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The protein-based nanosystems for targeted drug delivery of a wide array of substances, ranging from small drugs and therapeutic
proteins to nucleic acids and genes, attract increasing attention due to their biocompatibility and biodegradability, extraordinary binding
capacity for different ligands, accessibility from natural sources, effective drug protection and gentle encapsulation conditions. Due to
the multitude of binding pockets and functional groups on the protein surface, these nanocarriers seem to be highly efficient
multifunctional nanotheranostic systems that could incorporate both a therapeutic drug and a visualizing agent. This integration serves
multiple purposes, including the regulation of drug release, monitoring the alterations at the target site in response to treatment, and
offering crucial insights into the efficacy of the intervention in its early stages. The development of these advanced nanosystems
necessitates a thorough comprehension of the potential interactions within these intricate systems. In the present study we assessed the
potential of six trimethine and seven pentamethine cyanine dyes to serve as visualizing agents in the drug-protein-dye systems which
include functionally significant proteins (cytochrome ¢, serum albumin, lysozyme and insulin and four antiviral drugs, viz. favipiravir,
molnupiravir, nirmatrelvir and ritonavir. The ternary systems with the highest dye-protein surface shape complementarity were
established for all groups of the examined cyanine dyes. The influence of the cyanine dye structure on the stability of the drug-protein-
dye complexes was assessed. The obtained results indicate that the dye-protein affinity is not solely dependent on the length of the
polymethine chain. It was found that the most prospective drug delivery systems containing the trimethines and pentamethines as
visualizing agents are AK5-6-, AK5-8- and AK3-11-drug-albumin complexes.

Keywords: Protein-drug-dye complexes, Antiviral agents, Protein nanoparticles, Drug nanocarriers, Cyanine dyes, Multiple
molecular docking
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During the past decades the field of engineering materials for drug delivery applications in cancer therapy [1-3],
central nervous system indications [4,5], antiviral therapy [6,7], inflammatory [8,9] and cardiovascular diseases [10,11]
has witnessed a growing interest in utilizing the nanostructured drug delivery systems (DDS). The evolution of these
second-generation DDSs offers a range of advantages that aim to tackle numerous challenges associated with conventional
therapies including: i) enhanced stability and solubility of drugs; ii) reduced drug toxicity; iii) uniform dosing;
iv) improved drug pharmacokinetics and distribution, to name only a few [12-15]. Among the plethora of biomaterials
and synthetic polymers explored as fundamental blocks for creating nanopharmaceuticals tailored for targeted drug
delivery of a wide array of substances, ranging from small drugs and therapeutic proteins to nucleic acids and genes,
particular attention is devoted to the protein-based nanosystems [13-15]. Their appeal lies in numerous advantageous
attributes, such as: i) biocompatibility and biodegradability; ii) extraordinary binding capacity for various drugs;
iii) abundance of proteins available from natural sources; iv) drug protection from enzymatic degradation and rapid renal
excretion; v) gentle formulation and drug encapsulation requirements; vi) capability of surface covering with ligands
specific to target tissues, vii) streamlined synthesis procedures with cost-effective outcomes [13-16]. Moreover, owing to
the presence of numerous binding pockets and functional groups within the proteins, protein nanocarriers are especially
promising for the development of effective multifunctional nanotheranostic systems merging both the therapeutic and
diagnostic properties [17-19]. Theranostic nanomedicines assume the simultaneous integration of a therapeutic drug and
visualizing agent for control of drug release, monitoring the changes at the target site in response to the treatment, and
providing valuable insights into the effectiveness of the intervention at an early stage [17-18]. The fabrication of these
advanced second-generation nanosystems requires a comprehensive understanding of the possible interactions within the
complex systems.

In our previous work, we employed the multiple ligand simultaneous docking technique to investigate the
interactions among four functionally significant proteins (cytochrome ¢, serum albumin, lysozyme and insulin), four
antiviral drugs (favipiravir, molnupiravir, nirmatrelvir and ritonavir) and a series of cyanine dyes represented by four
monomethines and two heptamethines. Our primer focus was to identify the most suitable systems for creating the protein
nanoparticles carrying both antiviral drugs and cyanine dyes as visualizing agents [20]. The obtained results indicate that
the albumin-based nanosystems functionalized by the heptamethine cyanine dyes can serve as effective carriers for
targeted delivery of the explored antiviral agents. In continuation of our previous work, in the present study we extended
our investigation to other cyanine dyes (six trimethines and seven pentamethines). The main was threefold: i) to delve
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into the interactions within the ternary protein-dye-drug complexes using the multiple ligand simultaneous docking
(MLSD) technique; ii) to identify the most promising candidates for the development of protein-based theranostic drug
delivery nanoplatforms; iii) to determine the structural features of the cyanine dyes responsible for their loading in the
multicomponent protein-based drug delivery nanosystems.

MATERIALS AND METHODS
Molecular docking studies

The three-dimensional X-ray crystal structures of the examined proteins in their native monomeric form were
obtained from the Protein Data Bank using the PDB IDs 1REX, 3140, 3ZCF, 6M4R for lysozyme (Lz), insulin (Ins),
cytochrome ¢ (Ct) and serum albumin (SA), respectively. The structural model for serum albumin was prepared by
employing the DockPrep module of UCSF Chimera molecular software [21]. This involved the removal of water
molecules and the addition of polar hydrogen atoms and Kollman charges [21]. The structure of the antiviral drugs
(favipiravir, molnupiravir, nirmatrelvir and ritonavir) [20] and the investigated cyanine dyes (Figure 1) were constructed
using the MarvinSketch (version 18.10.0) and optimized in Avogadro (version 1.1.0) using the Universal Force Field with
the steepest descent algorithm [22,23]. Notably, counterions were omitted from the dye structures to retain molecular
charges. Initially, the blind docking of the drugs or dyes (control dye-protein systems) with the proteins was carried out
using the PatchDock server (http://bioinfo3d.cs.tau.ac.il/PatchDock/php.php) which focuses on finding the maximum
surface shape complementarity while minimizing the steric clashes [24]. Subsequently, the top-scored docked drug-
protein complexes were utilized as a receptor for docking of the second ligand, which represents either a trimethine or
pentamethine cyanine dye, using the PatchDock server. To characterize the possible interactions involved in the formation
of composite drug-dye-protein systems, the protein-ligand interaction profiler (PLIP, https://plip-
tool.biotec.tudresden.de/plip-web/plip/index) was employed [25]. The selected docking poses were visualized using the
UCSF Chimera software (version 1.14), combining the docking models with the best geometric shape complementarity
in the same image to optimize visibility of the binding sites [26].
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Figure 1. Structural formulas of the examined cyanine dyes

RESULTS AND DISCUSSION
The ternary complexes with the highest scores, comprising proteins, drugs, and dyes are depicted in Fig.2 (the drugs
and dyes binding modes were identified for cytochrome c (Fig. 2), albumin (Fig. 3), lysozyme (Fig. 4) and insulin (Fig. 5).
The examined tri- and pentamethines as well as previously reported mono- and heptamethines [20] are situated in close
proximity to each other near the surfaces of cytochrome ¢, lysozyme and insulin. The binding sites for favipiravir,
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molnupiravir, nirmatrelvir and ritonavir did not change compared to our previous findings [20]. However, the distinct
binding pockets of albumin are observed for the drugs and the cyanine dyes examined here.
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Figure 3. The highest-score docking poses obtained for albumin using the MLSD in PatchDock
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Figure 4. The highest-score docking poses obtained for lysozyme using the MLSD in PatchDock.
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Figure 5. The highest-score docking poses obtained for insulin using the MLSD in PatchDock.

Next, the geometric shape complementarity scores and approximate interface areas for the protein-drug-dye systems
were analyzed. In the cytochrome c-drug-dye systems the antiviral agents have no impact on the docking positions
compared to the protein-dye complexes (Table 1). This observation does not hold true only in the specific cases of AK3-
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3, AK3-5, (AKS5-3), AKS-4, AKS-8, AKS5-for molnupiravir and AK3-1, AK3-7, AK3-8, AK3-11, AK5-1 for ritonavir,
where the dye-protein affinity slightly decrease (increase). The interface area slightly decreased (increased) by
molnupiravir in the systems with AK3-3, AK3-5, (AKS5-3), AK5-4, AK5-8, AKS5-9 and increased by ritonavir for ternary
complexes with the AK3-7, AK3-8, AK3-11, AK5-1. For the rest examined systems including previously reported [20],
the comparison of the docking outcomes was performed in order to detect the most prospective dyes. It was found that
the dye-protein affinity follows the order: AK7-5 > AK7-6 > AK5-6 > AK-1-2-20 > AK-1-2-19 > AK3-11 > AK5-8 (F,
N, R) > AK5-9 (F, N, R) > AK3-5 (F, N, R) > AK3-8 > AK5-3 (F, N, R), AK3-3 (F, N, R) > AK3-7 (F, M, N) > AK5-2
> AK5-4 (F, N, R)> AK-1-2-17 > AK5-1 > AK3-1 > AK-1-2-18; while the interface area decreases in the order: AK7-6
> AK7-5> AK5-6 > AK-1-2-20 > AK-1-2-19 > AK5-8 > AK5-9 > AK3-3 > AK3-11 > AKS-3 > AK-1-2-17 > AK3-5>
AK-1-2-18 > AK5-2 > AK5-4 > AK3-8 > AK5-1 > AK3-7 > AK3-1.

Table 1. The geometric shape complementarity score and approximate interface area of the complex derived for the cytochrome c-
drug-dye systems (F- Favipiravir, M — Molnupiravir, N - Nirmatrelvir, R — Ritonavir).

Cytochrome ¢
Dye Score Approximate interface area of the complex, A2
F M N R - F M N R -

- 2220 3648 4292 6062 - 237.40 384.30 576.30 797.80 -
AK3-1 4578 4578 4578 4636 4578 500.30 500.30 500.30 506.60 500.30
AK3-3 4944 4788 4944 4944 4944 616.00 593.80 616.00 616.00 616.00
AK3-5 5062 4962 5062 5062 5062 600.90 583.90 600.90 600.90 600.90
AK3-7 4780 4780 4780 4678 4780 522.80 522.80 522.80 600.80 522.80
AK3-8 5034 5034 5034 5016 5034 561.70 561.70 561.70 572.90 561.70
AK3-11 5372 5372 5372 5440 5372 614.20 614.20 614.20 647.90 614.20
AKS-1 4584 4584 4584 4666 4584 527.10 527.10 527.10 531.90 527.10
AKS-2 4736 4736 4736 4736 4736 579.10 579.10 579.10 579.10 579.10
AKS-3 4944 5200 4944 4944 4944 610.90 627.30 610.90 610.90 610.90
AKS-4 4734 4604 4734 4734 4734 563.30 582.80 563.30 563.30 563.30
AKS-6 5638 5638 5638 5638 5638 766.10 766.10 766.10 766.10 766.10
AKS-8 5266 4970 5266 5266 5266 675.10 632.70 675.10 675.10 675.10
AKS-9 5122 4932 5122 5122 5122 632.00 584.70 632.00 632.00 632.00

The drug influence on the docking parameters in the albumin-cyanine systems was found to be more pronounced
(Table 2). The docking score remains the same for the systems AK3-1 + F/M/N, AK3-3 + N, AK3-5 + N, AK3-7 + N,
AK3-8 + F/M/R, AK3-11 + F/M/R, AK5-1 + N, AK5-2 + N, AKS5-3 + all drug systems, AK5-4 + F/N, AK5-6 + F/M/N,
AKS5-8 + F/N, AK5-9 + F/N; decreases in the systems AK3-5 + F/M/R, AK3-7 + F/M/R, AK3-8 + N, AK3-11 + N, AK5-
1 +F/M, AK5-2 + F/M, AK5-8 + M/R, AK5-9 + M/R; and increases in the systems AK3-1+R, AK3-3 + F/M/R, AK5-
1+ R, AK5-2 + R, AK5-4 + M/R, AK5-6 +R. The ranking of the explored complexes according to aforementioned
parameter appeared to be as follows: AK7-5 (N) > AK7-6 > AK-1-2-20 (F, M, N) > AK-1-2-19 (N) > AK3-11 (F, M, R)
> AK5-8 (F, N, R) > AK5-6 (F, M, N) > AK-1-2-18 (F, N) > AK-1-2-17 (F, N) > AK5-9 (F, N) > AK3-8 (F, M, R) >
AK3-5 (N) > AK5-4 (F, N> AK5-3 > AK3-3 (N) > AK5-1 (N) > AK3-7 (N) > AK3-1 (F, M, N) > AK5-2 (N). The
highest albumin-cyanine interface area was observed for AK7-5 (N, R), AK-1-2-20 (F, M, N), AK7-6, AK-1-2-19, AK5-
6, AK5-8, AK3-11.

Table 2. The geometric shape complementarity score and approximate interface area of the complex derived for the albumin-drug-

dye systems (F- Favipiravir, M — Molnupiravir, N - Nirmatrelvir, R — Ritonavir)

Serum albumin
Dye Score Approximate interface area of the complex, A2
F M N R - F M N R -

- 2900 5054 6212 8412 - 343.60 553.10 719.50 1036.60 -
AK3-1 5280 5280 5280 5332 5280 600.50 600.50 600.50 626.60 600.50
AK3-3 5672 5672 5606 5672 5606 677.80 677.80 672.80 677.80 672.80
AK3-5 5824 5824 6030 5792 6030 739.20 739.20 690.50 746.80 690.50
AK3-7 5306 5306 5372 5320 5372 636.90 636.90 658.80 690.30 658.80
AK3-8 6074 6074 6022 6074 6074 695.60 695.60 730.90 695.60 695.60
AK3-11 6634 6634 6428 6634 6634 753.10 753.10 834.70 753.10 753.10
AKS5-1 5338 5338 5406 5560 5406 682.90 682.90 672.80 674.40 672.80
AKS-2 5198 5198 5208 5234 5208 634.70 634.70 639.00 647.20 639.00
AKS5-3 5854 5854 5854 5854 5854 683.60 683.60 683.60 683.60 683.60
AK5-4 5868 5870 5868 5870 5868 681.40 747.80 681.40 747.80 681.40
AKS5-6 6556 6556 6556 6960 6556 814.60 814.60 814.60 914.90 814.60
AKS5-8 6562 5922 6562 5944 6562 775.70 695.90 775.70 690.00 775.70
AKS5-9 6188 5948 6188 5948 6188 691.90 700.10 691.90 700.10 691.90
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Table 3. The geometric shape complementarity score and approximate interface area of the complex derived for the lysozyme-drug-
dye systems (F- Favipiravir, M — Molnupiravir, N - Nirmatrelvir, R — Ritonavir).

Lysozyme
Dye Score Approximate interface area of the complex, A2
F M N R - F M N R -
- 2184 3628 4690 5922 - 245.40 394.70 522.30 702.70 -

AK3-1 4212 4212 4212 4232 4212 481.80 481.80 481.80 530.10 481.80
AK3-3 4520 4646 4514 4538 4520 507.50 540.90 538.10 574.80 507.50
AK3-5 4634 4708 4606 4600 4634 548.40 557.60 493.70 605.30 548.40
AK3-7 4334 4344 4334 4462 4334 537.20 525.50 537.20 547.80 537.20
AK3-8 4872 4866 4718 4706 4872 580.60 570.50 489.30 604.30 580.60
AK3-11 5176 5198 5044 5228 5176 626.40 641.60 604.80 671.30 626.40
AKS-1 4526 4680 4502 4546 4526 510.70 554.40 584.20 569.20 510.70
AKS-2 4534 4656 4382 4428 4534 522.40 547.50 556.40 549.30 522.40
AKS-3 4812 4548 4548 4702 4812 544.30 517.40 517.40 572.10 544.30
AKS-4 4624 4580 4522 4624 4624 531.50 506.00 662.40 545.50 531.50
AKS-6 5550 5304 5304 5218 5550 652.70 614.70 614.70 628.20 652.70
AKS-8 5196 4992 4992 4992 5196 585.10 556.80 556.80 556.80 585.10
AKS-9 5004 4640 4640 4680 5004 547.40 589.50 589.50 569.10 547.40

Table 4. The geometric shape complementarity score and approximate interface area of the complex derived for the insulin-drug-dye
systems (F- Favipiravir, M — Molnupiravir, N - Nirmatrelvir, R — Ritonavir).

Insulin
Dye Score Approximate interface area of the complex, A2
F M N R - F M N R -
- 1944 2826 3544 4582 - 244.40 327.80 410.40 619.30 -

AK3-1 4096 4096 4096 3848 4096 460.40 460.40 460.40 436.70 460.40
AK3-3 4202 4202 4366 4112 4202 469.30 469.30 493.60 472.90 469.30
AK3-5 4234 4070 4208 4386 4234 476.80 457.50 480.00 564.40 476.80
AK3-7 4046 4046 4046 4072 4046 447.50 447.50 447.50 505.10 447.50
AK3-8 4560 4456 4456 4568 4560 572.40 547.80 547.80 561.20 572.40
AK3-11 4536 4536 4536 5044 4536 534.00 534.00 534.00 646.50 534.00
AKS5-1 4268 4202 4154 3946 4268 477.40 477.30 477.80 458.00 477.40
AKS5-2 4276 4010 3984 3980 4276 529.20 474.70 471.40 506.50 529.20
AKS5-3 4298 4086 4094 4320 4298 556.80 476.50 480.60 513.90 556.80
AK5-4 4242 4300 4268 4388 4242 552.50 508.30 528.00 527.20 552.50
AK5-6 4560 4844 4792 4584 4560 532.70 564.90 555.00 602.00 532.70
AKS5-8 4392 4392 4428 4330 4392 523.60 523.60 528.80 533.00 523.60
AK5-9 4392 4366 4342 4172 4392 551.00 541.80 516.20 509.60 551.00

The docking score remains the same for all lysozyme-favipiravir-dye complexes (Table 3) and for the systems:

AK3-1 + M/N, AK3-7 + N, AK5-4 + R; decreases in the systems: AK3-3 + N, AK3-5 + N/R, AK3-8 + M/N/R, AK3-11
+ N, AK5-1 +N, AK5-2 + N/R, AK5-3 + M/N/R, AK5-4 + M/N, AK5-6 + M/N/R, AK5-8 + M/N/R, AK5-9 + M/N/R;
and increases in the systems: AK3-1 + R, AK3-3 + M/R, AK3-5 + M, AK3-7 + M/R, AK3-11 + M/R, AK5-1 + M/R,
AKS5-2 + M. The dye-lysozyme affinity was found to follow the order: AK7-5 > AK-1-2-20 > AK7-6 > AK5-6 > AK-1-2-
19 > AK-1-2-18 > AK5-8> AK3-11 > AK5-9 > AK-1-2-17 > AK3-8 > AK5-3 > AK3-5 > AK5-4> AK5-2 > AKS5-1 >
AK3-3 > AK3-7 > AK3-1, while the highest protein-cyanine interface area was observed in the case of AK-1-2-20,
AK7-5, AK-1-2-19, AK7-6, AK5-6, AK3-11. The favipiravir do not exert influence on the dye-protein affinity and
interface area in the cases of insulin and lysozyme (Table 4). The score remains the same for the complexes: AK3-1 +
M/N, AK3-3 + M, AK3-7 + M/N, AK3-11 + M/N; decreases in the systems: AK3-1 + R, AK3-3 + R, AK3-5 + M/N,
AK3-8+M/N, AK5-1 +M/N/R, AK5-2 +M/N/R, AK-3 +M/N, AK5-8 + R, AK5-9 + M/N/R; and increases in the systems:
AK3-3 +N, AK3-5 + R, AK3-7 + R, AK3-8 + R, AK3-11 + R, AK5-3 + R, AK5-4 +M/N/R, AK5-6 +M/N/R, AK5-8 +
N. The dye-insulin affinity decreases in the order: AK-1-2-19 > AK-1-2-20 > AK7-6 > AK7-5 > AKS-6, AK3-8 >
AK3-11 > AK5-8, AK5-9 > AK5-3 > AK5-2 > AK5-1 > AK5-4> AK3-5 > AK3-3, AK-1-2-18 > AK3-1 > AK3-7 >
AK-1-2-17, while the interface area follows the order: AK-1-2-19 > AK7-6 > AK-1-2-20 > AK7-5 > AK3-8 > AK5-3 >
AKS5-4 > AK5-9 > AK3-11 > AK5-6 > AKS5-2 > AK5-8 > AK5-1 > AK3-5 > AK-1-2-18 > AK3-3 > AK3-1 > AK3-7 >
AK-1-2-17. The crucial contribution of hydrophobic interactions in all examined dye-protein complexes was revealed by
the PLIP analysis. The other types of interactions involved hydrogen bonds, salt and water bridges.

CONCLUSIONS
In conclusion, the present study was focused on the use of multiple ligand simultaneous docking technique to
investigate the interactions between the four functionally significant proteins (cytochrome c, serum albumin, lysozyme
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and insulin), four antiviral drugs (favipiravir, molnupiravir, nirmatrelvir and ritonavir) and the cyanine dyes (six
trimethines and seven pentamethines). The comparison with ternary complexes from our previous work (that included
four monomethines and two heptamethines) was conducted. The obtained results indicate that the dye-protein affinity
seems to be not directly dependent on the polymethine chain length. The strongest complexes with the proteins were
formed by the heptamethines (AK7-5, AK7-6), monomethines with CH3O substitution (AK-1-2-20, AK-1-2-19),
pentamethines with CH,C¢Hs and C3HuN substitution (AK5-6, AKS-8), trimethines with OC,Hs and CHj3 substitution
(AK3-11, AK3-8). Among the examined proteins, the cyanine dyes showed the highest affinity binding to the albumin
molecule, while the lowest values of the docking score were observed for insulin. The other results include: i) the cyanines
and drugs occupy the different binding sites, except the lysozyme cavity that seems to be suitable for accommodation of
both ligands (in the case of molnupiravir, nirmatrelvir and ritonavir); ii) the obtained complexes are predominantly
stabilized by hydrophobic forces.

Overall, the most prospective drug delivery systems with the trimethines and pentamethines as visualizing agents
are AKS5-6-, AKS5-8- and AK3-11-drug-albumin complexes, but, generally, the albumin-based nanosystems
functionalized by the heptamethine cyanine dyes seem to be the most effective carriers for targeted delivery of the
explored antiviral agents.
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OJTHOYACHMM JOKIHI ITIPOTUBIPYCHUX MMPEMNAPATIB TA IITAHIHOBUX BAPBHUKIB 3 BIJIKAMM 3
BUKOPUCTAHHSAM MYJbTUJITAHAHOI'O MIAXOA4Y
Ouabra XKutnskiBcbka, Yiasna Tapa6apa, Karepuna Byc, Banepis Tpycosa, 'asuna I'op6enko

Kadgheopa meouunoi ¢hizuxu ma 6iomeduunux nanomexronoziu, Xapxigcokuii HayionarvHuil yuigepcumem imeni B.H. Kapasina

M. Ceob600u 4, Xapxis, 61022, Vkpaina

Hanocucremu Ha OCHOBI O1JIKIB [UIsl IIIJILOBOT JOCTaBKH IIMPOKOTO CHEKTPY JIKAPCHKUX 3aCO0iB, IIOYMHAIOYH BiJ] HEBEIMKHX JIKIB 1
TepaneBTUYHHUX OUIKIB 710 HYKJICTHOBUX KHCJIOT i FeHiB, IPUBEPTAIOTh BCE OBy yBary 3aBIsSKH CBOil 610CyMiCHOCTI Ta 34aTHOCTI
1o Giomerpanarii, HaA3BUYAHINA 31aTHOCTI [0 3B’sI3yBaHHs Pi3HHX JIraHAiB, JOCTYIMHOCTI 3 MPUPOJHUX JXKepen, e)eKTHBHOMY
3aXUCTy JIKiB 1 M’SIKMM YMOBaM IHKAICyJISILii TOIIO. 3aBASKM YUCICHHUM LIEHTpaM 3B’s3yBaHHs Ta (DYHKI[IOHAIBHUM TpymnaMm Ha
MoBepxHi OiNKiB, IIi HAHOHOCIT € BHCOKOC(EKTHBHUMH 0araro(pyHKIiOHATHPHUMH HAaHOTEPAHOCTHYHHMH CHCTEMaMH, SIKi MOXYTh
BKJIIOYATH SIK TEPANeBTHYHUAN Tpemapar, Tak i Bisyalizyrouwii areHT. Llg iHTerpamis ciaykuTh OaraThbOM IIJISIM, BKIFOHAIOUH
peTyIIOBaHHS BUBIIBHEHHS JIIKiB, MOHITOPUHT 3MiH y IIJIbOBIH JUISHIN Y BiZITOBIb HA JTIKyBAaHHS Ta OI[IHKY €()eKTHBHOCTI BTpYYaHHS
Ha paHHIX crajisx. Po3poOka mmx mepenoBUX HAHOCHCTEM JPYrOro ITOKOJIIHHS BHMAarae JETANBHOTO PO3YMIHHS IMOTEHIIIHHHUX
B3a€EMOJIH y IIMX CKJIAaIHUX CHCTeMax. Y JIaHiii poOOTi MU OI[HWIM ITOTEHIiaJl IIECTH TPUMETHHOBUX Ta CEMH IEHTAMETHHOBHX
LiaHIHOBMX OapBHUKIB SK MOTCHUIHHMX Bi3yali3ylOUMX AareHTiB B CHCTeMax OUIOK-JIIKapChKUil mpemapaT, IO BKIIOYAIN
(YHKIIOHAIBHO BaXKIIUBI OLTKK (LIMTOXPOM €, CHPOBAaTKOBHIA anbOyMiH, JII30L[MM Ta iHCYINiH) Ta YOTUPH IPOTUBIPYCHHUX MpenapaTH
(aBimipasip, MosTHYmipaBip, HipMaTPEJIBip i puTOHaBIp). i BCIX TPy AOCIIKYBaHUX I[iaHIHOBUX OapBHUKIB BU3HAYCHI MOTPiiHI
CHCTEMH 3 HABUIIOK KOMIUIEMEHTApHICTIO (popMH MOBepXHi OapBHUK-OLTIOK, a TAKOXK TUIH cTabimizyounx B3aeMofii. [IpoBeneHo
OILIIHKY BIUIMBY CTPYKTYpH LiaHiHOBHX OapBHUKIB Ha CTaOUIBHICTh KOMIUIEKCIB JIiIKapCchKUi mpemapar-Oinok-30HA. OTpuMaHi
Ppe3yJIbTaTH BKa3yIOTh Ha T, IO CIIOPiHEHICTh GapBHUK-01I0K HE 3aJIeKHUTH O€3II0CepeAHbO Bl JOBKUHHA MOTIMETHHOBOTO JIAHIIIOTA.
BusiBiieHO, 1110 HaHOUIBII TIEPCIICKTHBHUMH CHCTEMaMH JOCTABKH JIKiB, 1[0 MICTATH PO3IVISIHYTI TPUMETHHH Ta IICHTAMETHHH 5K
Bizyaizyroui areHrty, e kommiekcu AKS-6-, AKS-8- ta AK3-11-niku-ans0ymin.

KunrouoBi ciioBa: xomniexcu 6inok-nikapcokuil npenapam-6apeHuK; npomusipychi azenmu,; OLIKO8I HAHOYACMUHKU, HAHOHOCIT NIKIG;
YiaHinogi 6apeHUKU, 0OHOYACHUI MOJEKVIAPHUL OOKIHE





