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Hence, gained data revealed that the early stage of seizure development is characterized by
the strengthening of mutually positive links between brain structures with the reduction of negative
ones. Generalized seizure cessation observed at the stage of fully developed kindling is
characterized by a reduction of positive links between cortical structures while negative links were
preserved. The marked involvement of paleocerebellum was observed at the period of ictal
discharge formation and their suppression. Gained results are in correspondence with the

neurophysiological mechanisms of PTZ-kindled seizure development [1].
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Abstract

The proposed a four-compartmental model describes transport kinetics of 99m-technetium
radiotracers with considering radiopharmaceutical accumulation, elimination and radioactive decay
and retention of radiotracers at lymph nodes.
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Introduction
The dynamics of radiotracers in lymph nodes can be studied using various imaging techniques, such
as lymphoscintigraphy, positron emission tomography (PET), or single-photon emission computed
tomography (SPECT). These techniques allow for the visualization and quantification of radiotracer
distribution within the lymphatic system and lymph nodes. When a radiotracer is injected or
administered, it enters the lymphatic system and is transported through lymphatic vessels. The
radiotracer may encounter several processes and dynamics within the lymph nodes, including

lymphatic uptake, lymphatic transport, lymph node filtration, retention and clearance.
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By using imaging techniques, the dynamics of radiotracers within lymph nodes can be visualized
and quantified. This allows researchers and clinicians to study parameters such as tracer uptake,
distribution patterns, retention times, and clearance rates. Such information can be valuable for
understanding lymphatic function, evaluating lymph node involvement in diseases, optimizing
lymphatic imaging protocols, and developing targeted therapies that utilize lymphatic pathways.
It's important to note that the dynamics of radiotracers in lymph nodes can be influenced by various
factors, including the specific radiotracer used, the injection or administration method, the
lymphatic system's physiological state, and any underlying diseases affecting lymphatic function.

The tracer-kinetic model

The tracer-kinetic model is based on compartmental assumptions; that means, tracer is
assumed to move between discrete "compartments", within each of which tracer is assumed to
distribute instantaneously upon arrival. Thus, in a compartmental model, gradients of concentration
are assumed to be zero (i.e., their spatial profiles flat) within each compartment at all times. The
ideal radiotracer for lymphoscintigraphy would be one that demonstrates rapid uptake into the
lymph nodes with prolonged retention.

Size is the major factor determining the behaviour of particulate materials. Particles that are
smaller than a few nanometres will mostly penetrate the blood capillary membrane, whereas larger
particles (up to about 100 nm) can enter the lymphatic capillaries and be transported to lymph
nodes. Larger particles will be trapped in the interstitial space for a long time.

Different authors have different opinions about distribution of radiotracers after an injection.
Small-sized molecules (typically of size <5 nm diameter) diffuse rapidly in the interstitium and can
permeate to both blood and lymphatic capillaries [3]. Particles smaller than a few nanometers
usually leak into blood capillaries whereas larger particles (up to about 100 nm) can enter the
lymphatic capillaries and be transported to lymph nodes. However, even large particles were
detected in venous blood immediately after subcutaneous injection, probably as a result of direct
capillary disruption by the needle [4].

The optimal colloidal size for lymphoscintigraphy is believed to be approximately 50—70 nm.
Individual estimates vary from 1 to 70 nm [1], [2]. Larger particles (100 nm) are believed to be

trapped in the interstitial compartment for a relatively long period. One study has demonstrated that

transport of perfluorocarbon emulsions of 0,08-0,36 # exhibits an inverse correlation to colloid
particle size. Lymph node uptake of colloids of similar size can vary substantially. Differences in
surface characteristics of the colloids may account for these observations [2]. Early studies with

liposomes have shown that specific surface properties, such as charge, hydrophobicity, and the
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presence of targeting ligands, can influence both the rate of particle drainage from a subcutaneous
injection site and the distribution within the lymphatic system.
An opposite effect found for lymph node exposure, indicating a retention of the larger-sized
molecules at the injection site and thus their reduced transport to the lymph nodes. The exact choice
of the tracer size depends on the application. For example, tracers for lymphatic flow imaging
should in principle be smaller (5-10 nm) to allow for rapid lymphatic uptake and visualization. On
the other hand, the tracers for lymph node imaging should have an intermediate size (10—-100 nm) in
order to accumulate in this organ and thus provide strong signal. Above 100 nm, the diffusion of the
entities in the interstitium and thus entry into the lymphatic system is thought to be limited by the
size of the conduits in the extracellular matrix.
The exact choice of the tracer size depends on the application. For example, tracers for lymphatic
flow imaging should be smaller (5-10 nm) to allow for rapid lymphatic uptake and visualization.
On the other hand, the tracers for lymph node imaging should have an intermediate size (10—100
nm) in order to accumulate in the organ and thus provide strong signal.
The optimal colloidal size for lymphoscintigraphy is believed to be approximately 50—-70 nm [1],
but the range 10—100 nm has also been proposed [5]. The results of recent studies correlating the
particle profile of 99mTc labelled inorganic colloids with lymph node uptake suggest that colloids
with nanometric dimensions are the best suited for a high node uptake [6]. As a general rule, it can
be assumed that very small nanoparticles (<10 nm) are best suited for lymphoscintigraphy, whereas
large particles (>100 nm) display a longer retention in the first encountered lymph node.

2. Simulation of radiopharmaceutical transport kinetics
Radiotracer kinetic simulation was studied by many authors [9], [10], [11]. In a typical PET study,
PET data are sequentially obtained after the radioactive tracer is introduced (usually administrated
intravenously) over time. The interpretation of the observed PET data over time is fulfilled in the
frame of the “compartments model”, where “compartments” mean physiologically separate pools of
a tracer substance. Usually authors consider four/three tissue compartments models. The first
compartment is the blood. From the blood, the radiotracers pass into the second compartment,
known as the free compartment. The third compartment is the region of specific binding which we
are usually interested to observe. The fourth compartment is a nonspecific-binding compartment
that exchanges with the free compartment. The transport and binding rates of the tracer are assumed
to be linearly related to the concentration differences between two compartments. Data obtained by
PET detectors are obtained as the sum of these compartments. The parameters can be estimated by

fitting the model to measured PET data with arterial radioactivity concentration as the input
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function. However, this method requires the frequent manual sampling of the arterial blood or
continuous radioactivity monitoring by external radiation detectors.

In the second case the general elimination rate is higher. After intravenous bolus injection the
radiotracer moves from one compartment to the next one. Radiotracer kinetics is described by the
system of differential equations. The solution of such system is determination of the effective rate
of accumulation/elimination. The next stage is to find all the points and use the approximation
method (the smallest square, for example). Standard approach is to apply the functional of the

residual function.

Mathematical model of radiotracer transport kinetics

Dynamic of radiotracers is a rather complicated problem. To build a correct mathematical model
of radiotracer dynamics we have to take into account a very complicated anatomical structure of an
organism and different physiological/ pathologic(al) processes, as well as physical and chemical
processes, namely diffusion, accumulation, elimination and radioactive decay of radiotracers. The
main problem is to determine the space trajectory of radiotracer movement.
After bolus intravenous administration of the radiotracers the process of transferring the radiotracers
by blood vessels is begun and the so-called radiotracer “dilution” process is realized, namely the
absorption of radiotracers by other organs and tissues and radiotracers decay. Bolus is a certain
amount of medicine, injected into the body intravenously. The injected bolus quite quickly causes a
response reaction in the body.
The part of radiopharmaceuticals which is absorbed by cells is immediately metabolized, and
metabolic products quickly returned to the general blood circulation. The processes considered in
this model are the following ones:
1) radioactive decay of radiotracers; 2) accumulation of radiotracers in the interstitium; 3)
accumulation of radiotracers in the lymphatic system; 4) transport of radiotracers from the blood
vessels; 5) transport of radiotracers and metabolites from the interstitium in the blood vessels, 6)
transport of radiotracers from the lymphatic system to the blood vessels.
The model of transport kinetics of radiotracers is described by a system of differential equations of
the 1st order for radiotracer concentration levels in the blood-vascular system, in the interstitium, in
the lymphatic system and in the urinary system. The system of equations describes the processes of
accumulation/retention of radiotracers in the cells, the radiotracer elimination/washout, and
radiotracer radioactive decay. This system is like 4-compartmental models, where the number of

radiotracers in each compartment is proportional to the radiotracer concentration:
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The next denotations were used in (1): A s the radioactive decay constant of radiotracers, (1) s

the concentration of radiotracers in the interstitium, 2(") is the concentration of radiotracers in

blood vessels, W0 s the radiotracer concentration in the lymphatic system, W, (1) is the

radiotracer concentration in the lymph nodes, u(?) s the radiotracer concentration in the urinary
system, B is the rate of radiotracer capture by interstitial cells, B, is the elimination rate of
radiotracers from the lymphatic system in the bloodstream, B is the rate of radiotracer movement

from the interstitium to the lymphatic system, B.. is the elimination rate of radiotracers from the
bloodstream. Thus, the simple system of differential equations (1) has been used to describe the

kinetics of radiotracers. The initial conditions are the following ones:

x(0) =0,2(0) =1,w(0) = 0,w,,(0) = 0,u(0) =0 _

Functions of activity retention Y()>Z(@sW(),u(?) are presented in the reduced units (normalized on

L1226 pours.

unit of the injected activity). Half-decay period of *"Tc-radiotracers is equal to
Results
Radiotracer simulation is one of the main methods of interpretation of radionuclide research results.
Quantitative data of radiotracer transport kinetics in the body are presented in the form of
“activity-time” or “concentration-time”, which reflect the spatial and temporal processes of change
in the concentration of radioactive indicator in the “regions of interest” and characterize the rate of
#mTe-radiotracers retention and washout in the organ or tissue. The aim of the paper is to describe
radiotracer transport in the frame of a four-compartment models: the circulatory system, the

lymphatic system, the lymph nodes, the interstitium, and the urinary system. The case of

intravenous administration of radiotracers was considered in the paper.
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The “time-activity” curves of radiotracer transport kinetic " in the frame of a

four-compartmental model can be conditionally divided into four processes
n(t)=z(@@)+x(@)+wt)+w, (1) +u(t) .

The simulation results are presented in a form of the “concentration-time” curves in Figure.

1 Figure. Concentration-time
i dependence, B =0,15 ,
} B., =015
0.6
"o B..=075p,, =05p,, , =05
0.4+

1. The lymphatic system. 2. The

lymphatic  nodes. 3.  The

interstitial. 4. The urinary system.

5. The circulatory system.

Discussions
The case of intravenous administration of radiotracers was considered in the model. The aim of the
paper is to describe radiotracer transport in the frame of 4™ compartment models: the circulatory
system, the lymphatic system, the lymph nodes, the interstitium, and the urinary system.
The model can be easily verified by the radioactive tracer concentration data in the
circulatory/lymphatic system measured at some time points, and the obtained data can be used to
determine of the transport coefficients. Time-activity dependencies were obtained and analyzed for
each compartment. The model can be used for individual transport parameter calculation at
administration by therapeutic dose loads.

Conclusions
The proposed four-compartment mathematical model describes transport kinetics of
99m-technetium radiotracers at intravenous administration process with taking into account

radiotracer accumulation, elimination, retention and radioactive decay.
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KOMIM' FOTEPHE MOZEHOBAHHA MILHICTI ®IKCALLIT METANEBOTO TBUHTA B
KOPTUKANbHOMY WWAPI AIADI3Y AOBI'MX TPYBHACTUX KICTOK
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AHorania. [IpoBeneHO KOMIT'IOTEpHE MOJEIIOBaHHS OlOMEXaHIYHUX B3a€EMOZIM, 10
BUHMKAIOTh TIpH (Dikcallii TBUHTIB 3 HEp)KaBito4yoi cTaji B miadizapHiid YaCTHHI JTOBTUX TPpyOdacTHX
kictok s rBUHTIB AO 3 mgiamerpom 3,5 MM. Bu3Hayanucs 3MillleHHS Ta HampyKeHHS, IO
BHHUKAIOTH B JUISHII Pi3bOOBOi YaCTHHU TBUHTA T4 HABKOJMIIHBOT KICTKOBOT TKaHWHI B Jlianma3oHi
cun Bim 100N mo 1000N, mo mpukiaganucs B3IOBXK Oci rBuUHTA. [lpu 30UIbIICHHI 3yCHIUIA
Mporpecyoun 30UTbIIYyBANINCA HAMpPY)KEHHS Ta THUCK I'BUHTA HAa HABKOJUIIHIO AUISHKY KiCTKOBOI
TKaHWHU, IO MPH MAaKCUMaTbHHUX 3HAYEHHSIX MOXE MPHU3BOIUTHU 0 HecTaOlIbHOCTI (ikcarii. [Ipu
IIbOMY pI3HHIS HANPYXEHb B PI3HUX JUISHKaX TBUHTA KoimuBamacs B Mexax 25-30 %. [lani
Pe3yABTATH CIIiJ] BPAXOBYBATH TPU MTPOBEACHHI ONIEPAaTUBHUX BTPYYaHb 3 3aCTOCYBAaHHSIM I'BHHTIB Ta
HOJAJIBIINX OlOMEXAHIYHUX HOCIHIIKEHD.

Korouosi ciioBa: T'BUHT, OCTCOCHHTC3, KOMH’IOTCpHe MOACIOBAaHHS.
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