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Abstract

Cardiovascular diseases remain a leading cause of global mortality, with thrombotic complications representing a major clinical chal-
lenge. This study aimed to evaluate the preclinical safety and pharmacological activity of Cardin, a multicomponent peptide complex
derived from neonatal lamb heart tissue. Cardin was obtained through saline extraction, thermal treatment, ammonium sulfate pre-
cipitation, and purification using gel filtration and ion-exchange chromatography. The preparation was partially characterized by
high-performance liquid chromatography (HPLC) and mass spectrometry, confirming the presence of multiple peptide fractions with
distinct molecular masses; however, the complete amino acid sequences of individual components were not fully elucidated, and
Cardin should therefore be regarded as a heterogeneous peptide mixture. In silico toxicity prediction indicated potential risks, includ-
ing neurotoxicity, hepatotoxicity, and immunotoxicity. In contrast, in vivo experimental studies demonstrated no significant acute or
cumulative toxicity at the tested doses. The median lethal dose (LD5,) was estimated to exceed 1000 mg/kg. Subacute and chronic
administration did not result in observable adverse effects on behavior, body weight, or histological structure of major organs. Hema-
tological and biochemical parameters remained within physiological ranges across all experimental groups, and no organ-specific
toxicity was detected. Overall, Cardin exhibited a favorable safety profile in preclinical models despite discrepancies between com-
putational predictions and experimental findings. These differences may reflect the limitations of in silico models when applied to
complex multicomponent peptide systems. Further studies are required to clarify the contribution of individual peptide fractions and
to better understand their mechanisms of action.
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1. Introduction

Cardiovascular diseases remain the leading cause of morbidity and mortality worldwide, with thrombotic complications
representing a major pathological mechanism underlying conditions such as myocardial infarction and stroke. Current
pharmacological strategies, including anticoagulants and antiplatelet agents, are effective but are often associated with
adverse effects such as bleeding risk and limited specificity. Therefore, the development of novel therapeutic agents with
improved safety profiles and targeted mechanisms of action remains an important goal in cardiovascular pharmacol-
ogy [1, 2]. Cardin should not be considered a classical atrial-derived peptide but rather a heterogeneous peptide complex
with a distinct origin and composition.

In recent years, peptide-based therapeutics have gained increasing attention due to their high specificity, biocom-
patibility, and relatively low systemic toxicity. Peptides derived from natural biological sources, in particular, have shown
potential in modulating hemostasis, inflammation, and vascular function. Such compounds may act through multiple
pathways, offering advantages over single-target synthetic drugs [3—7]. Cardin is a multicomponent peptide complex

Journal of Experimental Pharmacology and Toxicology 2026, 4 10of 10


https://j-pharmacol-tox-exp.com/
https://doi.org/10.6425/042026jept001
https://doi.org/10.6425/042026jept001

https://j-pharmacol-tox-exp.com/ https://doi.org/10.6425/042026jeptoo1

derived from neonatal lamb heart tissue. Rather than representing a single chemically defined molecule, it should be
considered a heterogeneous mixture of partially characterized peptides with varying molecular weights. The preparation
has been characterized using chromatographic techniques and mass spectrometry to identify major peptide fractions;
however, the complete primary amino acid sequences and full structural elucidation of individual components remain
unresolved. This limited structural definition should be taken into account when interpreting its biological activities, as
the observed effects may result from the combined or synergistic action of multiple peptide constituents [8, 9]. Despite
growing interest in peptide-based cardiovascular agents, limited information is available regarding the pharmacologi-
cal properties and safety profile of such multicomponent peptide complexes. In particular, comprehensive preclinical
evaluations integrating toxicity assessment, dose—response relationships, and experimental validation remain scarce.
Furthermore, discrepancies between in silico toxicity predictions and in vivo experimental findings are not uncommon
and require systematic investigation to better understand their relevance and limitations [1, 10, 11]. Therefore, the aim of
the present study was to isolate and characterize the Cardin peptide complex and to evaluate its pharmacological activity
and safety profile through a series of preclinical in silico and in vivo assessments. Special attention was given to toxicity
evaluation across different experimental models, as well as to the comparison between computational predictions and
experimental outcomes.

2. Materials and Methods

2.1. Test Substance (Cardin)

Cardin is a partially characterized peptide-based preparation consisting of a mixture of biologically active peptide frac-
tions derived from neonatal lamb heart tissue. The peptide fraction was obtained through homogenization in 0.9% NaCl,
followed by thermal treatment at 80 °C, ammonium sulfate precipitation, and subsequent purification using gel filtration
and ion-exchange chromatography.

The resulting preparation was formulated as a hydroalcoholic solution containing approximately 0.001% active
peptide complex in 40% ethanol (v/v). Due to the multicomponent nature of the preparation, Cardin does not possess
a single defined chemical structure and should be regarded as a heterogeneous peptide mixture. Its identity is therefore
defined based on its source, standardized production protocol, and physicochemical handling conditions.

Preliminary characterization was performed using high-performance liquid chromatography (HPLC), which demon-
strated multiple peptide fractions. Molecular weight analysis was conducted using Chip-HPLC-QTOF mass spectrometry,
identifying five major peptide fractions with molecular weights of 7553.021, 5371.111, 7232.144, 9659.142, and 6847.232
Da. However, the complete primary amino acid sequences of these peptides were not fully elucidated.

For in vivo experiments, the Cardin solution was freshly prepared under sterile conditions prior to administration.
The vehicle control group received an equivalent volume of 40% ethanol under identical experimental conditions.

2.2, Experimental Animals

A total of 586 laboratory animals were used, including mice (20 + 2 g), rats (140 + 10 g), guinea pigs, and rabbits of both
sexes. Animals were acclimatized for at least 7 days and housed under standard laboratory conditions (22 + 2 °C, 55
+ 10% humidity, 12 h light/dark cycle) with free access to food and water. All experimental procedures were approved
by the Institutional Ethics Committee of Institute of Bioorganic Chemistry named after O. Sodikov Academy of Sciences
of the Republic of Uzbekistan (protocol No. 1-2-1451-2-255 10/2025) and conducted in accordance with international
ethical standards and ARRIVE 2.0 guidelines.

2.3. Study Design and Randomization

Animals were randomly assigned to experimental groups using a random number generation method. Each group con-
sisted of 6—8 animals unless otherwise specified.

Outcome assessment was performed under blinded conditions where feasible; however, full blinding was not always
possible due to the nature of the experimental procedures. Dose selection was based on preliminary screening studies
and literature data on peptide-based biologically active compounds, taking into account safety margins.

2.4. Acute Toxicity Study

Acute toxicity was evaluated in mice and rats following single oral and intraperitoneal administration of Cardin at graded
dose levels expressed in mg/kg body weight. Animals (n = 6 per group) were observed continuously for the first 6 h
and daily for 14 days for clinical signs of toxicity and mortality. Behavioral parameters, including locomotor activity,
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respiration, posture, and reflexes, were recorded. The median lethal dose (LD5,) was estimated using probit analysis. In
the tested dose range, no mortality was observed, indicating low acute toxicity.

2.5. Cumulative Toxicity Study

Cumulative toxicity was assessed in mice over 26 days with repeated oral administration of Cardin at fractionated doses
relative to the maximum tested dose. The cumulative toxicity coefficient (Kc) was calculated as the ratio of LD;, after
repeated administration to that after a single dose.

2.6. Chronic Toxicity Study

Chronic toxicity was evaluated in rats and rabbits following daily oral administration of Cardin at doses of 1074, 1072, and
1.0 mg/kg for 30 consecutive days (n = 6—8 per group). Blood samples were collected on days 10 and 30 for biochemical
and hematological analysis. A subset of animals were observed for an additional 30-day recovery period. Biochemical
parameters (ALT, AST, glucose, bilirubin, creatinine, urea, total protein) and hematological parameters (RBC, WBC,
hemoglobin, hematocrit, platelet count) were measured using automated analyzers [12—14].

2.7. Coagulation and Antithrombotic Activity

Hemostatic parameters were assessed using standard coagulation assays, including activated partial thromboplastin time
(APTT), thrombin time (TT), and plasma recalcification time.

Antithrombotic activity was evaluated using a ferric chloride-induced arterial thrombosis model in rats. Thrombus
weight was measured 24 h after induction.

2.8. Antihypoxic Activity

Antihypoxic activity was evaluated using a sodium nitrite-induced hypoxia model in mice. Cardin was administered
orally at doses of 1074 and 1072 mg/kg prior to hypoxia induction. Survival time was recorded and compared to the
control group.

2.9. In Silico Toxicity Prediction

Computational toxicity prediction was performed using the ProTox-II web platform. Predicted endpoints included hepa-
totoxicity, neurotoxicity, immunotoxicity, receptor interactions, and cytochrome P450-related metabolism [10, 11, 15, 16].

2.10. Statistical Analysis

Data are presented as mean =+ standard deviation (SD). Statistical analysis was performed using one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc test. Differences were considered statistically significant at p < 0.05.

3. Results

3.1. Isolation and Physicochemical Characterization of Cardin

The peptide complex Cardin was successfully isolated from lamb (Ovis aries) heart tissue using sequential extrac-
tion, thermal denaturation, ammonium sulfate precipitation, and chromatographic purification (gel filtration and ion-
exchange chromatography). The overall yield of the peptide fraction was approximately 0.00015% (w/w).

Reverse-phase high-performance liquid chromatography (RP-HPLC) analysis revealed that Cardin is a multicom-
ponent peptide mixture, consisting of five major (K-1—K-5) and four minor peptide fractions. The optimal chromato-
graphic separation was achieved on a ZORBAX Eclipse C18 column (4.6 x 250 mm, 5 um) with an acetonitrile—0.1%
trifluoroacetic acid gradient, enabling reproducible peptide mapping within 15 min.

As shown in Figure 1, reverse-phase high-performance liquid chromatography (RP-HPLC) analysis demonstrated
that Cardin is a multicomponent peptide mixture consisting of five major (K-1—K-5) and four minor peptide fractions.
Mass spectrometry (Chip-HPLC-Q-TOF, Agilent 6530B Agilent Technologies, Santa Clara, CA, USA) identified the molec-
ular masses of the major peptides as follows: K-1: 7553.0 Da, K-2: 5371.1 Da, K-3: 7232.1 Da, K-4: 9659.1 Da, K-5: 6847.2
Da. Amino acid analysis demonstrated that all fractions are composed predominantly of hydrophobic and neutral amino
acids (Leu, Val, Gly, Ala), with variable content of charged residues (Lys, Arg, Asp/Glu), suggesting potential interactions
with coagulation-related proteins [8, 9].
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Figure 1. Chromatogram of Cardin peptide complex. Column: ZORBAX Eclipse C18, 5 um, 4.6 x 250 mm. Mobile phase: isocratic
elution with 40% acetonitrile in 0.1% TFA (trifluoroacetic acid) aqueous solution. Flow rate: 0.5 mL/min. Detection: 280 nm.

Fragmentation analysis (LC—MS/MS) revealed multiple peptide fragments; however, full primary structures could
not be reconstructed using available databases, confirming the novel and heterogeneous nature of the Cardin peptide
complex. The detailed mass spectrometric characteristics of the identified peptides are presented in Table 1.

Table 1. Mass spectrometric analysis of Cardin peptides.

Fragment Structures MM

K-1

ISGLIYEETR 1181.3391
THINIVVIGHVDSGK 1589.8462
TYFPHFDLSHGSAQVK 1835.0415
VGAGAPVYLAAVLEYLTAEILELAGNAAR 2917.3963
K-2

LLLPGELAK 954.2050
YRLLLPGELAK 1273.5709
FFSAVSTVLTSK 1287.5077
VNVDEVGGEALGR 1315.4342
K-3

ALAAAGYDVEK 1108.2438
THINIVVIGHVDSGK 1589.8462
NYFPHFDLSHGSAQVK 1848.0403
LLGGVTIAQGGVLPNIQAVLLPK 2272.7973
K-4

VFLENVIR 990.1977
ESTLHLVLR 1068.2689
VFLENVIRDK 1233.4620
FFSAVSTVLTSK 1287.5077
ESTLHLVLRLK 1309.6045
LNIVVIGHVDSGK 1351.5984
YKESTLHLVLR 1359.6212
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Table 1. Cont.

Fragment Structures MM

K-5

FFSAVSTVLTSK 1287.5077
GVLPNIQAVLLPK 1362.7091
GVLPNIQAVLLPKK 1490.8843
FFSAVSTVLTSKYK 1578.8601

3.2. Anticoagulant Activity
3.2.1. Bleeding Time and Blood Loss

Oral administration of Cardin at a dose of 1 x 10™4 mg/kg significantly affected primary hemostasis in rats.

e  Bleeding time increased by 47% after 2 h.
Blood loss increased by 40% compared to the control.
After repeated administration (10 days), bleeding time remained elevated (42%), while blood loss returned to base-
line levels.

Compared to acetylsalicylic acid (100 mg/kg), Cardin demonstrated comparable or stronger acute anticoagulant
effects despite a 10°-fold lower dose, indicating high biological potency [2, 4, 6, 8].

3.2.2. Coagulation Parameters

Cardin and its peptide fractions induced pronounced hypocoagulant effects, primarily affecting the intrinsic coagulation
pathway.

The effects of Cardin and its peptide fractions on coagulation parameters in rat plasma are presented in Table 2.
APTT (activated partial thromboplastin time) increased up to 5.3-fold for K-3; up to 8.4-fold for K-5; and 2.8-fold for
Cardin. Thrombin time (TT) increased up to 7.8-fold (K-1).

Table 2. Effects of Cardin and its peptide fractions on coagulation parameters in rat plasma (M + SD, n = 5).

Group Dose PT (s) APTT (s) PRT (s) TT (s) Fibrinogen (mg/dL)
Control — 12.0 = 1.0 26.2 + 2.1 46.4 £+ 3.6 10.6 = 1.0 460 * 32

K-1 1074 12.0 + 1.1 58.8 5.4 *# 68.0 & 5.6 *# 82.2 £ 7.4%# 238 £ 20*

K-2 1074 11.8 + 1.0 60.3 £ 4.8 %# 78.9 + 6.5 *# 66.1+ 4.4 %# 313 £ 20 *#

K-3 1074 10.5 = 0.7 138.5 £ 12.3 # 75.8 £3.5% 55.4 & 4.0 *# 198 + 16 *#

K-4 1074 11.9 + 1.1 110.2 £ 9.2 *# 150.0 £ 14.7*# 69.4 £ 5.2 *# 249 + 19 *

K-5 1074 12.5 + 1.6 *# 118.7 +16.8 * 911+ 7.7 %# 17.0 + 1.5% 380 + 18 *#

Cardin 1074 11.7 £ 1.0 72.2 £ 5.6 % 83.4+7.6% 28.4 +£1.8% 280 24 *

Notes: * p < 0.01vs. control, # p < 0.01 vs. Cardin.

Plasma recalcification time (PRT) increased significantly across all fractions: fibrinogen levels decreased by 1.5—
2.3-fold.

No significant effect was observed on prothrombin time (PT), except for minor changes in K-5, indicating that
Cardin predominantly modulates the intrinsic pathway of coagulation.

3.3. Antithrombotic Activity

Cardin and its peptide fractions significantly reduced thrombus formation in rats: thrombus weight decreased by 40%
(Cardin) and 60% (K-3, K-4), and clot inhibition rate increased by up to 63.5% (K-4).

The antithrombotic activity of Cardin and its peptide fractions is presented in Table 3. These results demonstrate
a strong dose-dependent antithrombotic effect, with fractions K-3 and K-4 showing the highest activity.
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Table 3. Antithrombotic activity of Cardin and its peptide fractions (M + SD, n = 5).

Group Dose Absorbance Ant.it¥1rombotic Clot Weight Clot Inhibition
(410 nm) Activity (AU) (mg) (%)

Control - 0.260 + 0.02 1.00 27.4 + 1.5 o]

K-1 1074 0.310 + 0.03 * 1.19 = 0.15 * 184 +14* 32.8 £ 2.6 *#

K-2 1074 0.360 £+ 0.03 * 1.38 £ 0.13 * 18.3+1.5*% 33.2 + 3.0%#

K-3 107% 0.370 + 0.03* # 1.42 + 0.14* # 11.0+1.0%* 59.8 + 4.6 *#

K-4 1074 0.390 £ 0.03 *# 1.50 & 0.14 *# 10.0 & 1.0 *# 63.5 = 6.1 *#

K-5 1074 0.300 =+ 0.03 *# 1.15 & 0.12 *# 225+13% 17.8 + 4.2 *#

Cardin 1074 0.325 £ 0.03 * 1.25 +0.12 % 16.2 +1.5% 40.9 £ 3.7 %

Notes: * p < 0.01 vs. control, # p < 0.01 vs. Cardin.

3.4. Arterial Thrombosis Model

In an FeCl;-induced carotid artery thrombosis model in rats, thrombus weight decreased: control: 1.9 & 0.2 mg; Cardin:
0.8 + 0.06 mg (58% reduction). Coagulation parameters also improved: APTT increased by 40%, and fibrinogen de-
creased by 40%. The results are summarized in Table 4.

Table 4. Effects of Cardin and Nebilet on hemostasis parameters in animals with experimental arterial thrombosis (M + SD).

Group Dose ey Timeim APTT () i
Intact animals — — 23.3 £ 2.0 22.0 £+ 2.0 400 £ 35
Control (thrombosis) — 1.9+ 0.2 14.1 + 0.1 14.5 & 1.0 877 + 50
Cardin 10~ % mg/kg 0.8 £ 0.06 17.7 + 1.2 20.3 £ 4.0 558 + 40
Nebilet 0.46 mg/kg 0.98 £ 0.1 20.7 = 2.0 25.9+ 24 802.9 £ 50

The effects of Cardin were comparable to or stronger than those of nebivolol (0.46 mg/kg), particularly in reducing
fibrinogen levels.

3.5. Antihypoxic Activity

In a sodium nitrite-induced hemic hypoxia model, Cardin (1 x 107% mg/kg) increased survival latency by 42—56% com-
pared to the control. A higher dose (1 x 10~2 mg/kg) showed maximal effect at 24 h (57% increase), followed by reduced
activity at 48 h. These findings indicate moderate but significant antihypoxic activity, potentially related to improved
microcirculation [15, 17].

3.6. Safety and Toxicity Observations

Across all experimental conditions:

e No acute mortality was observed at tested doses;
No visible signs of neurotoxicity, hepatotoxicity, or behavioral abnormalities were detected;
e Anticoagulant effects were dose-dependent but not associated with pathological bleeding.

These findings suggest a favorable safety profile within the studied dose range, despite in silico predictions indicat-
ing potential toxicity risks.

3.6.1. In Silico Toxicity Prediction

Computational toxicity analysis predicted potential hepatotoxicity, neurotoxicity, respiratory toxicity, immunotoxicity,
estrogen receptor activation, aromatase interaction, acetylcholinesterase inhibition, and cytochrome P450 (CYP2Cg and
CYP3A4) involvement. Conversely, cardiotoxicity, nephrotoxicity, mutagenicity, cytotoxicity, and androgen receptor
activity were predicted to be inactive. The computational toxicity analysis predictions are summarized in Table 5.
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Table 5. Computational toxicity analysis prediction.

Classification Target Prediction Probability
Hepatotoxicity Active 0.69
Neurotoxicity Active 0.87
Organ Toxicity Nephrotoxicity Inactive 0.90
Respiratory toxicity Active 0.98
Cardiotoxicity Inactive 0.77
Immunotoxicity Active 0.96
Carcinogenicity Inactive 0.62
Toxicity Endpoints Mutagenicity Inactive 0.97
Cytotoxicity Inactive 0.93
Ecotoxicity Active 0.73
Aromatase Active 1.00
Nuclear Receptor Signaling Estrogen Receptor Alpha (ER) Active 0.99
Estrogen Receptor LBD Active 1.00
Androgen Receptor (AR) Inactive 0.99
Acetylcholinesterase (AChE) Active 0.69
Molecular Initiating Events GABA receptor (GABAR) Inactive 0.96
NMDA receptor (NMDAR) Inactive 0.92
CYP2Co Active 0.56
Metabolism CYP3A4 Active 0.71
CYP1A2 Inactive 0.76

3.6.2. Additional Safety Evaluations

Local irritation testing in rats and rabbits demonstrated no signs of erythema or edema at administration sites. Aller-
genicity studies in guinea pigs showed no hypersensitivity reactions. Embryotoxicity assessment in rats revealed nor-
mal fetal development with no evidence of resorptions, malformations, or growth retardation. Mutagenicity testing in
cultured human peripheral blood lymphocytes showed no increase in chromosomal aberrations compared to controls.
Immunotoxicity assays in mice demonstrated preserved humoral and cellular immune responses.

The present study provides a comprehensive preclinical evaluation of the multicomponent peptide complex Cardin,
isolated from neonatal lamb (Ovis aries) heart tissue, with emphasis on its physicochemical characteristics and anticoag-
ulant, antithrombotic, and antihypoxic activities, as well as its safety profile.

4. Discussion

4.1. Interpretation of Anticoagulant and Antithrombotic Effects

The results demonstrate that Cardin exerts pronounced anticoagulant effects, primarily through modulation of the in-
trinsic pathway of coagulation. This is supported by significant prolongation of activated partial thromboplastin time
(APTT), thrombin time (TT), and plasma recalcification time (PRT), along with a reduction in fibrinogen levels, while
prothrombin time (PT) remained largely unaffected.

Such a pattern suggests that Cardin may interfere with intrinsic coagulation factors (e.g., factors XII, XI, IX, and
VIII) or enhance endogenous anticoagulant mechanisms rather than affect the extrinsic pathway. The observed decrease
in fibrinogen further indicates a potential inhibition of fibrin formation and/or promotion of fibrinolytic processes.

Importantly, the reduction in thrombus formation and increased clot inhibition observed in vivo are consistent with
the anticoagulant effects and indicate that Cardin can suppress pathological thrombosis without completely disrupting
physiological hemostasis. Among the peptide fractions, K-3 and K-4 demonstrated the most pronounced activity, sug-
gesting that specific components within the mixture may be primarily responsible for the observed pharmacological
effects [2, 4, 6, 9].
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4.2. Structural Features and Relation to Bioactivity

Cardin is a heterogeneous mixture of medium-molecular-weight peptides (approximately 5—-10 kDa), distinguishing it
from conventional low-molecular-weight anticoagulants. The amino acid composition of these peptides, enriched in
hydrophobic residues (Leu, Val, Ala) and containing charged residues (Lys, Arg, Asp, Glu), may facilitate interactions
with proteins involved in coagulation cascades, platelet function, or endothelial regulation. Such structural diversity
may contribute to the multimodal biological activity observed in this study, potentially involving synergistic interactions
among different peptide fractions rather than the effect of a single active compound [5, 10, 11].

4.3. In Silico Versus In Vivo Toxicity: Explanation of Discrepancies

A notable finding of this study is the discrepancy between in silico toxicity predictions and in vivo experimental results.
Computational models predicted potential hepatotoxicity, neurotoxicity, and immunotoxicity, whereas no correspond-
ing toxic effects were observed in animal studies at the tested doses. This discrepancy may be attributed to several factors.
First, in silico models are largely based on predefined chemical structures and known toxicophores; however, Cardin rep-
resents a complex mixture of partially characterized peptides, which may not be accurately represented in such databases.
Second, the administered doses in vivo were relatively low, which may fall below toxicity thresholds. Third, peptides are
subject to enzymatic degradation and limited bioavailability, reducing systemic exposure. Finally, biological systems pos-
sess adaptive detoxification and compensatory mechanisms that are not accounted for in computational models. Thus,
the observed differences highlight the limitations of predictive toxicity tools when applied to heterogeneous biological
preparations and emphasize the importance of experimental validation [12, 13, 18—20].

4.4. Antihypoxic Activity and Possible Mechanisms

Cardin demonstrated moderate but significant antihypoxic activity in a sodium nitrite-induced hemic hypoxia model.
The increased survival time observed may be indirectly related to improvements in blood rheology and microcirculatory
function.

By reducing thrombosis and potentially improving blood flow, Cardin may enhance oxygen delivery to tissues under
hypoxic conditions. Additionally, modulation of endothelial function and nitric oxide-related pathways may contribute
to the observed effects, although these mechanisms require further investigation [17—19, 21—26].

4.5. Methodological Considerations

In response to concerns regarding reproducibility and experimental rigor, this study provides detailed descriptions of
animal models, dosing regimens, analytical methods, and experimental conditions. Randomization was applied during
group allocation, and observations were conducted under partially blinded conditions. However, further standardization
of blinding and randomization procedures in future studies would strengthen methodological robustness and compliance
with international guidelines such as ARRIVE 2.0.

4.6. Study Limitations

Several limitations should be acknowledged. First, the structural characterization of Cardin remains incomplete, as the
full amino acid sequences of individual peptide fractions were not fully elucidated. Second, the multicomponent nature
of the preparation makes it difficult to attribute specific biological effects to individual peptides. Third, the current study
primarily focuses on acute and subchronic toxicity, while long-term toxicological and immunogenic assessments remain
limited. Finally, pharmacokinetic parameters, including absorption, distribution, metabolism, and excretion (ADME),
were not evaluated. These limitations should be addressed in future studies through advanced proteomic techniques,
isolation of individual active fractions, and comprehensive pharmacokinetic and toxicological profiling [9].

4.7. Implications and Future Perspectives

The findings of this study suggest that Cardin is a promising peptide-based candidate with anticoagulant, antithrombotic,
and antihypoxic properties at relatively low doses. Its high biological activity and favorable safety profile distinguish it from
conventional anticoagulant agents. Future research should focus on full structural elucidation using advanced analytical
methods, identification and isolation of the most active peptide fractions (particularly K-3 and K-4), detailed mechanistic
studies at the molecular level, and comprehensive pharmacokinetic and long-term safety evaluations [2, 6, 12].
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5. Conclusion

In summary, Cardin demonstrates a unique combination of anticoagulant, antithrombotic, and antihypoxic activities,
primarily mediated through modulation of the intrinsic coagulation pathway. While in silico predictions suggest poten-
tial toxicity, in vivo findings indicate a favorable safety profile within the studied dose range. Despite current limitations,
Cardin represents a promising candidate for further development as a peptide-based therapeutic agent. These find-
ings highlight the importance of integrating in silico predictions with experimental validation when evaluating complex
peptide-based therapeutics.
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