional Foods in Health and Disease 2025; 16(1): 1 - 14 FFHD Page 1lof 14

Research Article Open Access

FEHD

Functional Foods in Health and Disease

Assessment of toxic liver cirrhosis and its prevention through
herbal hepatoprotectors with a proposed innovative strategy

Lilit Arshakyan

Scientific Technological Center of Organic and Pharmaceutical Chemistry, National Academy of Sciences of the Republic of

Armenia, Yerevan, Armenia.

*Corresponding Author: Lilit Arshakyan, Laboratory of Pharmacology and Histopathology, Scientific Technological Center
of Organic and Pharmaceutical Chemistry, National Academy of Sciences of the Republic of Armenia, 26 Azatutyun Avenue,

Yerevan, 0014, Armenia
Submission Date: October 24th, 2025; Acceptance Date: December 28th, 2025; Publication Date: January 2nd, 2026
Please cite this article as: Arshakyan L. Assessment of toxic liver cirrhosis and its prevention through herbal

hepatoprotectors with a proposed innovative strategy. Functional Foods in Health and Disease 2026; 16(1): 1 — 14.

DOI: https://doi.org/10.31989/ffhd.v16i1.1822

ABSTRACT

Background: In contemporary medicine, effective andnosologically less harmful approaches for the prevention and
treatment of liver cirrhosis remain insufficient, as indicated by the projected increase in mortality over the next decade.
In recent years, the discovery and development of herbal medicine have surged. Therefore, a critical need of our time is
to identify more comprehensive and novel strategies for studying liver cirrhosis to develop more effective prevention

and therapy, such as those in this scientific paper.

Objective: This study aims to observe the progressive dynamics of toxic liver cirrhosis using a novel preliminary diagnostic
approach centered on the morphofunctional interrelationship of the liver, lungs, and kidneys and subsequently to

formulate therapy strategies employing the proposed Flasil herbal combination.

Methods: CCls-induced liver cirrhosis model was used in this prospective investigation. Mixtures (Flasil 1 and 2) prepared
from active compounds of Helichrysum rubicundum (C. Koch.) flowers and S. marianum seeds grown in Armenia. At the

end of the experiment, H&E staining was used to assess histological abnormalities in the liver and adjacent organs.
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Results: Research has demonstrated that toxic liver disease can manifest signs of pulmonary and renal disorders in the
pre-cirrhotic state. Histopathological analysis showed that both Flasil formulations exhibited hepatoprotective effects
while concurrently reducing pathological changes in pulmonary and renal tissues. Flasil 2 was more effective in
promoting liver and kidney repair through enhanced hepatocyte regeneration, whereas Flasil 1 demonstrated greater
efficacy in supporting lung tissue regeneration during the acute-to-chronic transition of liver cirrhosis. However, non-
invasive tests are needed to demonstrate both the feasibility of the proposed strategy and the different biological

activities of the new Flasil combination according to the dose.

Novelty: A liver-lung-kidney morphofunctional correlation tactical approach for the initial diagnosis of cirrhosis was

assessed for the first time. FLASIL is the first natural product shown to affect liver-lung-kidney dysfunction in a CCls model.

Conclusion: This new approach (diagnosing through the liver-lung-kidney morphofunctional linkage) enables early
detection and, based on it, prevention of cirrhosis by regulating its dynamics and giving varying dosages of the Flasil
combination as an innovative herbal hepatoprotector. However, they necessitate the investigation of further diagnostic

criteria.

Keywords: liver cirrhosis, new approach, liver-lung-kidney linkage, herbal medicine, Flasil
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Graphical abstract: Assessment of Toxic Liver Cirrhosis and Its Prevention Through Herbal Hepatoprotectors with a

Proposed Innovative Strategy.
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INTRODUCTION Despite continuous exposure to internal and external
At the functional intersection of organ systems, the liver toxins, the liver preserves its structural and functional

plays a crucial role in maintaining dynamic homeostasis. integrity through its regenerative capacity. However,
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persistent neglect can cause liver damage, eventually
leading to the development of liver cirrhosis [1, 2]. In
contemporary medicine, effective and, according to
nosology, less harmful approaches for the prevention
and treatment of liver cirrhosis remain insufficient, as
indicated by the expected increase in cirrhosis-related
mortality over the next decade [3, 4]. Therefore, a critical
requirement of our time is the advancement of more
comprehensive investigations into cirrhosis and its
prevention, enabling the development of new and more
effective strategies for its prevention and treatment,
including the approach described in this work. The
advantage of the proposed approach is the evaluation of
the functional condition of functionally related organs
within the dynamics of liver cirrhosis, primarily the lungs
and kidneys, based on the portal system's
interconnections.

Liver cirrhosis, as the terminal stage of chronic liver
ilinesses, can arise from multiple etiologies and present a
whole range of complications, highlighting its
interconnection with other organ systems [5-6]. As a
result, it was considered vital in this study to investigate
the liver's causal-consequential relationship with other
organs throughout illness, which enabled the
development of the most effective treatment strategies.

In recent years, people have preferred using edible
plants over synthetic drugs for the prevention and
treatment of diseases. These plants are rich in bioactive
compounds (BC), such as vitamins, carotenoids, proteins,
carbohydrates, organic acids, flavonoids, tannins, and
more. Humans have used them for thousands of years as
both food and medicine [7-10].

The use of medicinal plants as raw materials for the
production of new drugs is increasing, particularly for the
treatment of liver disease. This trend reflects the growing
relevance of herbal medicine in the management of liver
cirrhosis, as also reported in our previous research [11-

13].
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Helichrysum and Silybum marianum are examples
of such plants, with their medicinal properties largely
attributed to the biophenolic compounds they contain.
The term "biophenols" is commonly used to broadly
describe plant-derived phenolic compounds. Biophenols
constitute the largest group of plant secondary
metabolites and arecharacterized by their prevalence
and broad spectrum of biological activities [14].

Among the hundreds of Helichrysum species, the
most well-known are Helichrysum arenarium and
Helichrysum italicum. Comprehensive research has been
conducted on their composition and many biological
characteristics. [15, 16] Preparations developed from
Helichrysum arenarium include the medicine "Flamin" (a
combination of flavonoid chemicals), whose raw material
is Helichrysum arenarium (L.). Moench flowers. It is well-
known for its choleretic, anti-inflammatory, antibacterial,
spasmolytic, and wound-healing properties [17].

Silymarin is an isomeric mixture of the
flavonolignans (silydianin, silychristin, silybin, and
isosilybin) derived from the seeds of the Silybum
marianum (L.) Gaertn, a plant known for its
hepatoprotective, antioxidant, antiviral, antifungal, and
other properties [18-20]. The combination of the active
components of the two indicated plants is expected to
enhance hepatoprotective efficacy, which was defined as
a primary objective of this study. To summarize the
aforementioned arguments, the primary goal of this
research is to investigate the combination of flavonoid
extracts from Armenian subspecies of these two plants as
a novel hepatoprotective medication, referred to as
Flasil, and to determine the most effective ratio using a

new strategic approach for evaluating liver cirrhosis.

MATERIAL AND METHODS
Sigma-Aldrich  supplied CCla  (299,5%  purity).
Hematoxiline, Eosine, Ethyl alcohol, and all other

reagents were obtained from Sigma-Aldrich.
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Plant material: The raw materials (dried extracts)
obtained from Helichrysum rubicundum (C. Koch.)
flowers (FLR or flamin) and from seeds of Silybum
marianum (silymarin), which were grown in Armenia,
were provided by the Laboratory of Medical Herbs
Chemistry at STCOPC NAS RA.

To achieve a homogeneous mixture of flamin and
silymarin, FLR and silymarin were mixed in olive oil at 1:1
and 1:2 ratios, respectively, and named Flasil 1 and Flasil
2. The mixtures were made immediately before
administration. The animals received Flasil 1 or 2 orally at

a dose of 300 mg/kg three times weekly for 8 weeks.

Animals: All procedures involving animals were
conducted in accordance with ethical principles
outlined in EU Directive 2010/63/EU and were approved
by the Bioethical Committee of Mkhitar Heratsi Yerevan
State Medical University. (minutes Ne 8-5/2,2021).

The experiment was conducted on 30 non-linear
male white rats, weighing 180-210 g (5 groups, six
animals in each group). The STOPC NAS RA provided rats.
The animals without any signs of disease were selected
for the study and underwent a 2-week quarantine before
the experiment. They were placed in a room at 21+2 °C
and a 12:12-hour diurnal cycle with humidity levels of 40—
43%. Food and water were given ad libitum. Three

animals were placed in cages of 1600 cm?.

Grouping of animals:

Group 1: Intact (healthy animals)

Group 2: CCla (2ml/kg of 30% CCls i.p. for 2 weeks)
Group 3: Self-recovery (CCls + 8 weeks’ self-recovery
period)

Group 4: Flasil 1 (300 mg/kg p.o. for 8 weeks)

Group 5: Flasil 2 (300 mg/kg p.o. for 8 weeks)

Modeling of the research strategy: The animals were
randomly divided into five groups, with six male rats per

group. Group 1 consisted of normal untreated animals,
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while Groups 2, 3, 4, and 5 were intraperitoneally (i.p.)
injected with 2 mL/kg of 30% CCl, in olive oil two times
per week for 2 weeks to induce the acute phase of liver
cirrhosis. Additionally, Group 3, after 2weeks of
poisoning, had a self-recovery period of 8 weeks; Groups
4 and 5 were administered 300 mg/kg of Flasil 1 and Flasil
2, respectively, in olive oil by oral gavage (p.o.) 3 times a
week for 8 weeks. On the final day of the experiments,
the animals were sacrificed under anesthesia using
intraperitoneal injection of 40 mg/kg Nembutal Sodium.
The livers, lungs, and kidneys were excised, followed by

fixation of the tissue specimens in 10% buffered formalin.

Total serum protein analysis: Sample preparation: Blood
samples were collected via cardiac puncture without
anticoagulant on the final day of the experiment. This
method provides a more informative assessment of liver
functional properties, as blood enriched with liver-
derived nutrients passes directly to the heart, and allows
collection of relatively large volumes(up to 1 ml in some
rats). To separate the sera, blood samples were stored at
room temperature for 30 minutes, then at 4 °C for 20-30
minutes.

To determine the total protein content in blood
serum samples, a spectrophotometric method was used
with a SPECORD 250 PLUS spectrophotometer from
Analytik Jena. The protein concentration was determined
by the Wartburg-Christian formula. The absorbance of
the samples was measured at both 280nm and 260nm
wavelengths, and the concentration was calculated using

the following formula:

Concentration (mg/ml) = ((1.55 x A280) — (0.76 x A260))
x dilution factor

Gross examination and weighing data: On the last day,
after sacrifice, the livers were dissected and weighed. The
organs and tissues were examined macroscopically to
establish a diagnosis and select relevant portions for

subsequent microscopic examination. Thereafter, livers
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and other organs were photographed with a digital
camera.
Accordingly, liver indexes (LI) were calculated according

to the following formula:
_ liver weighth

=——x%100
body weighth i

Histopathological analysis: After fixation, liver, lung, and
kidney tissues were dehydrated, embedded in paraffin,
and 3-5 pum microtome sections were prepared. For
standard histological examination, sections were stained
with H&E [21]. It was performed by examining tissues
under a light microscope (Jenaval) for the qualitative
histopathological characterization of the organs.
Photomicrographs from histological slides were obtained

at 125X magnification.

Statistical analysis: All the data were presented as the
mean + SD. One-way ANOVA was used to determine
statistical significance by comparing the means of the
acquired data. Following the one-way ANOVA test, the
Tukey post hoc test was employed. All values were
analyzed using GraphPad Prism 8, with P-values < 0.01 or

< 0.05 considered significant.

RESULT AND DISCUSSION

Neglected persistent metabolic disorders of the liver,
often associated with toxic phenomena, can eventually
lead to liver cirrhosis, which primarily results from
advanced fibrosis and represents the end stage of all
chronic liver failures, as evidenced by the increasing
trend in related deaths. A significant characteristic of the
liver is its sequential connection to the lungs and kidneys
via the portal system, allowing venous blood components
from the liver to directly impair the pulmonary vascular
endothelium and subsequently the kidneys [22]. This is

evidenced by the fact that pulmonary and renal
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complications may occur in liver diseases of any etiology,
particularly in liver cirrhosis, which represents a large
group of heterogeneous conditions. It may elucidate the
increased mortality rate associated with liver illnesses,
which may arise if their consequences are neglected. This
study suggests a new approach: investigating the
pathological interconnections among the liver, lungs, and
kidneys during the preliminary diagnosis of liver cirrhosis,
which is crucial for early detection and subsequent
prevention and therapy.

Herbal medicines have been used for various
therapeutic purposes since ancient times. In recent
years, the use of medicinal plants as raw materials for the
production of new drugs has increased, particularly for
the treatment of liver disease [23-25]. Conventional
synthetic drugs often used to manage the pathological
conditions can sometimes exacerbate other functional
deviations in the liver, potentially leading to conditions
that have not yet manifested as pathology. Liver
cirrhosis, being a multifactorial iliness, exhibits a variety
of symptoms; thus, for its prevention and/or treatment,
it is prudent to employ complex herbal preparations.
Based on the principles presented above, this research
study was proposed to evaluate therapeutic strategies
for preventing and treating liver cirrhosis using the novel
Flasil herbal combination. Flasil is a mixture of flavonoids
from Helichrysum rubicundum  flowers  and
flavonolignans of Silypum marianum (L.) Gaertn seeds
growing in Armenia.

Laboratory animal models are crucial for advancing
our understanding of human pathogenesis, such as liver
cirrhosis, as they enable researchers to identify
therapeutic targets and evaluate novel therapeutics.
Carbon tetrachloride (CCls) is the most often utilized
chemical for rodent liver fibrosis and cirrhosis models. It

has well-known effects on the liver, including severe
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inflammation and periportal and septal fibrosis. Because
of its remarkable repeatability, many researchers use it
as the preferred model for studying liver fibrosis [26-28].
To validate the suggested tactical approach, the rat
model of carbon tetrachloride-induced liver cirrhosis was
chosen as the most effective and advantageous model.
Body weight changes: Examining the dynamics of the
body weight changes, weight loss was predominantly
noticed after 2 weeks of CCl, intoxication. (in the pre-
cirrhotic stage), which is consistent with data in other

articles [29].
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The weight changes, suggesting weight gain in the
two treated groups, were observed following treatment,
especially when compared with the self-recovery group
(CCly+8 weeks), where the weight change dynamics
following poisoning were irregular (Figure 1). Throughout
self-recovery, a low body weight was maintained despite
fluctuations; however, the animals administered Flasil
exhibited a significant weight gain following poisoning. It
demonstrates the comprehensive therapeutic impact of
the suggested combinations on the body, as evidenced

by liver index and total protein calculations.

==|ntact =&-CCl4+recovery

==Flasil 1 -&-Flasil 2

BODYWEIGHT CHANGES

WEEKS

Figure 1: Dynamic changes of the body weight in experimental rats.

Liver index (LI): Comparative investigations of liver index
(Ll) indicators revealed that the LI was greater in the CCl,-

treated group compared to the intact group. The liver

index was significantly lower in both the self-recovery
and therapy groups after poisoning compared to the CCl,

group (Group 2). Furthermore, the two groups that
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received Flasil had lower indicators than the group that

did not receive treatment after being poisoned (Figure 2).
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Intact CCl4
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CCl4+recovery Flasill

Flasil 2

Figure 2. Liver index (LI) of experimental animals. * significantly different from the intact group (healthy control, group 1)

at p.0.01; # significantly different from the CCls group (group 2) at p.0.01.

Total protein (TP): The results of the study on serum total
protein (TP) concentrations are depicted in Figure 3. After
2 weeks of CCl, poisoning, total protein concentration
decreased significantly compared with the intact group,
but the other three groups showed a rise after recovery
and therapy. The group treated with Flasil 2 exhibits a
statistically significant increase in protein levels
compared to both the pre-cirrhotic (CCl4 group) and self-
healing groups.

The liver plays a significant role in producing total
serum proteins that circulate throughout the body and
are an essential indicator of the organism's overall
functional state [30]. The decrease in its level after
poisoning is the key indicator of a deterioration in overall
functional ability, which consistently increases both
during self-recovery and therapy. The administration of
the recommended combined hepatoprotectors
comprehensively alters the body's recovery process,
into account,

taking cause-and-effect relationships

resulting in higher protein concentrations than in the
self-recovery group. The results of general macroscopic

and microscopic examination prove this conclusion.

Macroscopic examinations: In pathology, macroscopic

examination of organs and tissues is critical for

establishing a diagnosis and selecting relevant sections
for subsequent microscopic evaluation and particular
investigations [30]. It was an essential prerequisite for

developing the research strategy, enabling the

demonstration of the viability of the proposed novel
tactical the reflection of

strategy, specifically

pathological correlations among organ systems
during the initial diagnosis of liver cirrhosis.
Macroscopic examinations of the experimental groups
showed that the animals in the control groups had
perihepatic and abdominal adhesions. Liver granuloma
and hemangioma, enlarged kidneys, and obesity, as well

as shriveled lungs, have been noticed. After an 8-week
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Figure 3. Serum total protein (TP) levels in the experimental rats. * significantly different from the healthy control group

(group 1) at p.0.01; # significantly different from the CCls group (group 2) at p.0.05, ## at p.0.01; @significantly different

from the CCls-recovery group (group 3) at p.0.05.

recovery period, macroscopic examination revealed
that the liver tissue was friable and that adhesions
between the liver and the diaphragm were present.

There are exudates, inflammation, and Vvisible

granulation in the periphery of the liver. In this group of
the

animals, lungs showed signs of atrophy and

hemorrhage. In the CCl, and CCls;+8week recovery

groups, a little fibrous layer and tiny abscesses were seen
in the kidneys. Macroscopic observation of the liver
noted that the Flasil 1-treated group had small
granulation and some exudates; no fibrous septa were
observed in the liver tissue. The lungs are healthy. In the

Flasil 2-treated group, no visible macroscopic changes

were observed in the liver and other organs (Figure 4).

Control CCly CClyrecovery | FLASIL 1 FLASIL 2

e

KIDNEVYS

Mae

Figure 4. Gross anatomical examination of the liver, lungs, and kidneys.
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Histopathological examination: Comparative
photomicrographs of rats' tissue from the liver, lungs,
and kidneys are shown in Figure 5. The histopathological
findings revealed that the control (healthy animals) group
exhibited a typical lobular architecture characterized by
central veins and radiating hepatic cords. The group that
received 2-week CCl, showed a tendency to develop
cirrhosis (pre-cirrhotic state): fatty dystrophy, pseudo-
lobule development, and perivascular infiltration,
culminating in fibrosis in specific locations. Some of the
aforementioned pathogenic processes are exacerbated
in the self-recovery group, including sinusoidal dilatation,
mild congestion, and Kupffer cell hyperplasia. Unlike the
cirrhotic groups, the therapy groups (Flasil 1 and Flasil 2)
have restored liver tissue, particularly in Flasil 2 (Group
5), where pathological changes are more significantly
decreased and nearly reach the levels of the healthy
animals (G 1).

There were no significant histological alterations in
the lungs and kidneys of the intact group. The CCl, group
showed thickening of the interalveolar septa, an irregular
distribution of air spaces, pulmonary interstitial edema,

and inflammatory cell infiltration. All these pathogenic
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processes intensify following an 8-week self-healing
period, manifesting foci of interstitial pneumonia,
indications  of  consolidation, and  pulmonary
hypertension. In rat lung tissue treated with Flasil
following CCl4 poisoning, characteristic pathological signs
were significantly reduced compared with the two
cirrhotic groups. However, hemorrhage was observed in
some cases in animals treated with Flasil 2.
Histopathological examinations of renal tissue
reveal the destruction of the juxtaglomerular apparatus
in the early stages of cirrhosis (Group 2) (mainly in the
peripheral sections of the cortical layer); the majority of
the proximal and distal tubules are necrotic, and there
are noticeable hemorrhages. In the acute-to-chronic
stage (Group 3), many of the aforementioned
pathologies are intensifying; in addition, marked
glomerulonephritis features are evident, including
dilation of Baum's capsule and tubular degeneration.
Figure 5 shows that both Flasil 1 and 2 exert a beneficial
effect on kidney tissue regeneration, with the tubular
apparatus primarily exhibiting a standard histological

structure.

FLASIL 1

Figure 5. Photomicrograph of experimental rats’ lung, liver, and kidney sections; H&E staining; X125.

Comparative studies correlating liver-lung-kidney
histological pathologies with total protein measurements

and liver index indicate that a pre-cirrhotic condition (2-

week CCl; intoxication) in liver tissue is linked to a
significant increase in liver index, fatty degeneration, the

development of pseudolobules, and a decrease in
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hepatocyte synthetic function, reducing total protein
levels [31-32].

They are accompanied by several disorders in lung
and kidney tissues, such as inflammatory cell infiltration,
pulmonary fibrosis, and in the kidney's Juxtaglomerular
apparatus. The latter can lead to decreased EGFR and
GFR [33].

Already in the self-recovery period (acute-chronic
stage, CCl, + 8-week recovery), Kupffer cell hyperplasia is
observed in the liver, interstitial inflammation and
consolidation in the lungs are exacerbated, and the renal
tubula function is compromised. Although in this period,
blood total protein levels have slightly increased, possibly
due to higher creatinine, y-GT (Gamma-Glutamyl
Transferase), C-reactive protein, M2BPGi (Mac-2 Binding
Protein Glycosylation Isomer), and IL-6 indicators. This
highlights the significance of the new tactical strategy for
early cirrhosis diagnosis, which requires additional
biomarker testing (AST/ALT, AGR, BUN, etc.) [34 - 41].

This experiment demonstrates the reasonableness
of the Flasil combination: on one hand, the antioxidant,
choleretic, and spasmolytic properties of Helichrysi
flowers flavonoids (naringenin, apigenin, salipurposide,
isosalipurposide, kaempferol, quercetin, etc) [17, 42]
that prevent stagnation, and on the other hand, the
potent antioxidant and antifibrotic effects of Silymarin,

restoring the structural integrity of hepatocytes and
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enhancing their functional capabilities, containing four
main flavanolignans: silybin, isosilybin, silychristin, and
silydianin [43 - 45]. (Figure 6)

Our previous research indicates that the
combination of flamin and silymarin has significant
hepatoprotective effects. The present study introduces a
novel strategic approach that enables the identification
of effective systemic therapeutic options by selecting the
optimal dosage based on initial diagnosis. For instance,
due to its high silymarin content, Flasil 2 is better at
healing liver and kidney tissue by increasing hepatocyte
regeneration and may reduce serum creatinine levels
[46].

Whereas Flasil 1, in addition to its hepatoprotective
properties, is more preferable for lung tissue
regeneration during the acute-to-chronic transition
phase of liver cirrhosis. This is supported by the higher
flavonoid concentration in Flasil 1, corroborated by
scientific evidence on the efficacy and molecular
mechanisms of quercetin and naringenin in lung diseases
[47, 48].

To sum up, implementing the proposed tactical
approach to liver cirrhosis research will facilitate the
diagnosis of the disease at various stages and enable the
development of treatment strategies utilizing the new

Flasil combined herbal mixture, considering the organism

holistically.

4ok oy :
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Figure 6. The main chemical components of FLASIL.
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Scientific Innovation: A concept for the initial diagnosis
of liver cirrhosis and preventative strategies utilizing
diverse combinations and doses of active compounds

extracted from selected plants.

Practical implication: Despite the progressive
advancement of sophisticated therapies for liver cirrhosis
in contemporary medicine, it remains classified as an
incurable disease. One of the most significant challenges
of modern hepatology is the search for new combination
drugs for liver cirrhosis. The suggested strategy of
predicting the development of cirrhosis based on
causative links (primary liver-lung-kidney)—treating the
patient rather than the illness—may be crucial to
advancing contemporary medicine. Flasil at varying
doses, dependent on dynamic circumstances, may be an
effective systemic combination hepatoprotector in the

prevention and treatment of liver cirrhosis.

CONCLUSIONS

The suggested new tactical model (liver-lung-kidney
morphofunctional linkage) demonstrates that cirrhosis,
even in the pre-cirrhotic stage, can be multifactorial and
multiconsequence. The newly proposed combination
medication, Flasil, exhibits both preventative and
protective effects on the liver-lung-kidney
morphofunctional axis during the pre-cirrhotic stages in
the toxic model of liver cirrhosis.

With this new approach, it will be possible to detect and
prevent cirrhosis early by controlling its dynamics and
administering the different dosages of the Flasil mixture

as a new herbal hepatoprotector. However, they require

investigation of additional diagnostic markers.
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