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Abstract. Background and Objectives. There is a global trend towards an increase in the number of patients diagnosed with ovarian cancer
during their reproductive years. One of the current clinical technologies is the technology of cryopreservation of removed healthy ovaries
in order to preserve fertility and their subsequent transplantation after treatment for cancer of other organs. Glycerol is often used as a
non-penetrating agent in freezing to improve follicle survival. Materials and Methods. The work examined the ovaries of cats with diagnoses
confirmed by histological studies: follicular phase, luteal phase, serous carcinoma, leimyosarcoma. Diffuse reflectance spectroscopy was used
to determine the kinetic parameters of dehydration and optical properties of tissues upon interaction with glycerol. Based on the change in
mass over a long period of time, the diffusion coefficient of glycerol in the samples was determined. Results. The effective diffusion coefficient
of interstitial water in cat ovarian tissue has been measured: D= (2.6 +0.4)-10~¢ cm?/s (follicular phase), D=(3.3£0.4)-10~° cm?/s (luteal
phase), D= (3.0 £0.3)-10~® cm?/s (leiomyosarcoma), and D = (1.6 £ 0.2)-10~° cm?/s (serous carcinoma), which is initiated within 1.5-2 hours of
interaction. Diffusion of glycerol occurs over a long period of time, about 400 hours, and for the samples under study is: D = (8.3 £ 2.5)- 10~ cm?/s
(follicular phase), D = (5.6 £ 1.7)-10~8 cm?/s (luteal phase), D = (2.2 0.2)-10~ 8 cm?/s (leiomyosarcoma), and D = (1.1 £ 0.4)-10~7 cm?/s (serous
carcinoma). Conclusion. The established perfusion-kinetic parameters of glycerol/interstitial water for the studied samples can be used in clinical
practice in the preparation of ovarian tissue for transplantation (cryopreservation), in the transmembrane transfer of drugs, the development
of new reproductive technologies, etc.
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AHHOTaLms. llpedsicmopus u yeau. CywiecTByeT rnobanbHas TEHAEHLNS K YBEANYEHMIO YACIA NALMEHTOB C ANArHo30M pak AMYHUKOB B Te-
YeHue UX penpojyKTMBHOTO BO3pacTa. OAHON U3 HbIHELIHUX KNUHNYECKIX TEXHONOTWIA SBASETCA TEXHONOTMS KPUOKOHCEPBALIN YAANEHHbIX
3/0POBbIX AMYHUKOB, UTO6bI COXPaHUTL GePTUALHOCTL W UX MOCNEAYIOLLYI0 TPAHCMAAHTALMIO MOCAe NIeYeHNs paka Apyritx opraHos. [nuLie-
PUH YacTo UCMONb3YeTCs B KA4eCTBE HEMPOHMKAIOLLEro areHTa Npy 3aMOpaXmBaHNI OPTaHoB ANS YNYULLIEHUS BbDKMBAEMOCTU GONNNKYNOB.
Mamepuane! u memodsl. B pabote U3y4anuch SUYHNKI KOLLEK C AMArHO3aMM, MOATBEPXKAEHHBIMU TUCTONOTMYECKMMI CCeoBaHNSMU: onI-
nukynsipHas gasa, NoTeMHoBas (asa, cepo3Has kapLuHoMa, neiimuocapkoma. fiudpPysHas cnekTpockonus oTpaxeHUs UCNoNb3oBanack ANs
onpegeneHns KNHeTMYeCKMX NapaMeTpoB AervapataLi 1 ONTUYECKNX CBOMCTB TKaHEI Np1 B3aMMOZEIACTBUN C ruLiepiHOM. Mo M3MeHeHuto
Maccbl B Te4eHMe ANUTENbHOTO BpeMeHu onpeaensnun kodgduumeHt guddysum ranuepuHa B obpasuax. fosyyerHsie pesyasmamol. bbin u3-
MepeH 3GPeKTUBHBIN KOIPOULMEHT AMdDY3MN MHTEPCTMLMANBHON BO&bI ANS SMUHNKOB Kowek: D= (2.6 +0.4)-10~° cm?/c (donnukynsapHas
dasa), D =(3.3+0.4)-10~¢ cm*/c (motennoBas dpasa), D = (3.0 + 0.3)-10~° cm?/c (neliommocapkoma), D = (1.6 +0.2)-10~6 cm?/c (cepo3Has Kap-
LIMHOMa), KOTOpbIii MHMLMKMpYeTCs yepe3 1.5-2 yaca nocne B3auMOogeicTBINS 06pa3LoB ¢ rauuepuHoM. Juddysus rauuepuHa npoucxoauT
B TeUEHUE JINTENLHOTO Nepuoga Bpemeny, okono 400 uacos, v Ans NCCIeayeMbIx 06paswos coctasnser: D= (8.3 +2.5)-10~8 cm?/c (¢ponnu-
KynsipHast dasa), D= (5.6 £ 1.7)-10~2 cm?/c (ntoTemHosas ¢aza), D =(2.2+0.2)-10~8 cm?/c (neitmmocapkoma) n D= (1.1£0.4)-10~7 tm?/c (ce-
po3Has KapLMHOMa). Bb/godss. YcTaHOBNeHHbIE NepdY3NOHHO-KMHeTUUYeCKIe CBOIACTBA MNLIEpUHA/MHTEPCTULNANbHOIE BOABI A5 U3y4aeMblX
06pa3sLoB MOTYT UCMONb30BATLCA B KANHUYECKOI NPaKTUKe NPW NPUroTOBAEHUM TKaHN ANUHIKOB ANS TPAHCMNAHTaLMK (KPUOKOHCepBaLmn),
Npy TpaHCMeMbpaHHOM NepeHoce NeKapCcTB, PasBUTMI HOBbIX PENPOAYKTUBHBIX TEXHONOTUIA U T. J.

KntoueBble €n0Ba: TKaHN SUYHMKOB, PONANMKYNAPHAS Pa3a, NloTenHOBas (pa3a, Cepo3Has KapLMHOMa, NeliMnocapkoma, IMLepIH, MHTepCTI-
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1. Introduction good optical clearing agents [6, 7], therefore a com-
bination of endoscopic or laparoscopic optical, CT
and MRI examination with high-resolution and en-
hanced contrast can be provided.

Optical diagnostic methods, in particular opti-
cal coherence tomography, are effectively used [8].
When testing the first laparoscopic OCT probe, it
is possible to study the preliminary features of the
microstructure of normal ovaries, endometriosis, as
well as benign and malignant neoplasms of the sur-
face epithelium of human ovaries [9]. Full-field
optical coherence tomography was used to classify

Among all oncogynecological pathologies,
mortality from ovarian cancer is in first place in
terms of mortality, and in almost half of the cases
(47%) mortality from genital cancer is caused by
ovarian cancer. Despite a significant amount of
both theoretical and clinical research, the causes of
most ovarian tumors remain unknown. The largest
role in the development of ovarian cancer is cur-
rently assigned to hormonal and genetic factors [1].
One of the main methods for diagnosing the female
reproductive system is ultrasound, as a fairly in-

formative, simple, fast, harmless, painless method.

The most informative method is laparoscopy. Dur-
ing laparoscopy, a video camera is used to examine
the pelvic organs, which are formed mainly due
to the reflection of light, since there is a strong
scattering of light [2]. By using optical immer-
sion clearing, it is possible to reversibly reduce
strong tissue scattering and reveal hidden patholo-
gies within the organ [3-5]. The next stage of in-
depth diagnosis of ovarian cancer may be X-ray
computed tomography (CT) or magnetic resonance
imaging (MRI) in cases where echography does not
provide a clear idea of the extent of tumor dam-
age. Glycerol, CT and MRI contrast agents are
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normal and malignant human ovarian tissue [10].
An automated platform is proposed that learns
to detect ovarian cancer in transgenic mice from
optical coherence tomography recordings using a
neural network [11]. The endoscopic system used
in laparoscopic interventions, which included inte-
grated optical coherence tomography, ultrasound,
and photoacoustic imaging, is superior to character-
izing ovarian tissue than either method alone [12].
Currently, there is an increase in the number of
cancer diseases among patients of reproductive age
[13]. When a tumor process is detected, patients
are prescribed complex chemotherapy and radiation
therapy, which most likely leads to complete or
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partial loss of fertility [14]. In a group of young
patients with cancer, impaired reproductive func-
tion or premature ovarian failure, it is possible to
preserve reproductive function using cryopreserva-
tion. Freezing (cryopreservation) of healthy ovarian
tissue is a relatively new clinical method for organ
transplantation after recovery [15]. Often cry-
opreservation of ovarian tissue is carried out by
freezing using cryoprotectants: dimethyl sulfoxide
(DMSO), ethylene glycol and 1,2-propanediol [4].
Slow freezing has a significant drawback — the risk
of cell damage from ice crystals [16].

The use of glycerol in cryopreservation of ovar-
ian tissue can be useful for maintaining the viability
of follicles, since glycerol causes cell dehydration
and, when mixed with water, reduces the temper-
ature of ice formation in cells and solutions and
increases the viscosity of aqueous solutions.

In this work, we studied the permeability of
the healthy cat ovaries in different phases of the
cycle (follicular and luteal) and ovaries with can-
cer lesions (serous carcinoma and leimyosarcoma)
induced by glycerol application. Based on the opti-
cally measured kinetics of glycerol/interstitial water
perfusion for thick tissue sections, quantified by
the effective molecular diffusion coefficient, the de-
hydration time of the entire organ was determined.
The efficiency and time of optical clearing of the
studied samples, as well as histological changes and
tissue microstructure in normal conditions and in
pathologies, were also determined.

2. Materials and Methods

The samples for research in this work were the
ovaries of outbred cats aged 3 to 10 years, obtained
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after ovariectomy and ovariohysterectomy in a vet-
erinary hospital. For histological examination of
all samples, hematoxylin-eosin staining was used.
Chemically pure glycerol 99.5% (Akrichimpharm
LLC, Russia) was used as an optical clearing agent.
The following ovaries were studied: 1 — healthy
in the follicular phase; 2 — healthy in the luteal
phase; 3—with a diagnosis of leimyosarcoma and 4 —
serous ovarian cancer. The diagnosis of all studied
samples was specified in the histological report.

The thickness of tissue sections (samples
placed between glass slides) was measured with
an electron micrometer (Union Source CO., Ltd.,
China, Ningbo) at several points on the sample and
then averaged. The accuracy of each measurement
was +0.01 mm. The average thickness of ovarian
sections was (0.90 £ 0.09) mm.

To measure the diffuse reflectance spectra
(DRS) of tissue samples in the spectral range of
200-800 nm, a Shimadzu UV-2550 dual-beam spec-
trophotometer (Japan) with an integrating sphere
was used (Fig. 1). The radiation source was a
halogen lamp with radiation filtering in the spectral
range under study. The maximum resolution of the
spectrometer was 0.1 nm. Before measurements,
the spectra were normalized using a BaSO, refer-
ence reflector. All measurements were carried out at
room temperature (~25°C) and normal atmospheric
pressure.

Determination of the glycerol/interstitial wa-
ter diffusion coefficient in tissues is based on
measurements of DRS kinetics, use of the free dif-
fusion model and Fick’s second law and modified
Bouguer — Beer — Lambert law. The experimental
conditions and calculation methods are described in
more detail in [17]. In brief, expression for the dif-
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Figure. 1. Scheme of the experimental setup for measuring DRS of cat ovarian tissue samples (color online)
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ference between the effective optical density at the
current time A(z, A) and at the initial time A(t = 0,A)

AA(1, L) = A(t,h) —A(r = 0,L) ~ Co{1 —exp(t/1)},

1)
where the effective optical density is determined
from the measurements of DRS (Ry)

A= —logRy; (2

t is the time during which the diffusion process oc-
curs, s; A is the wavelength in nm;

Cy is the initial concentration of the glycerol,
mol/l; 7 is the effective diffusion time, s,

T =41’ /1’D; (3)

[ is the thickness of the sample under study, mm;
D is the effective diffusion coefficient of the glyc-
erol/interstitial water molecules, cm?/s.

To determine the degree of dehydration, the
weight of the samples was measured when they
were dried in air and when interacting with glyc-
erol. The samples were weighed using an analytical
balance. When air drying, the samples were placed
in an oven and dried by heating to a temperature
of 39°C. To study the dehydration of samples when
interacting with glycerol, the samples were placed
in a container with a tight-fitting lid; the volume of
glycerol corresponded to the volume of the quartz
cuvette when measuring the optical properties of the
samples and was 3 ml. Weight measurements were
carried out while carefully removing glycerol from
the surface of the sample.

The degree of tissue dehydration H; was calcu-
lated, using the following equation, accounting for
that sample weight is equal to its mass [18, 19]

Hy={[M(t=0)-M@)|/M(t=0)}, (4

where M(r = 0) and M (¢) are the initial and current
mass of the sample, respectively, g; ¢ is the time
during which the diffusion occurs, s.

The temporal dependence of tissue dehydration
can be presented in the following form [18, 19]

Hy = Aq-[1—exp(—t/7)), (5)

where A, is the empirical coefficient; 1 is the char-
acteristic dehydration time, which in the case of
osmotic action of glycerol is described by equation
(3) for diffusion coefficient of water D,,.

The recorded DRS (R, (M), %) were converted
using the standard Kubelka—Munk algorithm to
A(A) extinction spectra (Shimadzu UV-2550 spec-
trophotometer software). To record the final spectra
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of diffuse reflectance after the completion of glyc-
erol immersion, tissue samples were placed in clean
quartz cuvettes and the spectra were recorded with-
out glycerol.

The protocol of the Local Ethics Committee on
permission to conduct these studies (No. 4 dated
November 01, 2022) was issued by Saratov State
Medical University named after V. I. Razumovsky.

3. Results and Discussion

Ovary in the follicular phase (Fig. 2, a).

Ovary: ovary with preserved histological struc-
ture. The cortex is well developed, the ratio area of
stroma to parenchyma is approximately 1: 1.5, the
theca tissue is of a typical appearance. Multiple fol-
licles at different stages of maturation are visualized
(highlighted with a black frame, Fig. 2, a). Atypia,
necrosis, invasive growth, mitotic activity, inflamma-
tion, colonies of bacteria and fungi are not detected.

Conclusion: the histological picture corresponds
to the ovary in the follicular growth phase.

Ovary in the luteal phase (Fig. 2, b).

Corpus luteum with signs of severe hyperpla-
sia without atypia. Ovary: ovary with preserved
histological structure. The cortex is moderately de-
veloped, the ratio area of stroma to parenchyma is
approximately 1:2. There is a corpus luteum with-
out atypia and hyperplasia (highlighted with a black
frame, Fig. 2, b). The stroma is represented by typical
theca tissue without edema, is moderately developed,
and has thick- and thin-walled vessels.

Conclusion: the histological picture corresponds
to the ovary in the luteal phase of growth.

Ovary with leimyosarcoma (Fig. 2, c).

Severe atypical changes with tumor autolytic
fragments were revealed. Tumor spindle-shaped
atypical cells with a high nuclear-cytoplasmic ratio,
with 1-2 eosinophilic nucleoli visible at 400 magnifi-
cation and fields of tumor necrosis with cell shadows
are identified. The degree of nuclear atypia is high,
tumor cells form solid fields. The stroma is rather
poorly developed, and scant vascularization is visual-
ized. Lymphovascular invasion in the volume of the
studied material is not determined. Mitotic activity —
20 mitoses per 10 fields of view at a magnification of
400 (2.5 mm?).

Conclusion: the morphological picture is most
consistent with leiomyosarcoma

Ovary with serous carcinoma (Fig. 2, d).

Theca tissue is represented by spindle-shaped
cells with hyperchromic streak-shaped nuclei, in-
distinguishable intercellular boundaries, and weakly
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Figure 2. Tmages of histological sections of cat ovaries in healthy follicular (a) and luteal (b) phases, and cancerous states with
leiomyosarcoma (c) and serous carcinoma (d) (color online)

eosinophilic cytoplasm. Numerous cystic forma-
tions, subepithelial formations are visualized, lined
with mononuclear columnar epithelium, flattened
in places, with a moderate amount of weakly
eosinophilic cytoplasm and monomorphic round
hyperchromic nuclei. Large-focal numerous hemor-
rhages and foci of infiltration by siderophages are
identified. In the ovarian tissue, tumor growth is
observed, consisting of large, hyperchromatic cells
with a small basophilic nucleus and large eosinophilic
cytoplasm. Tumor cells form tubular, pseudotubular
and solid structures. Mitotic activity — 14 mitoses per
10 fields of view at a magnification of 40. Necrosis
is not detected.

buogusnka n MeguUMHCKas usvka

Conclusion: The histological picture is consis-
tent with serous ovarian carcinoma.

The optical properties of tissues are responsible
for the propagation of radiation inside and outside the
studied samples, as well as for its attenuation. In the
UV region, the main endogenous chromophores of
the studied samples are amino acid residues of pro-
teins (220, 285 nm), collagen (340 nm) and elastin
(355 nm), and in the visible region the main chro-
mophore is oxyhemoglobin, which has characteristic
bands at 415 (Soret band), 542 and 576 nm (Q-
bands), tissue porphyrins (410 nm) and carotenoids
(420-490 nm).

Figure 3 shows the average values of diffuse
reflectance (n = 5) at the initial moment and after
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completion of optical clearing of the studied samples.
It can be seen that the drops in DRS characteris-
tic of endogenous chromophores are significantly
smoothed out in the range from 200 to 800 nm.
Using equations (1) — (3), we found the diffusion
time, which in the follicular phase of the ovary of a
healthy cat was 21.2 + 0.8 minutes; 16.3 + 0.6 min
in the luteal phase, 18.3 + 0.6 min in the ovary with
leimyosarcoma; and 35.3 4= 1.8 minutes in the ovary
with serous cancer.
This parameter was obtained after approximat-
ing experimental data — changes in optical density.
Quantitative perfusion parameters of cat ovaries
samples (0.9 mm thick) under the influence of glyc-
erol were obtained using equations (1) — (3): healthy
cat ovaries at the follicular phase D = (2.6 +0.4)X
% 107% cm?/s; healthy cat ovaries at the luteal phase
D = (3.3+0.4)-10"% cm?/s, ovary with leimyosar-
coma D = (3.040.3) - 10~° cm?/s; and ovary with
serous carcinoma D = (1.6 £0.2) - 10 ® cm?/s.
Previously obtained water diffusion coefficients
in tissues: D = (1.940.2)-10~® cm?/s for the ovaries
in the follicular stage of the cycle and D = (2.4 +
+0.2) - 10~ cm?/s for the ovaries in the luteal phase
of the cycle [20]. The molecular diffusion coefficient
measured in human gum tissue under the influence

MHW%HHOmm
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of highly concentrated glycerol (99.5%) was (1.78 £
+0.22)-107% cm?/s (n = 5; [ = 0.59+0.06 mm) [21].

The data obtained correlate well with literature
data for other tissues, taking into account the struc-
tural features of the tissues under study, and are
associated primarily with the diffusion of water in
tissues due to osmotic stress [22, 23].

In Ref. [24], the effective diffusion coefficients
of glycerol/interstitial water in pig ovarian cortex
tissue at action of 48%-glycerol aqueous solution
were determined: by osmometry D = (5.99 +2.24)x
x 107% cm?/s, by differential scanning calorimetry
D = (5.36 +0.89) - 107 cm?/s, by infrared spec-
troscopy with Fourier transform D = (5.73 £0.81)x
x 107% cm?/s. The diffusion coefficients of glycerol
(2M, 4 M and 8 M: which corresponds to 2M ~ 19%,
4M == 35%, 8M ~ 65% (at 20 Celsius degree) respec-
tively) in horse ovarian tissue studied by osmometry
were: D= (7.6+2.9)-10"° cm?/s, D = (3.84+0.8)X
x 107% cm?/s, D = (3.2+0.8) - 10~® cm?/s [25]. The
values we obtained for the effective diffusion coef-
ficients of glycerol/interstitial water in cat ovarian
tissue are in good agreement with the values given
above and obtained by an independent method, tak-
ing into account the high concentration of glycerol
used.

10
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6 i /M {90 min
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Figure 3. DRS of cat ovary tissue before and after immersion in 99.5% glycerol in the range from 200 to 800 nm: healthy cat
ovaries at the follicular phase (a); healthy cat ovaries at the luteal phase (b), ovary with leimyosarcoma (c); ovary with serous
carcinoma (d) (color online)
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Tissue dehydration was studied by measuring
the mass of the samples in air and in tightly closed
cells during interaction with glycerol (Fig. 4).

The parameters of cat ovarian samples measured
and calculated using formulas (4) and (5) are pre-
sented in Table.

Thus, the process of interaction of glycerol with
samples is associated with dehydration (the influx of
interstitial water of biological tissue to the space oc-
cupied by the agent and the penetration of glycerol
into the sample). The percentage of the mass of inter-
stitial water leaving the sample during evaporation in
air relative to the initial mass of the samples was de-
termined: for the ovaries in the luteal phase — 71.1%;
in the follicular phase — 72.1%; with leimyosar-

coma — 47.9%; and with serous cancer — 76.8%.

It has been found that during prolonged interaction
with glycerol, after tissue dehydration (low sample
mass) glycerol diffuses into the sample (increase
of sample mass), this corresponds to the literature
data [18].

The change in the mass of the studied samples
upon interaction with glycerol over 400 hours is pre-
sented in Fig. 5.

Dehydration, %6
[ Y R T - S |
(=] [=] [= (=] [=] [=]

—
[=]
L

(=]
ol

Dehydration, %o

The penetration of glycerol into the samples oc-
curs much slower than the extraction of intercellular
water from the samples, which in our experiment is
90 # 30 min (when no change in the DRS and mass
of the samples is observed within 30 min). Mass
measurements were carried out under the same nor-
mal conditions, when stored in 3 ml of glycerol in
tightly closed cells. Using the tangent of the slope
of the approximation line, the diffusion coefficients
of glycerol into the samples were determined. Diffu-
sion of glycerol occurs over a long period of time,
about 400 hours, and for the samples under study
is characterized by the following diffusion coeffi-
cients: D = (8.342.5)-10~8 cm?/s (follicular phase),
D = (5.6 £1.7) - 1078 cm?/s (luteal phase), D =
= (2.24+0.2)-10°® cm?/s (leiomyosarcoma), and
D= (1.1£0.4)-10"7 cm?/s (serous carcinoma). The
results obtained correspond to the literature data, tak-
ing into account the structural features of the tissues
studied and the diffusion of highly concentrated glyc-
erol in water as D ~ 1.4-10~7 cm?/s [26]. Evidently,
in tissue matrix rate of diffusion should be slow down
as we see from the data presented.

70 ~
60 !
S 50 5

=
[=]

Dehydration,
(] L%
[=] (=]

—
[e=]

(=]

Dehydration, %

Figure 4. Kinetics of dehydration of cat ovarian samples: 1 —dehydration in air, 2 — dehydration when interacting with glycerol.

Symbols represent experimental data, solid lines correspond to the least squares fit to equation (5), and bars are standard deviation

values: healthy cat ovaries at the follicular phase (a) and at the luteal phase (b); cancerous ovaries with leimyosarcoma (c) and
serous carcinoma (d) (color online)

buopusnka n MeanumHcKasn pusmka

167



Ny

W3B. Capart. yH-Ta. Hos. cep. Cep.: ®u3uka. 2024. T. 24, Bbin. 2

Parameters of dehydration of cat ovarian tissue sections at their drying in air and at interaction with glycerol; for each

type of samples, n = 3. See equations (4) and (5)

Sample type

Luteal phase

Follicular phase

Leiomyosarcoma

Serous
carcinoma

In air

M(t=0),g

0.2065£0.0013

0.2579£0.0012

0.1819£0.0015

0.2819+£0.0017

M(r= 1.5hrs), g

0.0613£0.0011

0.0728 £0.0010

0.0967 £0.0016

0.0669 £ 0.0013

M (t= 144 hrs), g (after complete evaporation of
water)

0.0596 £+ 0.001

0.0719£0.0009

0.0946 £0.0012

0.0654+0.0011

M,,, g (amount of movable (evaporated) water)

0.1469 £ 0.0009

0.1860 £ 0.0008

0.0873 £ 0.0004

0.2165 =+ 0.0009

Percentage of water content in samples from the 711 721 479 768

original mass, %

A, (approximation) 0.63 0.68 0.657 0.676
In glycerol

M(r=0),g

0.1999 £ 0.0015

0.326440.0017

0.2514 £0.0008

0.2678 £ 0.0009

M(t=15hrs), g

0.1118 £0.0009

0.1620£0.0012

0.1016 £ 0.0006

0.1558 £0.0009

M,,, g (amount of movable water at osmotic
force, t = 1.5 hrs)

0.0881 £0.0012

0.1644£0.0014

0.1498 £0.0009

0.1120£0.0010

M,,, g (interstitial water released into glycerol,
obtained by measuring the refractive index of
glycerol after 1.5 hrs of interaction)

0.0955 £ 0.0005

0.1009£0.0010

0.1011 £0.0009

0.0985+£0.0008

Percentage of water content in samples from the
original mass after 1.5 hrs of interaction with
glycerol, %

47.8

30.9

40.2

36.8

M, g (glycerol, after 1.5 hrs of interaction)

0.0074 £0.0004

0.0635 £ 0.0006

0.0487 £ 0.0005

0.0135+£0.0005

A, (approximation)

0.48

0.55

0.38

0.43

M(r=48 hrs), g

0.1069 = 0.0006

0.1654 £ 0.0008

0.1007 £ 0.0007

0.1789+£0.0012

M(t=72hrs), g

0.1908 £0.0004

0.1702 £ 0.0009

0.1046 £0.0014

0.1864 £0.0014

0.1218 £0.0007

0.1766 £ 0.0012

0.1098 £ 0.0009

0.2022£0.0010

M(r=216 hrs), g

0.1412 £0.0005

0.2187 £0.0008

0.1206 £0.0011

0.2433£0.0007

(
(
M(r=96 hrs), g
(
(

M(t=408 hrs), g

0.1781£0.0010

0.2682 £0.0011

0.1283 £-0.0008

0.2936 £0.0012

4. Conclusions

Four groups of cat ovarian samples were studied:
healthy and with oncological pathology. Histolog-
ical studies were performed to identify differences
between these groups. Diffuse reflection spectra of
ovary tissue sections in the follicular, luteal phases
of the cycle, as well as ovary with leimyosarcoma
and serous carcinoma were measured. The perfu-
sion kinetics of healthy ovaries and ovaries with
pathology under the influence of 99.5% glycerol
were studied, on the base of which effective diffu-
sion coefficient of tissue water was estimated for the
ovaries of cats: D = (2.6+0.4)-10~® cm?/s (follicu-
lar phase); D = (3.340.4) - 10~° cm?/s (luteal phase);
D = (3.0 £0.3)-10° cm?/s (leiomyosarcoma);
D = (1.640.2)-10~° cm?/s (serous carcinoma). Dif-
fusion of glycerol occurs over a long period of time,
about 400 hours, and for the samples under study
diffusion coefficients were determined as the follow-
ing: D = (8.3+2.5)-10"% cm?/s (follicular phase),

168

D = (5.6 +1.7) - 107 cm?/s (luteal phase), D =
= (2.240.2)-10°® cm?/s (leiomyosarcoma), and
D = (1.140.4) - 1077 cm?/s (serous carcinoma).
It was revealed that the diffusion coefficients of tissue
water under the influence of glycerol are different,
which is directly related to the characteristics of the
morphological structure of the organs under study.
Using the obtained effective diffusion coefficient, it
was possible to obtain the time of complete dehy-
dration of the entire ovary under the influence of
glycerol, which differs significantly for normal and
pathological organs. Thus, it has been proven that
when biological tissue interacts with glycerol, there
is an outflow of interstitial water into the space oc-
cupied by glycerol (into the cuvette) and inflow of
glycerol into the biological tissue. Successful cryop-
reservation and subsequent thawing of a transplanted
ovary largely depend on knowledge of the quanti-
tative characteristics of perfusion-kinetic processes
during freezing and thawing of the organ, to ensure
uniform distribution while minimizing exposure time
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Figure 5. Kinetics of changes in the mass of the studied samples and approximation functions for determining the diffusion

coefficient of glycerol in tissue: healthy cat ovaries at the follicular phase (a) and at the luteal phase (b); cancerous ovaries with

leimyosarcoma (c) and serous carcinoma (d). The mass of samples at zero time (t = 0) was taken from Table 1 and showing
value after 1.5 hours of interaction with glycerol, when tissue dehydration process was almost completed (color online)

and toxicity. Data obtained from this study can be
used to design clinical protocols for drug delivery
and organ cryopreservation, new reproductive tech-
nologies and ovarian implantation. It is of interest to
obtain the diffusion-kinetic parameters of a number
of other pharmaceuticals often used as cryopreser-

vatives, for example, DMSO, ethylene glycol, etc.

Knowledge of the optical properties of various bi-
ological tissues, in particular the ovaries, and their
perfusion-kinetic characteristics is very important, it
has both practical and theoretical significance in var-
ious scientific fields. There is a need to develop
clinically accessible, accurate optical methods for
monitoring normal and pathological metabolic cellu-
lar processes.
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