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Abstract

Background: Currently, there is a growing interest in new copper (Cu**) heterocyclic coordination compounds (CC), isothiosemicarbazide derivates,
which demonstrated multiple beneficial properties, but their effect on reactions with free radicals such as the superoxide radical has not been investigated.
Material and methods: The action of new micromolecular complexes of copper (Cu?*) chloride and bromide with methyl n- (prop-2-en-1-yl) -2- (pyridin-
2-ylmethylidene) hydrazine carbimidothioate on capturing activity of the superoxide radical was determined by the spectrophotometric method in vitro
experiments.

Results: It was established that the micromolecular complexes of copper (II) chloride and bromide with methyl n-(prop-2-en-1-yl)-2-(pyridin-2-
ylmethylidene) hydrazine carbimidothioate have been found to possess strong superoxide radical inhibitor properties when interacting with a superoxide
radical. In addition to this, the IC,  of the studied compounds depends on the nature of the acid-ligand in the internal sphere of the complex and increases
in the following sequence: CI'-Br-.

Conclusions: The established property of mentioned compounds is new;, because their use as micromolecular inhibitors of superoxide radicals has not
been described so far. The synthesized CC expand the arsenal of superoxide radical inhibitors with high biological activity. Their possible significance

for the development of new treatment strategies for diseases associated with the overproduction of superoxide radicals is discussed.
Key words: superoxide radical inhibitors, coordination compounds, isothiosemicarbazide derivates.
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Introduction

In the pathogenesis of acute and chronic degenerative
diseases (the most common diseases) an important role is
attributed to reactive oxygen and nitrogen species (ROS/
RNS), in particular, the superoxide radical O,", which from
a biological point of view, can be generated from two major
sources: mitochondrial respiratory chain and nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase - an en-
zymatic complex found in the plasma membrane, as well as
in the membranes of phagosomes of nucleated polymorphic
leukocytes of the blood to destroy microorganisms [1-3].

The superoxide radical O, - a product of the mitochon-
drial respiratory chain is also a crucial component of the
immune system defense. Due to the high reactivity, supero-
xide radicals O, through their potential to oxidize nucleic
acids, proteins, lipids or carbohydrates are responsible for

multiple harmful actions on the body, such as inflamma-
tion, cancer, cardiovascular disease, hypertension, ische-
mia / reperfusion, diabetes, neurodegenerative diseases
(Alzheimer’s and Parkinson’s disease), rheumatoid arthri-
tis, alcohol-induced liver disease, ulcerative colitis, sene-
scence and atherosclerosis. The free radical scavengers pre-
sence in biological systems from a wide variety of sources
endogenous and / or exogenous, limits the harmful effects
of oxigen radical species (ORS), allowing the body to fight
efficiently in various pathological situations, limiting the
lesions and not allowing their spread [4-7].

Therefore, the therapeutic inhibition of superoxide ra-
dicals is a new contribution, because the compounds with
antiradical activity show a strong curative effect, thus pre-
venting multiple harmful actions on the body.
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Respectively, one of the priority directions of modern
applied chemistry is the synthesis of new compounds, whi-
ch capture and neutralize ORS, thus preventing the develo-
pment of cell and tissue damage, including various patholo-
gies caused by exacerbation of free radicals.

The aim of the study is to elucidate the effects of new
copper (Cu?") heterocyclic coordination compounds (CC),
isothiosemicarbazide derivates, on oxidation processes with
free radicals, such as superoxide radical O,", which can be
used to prevent and treat many multifactorial acute and
chronic diseases.

Material and methods

At the State University of Moldova, in the Laboratory of
Advanced Materials in the Biopharmaceutical and Technical
Field was synthesized a number of new copper coordina-
tion compounds, from the class of isothiosemicarbazides,
in particular, the coordinating compounds of copper (2+)
- dichloro-  [methyl-N-(prop-2-en-1-yl)-2-(pyridin-2-
ylmethylidene)-hydrazinecarbimidothioate] copper (com-
pound I) and dibromo-[methyl-N-(prop-2-en-1-yl)-2-
(pyridin-2-ylmethylidene) hydrazinecarbimiothioate] cop-
per (compound II) of the general formula:

a [\

| I
N‘C\u’N S N‘C\u’ N\ S
_N-Nnf ol NN cng
I I

The synthesis of compounds I and II, their structure,
physicochemical, antimicrobial and anticancer properties
have been described [8-10].

Quantitative measurement of free superoxide radicals is
difficult due to their exceptional reactivity and short half-
life. The most commonly used in biological and chemical
systems are classical methods, which are based on the gen-
eration of superoxide radicals by the phenazine metosulfate
/ nicotinamide adenine dinucleotide reduced system (PMS
/ NADH) by oxidation of NADH, and superoxide radicals
reduce the tetrazolium salt — Nitro Blue Tetrazolium (NBT)
in blue-purple formazane. Briefly, the capturing activity of
the superoxide radical was determined by the spectropho-
tometric method, described in the literature [11, 12] with
some modifications.

At first, the working dilutions of tested compounds in
dimethylsulfoxide (DMSO) solution so that the final con-
centrations are equal to 0.1; 1.0; 10.0; and 100 umol /L were
prepared. Next, 20 ul of each working dilution of tested
compounds was poured into the wells of the 96-well mi-
croplate and 180 pl of reagent mixture containing 0.02 M
phosphate buffer (pH 7.4), 0.1 mM NADH and 0.09 mM
nitro-blue tetrazolium (NBT) was added. Each dilution
was poured in duplicate. The control samples (in duplicate)
were mounted in the same way as the test samples, but the
dilutions of the tested compounds were replaced with an

equivalent volume of solution containing 0.02 M phosphate
buffer (pH 7.4). The microplate was shaken for 10-15 s and
the absorbance (A) was measured at 560 nm [A ]. Then, in
all wells, 20 pl of 8.0 uM solution of phenazine metosulphate
(PMS) was added, and all the sample was shaken for 10-15s
and was incubated for 5 minutes at room temperature, after
which the absorbance was measured again [A,] at 560 nm.
The percentage of superoxide radicals scavenging activity was
calculated according to the formula:

Superoxide radical scavenging activity (%) = [(A,-A )/A, x 100];
where: A is the absorbance of the control; and A is the ab-
sorbance of the test compounds or of the standard and / or
reference substances.

As a standard for determining the superoxide radical
scavenging activity — quercetin (3,3,4,5,6-pentahydroxyfla-
vone), which is a natural flavonol, was used [13].

Of all the chemical compounds described in the litera-
ture which contain the 4-allyl-S-alkylisothiosemicarbazi-
de moiety and which inhibit superoxide radicals (O,") the
highest antiradical effect was obtained in the case of com-
pound bis (m,-acetate-o)-bis {[N-prop-2-en-1-yl-N’- (pyri-
din-2-ylmethylidene) carbamo-hydrazonothioate] copper}
dihydrate (prototype and structural analogue) [14] with the
formula:

-2H,0

Fig. 1. Chemical structure of the compound bis
(m,-acetate-0)-bis {[N-prop-2-en-1-yl-N’-
(pyridin-2-ylmethylidene) carbamo-hydrazonothioate]
copper} dehydrate (structural prototype) [14]

Results and discussion

The obtained experimental data presented in tab. 1 de-
monstrated that the compounds I and II manifest high an-
tiradical activity in the IC, range equal to 0.05-0.06 pmol/L
which is 6-7.0 times higher than the antiradical activity of
the prototype and the structural analogue [compound bis
(m,-acetate-0)-bis {[N-prop-2-en-1-yl-N’- (pyridin-2-yl-
methylidene) carbamo-hydrazonothioate] copper} dihy-
drate] [14], which manifests the highest antiradical effect
among all biometal complexes with ligands from the thiose-
micarbazonic class, described in the literature.

In addition to this, as can be seen from the presented

/ ]
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data, the IC_| of the studied compounds depends on the na-
ture of the acid-ligand in the internal sphere of the complex
and increases in the following sequence: Cl--Br-.

Table 1. Superoxide radical scavenging activity of tested
compounds compared to prototype and structural

analogue

Tested compound 1Cso

P umol/L
Quercetin (3,3/4,5,6-pentahydroxyflavone) [1] 61.86+2.5
Bis (1,-acetate-0)-bis {[N-prop-2-en-1-yl-N'- (pyridin- | 0.35+0.07
2-ylmethylidene) carbamo-hydrazonothioate] cop-
per} dehydrate (prototype structural analogue) [1]
Dichloro- [ methyl-N- (prop-2-en-1-yl) -2- (pyridin-
2-ylmethylidene) —hydrazine-carbimidothioate] 0.06+0.01
copper (compound I)
Dibromo - [methyl-N- (prop-2-en-1-yl) -2- (pyridin-
2-ylmethylidene) hydrazinecarbimidothioate] cop- 0.05£0.01
per (compound Il)

The established property of above mentioned compo-
unds I and II is new, because their use as micromolecular
inhibitors of superoxide radicals has not been described yet.

Comparative analysis of compounds I and II with the
prototype and the structural analogue demonstrates that
they differ in that the monodeprotonated salicylidene moie-
ty of azomethine is eventually replaced by the neutral pico-
linic moiety, due to which the six-atom metallocycle in the
structural analogue composition changed to the five-atom
metallocycle and the coordination nodes formed by isothio-
semicarbazone are changed from O, N, N to N, N, N. In
the compounds claimed in addition, in the internal sphere
of declared compounds nitrate-ion and water are replaced
by chlorine and bromine ions. Due to these changes in the
internal sphere of compounds I and II, a new combination
has already known chemical bonds.

Detected properties of dichloro- [methyl-N-(prop-2-
en-1-yl)-2-(pyridin-2-ylmethylidene)-hydrazincarbimido-
thioate] copper and dibromo- [methyl-N-(prop-2-en- 1-yl)-
2-(pyridin-2-ylmethylidene) hydrazine carbimidothioate]
copper are of interest to medicine in terms of expanding the
arsenal of highly efficient synthetic inhibitors of superoxide
radicals.

After antiradical activity tested compounds are over
1030-1237 times more effective than quercetin, used as a
standard for determining the activity of superoxide radical
inhibition and 6-7 times more effective than the most acti-
ve synthetic antiradical inhibitor described in the literature
[Bis (m,-acetate-O)-bis {[N-prop-2-en-1-yl-N’-(pyridin-2-
ylmethylidene) carbamo-hydrazonothioate] copper dihy-
drate (prototype, structural analogue)].

The high toxicity of the superoxide anion is due to its
ability to inactivate enzymes containing critical iron and
sulfur groups in a wide variety of metabolic pathways, thus
releasing free iron into the cell, which can undergo the
Fenton reaction and generate highly reactive hydroxyl, as

well as other free radicals that can damage important mole-
cules, such as DNA, proteins, lipids and carbohydrates [15].

The human body is under constant attack by these radi-
cals formed as a result of normal metabolic activity; there-
fore, there are a number of defense mechanisms against free
radicals (FR), including antioxidant enzymes and non-en-
zymatic compounds. The involvement of FR in the etiology
and progression of several acute and chronic clinical disor-
ders has generated a growing interest in the search for sub-
stances that can eliminate FR and increase the antioxidant
defense system.

There are several antioxidant tests to evaluate the anti-
oxidant potential of different substances. For this purpose
are widely used various variants of the ABTS radical cation
discoloration test (ABTS*) [16]. This method is based on
the spectrophotometric determination of the discoloration
rate of the blue-green chromophore ABTS* [(2,2-azino-
bis (3-ethylbenzthiazoline-6-sulfonic acid)] when an an-
tioxidant is added. ABTS* is added to ABTS and discolors
it. ABTS"* is a stable radical that has not been found in the
biological systems and the human body, at the same time,
the main impediment is the inability to determine / evalu-
ate and quantitatively separate the activity of inhibition of
the radical superoxide (O,’) is explained by the fact that the
indicated method is non-specific, able to determine / evalu-
ate the summary annihilation activity of various reactive
oxygen and nitrogen species (ROS/RNS), such as the super-
oxide radical (O,"), hydroperoxyl radical (HO,), hydroxyl
radical, hydrogen peroxide (H,O,), peroxynitrite (ONOO
), lipid peroxyl radical (LOO") etc., but the rate of uptake
of each of these radicals cannot be appreciated, because it
depends on several factors that are difficult to take into ac-
count. Note that ABTS* radicals can be annihilated by both
hydrogen and electron transfer, and the dominant reaction
varies depending on antioxidant, solvent and pH, compli-
cating the comparison of results in different systems.

Thus, ABTS is an indirect method based on the reduc-
tion of various persistent radicals, which does not allow to
appreciate exactly the inhibitory activity of the superoxide
radical (O,).

The shortcomings of the ABTS* cationic radical method
and its limitations are reflected in a number of publications
and synthesis articles [17-21].

Thiosemicarbazones continue to attract the interest of
researchers as potential anticancer drugs. Moreover, in re-
cent decades, thiosemicarbazones have found wide applica-
tion as effective remedies for a variety of diseases, includ-
ing tuberculosis, viral infections, malaria and a number of
multifactorial diseases. Regarding malignancies, the class
of a-N-heterocyclic thiosemicarbazones should be consid-
ered as drugs that influence various biological pathways in
a complex mode of action and with multiple cellular signa-
ling targets [22]. Note the particularly high selectivity that
normal cells have, which manifests itself on a stronger redox
balance of them [23].

The antitumor activity of these compounds could relate
to the disturbance of the cancer cells homeostasis, in par-
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ticular the interruption of pivotal pathways for signaling
cancer cells [24].

It should be noted, moreover, that highly concentrated
oxygen ventilation in patients with low SpO, levels can
produce an extremely large number of harmful superoxide
free radicals, which occurs as in extremely severe patients
with SARS-Cov-2 infection. In this aspect micromolecu-
lar inhibitors of superoxide radicals could counteract the
negative effects of oxidative stress and inflammation; they
could improve the severity of the disease and treatment out-
comes, especially in patients with underlying complications
of COVID-19. Further investigations are needed in this di-
rection line to provide effective strategies for treating and
preventing the complications of this terrible disease of the
third millennium [25-27].

Therefore, the therapeutic inhibition of the superoxide
radicals is a new contribution, because the micromolecular
compounds with antiradical activity show a strong curative
effect, thus preventing multiple harmful actions on the body.

Further studies have to confirm the therapeutic utility of
this bioactive micromolecular compound under investiga-
tion.
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Abstract

Background: In Mexico, it is estimated that the adolescent population represents 29% of the population of childbearing age. The present study aimed to
analyze the obstetric results of 3310 adolescent pregnant women attended in a third level hospital.

Material and methods: All records of pregnant women aged 19 years or less up to the date of admission were analyzed at the Ménica Pretelini Saenz
Maternal Perinatal Hospital during the period from January 2018 to June 2020, with the following variables: age, pregnancy, resolution obstetric, severe
preeclampsia, preeclampsia and gestational hypertension.

Results: A total of 13874 pregnant women were attended, of which 3310 (24%) patients were adolescents. The overall frequency of obstetric complications
was 21%, including obstetric hemorrhage (13%) and hypertensive disorders of pregnancy (8%). Regarding postpartum obstetric hemorrhage events,
classified according to the Advanced Trauma Life Support shock scale, they were categorized as Grade 1 — 338 cases, Grade II - 76 cases, Grade III - 11
cases and Grade IV - 1 case. Hypertensive disorders of pregnancy highlight preeclampsia as the most frequent with a total of 97 cases, followed by 89
cases of severe preeclampsia, 58 cases of gestational hypertension, 14 cases of chronic hypertension and 3 cases of chronic hypertension with preeclampsia.
Conclusions: The main complications found in the Mexican pregnant adolescent population were obstetric hemorrhage, which was more frequent in
the population aged 15 to 19 years, and hypertensive disorders, which occurred more frequently in the population aged 9 to 14 years.

Key words: adolescence, maternal morbidity, preeclampsia.
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Introduction in developing countries [3]; in Latin America, almost half of

According to the World Health Organization (WHO) the female population has had at least one delivery before
1 ; the age of 20 years [4].

an average of 16 million adolescents, between 15 and 19 In the same line, the National Institute of Statistics
years of age, account for 11% of annual births worldwide. o : . ’
The WHO defines adolescence as the period of human de- Geography and Informatics (INEGI), in 2018 published the
: data informing that in Mexico 17.5% of births are to teen-

velopment between childhood and adulthood (early adoles- .
cence: 10-14 years and late adolescence: 15-19 years) [1]. age mothgrs; and.teenage pregnancy cont.l nues to be qne
In Mexico, it is estimated that the adolescent population of the man contributors to materne.ll ar.ld infant mortal} A
represents just over 18% of the total population and 29% Complications of pregnancy and childbirth are the leading

of the population of childbearing age; the main biological ge]mse of death among girls aged 10-19 years worldwide [5,
problem of adolescent pregnancy is the lack of maturity ’

) N . Adolescent mothers (aged 10-19 years) face higher risks
for gestation. A determining factor of reproductive health of eclambsia. puer eral(ei dometriti); an)d svste r;glic inlfec—
in adolescents is reflected in the first trimester, when there psia, puerp ’ Y

. . . . tions than women aged 20-24 years [4]. Besides, about 3.9
is the importance of transgenerational events that make it ! W & Y [4] ! "

) S million unsafe abortions occur among girls aged 13 to 19
possible to reduce the main diseases that affect pregnancy, a 8 gee
) . : years each year, contributing to maternal mortality and
such as diabetes, hypertension, cancer, preeclampsia, pre-

iy s o o o 3 g lsing et ol 1], Al he mtnel oy
Complications during pregnancy and childbirth are the gieas preg Y

second leading cause of mortality worldwide in this popula- greater than.those (.)f other women. -
tion. Tn this regard, the WHO reports that 830 women die Early childbearing can increase risks for .newb.orns as
daily from these complications and that 95% of them occur well as for young mothers. In low- and middle-income
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countries, babies born to mothers younger than 19 years
face increased risks of low birth weight, preterm delivery,
and serious neonatal conditions [4]. In some settings, rapid
repeated pregnancy is common for young mothers, present-
ing additional risks to both mother and child [8].

Some research has concluded that these adverse events
are due to age, and even to biological immaturity that may
predispose very young mothers to subclinical infections; to
an increase in the production of prostaglandins, with a con-
sequent increase in the incidence of preterm delivery and
fetal growth restriction [9, 10]. The present study had the
purpose of analyzing the obstetric outcomes of adolescent
pregnant women attended in a third level hospital in Toluca,
Mexico.

Material and methods

This was a retrospective and descriptive study of patients
admitted to the Mdnica Pretelini Sdenz Maternal Perinatal
Hospital (MPSMPH), Health Institute of the State of Mexico
(HISM), Toluca, Mexico.

All the records of pregnant women aged 19 years from
January 2018 to June 2020 were analyzed with the follow-
ing variables: age, gestation, obstetric resolution, severe pre-
eclampsia, preeclampsia, and gestational hypertension.

The present study followed the ethical principles of hu-
man research stipulated in the Declaration of Helsinki [11]
and was considered risk-free since only information from
the hospital databases was collected. The ethics committee
MPSMPH, approved the protocol (code: 2021-03-721).

The descriptive analysis was performed according to the
nature of the variables: continuous variables were expressed
as means and medians with standard deviation, while cate-
gorical variables were summarized as frequencies and per-
centages. Also, a measur were used for continuous variables.
All statistical analyses were performed using the SPS® pro-
gram, version 23.0.

Results

During the time of this survey, 13874 pregnant women
were attended in the MPSMPH, of which 3310 patients were
adolescents (24%). The median age was 17 years (range 9
to 19 years), 42.5% of the patients were between 17 and
18 years old, however, 908 patients were younger than 15
years old and there was a record of 4 patients aged 9 years.
59% (1952) resolved the pregnancy vaginally, 33% (1081)
through the abdominal route, and 8% (277) underwent
uterine evacuation.

The overall frequency of obstetric complications was
21%, including obstetric hemorrhage (13%) and hyperten-
sive disorders of pregnancy (8%); but there were no mater-
nal deaths. The diagnosis of hypertensive disorders of preg-
nancy was made according to the time of onset of clinical
data, gestational age of onset, and biochemical alterations.
The most frequent diagnosis was preeclampsia with a total
of 97 cases, followed by preeclampsia with a severity of 89
cases, gestational hypertension — 58 cases, chronic hyper-
tension with 14 cases, and chronic hypertension with added

preeclampsia with 3 cases. It should be noted that there were
no cases of eclampsia, as well as admissions to the Obstetric
Intensive Care Unit (O-ICU) with a total of 256 cases.

As for postpartum obstetric hemorrhage events, classi-
fied according to the Advanced Trauma Life Support shock
scale, they were categorized only according to the estimated
amount of loss: Grade I with a total of 338 cases, Grade II
with 76 cases, Grade III with 11 cases, and Grade IV with
only 1 case that was sent to the O-ICU.

Discussion

Compared to other Latin American countries, the tim-
ing of sexual debut in Mexico is later [12]. However, 15%
of our population were between 9 and 16 years old; thus, it
can be affirmed that there are indicative data that the sexual
life beginning of the Mexican population is moving to early
ages. The results of this study may be useful, for example,
to estimate at what age it is convenient to vaccinate young
people against human papillomavirus or to know when it
is the right time to include information on family planning
methods.

It was documented that the resolution of pregnancy
was 59% vaginally, which is consistent with the findings of
Amaya J. [9] and Fory JL. [10], where 33% of pregnancies
were resolved by cesarean section; disagreeing with a study
conducted in Nepal by Maharjan M. et al. [13], where they
studied 2050 pregnant adolescents and reported a cesarean
section rate of 11.9%, well below our results; the variation
could be because this study was conducted in a rural hospi-
tal. According to the Nepal Demographic Health Survey in
2016, the total cesarean section in adolescents constituted
24%; adolescent pregnancy is higher in South Asian coun-
tries due to the common practice of early marriage and the
social expectation of having a child soon after marriage.

Garcia-Salgado A. et al. in 2019 [14] mentioned that
adolescent pregnancy carries a five times higher risk of ma-
ternal mortality compared to adult pregnant women; how-
ever, at the MPSMPH adolescent maternal deaths in the
period from January 2018 to June 2020 were not confirmed;
attributing it to the interdisciplinary management of this
unit. The results of the present study show that adolescent
pregnancy is associated with complications due mainly to
obstetric hemorrhage and hypertensive disorders of preg-
nancy, these findings are consistent with those reported in
the literature consulted [10, 14-18].

Finally, eight percent of the pregnant adolescents pre-
sented hypertensive diseases; most frequently preeclampsia
(97) and preeclampsia with severity (89); studies show that
adolescents of younger ages (< 15 years) seem to be the most
prone to suffer from this complication [14, 17].

Although no statistically significant differences were
observed in the present study concerning the frequency of
threatened abortion, urinary tract infections, gestational
diabetes, and ectopic pregnancies, a higher frequency of
obstetric hemorrhage episodes were detected, representing
13% of pregnant adolescents, in agreement with studies con-
ducted in populations, such as Argentina, Guatemala, India,
Kenya, Pakistan and Zambia [17] and international, multi-
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center registries from countries with limited resources [19]. 9. Amaya J, Borrero C, Ucr6s S. Estudio analitico del resultado del embarazo
en adolescentes y mujeres de 20 a 29 afios en Bogota [Analytical study of
the pregnancy outcome comparing adolescent women and women between
20 to 29 years of age in Bogota (Colombia)]. Rev Colomb Obstet Ginecol.
2005;56(3):216-24. doi: https://doi.org/10.18597/rcog.527. Spanish.

10. Fory JA, Olivera MJ. Characterization of pregnant adolescents treated be-

Conclusions

The main complications encountered in Mexican preg-

nant adolescent population were obstetric hemorrhage, tween 2012 and 2015 at Central Military Hospital in Bogot4 D.C., Colombia.
which was more frequent in the population aged 15-19 Rev Fac Med. 2020;68(2):202-6. doi: 10.15446/revfacmed.v68n2.70818.
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Abstract

Background: Articular cartilage has poor regenerative capacities. Numerous cartilage repair techniques are known, including implantation of autologous
chondrocytes.

Material and methods: From 18 rabbits pieces of cartilage were harvested from femoral condyle. Minced cartilage was treated with 0.25% trypsin-EDTA.
In the Ist group (n=9) the cartilage was digested with 0.6% collagenase in 15 ml tubes by shaking in incubator at 37°C, 5%CO,. In the 2nd group (n=9)
digestion was performed in 25cm? cell culture flasks placed on the lateral side, monitoring the process under a microscope after 120 minutes. The isolated
cells were cultured to a 80-90% confluence. The chondrocytes were identified using histochemical staining after culturing for 16 days in overconfluence.
Results: Chondrocytes isolation in the 1st group lasted a fixed 360 minutes, in the 2nd group — 140+10 minutes. In the 1stgroup were isolated 9.2x10*+3.1x10*
chondrocytes with a viability of 85.36+16.41%, but in the 2nd group - 1.6x10°+3.4x10* chondrocytes with a viability of 98.09+3.85%. The mean period of
cell culture in the 1st group was 15+2 days, in the 2nd group — 1143 days. In first passage of the 1st group were obtained - 1.2x10°+4.3x10° chondrocytes
and in the 2nd group - 2.92x10° £3.6x10° chondrocytes. The secreted extracellular matrix by chondrocytes was stained specifically for cartilaginous tissue.
Conclusions: The method used for chondrocytes isolation has a direct impact on the number of isolated cells, their viability, but also upon the culture
period and the number of cells obtained during the first passage.

Key words: cartilage, chondrocytes isolation, continuous monitoring.
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Introduction and subsequent transplantation in an articular defect, using
a three-dimensional collagen matrix [11,13,14], or covering
the defect with a periosteal flap and subperiosteal inocula-
tion of chondrocytes [2, 6, 7, 13, 15]. Being a dynamic pro-
cess, consisting of many stages, isolation of chondrocytes
from articular hyaline cartilage is one of the essential steps
of the treatment method. This involves one or more types
of enzymes for enzymatic digestion process of cartilage to
release the chondrocytes. Their speed depends directly on
the enzyme concentration [4, 16-19]. Different periods of
time are recommended for enzymatic digestion of cartila-
ge to obtain a sufficient number of cells needed for culture,
from 3 to 24 hours, depending on used enzyme combinati-
on [11, 16, 19]. Isolation of a large number of chondrocytes
allows to reduce the period for cell culture and the number
of cell passages in order to obtain a sufficient number of cells
for transplantation in a short period of time. Continuous
monitoring of chondrocyte isolation process from hyaline
articular cartilage has reduced the time period for chondro-
cyte isolation and obtaining of a larger number of cells for
culture. This is very important, because chondrocytes de-

The cartilaginous articular tissue has a poor regenerative
capacity [1-4], as a result, the lesion of this tissue can have
serious consequences upon the diarthrodial joints, especi-
ally the large ones [3, 5-7]. It is known that the number of
patients with articular cartilage lesions increases about for
a million cases per year [7]. Several nonsurgical and sur-
gical methods (microfractures, allo- or autologous osteo-
chondral tissue transplantation, etc.) have been used as a
strategy to repair, or to stimulate the reparation processes
of articular cartilage defects, resulting in formation of fi-
brocartilaginous tissue with reduced mechanical properties
and faster wearing compared to hyaline cartilage [5, 8]. The
method for treating cartilage defects is autologous chondro-
cyte transplantation technique, which currently represents
the "Golden Standard” in the regeneration of articular car-
tilage [9, 10]. The method is used particularly in treatment
of articular cartilage defects in the knee joint. It consists in
harvesting pieces of hyaline cartilage from non-weight bea-
ring articular surface of the femur, and release of chondro-
cytes from it by enzymatic digestion, their culture in vitro
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grade in cells with a fibroblastic phenotype called chondro-
cyte dedifferentiation. As a result, the quality of synthesized
extracellular matrix decreases, becoming fibrocartilaginous
1,20, 21].

Material and methods

In the study were used 18 domestic rabbits 5+1 mon-
ths old, 8 females and 10 males, with an average weight of
3.4%0.6 kg. To perform the experiments the following solu-
tions and culture media were prepared:

1. Chondrocyte culture media: DMEM culture media
(Sigma, UK) - 500 ml; fetal bovine serum (VBS) (Lonza,
Belgium) - 55 ml; fibroblast growth factor (FGF) (Prospec,
USA) - 5.5 pg; transforming growth factor -2 (TGFf-2)
(Prospec, USA) - 550 ng / ml; vitamin C - 13.75 mg; 200
mM ultraglutamine (Lonza, Belgium) - 5.5 ml; penicillin —
55000 U; streptomycin — 55 mg; amphotericin B - 137.5 pug.

2. Collagenase solution 0.6%: by dissolution of 600 mg
collagenase from Clostridium histolyticum (Sigma, UK) in
100 ml DMEM culture media (Sigma, UK).

3. Tripsin-EDTA solution 0.25%: HanK’s Balanced Salt
Solution (HBSS) without calcium and magnesium, with
phenol red (Gibco, UK) - 100 ml; EDTA - 37.2 mg (Sigma,
Germany); Trypsin from porcine pancreas (Sigma, USA);
0.1 N NaOH solution.

All solutions were prepared in sterile conditions under a
laminar air flow hood and sterilized by filtering at 0.22 pm
(Sofra, China).

Isolation and culture of chondrocytes

Under general anesthesia (with 5 mg/kg xylazine, 35
mg/kg ketamine and 2 mg/kg diazepam), under sterile con-
ditions, from the non-weight bearing surface of the femoral
condyle at the knee joint, pieces of articular cartilage were
taken and placed in a 15 ml test tube filled with preheated
chondrocyte culture media. The wound was sutured and
the animals were isolated in vivarium. The harvested car-
tilage, under sterile conditions in laminar flow hood (LN
090, Nuve) was washed with warm PBS (HiMedia, India) 3
times. Then the cartilage was minced with a scalpel to frag-
ments of 1-2 mm?® and placed in a sterile 15 ml tube with
5 ml of 0.25% trypsin-EDTA solution and shaked for 10
minutes in a orbital thermo-shaker (ES-20, Biosan) at 150
rpm, 37°C. The tube was centrifuged for 3 minutes at 50 x g.
After supernatant removal, the cartilage pieces were washed
with warm PBS and centrifuged again (fig. 1).

The cartilage pieces were resuspended in 2 ml of 0.6%
collagenase solution [16], with subsequent separation into
2 groups. In the 1* group (n = 9) the cartilage pieces with
collagenase were transferred to 15 ml tubes, and in the 2
group (n = 9) they were introduced in a 25 cm? cell culture
flasks (Nunc, Denmark) positioned on the lateral side (fig.
2). With the slightly opened cap, the vessels with pieces of
cartilage and collagenase were introduced into an incubator
(HealForce, Start Cell) at 37°C, 5% CO, on a rocker shaker
(MR-1, Biosan) and shaked at 20-25 oscillations per minute.
In the 1* group, the cartilage pieces were subjected to an
enzymatic digestion with 0.6% collagenase for 6 hours [16].

—

Fig. 1. Articular cartilage harvesting and trypsinization:
(a) animal preoperative management,

(b) knee joint opening, (c) cartilage harvesting from the non-
weight bearing surface of the femoral condyles, (d) cartilage after
mincing and washing, (e) treatment with 0.25% trypsin-EDTA,
(f) articular cartilage after trypsinization

In the 2™ group, the process was monitored under micro-
scope after 120 minutes of enzymatic digestion every 10-20
minutes, with the interruption of the process when chon-
drocytes were spread in large number (occupying 50-60% of
field of view), even if the cartilage pieces were incompletely
digested. Collagenase digestion was stopped by diluting the
solution with 10 ml of preheated PBS. To separate the cells
from the undigested cartilage, the solution was filtered thro-
ugh a 70 pm pore nylon filter (Sigma, UK) and centrifuged
at 170 x g for 10 minutes. After supernatant removal, the
chondrocytes were washed with 10 ml of chondrocyte cul-
ture media and centrifuged repeatedly. After centrifugation,
the chondrocytes were resuspended in 5 ml of chondrocyte
culture media, the cells number and viability were measured
with the hemocytometer by trypan blue exclusion method
(1, 2, 3). Chondrocytes were seeded in 25 cm?cell culture
flasks (Thermo Fisher, Sweden) at different densities ran-
ging from 2x10° to 8x10° living cells per cm* and incubated
at 37°C, 5% CO,, changing half of the culture media every
2-3 days. At 70-80% chondrocytes confluence, the cells were
detached from the cell culture surface with 0.25% trypsin-
EDTA, counted and used by destination: transplantaion, cy-
totoxicity tests for cryopreservation.

No of cells/ml = Average No of cells in n squares x Dilution
fraction x 10* (1);
Total No of cells = No of cells/ml x Volume (2);
% living cells = (No of living cells x 100%)/Total No
of cells (3);

Chondrocytes identification

From one passage 5x10° chondrocytes were taken and
placed in two 25 cm? cell culture flasks in equal number.
The cells were cultured in overconfluence for 16 days, with
complete changing of culture media every 2 days. After
culture in overconfluence the specific cartilaginous extra-
cellular matrix secreted by chondrocytes was identified by
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Fig. 2. Enzymatic digestion with 0.6% collagenase on a rocker
shaker in the incubator:

(a) in a 15 ml tube for 360 minutes and (b) cartilage enzymatic
digestion in a cell culture flask positioned on the lateral side
with the possibility of monitoring under a microscope of
chondrocytes releasing process, (c) the isolated chondrocytes
(x60) and (d) the chondrocytes released from cartilage (x40)

specific staining with Safranin O and Toluidine blue with
Fast Green.

As a control group in chondrocytes identification pro-
cess were used the 3™ passage of primary rabbit bone mar-
row mesenchymal stem cells (MSC) which were stored at
-85°C [22]. The 5x10° MSCs were thawed and suspended
in 10 ml culture medium consisting of DMEM/F-12 Ham
(Sigma, UK) with 10% FBS (Lonza, Belgium) and antibi-
otics with antimycotic solution. After pipetting, in two 25
cm? cell culture flasks were introduced by 5 ml of cell sus-
pension. MSCs were cultured parallely with chondrocytes
in incubator at 37°C, 5% CO, completely changing the cul-
ture media every 1 to 2 days [23].

The staining for chondrocytes identification with
Safranin O was realised after removing of cell culture media
from the cell culture flask and cells washings with PBS. In
cell culture flask were added 5 ml of 0.1% glutaraldehyde
in PBS for 20 min at room temperature. After 3 consecutive

The isolated chondrocytes (p=0.003)
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washings with PBS, 3 ml of 0.001% Fast Green were added
for 5 min and 1% acetic acid for 10 seconds. The cells were
washed repeatedly with PBS and 3 ml of 0.1% Safranin O so-
lution were added for 15 minutes. After repeated washings,
2 ml of PBS were added for microscopic examination. For
Toluidine blue and Fast Green staining, after removing of
cell culture media, 3 ml of 0.4% Toluidine blue were added
for 10 minutes. The cells were washed gently 3 times for 30
seconds with dH2O followed by addition of 3 ml of 0.02%
Fast Green. The cells were washed again 2 times with dH,O
and other 2 ml of dH,0 were added for microscopic exa-
mination [24].

Results

Asaresult of this new method implementation, the num-
ber of isolated chondrocytes has increased significantly. The
time period of cartilage exposure to collagenase digestion in
the 1% group was 360 minutes, whereas in the 2™ group this
period varied, having an average of 140+10 minutes. As a re-
sult, in the 1% group were isolated 9.2x10*+3.1x10* chondro-
cytes, while in the 2™ group, using continuous monitoring,
were isolated almost 2 times more cells — 1.6x10°+3.4x10*
chondrocytes (p = 0.005) (fig. 3).

The duration of enzyme exposure, also influenced the
viability of the isolated cells, not just their number. After
cells counting with hemocytometer by exclusion with try-
pan blue, in the I* group was obtained a cell viability of
85.36%+16.41%, and in the 2™ group - 98.09+3.85% (p =
0.081). An uncritical difference, but in case of isolation of
a small number of cells, a low viability may have negative
effects on the cellular culture potential. Since the num-
ber of viable cells cultured in the first passage was about
7.5x10*+2.1x10* and in the 2™ group - 1.6x10°+3.5x10* (p
<0.0001), the time for chondrocyte culture including adhe-
sion to the cell culture surface, multiplication, formation of
cellular colonies with a tendency to confluence and reaching
a confluence of 70-80% was different in both groups. In the
I* group the culture period of the first passage was 17+2
days, but in the 2™ group - 1143 days (p <0.0001) (fig. 4). As

The chondrocytes obtained in the first passage
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Fig. 3. Comparative presentation of isolated chondrocytes and the number of total chondrocytes obtained in the first passage
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Fig. 4. Chondrocyte confluency during the first passage

aresult, the number of cells obtained in first passage by both
groups was different. In the 1** group were obtained 1.2x10°
+ 4.3x10° chondrocytes, and in the 2™ group - 2.92x10° +
3.6x10° cells (p <0.0001), with a 100% viability in both gro-
ups.

The histochemical staining techniques of the extra-
cellular matrix secreted by chondrocytes during 16 days
of culture in overconfluence, allowed to stain the secreted
matrix in red-orange with Safranin O, while in the control
group (MSC) the staining was absent or poorly expressed.
The same is characteristic for Toluidine blue and Fast green
staining, where the secreted by chondrocytes extracellular
matrix was stained blue-purple, and the staining of extracel-
lular matrix also was absent. This indicates that the isolated
cells from hyaline articular cartilage secrete cartilage-speci-
fic extracellular matrix and are chondrocytes, but no diffe-
rence was observed between the stainings of both chondro-

cytes groups (fig. 5).

Fig. 5. Cartilage specific staining with Safranin O and Toluidine blue with Fast green (x100): Mesenchymal stem
cells - control group (a, b); the 1% group chondrocytes (c, d), the 2™ group chondrocytes (e, f)
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Discussion

Chondrocytes isolation and culture is an important step
for the autologous chondrocyte transplantation process for
articular cartilage repair [2, 6, 7, 9, 11-14]. Chondrocytes
can also be used in vitro to test the effects of different sub-
stances [25], implants, grafts designed for treatment of car-
tilage defects or other intra-articular lesions leading to oste-
oarthritis of the joints [17, 26].

The surgical procedure for autologous chondrocyte
transplantation has several weak parts, related to both the
surgical and the laboratory component. Namely, the labora-
tory stage ensures the treatment procedure with a sufficient
number of chondrocytes, but, in addition to the high risk
of contamination and infection of isolated chondrocytes, a
negative factor in the culture process to obtain a sufficient
number of cells for transplantation is the fibroblastic degra-
dation of chondrocytes, also called chondrocyte dedifferen-
tiation [1, 15, 19]. This dedifferentiation is characterized by
changing of chondrocyte shape from round to spindle-like,
characteristic for fibroblast, decreased expression of GAGs,
COL2A1 and ACAN genes, enhancing the expression of
COL1AL1 genes. As a result, reducing the synthesis of gly-
cosaminoglycans, type II collagen and aggrecan, but stimu-
lating of type I collagen [1, 19-21], which intensifies during
cultivation, starting with the second passage [19] and beco-
mes evident after 5 consecutive passages [20]. As a result,
reducing the time period for chondrocytes culture in pas-
sages is mandatory because it reduces not only the risk of
chondrocyte cultures infection, but also the degree of their
degradation [27]. To obtain a sufficient number of normal

chondrocytes for transplantation, in the literature are de-
scribed methods of chondrocyte redifferentiation, such as
chondrocytes culture on non-adherent surfaces [17], cultu-
re on the three-dimensional matrices with their subsequent
transplantation [20], culture in condition with a low oxygen
pressure [28], mechanical stimulation [29], and utilisation
of chondrocyte differentiation factors [30] which we used.
Continuous monitoring of chondrocyte releasing process by
enzymatic digestion of articular cartilage is aimed to obtain
a large number of chondrocytes cultured in a reduced num-
ber of passages to obtain the required amount of cells. When
a small number of viable chondrocytes is obtained and they
are seeded at a density less than 3-3.5x10° chondrocytes/
cm?, is observed formation of isolated, nonconfluent chon-
drocyte colonies as in 7 cases from the 1* group (fig. 6), or
stagnation of cellular multiplication. Once the number of
cells is sufficient to form uniform cell colonies on a cell cul-
ture surface, the number of obtained cells per passage will
be higher. The isolated growth of cell colonies dictated by
a small number of seeded cells results in occupation of a
reduced part of the cell culture surface and, as a result the
number of cells obtained per passage is smaller.

Another effective method for chondrocytes obtaining
without involvement of enzymatic digestion of articular
cartilage is the explant method [14, 23]. Since after isolation
of chondrocytes from articular cartilage by continuous mo-
nitoring permanently remain undigested pieces of cartilage,
it is reasonable to combine both methods, which consists
in initial release by enzymatic digestion of a large number
of condocytes with following utilisation of undigested car-
tilage as an explant (fig. 7). Also, undigested cartilage pieces

Fig. 6. Isolated cell colony formed as a result of the small number of cultured chondrocytes, stained with Safranin O (a) (x100), (b)
(x150) and Toluidine blue with Fast green (c) (x100), (d) (x150)
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may undergo a repeated enzymatic digestion with a fresh

dose of collagenase solution.
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Fig. 7. Chondrocyte colony formation around an explant (x60)

Identification of isolated cells is a mandatory part of cel-
lular isolation and culture process not only for chondrocy-
tes but and for other types of cells [22, 23]. Histochemical
methods, such as Safranin O and Toluidine blue with Fast
green stainings used for histological analysis of cartilage,
are qualitative methods and were sufficient to identify the
presence of glycosaminoglycans and proteoglycans specific
to cartilaginous tissue in chondrocytes cultured in overcon-
fluence.

Conclusions

The short period of enzymatic exposure of cartilage du-
ring chondrocyte isolation directly influences not only the
number but also the viability of isolated cells. Microscopic
monitoring of the enzymatic digestion process allowed to
isolate approximately 2 times more viable cells (p <0.0001)
in a shorter period of time, and in the first passage the time
period for chondrocyte culture was almost one week shorter
(p <0.0001).

Isolation of a large number of viable chondrocytes di-
rectly influenced in the first passage duration for cell cul-
ture and the number of obtained cells in the first passage.
Although there is a segnificant difference between the quan-
tity of isolated chondrocytes in both methods, comparative
histochemical examination did not reveal any differences
related to the secretion of specific extracellular cartilaginous
matrix after culture in overconfluence of the second celular
passage.
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Abstract

Background: Frailty syndrome is one of the most important multifactorial medical syndromes, which is characterized by a decrease in functionality of
many systems and organs.

Material and methods: In order to establish the nutritional determinants that contribute to the onset of frailty syndrome, a study was performed on
a group of 50 patients, aged 265 years with chronic pathologies and geriatric syndromes. All participants were examined according to clinical features
(history, clinical examination), Mini Nutritional Assessment and of the Complex Geriatric Assessment, which included: the data of the frailty tools, age
category, Vulnerable Elders Survey, Charlson Comorbidity Index, autonomy - Activity Daily Living, Instrumental Activity Daily Living, Tinetti scale,
psychoaffective status — by memory test Mini-Mental State Examination and the Geriatric Scale of Depression in the context of nutrition in the elderly. A
clustered analysis (k-means method) of nutritional status showed that the most relevant indicators that separated the clusters were: age category, gender,
clinical scale of frailty, comorbidities and polymedication.

Results: Frailty through the multidimensional aspects that it meets has an increased prevalence among the elderly with an unfavorable prognosis.
Following the proposed study, it was revealed that insufficient nutrition and comorbidities can lead to the weakening of the institutionalized age. The
results obtained by evaluating the bio-psycho-social aspects characterize the profile of the institutionalized elderly and can be used as a basis for the
development of effective strategies aimed at reducing physical, cognitive and social frailty.

Conclusions: The comparative evaluation between both groups of elderly people by gender, showed a normal nutritional status with a higher share in
women in the group of 75-84 years, compared to older men, and malnutrition was practically manifested equally in both groups in the study (men/women).
Key words: nutritional status, frailty, comorbidities, elderly.
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Introduction so one of the most relevant, but at the same time little un-
derstood, is the frailty syndrome one of the most important
multifactorial medical symptoms.

Frailty often precedes disability, while disability and co-
morbidity can contribute to the development of frailty [8].
In addition, increased attention was paid to the subtypes of
frailty: social, functional, nutritional and cognitive [9, 10].
At the same time, the role of nutrition as a means of delay-
ing frailty in the elderly is well established.

Insufficient dietary intake is often associated with mul-
tiple conditions, such as: increased risk of chronic diseases
and osteoporotic fractures, impaired immune responses,
frailty. Assessment of nutritional status and diagnosis of
malnutrition requires a variety of nutritional screening
tools and laboratory biochemical markers [10].

Currently, the literature does not fully elucidate the nu-
tritional determinants that would contribute to the emer-
gence of frailty syndrome and its impact on public health.
Identifying and integrating these factors would help phy-

The concept of frailty is increasingly attracting the in-
terest of specialists, being widely used in scientific research
and medical practice. According to consensus of interna-
tional experts in 2013, frailty is characterized by a decrease
of functionality in several systems and organs, accompanied
by increased vulnerability to stressors, falls, frequent hos-
pitalizations, long-term care and increased mortality [1-3].
A major problem is the fragile lonely and institutionalized
elderly persons [4-6].

Frailty, comorbidity and disability are three interdepen-
dent clinical entities, which have only recently been shown
to be distinct, and their multidimensional assessment
should insist on a geriatric clinical decision. Recent research
has shown that there is a constant category of frail people
with no comorbidities or disabilities [2, 7]. In the context of
new changes resulting from the need to formulate certain
approaches to solving the problems of the elderly, there is
a need for new scientific research in the field of geriatrics,
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sicians and geriatric care teams in developing prevention
and treatment strategies for the vulnerable population.
Numerous recent studies have highlighted data on the
prevalence of frailty and various factors that most often in-
fluence its appearance and development. The presence of
frailty is considered a predictor of negative prognosis and
high rates of morbidity and mortality. Given the increasing
incidence of different types of frailty among the elderly pop-
ulation in many countries and the unfavorable prognosis of
frail patients, there is a need for a number of clinical trials to
implement measures for primary and secondary prevention
and effective methods of preventing and treating frailty and,
in particular, nutritional frailty.

The purpose of the study was to assess aspects of frailty
syndrome, nutritional status and comorbidities according
to the gender of the elderly.

Material and methods

The epidemiological study was part of the Institutional
Project 20.80009.8007.25 Frailty: diagnosis and prevention in
relation to the medico-psycho-social problems of the vulner-
able elderly, with a positive opinion of the Ethics Committee
with No 51 of 16.06.2020, which included 50 elderly peo-
ple between 65 and 93 years old, institutionalized at the
Republican Asylum for the Disabled and Retired.

The inclusion criteria were: the elderly 265 years with
chronic somatic pathologies and geriatric syndromes,
and the exclusion criteria: the elderly with various forms
of dementia and oncology. The study was conducted in
November-December 2020. Members were enrolled in re-
search only after signing the informed consent to partici-
pate in the study.

All participants were examined according to clinical
features (history, clinical examination) and the Complex
Geriatric Assessment, which included: the data of the
frailty phenotype and the frailty index — Fried's criteria,
Groningen Frailty Index (GFI) [11, 12], nutritional score
— Mini Nutritional Assesment (MNA) [13], sarcopenia -
SARC-F (A Simple Questionnaire to Rapidly Diagnose
Sarcopenia) [14], age category [15], VES-13 (Vulnerable
Elders Survey) [16], SPPB (The Short Physical Performance
Battery) [12], Charlson Comorbidity Index [12], physical
status by assessment of autonomy - ADL (Activity Daily
Living), IADL (Instrumental Activity Daily Living) [17] and
gait /balanceTinetti scale [18], MMSE (Mini-Mental State
Examination) [19], the geriatric scale of depression in the
context of nutrition in the elderly [13].

The data obtained from the programed investigations
were analyzed by methods of variational, correlational and
cluster analysis in the STATISTICA 6.0 software package.

Results and discussion

The study was performed on a group of 50 people, aged
between 65-93 years, the average being 78 years. Females
(80.64%) versus males (19.36%) predominated.

A multidisciplinary approach of understanding the
determinants of frailty is the key to success in geriatric

populations. The phenomenon of clinical frailty includes 3
fundamental aspects of evaluation: standardized geriatrics,
clinical examination and the social side. Currently, the lit-
erature emphasizes the bio-psycho-social model of frailty,
which includes areas such as: cognitive and mood disorders,
functional deficiencies, malnutrition or lack of social sup-
port [9].

The results of this study presented data of the social sub-
type of the elderly placed in the nursing home, where ac-
cording to the jobs they performed — workers predominated
(58%), followed by intellectuals (30%) and peasants (12%),
by the level of education, they were distributed as follows:
secondary and higher - 68%, primary school - 20% and
without education - 12%.

According to the international code of diseases [20],
the morbidity structure was established in the Republican
Asylum for the Disabled and Retired in the evaluated peri-
od, from the number of concomitant diseases of the elderly,
cardiovascular pathology prevailed — 74% of cases, followed
by vision disorders — 66% and hearing impairment - 66 %,
neurological pathology — 64%, osteoarticular — 42%, diges-
tive — 28%, diabetic — 18% and pulmonary - 6%.

After examining the nutritional indicator score (MNA):
38% had normal nutritional status, 40% - risk of malnutri-
tion and 22% were malnourished.

In the specialized works of the last years, the research-
ers reported the complexity of the frailty syndrome in the
elderly population, mentioning the importance of Complex
Geriatric evaluation through certain grids, in terms of es-
tablishing subtypes of frailty: functional - ADL, IADL, GFI,
SPPB, VES-13, SARC-F, gait and balance - Tinetti, cogni-
tive - MMSE and bio-psycho-social (Charlson Comorbidity
Index) [12, 21, 22].

Vermeulen J. et al. [8] noted that frail people from a mul-
tidimensional perspective of impairment are susceptible to
a higher risk of functional frailty determined by the ADL
score, and researchers Batko-Szwaczka A. et al. [23], Beki¢
S. et al. [24], Montero-Odasso MM. et al. [25], highlighted
the phenotype of frailty through the prism of physical and
mental determinants in the risk of frailty.

Pearson’s correlation analysis of geriatric scores estab-
lished high positive correlations between the Charlson
Comorbidity Index — Gréningen Frailty Index (r = 0.56%),
Activity Daily Living — Instrumental Activity Daily Living
(r = 0.61%), Activity Daily Living - gait and balance Tinetti
(r = 0.62%), Instrumental Activity Daily Living — gait and
balance Tinetti (r = 0.68*), Groningen Frailty Index - A
Simple Questionnaire to Rapidly Diagnose Sarcopenia (r =
0.69*), The Short Physical Performance Battery — gait and
balance Tinetti score (r = 0.62*) and maximum correlation
between Groningen Frailty Index - Geriatric Depression
Scale (r = 0.78%) (p<0.05), results confirmed in other spe-
cialized works [8]. The high degree of correlation between
the scores indicates that there is a pronounced positive de-
pendence between the levels of their expression. In the case
of ADL and IADL scores, this dependence is natural, be-
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cause both scores show the degree of functionality of the
elderly, so the higher the value of the ADL score, the higher
the value of the IADL. The Charlson Comorbidity Index
correlation with Gréningen Frailty Index demonstrates that,
the Charlson Comorbidity Index being a marker of chronic
comorbidities, Groningen Frailty Index is sensitive to the
process of weakening the vulnerable elderly (fig. 1, 2).

The analysis of the statistical results of a study in 2011
on a group of 81 patients showed that frailty correlates with
age and moderate cognitive impairment, and another study
conducted on a group of 185 participants showed that nutri-
tion is negatively correlated with cognitive frailty [26, 27].

In our work, the correlational analysis of Mini Nutri-
tional Assesment and Mini-Mental State Examination
established high negative correlations between Mini
Nutritional Assesment Geriatric Depression Scale
(r = -0.78*), Mini Nutritional Assesment - Groningen
Frailty Index (r = -0.73*), Mini Nutritional Assesment -
Charlson Comorbidity Index (r = -0.54%), Mini-Mental
State Examination - Gréningen Frailty Index (r = -0.56*)
(p<0.05), which shows that at a high nutritional value, there
is the risk of developing functional, cognitive, psychological
frailty and chronic comorbidities (fig. 3, 4).

y =1,9537 + 0,92131*x
Correlation: r =0,51534

Groningen Frailty Index, y

8 10 12

“o_95% confidence

Fig. 1. Correlation and linear regression between the Charlson
Comorbidity Index and the Groningen Frailty Index

14

Charlson Comorbidity Index, x

y = 3,3253 + 0,56876* x
Correlation: r =0,77673

Groningen Frailty Index, y

4 6

Geriatric Depression Scale, x

“o_95% confidence

Fig. 2. Correlation and linear regression between Groningen
Frailty Index and Geriatric Depression Scale

Depression is the leading cause of mental suffering as
we age and affects morbidity and geriatric patients. In
the case of this study, e.g. Mini Nutritional Assesment -
Geriatric Depression Scale or Mini Nutritional Assesment
— Groningen Frailty Index at a high nutritional value, de-
creases the risk of developing depression and frailty of the
vulnerable elderly.

y =29,126 - 1,017*x
Correlation: r =-0,7293

Mini Nutritional Assesment, y

4 6 8 10

Groningen Frailty Index, x

“o_95% confidence

Fig. 3. Linear correlation and regression between Mini
Nutritional Assesment and Groningen Frailty Index

y= 27,345 - 0,7963 *x
Correlation: r =-0,7800

Mini Nutritional Assesment, y

4 6 8

Geriatric Depression Scale, x

“o_95% confidence

Fig. 4. Correlation and linear regression between index MNA
and Geriatric Depression Scale

Based on the correlational analysis, the regression analy-
sis was performed, which indicates not only the degree of
dependence (0.00... 1.0) and the orientation between fac-
tors (+/-), but also the mathematical equation of the ob-
tained correlations, which has a predictive importance in
medical practice. Taking into account the determining role
of the frailty and nutritional risk of the vulnerable elderly, it
was established as an independent factor in the regression
analysis. Thus, for the correlations Gréningen Frailty Index
- Geriatric depression scale (r = 0.78%), the Comorbidity

(22)
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Table 1. Clustered analysis of nutritional status (MNA) by age, gender,
clinical scale of frailty, comorbidities and drugs

Women, n=31 Men, n=19
Cluster Frequent indices in clusters Cluster Frequent indices in clusters
1,n=14 MNA > 24 57.14% 1,n=6 MNA (17-23.5) 83.33%
MNA (17-23,5) 28.57% MNA <17 16.66%
MNA <17 14.28%
75-84 years 92.85% 65-74 years 100%
Frail 50% Robust 16.66%
Prefrail 28.57% Frail 83.33%
Robust 21.14%
No comorbidities 1 14.28% No comorbidities 1 16.66%
3 21.42% 4 33.33%
4 28.57% 5 33.33%
5 28.57% 6 16.66%
No drugs 4 57.14% No drugs 4 16.66%
5 14.28% 5 50.0%
2,n=11 MNA =24 27.27% 2,n=7 MNA (17-23.5) 71.42%
MNA (17-23,5) 36.36% MNA <17 28.57%
MNA <17 36.36%
65-74 years 100% 75-84 years 85.71%
Frail 81.81% Frail 100%
No comorbidities 3 18.18% No comorbidities 3 28.57%
4 18.18% 5 71.43%
5 45.45%
6 18.18%
No drugs 3 27.27% No drugs 4 14.28%
5 27.27% 5 71.42%
3,n=6 MNA =24 33.33% 3,n=6 MNA =24 100%
MNA (17-23,5) 33.33%
MNA <17 33.33%
85-93 years 100% 65-74 years 33.33%
75-84 years 33.33%
85-93 years 33.33%
Prefrail 16.66% Robust 66.66%
Frail 83,33% Prefrail 33.33%
No comorbidities 4 16.16% No comorbidities 1 50%
5 16.16% 4 16.66%
6 33.33% 6 33.33%
No drugs 4 50.0% No drugs 3 16.66
5 33.33% 4 16.66%
5 16.66%
Index Charlson - Groéningen Frailty Index (r = 0.56%), As a result of these analyses, high positive and nega-
Mini Nutritional Assesment — Groningen Frailty Index (r = tive dependencies of the Gréningen Frailty index and Mini
-0.73*), Mini Nutritional Assesment — Geriatric Depression Nutritional Assesment, as well as the mathematical equa-
Scale (r = -0.78*) (p<0.05), the regression equations are: y = tions of dependencies were established, which is of predic-
1.9537 + 0.92131 * x,y = 3.3253 + 0.56876 * x, y = 29.126 - tive importance in medical practice.
1.017 *x, y = 27.345 - 0.7963 * x (Fig. 1-4). Cluster analysis is a useful method for identifying pro-
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files associated with multifactorial aspects. The authors
Fried L. et al. [2] and Rockwood K. et al. [28], who are the
pillars of the concept of frailty, highlighted through this
method the main aspects of the frailty phenotype model
and the frailty index model.

In the present study, the most relevant indicators were
used, which separated the clusters, such as: age category,
frailty subtype, MNA nutritional score, number of chronic
polypathologies and daily polymedications administered,
which can be easily applied in trials clinics by nutritionists
and clinicians [29]. At the same time, the aim was to eluci-
date the frequency of relevant clinical manifestations that
would serve as markers of the evolution of frailty depending
on nutritional status and sex.

The k-means cluster analysis divided the elderly into 2
sublots according to gender (female / male) with 21 differ-
ent parameters, which included nutritional data, frailty, the
presence of comorbidities and the number of drugs admin-
istered per day (tab. 1).

The cluster analysis by the centroid method of k-means
established that the groups of elderly (female), separated
into 3 clusters, differed according to the level and variability
of the researched parameters. The elderly in cluster I were of
the age category 75-84 years, who presented 3 subtypes of
frailty with moderate prevalence of comorbidities, the daily
administration of 4 drugs and the nutritional status not be-
ing affected. Cluster II was composed entirely of young el-
derly persons of the 65-74 age group, but more vulnerable
in terms of frailty and nutritional status (risk of malnutri-
tion — malnourished), associated with the highest number
of chronic polypathologies (No 5), but with reduced drug
use. Cluster 3 consisted mainly of old elderly people (85-93
years), with an equal frequency of normal nutritional sta-
tus - risk of malnutrition — malnutrition, the most vulner-
able in terms of vulnerability, with the highest number of
chronic diseases (No 6) and the administration of the aver-
age number of daily drugs.

Regarding the age groups (male), they were distributed
practically equally in number of participants, but with a fre-
quency of different indices in clusters. Cluster I was com-
posed of elderly people aged 65-74 years with the highest
risk of malnutrition - 83.33%, the highest share of frail, with
the largest variety of comorbidities. Cluster II was noted for
the highest frequency of frail people in the 75-84 age cat-
egory with increased use of daily medication, and cluster III
was noted for having the best indicator of nutritional status,
being robust according to the frailty scale and using as a fre-
quency the lowest number of prescribed medications.

Due to the comparative assessment between both groups
of elderly (women / men), it can be mentioned that the nor-
mal nutritional status was found with a higher share in frail
elderly in the category 75-84 years being associated with
a high spectrum of comorbidities and lower comparative
polymedicine with the same parameters in older men. The
nutritional risk was found more frequently in frail elderly
men in the young category of elderly (65-74 years) being as-
sociated with a wide range of comorbidities, and malnutri-

tion was practically manifested equally in both groups from
the study.

Conclusions

1. Frailty through its multidimensional aspects, has an
increased prevalence among the elderly with an unfavorable
prognosis.

2. Following a multilateral research, it was highlighted
that insufficient nutrition and comorbidities can lead to the
weakening of the institutionalized elderly through bio-psy-
cho-social aspects.

3. According to the cluster analysis (k-means method),
the most relevant indicators that separated the clusters were:
age category, sex, clinical scale of frailty, comorbidities and
drugs.

4. The results obtained characterize the profile of insti-
tutionalized elderly and can be used as a basis for the de-
velopment of effective strategies aimed at reducing physical,
cognitive and social frailty.

5. The comparative evaluation between both groups of
elderly people by gender, showed a normal nutritional status
with a higher share in women in the group of 75-84 years,
compared to older men, and malnutrition was practically
manifested equally in both groups in the study (men/wom-
en).

References

—

. Morley JE, Vellas B, van Kan GA, et al. Frailty consensus: a call to
action. ] Am Med Dir Assoc. 2013;14(6):392-397. doi: 10.1016/j.
jamda.2013.03.022.

2. Fried LP, Ferrucci L, Darer J, et al. Untangling the concepts of disability,
frailty, and comorbidity: implications for improved targeting and care.
J Gerontol A Biol Sci Med Sci. 2004;59(3):255-263. doi.org/10.1093/
gerona/59.3.M255.

3. Kojima G, Kendrick D, Skelton DA, et al. Frailty predicts short-term
incidence of future falls among British community-dwelling older people:
a prospective cohort study nested within a randomised controlled trial.
BMC Geriatr. 2015;15:155. doi: 10.1186/s12877-015-0152-7.

4. Fabricio-Wehbe SC, Rodrigues RAP, Haas V], et al. Association of
frailty in hospitalized and institutionalized elderly in the community-
dwelling. Rev Bras Enferm. 2016;69(4):691-696. doi.org/10.1590/0034-
7167.2016690411i.

5. Amaral FL, Guerra RO, Nascimento AF et al. Social support and the
frailty syndrome among elderly residents in the community. Cien Saude
Colet. 2013;18(6):1835-1846.

6. Hoogendijk EO, Suanet B, Dent E, et al. Adverse effects of frailty on
social functioning in older adults: results from the Longitudinal Aging
Study Amsterdam. Maturitas. 2016;83:45-50. doi: 10.1016/j.maturi-
tas.2015.09.002.

7. Wong CH, Weiss D, Sourial N, et al. Frailty and its association with dis-
ability and comorbidity in a community-dwelling sample of seniors in
Montreal: a cross-sectional study. Aging Clin Exp Res. 2010;22(1):54-62.
doi: 10.1007/BF03324816.

8. Vermeulen J, Neyens JC, van Rossum E, et al. Predicting ADL disability
in community-dwelling elderly people using physical frailty indicators:
a systematic review. BMC Geriatr. 2011;11:33. doi: 10.1186/1471-2318-
11-33.

9. Liu LK, Guo CY, Lee W], et al. Subtypes of physical frailty: latent class
analysis and associations with clinical characteristics and outcomes. Sci
Rep. 2017;7:46417. doi: 10.1038/srep46417.

10. Lorenzo-Loépez L, Maseda A, de Labra C, et al. Nutritional deter-

minants of frailty in older adults: a systematic review. BMC Geriatr.

2017;17(1):108-121. doi: 10.1186/s12877-017-0496-2.

/ ]




ORIGINAL RESEARCH

F. Lupascu-Volentir et al. Moldovan Medical Journal. December 2021;64(6):20-25

11. Bieniek J, Wilczynski K, Szewieczek J. Fried frailty phenotype assess-
ment components as applied to geriatric inpatients. Clin Interv Aging.
2016;11:453-459. doi: 10.2147/CIA.S101369.

12. Checa-Lopez M, Oviedo-Briones M, Pardo-Gomez A, et al.; FRAIL
TOOLS consortium. FRAIL TOOLS study protocol: a comprehensive
validation of frailty assessment tools to screen and diagnose frailty in
different clinical and social settings and to provide instruments for in-
tegrated care in older adults. BMC Geriatr. 2019;19(1):86. doi: 10.1186/
s12877-019-1042-1.

13.Boulos C, Salameh P, Barberger-Gateau P. Malnutrition and frailty in
community-dwelling older adults living in a rural setting. Clin Nutr.
2016535(1):138-143. doi: 10.1016/j.clnu.2015.01.008.

14. Malmstrom TK, Miller DK, Simonsick EM, et al. SARC-F: a symptom
score to predict persons with sarcopenia at risk for poor functional
outcomes. ] Cachexia Sarcopenia Muscle. 2016;7(1):28-36. doi: 10.1002/
jesm.12048.

15. Statistics Canada; Turcotte M, Schellenberg G. A portrait of seniors in
Canada: 2006. Ottawa: Minister of Industry; 2007 [cited 2021 Apr 12].
Available from: https://www150.statcan.gc.ca/nl/pub/89-519-x/89-519-
x2006001-eng.htm

16.Min L, Yoon W, Mariano J, et al. The vulnerable elders-13 survey
predicts 5-year functional decline and mortality outcomes in older
ambulatory care patients. ] Am Geriatr Soc. 2009;57(11):2070-2076.
doi:10.1111/j.1532-5415.2009.02497 x

17. Cwirlej—Sozar’lska A., Sozanski B, Wisniowska-Szurlej A, et al. An as-
sessment of factors related to disability in ADL and IADL in elderly
inhabitants of rural areas of south-eastern Poland. Ann Agric Environ
Med. 2018;25(3):504-511. doi: 10.26444/aaem/81311.

18. Rivolta MW, Aktaruzzaman M, Rizzo G, et al. Evaluation of the Tinetti
score and fall risk assessment via accelerometry-based movement analy-
sis. Artif Intell Med. 2019;95:38-47. doi: 10.1016/j.artmed.2018.08.005.

19. Larner AJ. Mini-Mental State Examination: diagnostic test accuracy
study in primary care referrals. Neurodegener Dis Manag. 2018;8(5):301-
305. doi: 10.2217/nmt-2018-0018.

Authors’ ORCID iDs and academic degrees

20. World Health Organization. International Statistical Classification of
Diseases and Related Health Problems. 10th Revision. ICD-10 Version:
2019. Geneva: WHO; 2019 [cited 2021 Apr 12]. Available from: https://
icd.who.int/browse10/2019/en#/

. Kelaiditi E, Cesari M, Canevelli M, et al. Cognitive frailty: rational and
definition from an (I.A.N.A./I.A.G.G.) international consensus group. J
Nutr Health Aging. 2013;17(9):726-734. doi: 10.1007/s12603-013-0367-2.

22. Welsh TJ, Gordon AL, Gladman JR. Comprehensive geriatric assess-
ment - a guide for the non-specialist. Int J Clin Pract. 2014;68(3):290-
293. doi: 10.1111/ijcp.12313.

23. Batko-Szwaczka A, Dudzinska-Griszek ], Hornik B, et al. Frailty phe-
notype: evidence of both physical and mental health components in
community-dwelling early-old adults. Clin Interv Aging. 2020;15:141-
150. doi.org/10.2147/CIA.S238521.

24. Beki¢ S, Babi¢ E Filip¢i¢ I, et al. Clustering of mental and physical comor-
bidity and the risk of frailty in patients aged 60 years or more in primary
care. Med Sci Monit. 2019;25:6820-6835. doi: 10.12659/MSM.915063.

25. Montero-Odasso MM, Barnes B, Speechley M, et al. Disentangling
cognitive frailty: results from the gait and brain study. ] Gerontol A Biol
Sci Med Sci. 2016;71(11):1476-1482. doi: 10.1093/gerona/glw044.

26. Saunders NL, Summers MJ. Longitudinal deficits to attention, executive,
and working memory in subtypes of mild cognitive impairment. Neu-
ropsychology. 2011;25(2):237-248. doi: 10.1037/a0021134.

27. Kwan RYC, Leung AYM, Yee A. et al. Cognitive frailty and its association
with nutrition and depression in community-dwelling older people. |
Nutr Health Aging. 2019;23(10):943-948. doi: 10.1007/s12603-019-
1258-y.

28. Rockwood K, Song X, MacKnight C, et al. A global clinical measure of
fitness and frailty in elderly people. CMAJ. 2005;173(5):489-495. doi:
10.1503/cmaj.050051.

29.Lee BS, Sen PK, Park NS, et al. A clustering method to identify who
benefits most from the treatment group in clinical trials. Health Psychol
Behav Med. 2014;2(1):723-734. doi:10.1080/21642850.2014.924857.

2

—_

Felicia Lupascu-Volentir, MD, PhD, Superior Scientific Researcher - https://orcid.org/0000-0001-6380-4733
Gabriela Soric, MD, PhD, Assistant Professor - https://orcid.org/0000-0001-5314-2270

Ana Popescu, MD, Assistant Professor - https://orcid.org/0000-0002-2405-9125

Anatolie Negara, MD, PhD, Associate Professor — https://orcid.org/0000-0002-8973-7310

Authors’ contribution

FLV conceptualized the study, designed the research, collected and interpreted the data, drafted the first manuscript; GS conducted the labora-
tory work and revised the manuscript critically; AP collected data and revised the manuscript critically; AN conducted the management work
and revised the manuscript critically. All the authors revised and approved the final version of the manuscript.

Funding

The study was supported by institutional research projects #20.80009.8007.25 Frailty: diagnosis and prophylaxis in relation to the medico-
psycho-social problems of the vulnerable elderly, Nicolae Testemitanu State University of Medicine and Pharmacy. The authors are independent
and take responsibility for the integrity of the data and accuracy of the data analysis.

Ethics approval and consent to participate

The research was approved by the Research Ethics Committee of Nicolae Testemitanu State University of Medicine and Pharmacy (protocol No

51 of June 16, 2020).

Conlflict of Interests
The authors have no conflict of interests to declare.




E. Pavlovschi et al. Moldovan Medical Journal. December 2021;64(6):26-32 ORIGINAL RESEARCH

https://doi.org/10.52418/moldovan-med-j.64-6.21.05
UDC: 611.137/.147+616.718-089.844-092.9 Ope“aA“ess ) i

In vivo experimental study of the arterial supply of the rabbit posterior limb

*1L2Elena Pavlovschi, *Alina Stoian, 2Grigore Verega, 'Viorel Nacu

'Laboratory of Tissue Engineering and Cells Culture, “Department of Orthopedics and Traumatology
Nicolae Testemitanu State University of Medicine and Pharmacy, Chisinau, the Republic of Moldova

Authors’ ORCID iDs, academic degrees and contributions are available at the end of the article

*Corresponding author - Elena Pavlovschi, e-mail: pavlovschi.elena@gmail.com
Manuscript received November 11, 2020; revised manuscript August 18, 2021; published online December 17, 2021

Abstract

Background: The use of bone graft has been a successful step in the treatment of a large number of diseases of the osteoarticular system. But a massive bone
defect remains a dilemma for modern reconstructive surgery. Present methods used have a high level of morbidity and complication. Literature indicates
the absence of an optimal solution in massive bone defects healing. The aim of this study: to perform an in vivo preliminary study of vascularization of the
hind limb in the rabbit model, for obtaining a graft able for further inclusion in the host blood circulation, without immunosuppression by decellularization.
Material and methods: The study was performed on the 12 laboratory rabbits. After euthanasia of the rabbit, the femoral and tibiofibular bone was
collected without soft tissue, only with the vascular pedicle, and keeping the passage through the vessels. In the abdominal aorta was injected contrast
material, with the subsequent preparation of the arterial vessels, succeeded by anatomical, morphological, radiography, and microangiography study of
this vascularized bone segment.

Results: The principal nutrient artery of the rabbit femur springs from the lateral circumflex femoral artery. The optimal segment for vascularized
allografting (the rabbit model) was determined the upper third of the femur with the up to the level of the internal iliac artery. So, it could be used as a
bone graft for further conservation and decellularization.

Conclusions: The vascularized allogeneic bone without immunosuppression would be a perfect alternative in the treatment of the massive bone defects.
Key words: vascularized bone grafts, bone allograft surgical revascularization, angiography.
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Introduction characterize because diagnosis is subjective. Whereas, the
critical defect varies based on patient age, overall health,
and the size of the lack of bone. The significant defects that
are less than 4 to 6 cm are classified as small-scale defects,
and those that are larger than 4 to 6 cm are considered
large-scale defects. In adult patients, a critical bone defect
generally has circumferential loss of 50% or a length of 2 cm.
The anatomic location and the condition of the surrounding
soft tissue are the two contributing factors that dictate the
healing potential of a defect. Healing potential varies based
on the anatomic location of the defect [3-5].

The healing of bone fractures is a well-orchestrated
physiological complex process involving interactions be-
tween different cells and signals to form new mineralized
tissue, to replace and repair bone tissue without scar forma-
tion. Blood vessels serve as a basic template, around which
bone development takes place and also brings together the
critical elements for bone homeostasis into the osteogenic
microenvironment, including minerals, growth factors, and
osteogenic progenitor cells [2, 3, 4, 6].

The healthy growth and development of a bone are
exclusively linked to its vascular and, in particular, its

Reconstruction of the large bone defects, caused by se-
vere trauma, infection, tumor resection, or congenital de-
formity, is an actual clinical problem and the approach chal-
lenges. They were dictated by a multitude of clinical factors,
including the defect size, patient comorbidities, soft tissue
condition, and the risk of infection present in the defect.
Current reconstructive options include the use of cryopre-
served allografts, bone transport, prosthetic replacement,
membrane-induced osteogenesis, re-implantation of auto-
claved tumor bone and, vascularized bone autografts, all
with a significant incidence of complications and failure.
Unfortunately, almost all of these substitutes have been
only used to refill small cavitary defects in the clinic. A
multidisciplinary approach that involves orthopedic, plas-
tic, and vascular surgeons are essential to optimize success
rates [1-3].

The large bone defects, called critical-sized defects
(CSDs), describe a bone void that will not spontaneously
fill, without intervention. That means CSDs would not heal
despite simple stabilization and require further intervention
in addition to fixation. This type of defect is difficult to
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arterial supply. Well, it is generally agreed that there are
three sources of blood supply in long bones. They are
the nutrient artery, epiphyseal-metaphyseal arteries, and
periosteal arteries. Johnson R. concluded that the nutrient
artery was the essential source, by interfering with two of
the three sources of blood supply of the tibia in dogs. The
nutrient artery is capable of maintaining the viability of the
entire shaft and of supporting the repair of bone defects, and
that the periosteal source was the least important [7, 8]. An
interesting question may be raised. From where does the
remaining intact blood supply come to these three segments
after ligation of the nutrient artery? The quantitative
observation in this study that the nutrient artery contributes
at least 71 percent of the total blood supply of the shaft
agrees very well with their comments. Very effective
communication between the Bone Marrow vascular system
and external circulation must exist, a fact that has been
exploited in emergency medicine for many years. Initially
developed for battlefield administration of fluids and
analgesics, the use of direct intraosseous infusion is now
widely utilized in emergency medicine when peripheral
venous access is difficult. Here it is shown that murine long
bones are supplied with approximately 16 nutrient arteries
and a central sinus with two exit sites. Trans-cortical vessels
(TCV) require the presence of narrow canals in the cortical
bone that is then lined by endothelial cells, in all types of
murine long bones investigated. These TCVs can be either
arterioles or venules and effectively transport blood and
thereby also neutrophils. TCVs can be either arterial or
venous and directly connect the periosteum to BM [9, 10].

The “diamond concept,” being a conceptual framework
for a successful bone repair response, gives equal importance
to mechanical stability and the biological environment.
Moreover, adequate bone vascularity and the physiological
state of the host are thought to be essential within this
framework of fracture repair. Overall, the “diamond
concept” refers to the availability of osteoinductive
mediators, osteogenic cells, an osteoconductive matrix
(scaffold), optimum mechanical environment, adequate
vascularity, and addressing any existing comorbidities of
the host [11].

The bone graft is commonly used in reconstructive
surgery, a complicated surgical procedure that replaces
missing bone. The bone grafts can be autografts, allografts
(cadaveric bone usually obtained from a bone bank), or
synthetic (often made of hydroxyapatite or other naturally
occurring and biocompatible substances) with similar
mechanical properties to bone. Vascularized autografts —
the gold standard between grafts is limited primarily to the
fibula and iliac crest for significant skeletal defects. Each
site of autologous bone graft has its advantages, but also
has the disadvantages like donor site morbidity, the limited
volume available, no structural capability, and occasional
unsatisfactory biologic activity have led to increased use
of allografts. For CSDs, there are two primary options to
consider, in the actual clinical approach: induced membrane
technique and distraction osteogenesis. Choosing between

(@)

these two techniques should be based on the associated
soft tissue injury, the local vascularity, and the possibility
of residual infection. Transplantation of living vascularized
allogeneic bone should have the potential to combine the
same biological benefits as vascularized autografts with the
mechanical advantages provided by the size- and shape-
matched allogeneic bone segments [12-14]. The significant
benefits of vascularized bone grafts are more rapid and
complete incorporation of the graft, which provides
immediate structural support. The orthobiologic ability of
the transplanted (living) bone to form new bone and the
addition of new blood supply to the recipient is the crucial
element of the “diamond concept” Free vascularized bone
grafts allow living bone tissue to be transplanted to replace
a bone defect. The use of vascularized bone grafts requires
microvascular dissection and attachment to a recipient site
artery and vein [15-17].

Therefore, the data of the literature presents suggestions
of the need to increase vascularized bone allograft, which
remains at the stage of preclinical studies on the need
for long-term post-interventional immunosuppression,
which is irrational in the case of bone transplantation.
Current studies are investigating alternative options to
maintain the viability of the allograft by practicing drug-
induced and surgical neoangiogenesis with the short-term
immunosuppression [18, 19].

The vascularization of the rabbit femur, the closest
segment to the required demand of in-vivo study, has been
earlier researched [10, 20].

In this literature context, the aim of in-vivo research for
the first stage is to study the vascularization of the posterior
limb - femur and the tibiofibular segment in the rabbit
model and establish the most suitable portion of bone with
the vessel. This bone portion must be able to serve as a
vascularized allograft, for the future microsurgical inclusion
in the host circuit. The success after a bone vascularized
allograft procedure is ensured by keeping the passage of
nutrient artery and microcirculation of this graft.

Material and methods

This study is a part of the doctoral program of the
Doctoral School of Medical Sciences. It was approved by
the Research Ethics Committee, dated 21.05.2018, and
performed during 2019-2020, in the Tissue Engineering
and Cells Cultures Laboratory, of Nicolae Testemitanu
State University of Medicine and Pharmacy, Chisinau, the
Republic of Moldova.

The first stage of the present study was performed in the
animal model (New Zealand White Rabbit) on their bodies.
The study was carried out on twenty adult white rabbits of
about four months old and weighing about three kilograms.
The animals’ bodies were taken from the abattoir, mandatory
that has the sanitary-veterinary certificate for euthanasia.
Following dissection, the individual bones were stripped of
all extra-osseous soft tissue, only with the vascular pedicle
and including periosteum to permit clear visualization of

[ \

/ ]




E. Pavlovschi et al. Moldovan Medical Journal. December 2021;64(6):26-32

ORIGINAL RESEARCH

intraosseous vessels alone, and to avoid confusion arising
from the superimposition of vessels in soft tissues. This
procedure kept the passage through the vessels and didn’t
remove periosteal arterial twigs from the cortex since.
In the abdominal aorta was injected contrast material,
with the subsequent preparation of the arterial vessels,
succeeded by anatomical, radiography, histology, and
microangiography study of this vascularized bone segment.
Thus, was determined the vascularized bone segment that
could be used as a bone graft for further conservation and
decellularization.

The macroscopic study of the vascularization of the
posterior limb in the rabbit model

The research was performed on the vascularization of
the posterior limb in the carcasses of laboratory animals,
New Zealand White rabbit. We injected polymerizing
material (Protacryl - M) in the abdominal aorta, and the
inferior vena cava (fig. 1), with the subsequent preparation
of the limb’s vessel (fig. 2, 3).

Fig. 1. A - the cannulated dorsal aorta, B - the cannulated
inferior vena cava, C - the femoral artery,
D - the saphenous artery

NG oo

Fig. 2. A - the common iliac left artery, B- the femoral artery,
C - the lateral circumflex femoral artery, D - Arteria suprema
genu, E - the saphenous artery, F - the femoral intercondylar vein

Fig. 3. A - the femoral artery, B - the lateral circumflex femoral
artery, C - the principal nutrient artery of the rabbit femur

The angiographic study of vascularization by intro-
ducing the contrast substance into the abdominal aorta.

The contrast substance-Urografin® 30% was injected
in the abdominal aorta under pressure. The radiological
examination was performed in the standard way (fig. 4).

1 erator su {:20 AUTO El,’s.mrxs Hand PA
Fig. 4. 1. The cannulated dorsal aorta, II. A - the common iliac
artery, B - the femoral artery

The microangiography study of the vascularized bone
segments (femur)
Through the cannulated internal iliac artery, the

(28)

. (28)

A B C

Fig. 5. A - the radiological examination at 1 min, B - the
radiological examination at 3 min, C - the radiological
examination at 3 min
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Urografin® 30% was introduced under pressure. The radio-
logical examination was performed at 1 min, 3 min and 5
minutes after the start of the introduction of the contrast
substance (fig. 5).

The morphological study of the dorsal aorta, the
internal iliac artery, and the vascularized bone segments
(femur)

Histological sections of the dorsal aorta (fig. 6 A), the
internal iliac artery (fig. 6 B), and the proximal femur (fig. 6
C) of rabbits, were stained with hematoxylin-eosin showing.

e WD -
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Fig. 6. A - the histological sections of the dorsal aorta,
B - the histological sections of the internal iliac artery,
C - the histological sections of the proximal femur

Results

The macroscopic study of the vascularization of the
posterior limb in the rabbit model

The arterial supply of femur in a rabbit model begins at
the dorsal aorta then divides into two common iliac arteries
and a median caudal artery to the tail (fig. 7). Each common
iliac artery gives a small ilio-lumbar artery that supplies the
dorsal body wall. The common iliac artery divides into the
internaliliac artery which supplies the organs of the pelvisand
external iliac artery that supplies the hind limb. The external
iliac terminates as a femoral artery in each hind limb. It has
branches the - lateral and medial circumflex femoral which
passes around on the hip joint to terminate as a contribution
to the trochanteric anastomosis. From it, anterior cervical
arteries descend into the femoral neck. Another branch of
the same artery concerned in the nutrition of the femur
is the artery of the trochanteric fossa. In one specimen,
it sprang directly from the femoral, distal to the lateral
circumflex femoral artery. It passes downwards for 2 cm
before disappearing in the nutrient foramen situated on the
medial surface of the shaft just below the lesser trochanter.
So, the principal nutrient artery of the rabbit femur springs
from the lateral circumflex femoral artery. In the distal part
from the femoral artery begins the arteria suprema genu.
Then the femoral artery continues as the popliteal artery,
giving origin to the supracondylar (genicular) arteries, which
pass outwards, supplying fine nutrient twigs to the posterior
face of the inferior metaphysis, and the condyles. They join
the medial and lateral condylar loops. From the popliteal
begins the anterior tibial artery, a sizeable middle genicular

artery arises, which pierces the joint capsule, passes above
the point of crossing of the cruciate ligament, and sinks into
a foramen in the anterior wall of the intercondylar notch.
The principal nutrient artery of the tibia, derived from the
anterior tibial artery descends on the posterior surface of
the bone before reaching the nutrient canal situated 5 mm
above the level of the tibiofibular synostosis. The second
principal nutrient artery given off by the anterior tibial at
the synostosis sinks into the bone anteriorly just below the
level of fusion. The shaft of the fibular portion of the bone
has no nutrient artery of its own. The saphenous artery
divides into the medial and lateral plantar arteries.

Venous drainage

A single vena comitans accompanies each artery. A
simple circulus venosus is formed on the superficial surface
of each condyle. The femoral intercondylar vein joins the
tibial intercondylar veins to drain into the anterior tibial
vein. The veins of the tibiofibular segment show those
general features which have been described for the femur.
The following individual points are to be noted. A vein issues
from the fibular border of the shaft below the synostosis and
drains into the peroneal vein, on the posterior surface of the
tibia, two and occasionally three large veins issue from the
bone. Veins from the intercondylar ridge join those draining
the inferior femoral epiphysis and pass ultimately into the
anterior tibial vein.

dorsal aorta
lombar art.
iliolombar art.

/ common iliac art.
ep circ. tiac art.

superficial
cire. ihiac art.

groin
crease

Fig. 7. The sketchy representation of the arterial supply of the
posterior limb in the rabbit model.

/ ]




E. Pavlovschi et al. Moldovan Medical Journal. December 2021;64(6):26-32

ORIGINAL RESEARCH

The angiographic study of the vascularization in the
hind limb in the rabbit model

The contrast substance (Urografin® 30%) was introduced
into the abdominal aorta under pressure. The gross arterial
supply of the hindlimb was determined, and the visualization
of the anatomical correlation with the femoral bone after a
standard radiological examinatioThe microangiography
study of the vascularized bone segments (femur) in the
rabbit model

The internal vascularization of bone as revealed by
radiography is presented at 1 min, 3 min and 5 minutes
after the start of the introduction of the contrast substance
(Urografin® 30%). The rate of blood flow through the
principal nutrient artery of the femur indicates that it
contributes at the 50-80 percent of the surface to the femur
(depending on the epiphysial, metaphyseal or diaphyseal
region). The epiphyseal and metaphyseal arteries, and the
periosteal arteries also have a significant contribution to
blood arterial flow.

The morphological study

The histologic examination was done on the dorsal aorta,
the internal iliac artery, and the vascularized bone segments
(proximal femur). It demonstrates that the content of the
extracellular matrix of the vessel is optimal up to the level of
the internal iliac artery, for a next microsurgical inclusion in
the host blood circulation. The grafts were stored at -84.4°C
to be subsequently decellularized by the combined method.
The next in vivo step will involve the orthotopic inclusion of
the decellularized graft in the host circuit (fig. 8).

Fig. 8. The external appearance of the bone
vascularized grafts

Discussion

Bone regeneration is a well-orchestrated physiological
process. It is sufficient when the vascularization of the
segment remains optimal. Performed by the intramedullary
arteries, periosteal vessels, and the arteria nutricia, artery
nutrition plays an essential role in strengthening throughout

the whole bone consolidation process [21, 22]. The success
after bone vascularized allografting is ensured by keeping
the circulation on nutrient artery and microcirculation
of blood. The microsurgical anastomosis of the allograft
pedicle would admit the creation of optimal conditions for
sufficient revascularization. That ended in consolidation,
resistance, and increased rigidity of the segment [14, 23-25].
Thus, vascularized bone grafting is considered superior to
the non-vascularized one. Its task is not only to structurally
replace the defect but also to biologically engage in the
formation of new bone. Because the bone allografts not only
replace the missing bone but also help the reconstruction of
the lost bone by acting as a scaffold for osteoconduction and
as a source of osteogenic and osteoinductive molecules for
bone formation. To increase bone healing it is essential to
provide a suitable vascularization and excellent mechanical
stability [26]. The interaction of immunocompetent blood
cells with the graft's vascular endothelium is the first stage in
the cascade that induces ischemia, reperfusion disorder, and
rejection. Stopping the microcirculation through theallograft
is considered the principal cause of graft failure [27, 28].
Immunosuppression marks the progress in contemporary
transplantology. It was shown that vascularized bone grafts
are superior, especially for the reconstruction of large defects,
because they retain the property of osteogenesis. But rest
the morbidity of the donor site, and the source of autografts
is limited. In this context, the research of vascularized bone
allografts is imperative [29-32]. The dilemma required
by vascularized bone allografts means the necessity of an
after-graft immunosuppression and immunomodulation.
Grafting of limbs, joints, bone tissue is not similar to the
transplantation of vital organs, such as the heart, liver, which
require long-term immunosuppression to omit systemic
complications. And in the case of musculoskeletal tissue,
the need for medication is 2-3 times higher than in the
case of organ transplantation. On a large scale, long-term
immunosuppression doesn't argue, and the risk induced by
organic toxicity, malignancy, or other complications, does
not justify it in these vitally uncritical situations [26, 31, 33].

The vascularized living allogeneic bone, without the need
of the immunosuppression, would be a perfect alternative in
the treatment of the massive bone defects. In other words,
the research into vascularized bone allografts to omit their
immunogenic potential by decellularization has increasing
importance. Current decellularization methods of the
vessel preserve vascular stiffness [34]. In this context, the
in vivo experiment of including in the host blood circuit the
orthotopically decellularized vascularized bone allograft
will permit the description of both the vascular and the
bony aspects.

Conclusions

The orthobiologic ability of the transplanted (living)
bone to form new bone and the addition of new blood
supply to the recipient is the crucial element of the “diamond
concept”. The significant benefits of vascularized bone grafts
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are more rapid and complete incorporation of the graft,
which provides immediate structural support.

The principal nutrient artery of the rabbit femur springs
from the lateral circumflex femoral artery. Graft, able for the
subsequent inclusion in the host blood circulation, without
immunosuppression by decellularization, is the proximal
third of the femur with the vascular pedicle to the internal
iliac artery.

The further evaluation of the decellularization methods
of the tissue, organs by preserving vascular stiffness,
represents the reason to continue research in this field.

Transplantation of native allogeneic vascularized bone
can be a potential perfect solution, only if significant and
unjustified risks of long-term immunosuppression can be
avoided.

References

1. Pan Z, Jiang P, Xue S, Wang T, Li H, Wang J. Repair of a critical-size
segmental rabbit femur defect using bioglass-B-TCP monoblock, a
vascularized periosteal flap and BMP-2. ] Biomed Mater Res B Appl
Biomater. 2018;106(6):2148-2156. doi: 10.1002/jbm.b.34018.

2. Vidal L, Kampleitner C, Brennan MA, Hoornaert A, Layrolle P. Recon-
struction of large skeletal defects: current clinical therapeutic strategies
and future directions using 3D printing. Front Bioeng Biotechnol.
2020;8:61. doi: 10.3389/fbioe.2020.00061.

3. Mauffrey C, Barlow BT, Smith W. Management of segmental bone
defects. ] Am Acad Orthop Surg. 2015;23(3):143-153. doi: 10.5435/
JAAOS-D-14-00018.

4. Grosso A, Burger MG, Lunger A, Schaefer DJ, Banfi A, Di Maggio N.
It takes two to tango: coupling of angiogenesis and osteogenesis for
bone regeneration. Front Bioeng Biotechnol. 2017;5:68. doi: 10.3389/
fbioe.2017.00068.

5. Locker PH, Arthur J, Edmiston T, Puri R, Levine BR. Management of
bone defects in orthopedic trauma. Bull Hosp Jt Dis. 2018;76:278-284.

6. Nacu V. Optimizarea regenerdrii osoase posttraumatice dereglate [Op-
timization of disordered post-traumatic bone regeneration]. Chiginau:
Sirius; 2010. 188 p. Romanian.

7. Johnson RW Jr. A physiological study of the blood supply of the diaphysis.
J Bone Joint Surg. 1927;9(1):153-184

8. Science direct. Veterinary science and veterinary medicine. Nutrient
canal. Amsterdam: Elsevier; 2020 [cited 2020 Aug 9]. Available from: ht-
tps://www.sciencedirect.com/topics/veterinary-science-and-veterinary-
medicine/nutrient-canal

9. Griineboom A, Hawwari I, Weidner D, Culemann S, Miiller S, Henneberg
S, et al. A network of trans-cortical capillaries as mainstay for blood
circulation in long bones. Nat Metab. 2019;1(2):236-250. doi: 10.1038/
542255-018-0016-5.

10. Shim SS, Copp DH, Patterson FP. Measurement of the rate and distribu-
tion of the nutrient and other arterial blood supply in long bones of the
rabbit. A study of the relative contribution of the three arterial systems.
J Bone Joint Surg Br. 1968;50:178-183.

. Andrzejowski P, Giannoudis PV. The “diamond concept” for long bone
non-union management. J Orthop Traumatol. 2019;20(1):21. doi:
10.1186/510195-019-0528-0.

12. Hung NN. Basic knowledge of bone grafting. In: Zorzi AR. Bone grafting.
London: IntechOpen; 2012. p. 11-38 [cited 2020 Aug 9]. Available from:
https://www.intechopen.com/books/bone-grafting/basic-knowledge-of-
bone-grafting

13. Khan SN, Cammisa FP Jr, Sandhu HS, Diwan AD, Girardi FP, Lane JM.
The biology of bone grafting. ] Am Acad Orthop Surg. 2005;13(1):77-86.

14. Houben RH, Kotsougiani D, Friedrich PE, Shin AY, Bishop AT. Outcomes
of vascularized bone allotransplantation with surgically induced autog-
enous angiogenesis in a large animal model: bone healing, remodeling,
and material properties. ] Reconstr Microsurg. 2020;36(2):82-92. doi:
10.1055/5-0039-1695052.

1

—_

15. Pirela-Cruz MA, DeCoster TA. Vascularized bone grafts. Orthopedics.
1994;17(5):407-412.

16. Schmidmaier G, Schwabe P, Strobel C, Wildemann B. Carrier systems
and application of growth factors in orthopaedics. Injury. 2008;39 Suppl
2:837-43. doi: 10.1016/S0020-1383(08)70014-7.

17. Timbalari T, Lozan O, Nacu V. Istoricul dezvoltarii transplantului de
tesuturi si celule = History of tissue and cell transplantation’s develop-
ment. Mold ] Health Sci. 2017;14:108-122. Romanian, English. [cited
2020 Aug 9]. Available from: https://ibn.idsi.md/ro/vizualizare_arti-
col/59538

. Willems WE. Bone graft revascularization strategies [Internet]. Amster-
dam: University of Amsterdam; 2014 [cited 2020 Jul 19]. Available from:
https://dare.uva.nl/document/2/139364

19. Kotsougiani D, Hundepool CA, Bulstra LE, Friedrich PE Shin AY, Bishop
AT. Bone vascularized composite allotransplantation model in swine
tibial defect: Evaluation of surgical angiogenesis and transplant viability.
Microsurgery. 2019;39(2):160-166. doi: 10.1002/micr.30310.

20. Brookes M, Harrison RG. The vascularization of the rabbit femur and

tibiofibula. ] Anat. 1957 Jan;91(1):61-72.

.Shin AY, Dekutoski MB. The role of vascularized bone grafts in spine
surgery. Orthop Clin North Am. 2007;38(1): 61-72, vi. doi: 10.1016/j.
0cl.2006.10.011.

.Schindeler A, McDonald MM, Bokko P, Little DG. Bone remodeling
during fracture repair: The cellular picture. Semin Cell Dev Biol.
2008;19(5):459-466. doi: 10.1016/j.semcdb.2008.07.004.

23. Chen J, Zhang D, Zhang T, Chen C, Song Y, Liu S, et al. Effect of the
vascularized bone components on the survival of vascularized composite
allografts. J Surg Res. 2018;224:132-138. doi: 10.1016/j.js5.2017.03.050.

24. Aebi M, Regazzoni P. Bone transplantation. Heidelberg: Springer Science
& Business Media; 2012 [cited 2020 Jul 19]. Available from: https://play.
google.com/store/books/details?id=0qgh3BQAAQBAJ

25. Leonard DA, Cetrulo CL Jr, McGrouther DA, Sachs DH. Induction
of tolerance of vascularized composite allografts. Transplantation.
2013;95(3):403-409. doi: 10.1097/TP.0b013e31826d886d.

26. Goorah S, Hindocha S. Therapeutic use of vascularized bone transfer
for bone reconstruction. Asian ] Biomed Pharm Sci. 2013;3(22):39-
44. [cited 2020 Aug 10]. Available from: https://www.researchgate.
net/profile/Smita_Goorah/publication/255721233_Therapeu-
tic_use_of_vascularized_bone_transfer_for_bone_reconstruction/
links/00b495207d3c5dd0fe000000/ Therapeutic-use-of-vascularized-
bone-transfer-for-bone-reconstruction.pdf

27. Menger MD, Vollmar B. Role of microcirculation in transplantation.
Microcirculation. 2000;7(5):291-306 [cited 2020 Aug 10]. Available
from: https://www.ncbi.nlm.nih.gov/pubmed/11079248

28. Korompilias AV, Paschos NK, Lykissas MG, Kostas-Agnantis I, Vekris
MD, Beris AE. Recent updates of surgical techniques and applications
of free vascularized fibular graft in extremity and trunk reconstruction.
Microsurgery. 2011;31(3):171-175. doi: 10.1002/micr.20848.

29. Hofmann GO, Kirschner MH. Clinical experience in allogeneic vascular-
ized bone and joint allografting. Microsurgery. 2000;20(8):375-383. doi:
3.0.c0;2-0»>10.1002/1098-2752(2000)20:8<375::aid-micr6>3.0.c0;2-0.

30. Randolph MA, Yaremchuk MJ, Moore JR, Robinson RA, Weiland AJ. Ex-
perimental vascularized bone allografting. Microsurgery. 1987;8(4):210-
217. doi: 10.1002/micr.1920080409.

. Shigetomi M, Doi K, Kuwata N, Muramatsu K, Yamamoto H, Kawai S.
Experimental study on vascularized bone allografts for reconstruction
of massive bone defects. Microsurgery. 1994;15(9):663-670. doi: 10.1002/
micr.1920150913.

32. Kotsougiani D, Hundepool CA, Bulstra LE, Friedrich PE, Shin AY, Bishop
AT. Recipient-derived angiogenesis with short-term immunosuppression
increases bone remodeling in bone vascularized composite allotrans-
plantation: A pilot study in a swine tibial defect model. ] Orthop Res.
2017;35(6):1242-1249. doi: 10.1002/jor.23378.

33. Kremer T, Giessler GA, Friedrich PE, Willems WE, Giusti G, Bishop AT.
Surgical angiogenesis with short-term immunosuppression maintains
bone viability in rabbit allogenic knee joint transplantation. Plast Recon-
str Surg. 2013;131(2):148e-157e. doi: 10.1097/PRS.0b013e3182789ad4.

34.Jian M, Cobzac V, Moghildea I, Popescu V, Nacu V. Techniques of
liver decellularization. Mold Med J. 2018;61(4):21-24. doi: 10.5281/
zenodo.2222303.

1

(o]

2

—_

2

\S}

3

—_

/ ]




E. Pavlovschi et al. Moldovan Medical Journal. December 2021;64(6):26-32 ORIGINAL RESEARCH

Authors’ ORCID iDs and academic degrees

Elena Pavlovschi, MD, PhD Applicant - https://orcid.org/0000-0001-5563-3815
Alina Stoian, MD, PhD Applicant - https://orcid.org/ 0000-0002-6138-5579
Grigore Verega, MD, PhD, Professor - https://orcid.org/ 0000-0003-0509-0765
Viorel Nacu, MD, PhD, Professor - https://orcid.org/0000-0003-2274-9912

Authors’ contribution
PE and SA designed the study, collected, processed, and interpreted the data and drafted the manuscript; GV and NV designed the trial and
revised the manuscript critically. All the authors revised and approved the final version of the manuscript.

Funding

The research was supported by Nicolae Testemitanu State University of Medicine and Pharmacy, and the research project “Nanoarchitecture in
base of GaN and tridimensional matrix from biologic material for application in microfluids and tissue engineering” — 20.80009.5007.20 offered
by the National Agency for Research and Development of the Government of the Republic of Moldova. The authors are independent and take
responsibility for the integrity of the data and accuracy of the data analysis.

Ethics approval and consent to participate
The research was approved by the Research Ethics Committee of Nicolae Testemitanu State University of Medicine and Pharmacy (protocol No
70/75 of 21.05.2018).

Conflict of Interests
Nothing to disclose.




ORIGINAL RESEARCH L. Rotaru. Moldovan Medical Journal. December 2021;64(6):33-36

https://doi.org/10.52418/moldovan-med-j.64-6.21.06
UDC: [616.831-005+616.858](478)

Open aAccess

Cerebrovascular disease associated with Parkinson’s disease
in Moldovan cohort study
Lilia Rotaru

Laboratory of Functional Neurology, Diomid Gherman Institute of Neurology and Neurosurgery
Chisinau, the Republic of Moldova

Author’s ORCID iD, academic degrees and contribution are available at the end of the article

Corresponding author - Lilia Rotaru, e-mail: liliarotaru@yahoo.com
Manuscript received August 30, 2021; revised manuscript October 29, 2021; published online December 17, 2021

Abstract

Background: Parkinson’s disease (PD) is frequently associated with brain vascular lesions (BVLs), which may influence the severity of the disease.
Material and methods: BVLs on MRI were determined in 78.4% of 111 consecutive PD patients (mean age 64.87 + 7.69 y.o.; disease duration 50.21 +
38.61 mo.; 48 women (43.2%), 63 men (56.8%)).

Results: White matter lesions were present in 73 patients (p.) (65.77%): 61p. (54.95%) — deep white matter, 46p. (41.44%) — periventricular white matter,
and 41p. (36.94%) — both locations. Lacunas were determined in 19p. (17.12%), cerebral fissures deepening - 52p. (46.85) %), perivascular spaces dilation
- 34p. (30.63%), ventricular system dilation — 29p. (26.13%). Patients with and without BVLs had similar ages, ages at PD onset and disease duration.
They had insignificantly higher Beck (7.26 + 5.62 vs 6.86 + 4.34), PDQ39 (Parkinson’s Disease Questionnaire) (59.71 + 20.38 vs 51.94 + 27.69) and NMS
(Non-Motor Symptoms) (75.06 + 45.21 vs 71.67 + 26.35) scores; and lower MoCA (Montreal Cognitive Assessment) scores (21.92 + 4.25 vs 22.38 +
4.57). QRISK3 scores (19.68 + 16.16 vs 12.90 + 6.58) and levodopa equivalent daily dose (639.98 + 223.05 vs. 439.69 + 404.87) were significantly higher
in patients with BVLs.

Conclusions: Brain vascular lesions were common in our PD patients, and were associated with higher QRISK3 scores and higher levodopa equivalent

daily dose, suggesting more disease severity.
Key words: Parkinson’s disease, brain vascular lesions
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Introduction

Neurodegenerative disorders, such as Parkinson’s disease
(PD), more frequently occur in the context of other chronic
conditions associated with aging. PD and cerebrovascular
disease (CVD), both are common in aged populations. PD,
as well as brain vascular changes in strategic regions, may
display: tremor, rigidity, slowness, gait disturbance, postural
instability, urinary incontinence, mood disorders, and cog-
nitive impairment [1]. Cognitive impairment and dementia
are recognized features of PD, but these symptoms may relate
to comorbid cerebrovascular disease too [2]. Parkinson’s dis-
ease (PD) is frequently associated with white matter hyper-
intensities and other brain vascular lesions (BVLs). Studies
suggest that the latter may influence the severity of the dis-
ease. White matter hyperintensities may be a contributing
factor for cognitive impairment [3], as well as to increased
motor severity and gait impairment [4].

There are conflicting literature data on PD and CVD as-
sociation: (1) no clear relationship between PD and CVD
[5]; (2) protective effect of PD from CVD [6]; (3) increased
risk of CVD in PD [7].

Earlier studies provided no clear relationship between
PD and CVD [5].

Protective effect of PD from CVD may be due to the de-
creased amount of smoking among PD patients. PD patients
seem to experience more of their CVD as TIA than stroke:
they have increased access to neurological care, so TIAs
are more readily recognized and treated and are therefore
less likely to lead to stroke [8]. Dopamine deficiency in PD
could ameliorate ischemic damage. It has been found that
dopamine depletion with either lesions of the substantia
nigra lessen ischemic damage [9].

Increased risk of CVD in PD may be due to the shared
pathogeneses between the two diseases or to PD-related ef-
fects. Patients with PD should be more aware of the risk of
CVD despite having fewer traditional vascular risk factors.
In a meta-analysis of four clinical case-control studies, PD
was more associated with CVD (OR: 2.89, 95% CI: 1.36-
6.13); and in three postmortem cohort studies PD patients
were at higher risk of CVD during the follow-up period
(HR: 1.84, 95% CI: 1.34-2.54)[7].

Material and methods

These are preliminary data of a cohort study of Moldovan
patients with incident Parkinson’s disease. Diagnosis of PD
was based on widely acknowledged criteria [10]. Structured
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interview on complaints, medical history and family his-
tory of cardiovascular, neurological and psychiatric dis-
eases and drug history was applied; general neurological
and medical examinations were conducted. Severity of
parkinsonism and disability were assessed by the Modified
Unified Parkinsons Disease Rating Scale (MDS-UPDRS)
[11]. Cognitive impairment was quantified by Montreal
Cognitive Assessement (MoCA) score [12], depression -
by Beck score [13], non-motor symptoms — by Non-Motor
Symptoms score [14], quality of life - by PDQ39 (Parkinson’s
Disease Questionnaire) score [15].

All brain MRI (magnetic resonance imaging) examina-
tions were performed using a 3.0 T MRI scanner.

MRI Analysis of cerebrovascular disease markers in-
cluded: lacunas, white matter lesions / hyperintensities,
perivascular spaces dilation / enlarged perivascular spices,
cerebral fissures deepening, ventricular system dilation.

Lacunas were defined as round or ovoid cerebrospinal
fluid-filled cavities in the basal ganglia or white matter,
usually 3-15 mm, with low signal on TIWI and DWI, and
high signal on T2WI [16]. Periventricular white matter le-
sions and deep white matter lesions were graded using the
Fazekas scale [17], perivascular spaces dilation were defined
as punctate hyperintensities on T2WT in the basal ganglia,
usually <3 mm in diameter [18].

Patients were sub-classified at baseline into two groups
according to presence of any of mentioned above cerebro-
vascular disease as: (1) PD patients with brain vascular le-
sions; and (2) PD patients without brain vascular lesions.

The data analysis was performed via statistical program
Stat-Direct, using descriptive, variation, and correlational
analysis. Student’s t tests or Mann-Whitney tests were used
as appropriate. P values less than 0.05 were considered sta-
tistically significant.

BVLs on MRI were determined in 78.4% of 111 consecu-
tive PD patients, (mean age 64.87 £ 7.69 y.0.; disease dura-
tion 50.21 + 38.61 mo.; 48 women (43.2%), 63 men (56.8%)).

Results and discussion

The study included 111 consecutive PD patients. The
mean age in the cohort was 64.87 £ 7.69 years old and dis-
ease duration of 50.21 + 38.61 months. In 88 (78.4%) of our
PD patients was determined the presence of brain vascu-
lar lesions. White matter lesions were present in 73 patients
(65.77%): 61 of them having (54.95%) deep white matter
lesions, 46 (41.44%) - periventricular white matter lesions,
and 41 patients (36.94%) — a combination of periventricular
and deep white matter lesions. Lacunas were determined in
19 patients (17.12%), cerebral fissures deepening — in 52 pa-
tients (46.85%), perivascular spaces dilation — in 34 patients
(30.63%) and ventricular system dilation - in 29 patients
(26.13%).

In Ma X. et al. [19] study, lacunas were found in 9.3%
of patients with PD, periventricular white matter hyperin-
tensities — in 89.7%, deep white matter hyperintensities — in
81.3%, enlarged perivascular spaces — in 85%, and cerebral

microbleeds - in 2.8%. In their study PD patients, showed
higher periventricular white matter hyperintensities and
deep white matter hyperintensities scores compared with
normal controls. Advanced PD patients, versus early PD
group exhibited greater periventricular white matter hyper-
intensities (P = 0.041), deep white matter hyperintensities
(P = 0.046), and total cerebral small vessel disease score (P
= 0.044) than the early PD group. In Ma X. et al. [19] study,
higher Hoehn&Yahr stage was independently correlated
with increased total cerebral small vessel disease score (OR
= 2.667, 95% CI 1.154-2.266) and periventricular white
matter hyperintensities score (OR = 2.237, 95% CI 1.084-
1.696).

In this study, patients with and without brain vascular
lesions had similar ages (65.43 + 7.64 vs 61.01 + 7.64), simi-
lar ages at PD onset (60.95 + 8.09 vs 56.01 + 8.59) and simi-
lar disease duration (49.98 + 36.76 vs 60.01 + 52.31).

Examined PD patients with brain vascular lesions had
insignificantly higher Beck score (7.26 £ 5.62 vs 6.86 + 4.34).
PDQ39 (Parkinson’s Disease Questionnaire) score (59.71 +
20.38 vs 51.94 £ 27.69) and NMS (Non-Motor Symptoms)
score (75.06 + 45.21 vs 71.67 * 26.35) were slightly higher
in patients with brain vascular lesions. MoCA (Montreal
Cognitive Assessment) scores (21.92 + 4.25 vs 22.38 + 4.57)
were lower in patients with brain vascular lesions compared
to the control.

Forbes E. et al. [20], noted the influence of depression
and other non-motor signs on cognitive performance of PD
patients; they showed that depression scores (f = —0.034,
P<0.001), along with: Higher Body Mass Index (BMI)
(B=-0.009, P =0.039), anxiety scores (p =—0.005, P <0.001),
Epworth Sleepiness scores (f = —0.017, P = 0.003), and
REM Sleep Behavior Disorder Screening scores (p = —0.037,
P <0.001) were associated with faster rates of MoCA decline
[20]. Shibata et al. suggested a relationship between cogni-
tive decline and increased cerebral small vessel disease score
[19]. Increasing age and reduced MoCA scores were associ-
ated with increased small vessels disease burden. Logistic
regression analyses of their study demonstrated that peri-
ventricular white matter hyperintensities, enlarged perivas-
cular spaces in the basal ganglia, and atrophy were predic-
tors of cognitive impairment in PD.

Liu H. et al. [21] meta-analysis had the aim to review
systematically and to identify the relationship between
the severity and location of white matter hyperintensities
(WMHs) and the degree of cognitive decline in patients
with PD. PD demented patients had a significantly higher
burden of white matter hyperintensities (SMD = 0.8, 95%
CL: 0.44 to 1.71, p < 0.0001), especially deep white mat-
ter hyperintensities (SMD = 0.54, 95%CI: 0.36 to 0.73,
p < 0.00001) and periventricular hyperintensities (SMD =
0.70,95% CI: 0.36 to 1.04, p < 0.0001), than PD-normal cog-
nition patients, regardless of the adjustment of age. Liu H.
etal. [21] concluded that WMHs might be imaging markers
for cognitive impairment in PD dementia but not in PD-
mild cognitive impairment, regardless of age, vascular risk
factors, or race.
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In the present study QRISK3 scores (19.68 + 16.16 vs
12.90 + 6.58) were significantly higher in patients with brain
vascular lesions.

High vascular risk is related to impaired scores for: cog-
nition, bradykinesia, axial, postural-instability-gait-disor-
der and freezing-of-gait score. Furthermore, high vascular
risk was identified as a potential predictor of both mild
cognitive impairment and dementia in PD. It was found
that the presence of more than 2 vascular risk factors was
associated with worse UPDRS 3 motor scores (beta coeffi-
cient 4.05, 95% confidence interval 1.48, 6.61, p = .002) and
with cognitive impairment (ordinal odds ratio 2.24, 95%
confidence interval 1.34, 3.74, p = .002). Presence of white
matter leukoaraiosis (but not lacunas) was associated with
impaired cognition (p = .006) and postural instability gait
difficulty (p =.010), [22].

Similarly, in this study, levodopa equivalent daily dos-
es (639.98 + 223.05 vs 439.69 + 404.87) were significantly
higher in patients with brain vascular lesions - as an indica-
tor for more severe disease in this group.

Cerebrovascular disease may play a critical role in pa-
tients with PD. The total cerebral small vessel disease score
is a potential neuroimaging marker for monitoring the pro-
gression of PD, as the Hoehn&Yahr stage is independently
correlated with the total cerebral small vessel disease score
[19]. In Vesely B. et al. [3] review of PD patients with mild
cognitive impairment and dementia they had significantly
more white matter lesions than the group without mild cog-
nitive impairment and dementia. There was significant rela-
tionship between increasing total white matter lesions vol-
ume and worse performance on executive function, memory
and language. Patients with vascular parkinsonism and do-
paminergic denervation have more severe frontal lobe dys-
functions than patients with PD. According to Stojkovic T. et
al. [22] results, motor scores were significantly higher in cog-
nitively impaired patients, and only axial score discriminant
between mild cognitive impairment and dementia. Whole
brain white matter volume was associated with PD demen-
tia, freezing of gait and attention deficits. Additionally, age
and bradykinesia scores were independently associated with
PD-mild cognitive impairment and age, axial score and
whole brain white matter lesions volume with PD-dementia.

Conclusions

In in the present study cerebrovascular disease was com-
mon in MRI evaluated Parkinson’s disease patients. Brain
vascular lesions were more prevalent in patients with a
higher QRISK3 score. PD patients with cerebrovascular co-
morbidity had higher levodopa equivalent daily dose, sug-
gesting more PD severity.
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Abstract

Background: Timely diagnosis of primary retroperitoneal tumours is one of the current challenges of clinical oncology. This is due to the rarity,
polymorphism and diagnostic difficulties of primitive retroperitoneal tumours.

Material and methods: The study is cross-sectional, prospective and retrospective. The study group is represented by 118 patients with abdominal and
retroperitoneal space tumours. Using the receiver operating characteristic (ROC) analysis curve and calculating the average quality of the diagnostic
model, the informativeness of ultrasonography in the diagnosis of primary retroperitoneal tumours (PRT) was appreciated.

Results: For tumour localization, the ultrasonography (USG) as a diagnostic model demonstrated an appropriate use criteria (AUC) of 0.641 (95% CI
0.541, 0.740, p <0.001), and the mean quality of the diagnostic model was 0.54. Following the statistical analysis, was found a partial correlation between
the size of the tumour and the dimensions estimated at USG of 0.540 (95% CI 0.295, 0.737, p <0.001), which represents a high positive correlation. To
determine the uni- or multicentric character of the tumour, the USG demonstrated an integrative value of sensitivity and specificity of 0.644 (95% CI
0.415,0.873, p <0.001. In assessing the proximity ratio of retroperitoneal tumours, the highest AUC was recorded in the assessment of the ratio of tumour
to pancreas — 0.838 (95% CI 0.705.0.971, p <0.001) and kidney - 0.861 (95% CI 0.699, 1.024, p <0.001).

Conclusions: Ultrasonography is a fairly informative imaging diagnostic method in the diagnosis of retroperitoneal tumours. The characteristics of the
tumours obtained after the ultrasound examination provide indirect information about the malignant or benign nature of the primitive tumour, which

allows the assessment of the next stages of diagnosis and treatment.
Key words: ultrasonography, retroperitoneal tumours.
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Introduction

Primary retroperitoneal tumours (PRTs) are an extreme-
ly heterogeneous group of tumours of mesenchymal, neuro-
ectodermal or vestigial origin and occur in the retroperito-
neum. PRTs can be benign or malignant, the most common
being retroperitoneal sarcoma. Approximately 70-80% of
primary retroperitoneal soft tissue tumours are malignant;
however, they represent only 0.1-0.2% of all malignancies
[1, 2]. Retroperitoneal sarcomas (RPS) are rare tumours of
mesenchymal origin. The incidence of these tumours is dif-
ficult to determine, being 0.31 per 100000 people per year.
About 53-56% of patients are women, and the average age
at diagnosis is 59-61 years old [3, 4].

Timely diagnosis of PRTs is a challenge for clinicians due
to the rarity of this pathology and the difficulty of diagnos-
ing these tumours. The difficulties of diagnosis are due to
the peculiarities of the late clinical manifestation of retro-
peritoneal tumours, which are exaggeratedly large at the
time of diagnosis.

The use of ultrasonography with Doppler technique sig-
nificantly improves the early differential diagnosis of non-

organ tumours of the peritoneal cavity and retroperitoneal
space.

Data on the semiology of PRTs are not sufficiently sys-
tematized. This is due to the low incidence and lack of main-
stream clinical trials to systematize the data on this topic.
Definition of the diagnostic criteria for the malignant or
benign type of tumours requires further research.

The aim of the study was to evaluate the informative-
ness of ultrasonography as a method of imaging diagnosis
in primitive retroperitoneal tumours.

Material and methods

This is a complex study, prospective and retrospective
structural analysis of clinical, imaging, morpho-patholog-
ical and immunohistochemical data of 118 patients with
tumours of peritoneal cavity and retroperitoneal space in-
vestigated and treated at the Institute of Oncology of the
Republic of Moldova, 2015-2020.

To determine the informativeness of the investigation
method used, the representative study group was calculated
in the Epilnfo 7.2.2.6 Program, “StatCalc-Sample Size and
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Power” section for cross-sectional study based on the fol-
lowing parameters:

- 95.0% confidence interval for significance of results,

- Statistical power - 80.0%,

- Frequency 0.01-0.2% is on average up to 1.0%.

Ultrasonography of the abdominal cavity and retro-
peritoneal space was performed in 2 D, colour and spectral
Doppler to assess the status of the tumour against the main
blood vessels (abdominal aorta, renal arteries, inferior vena
cava, portal system, etc.) or to determine tumour vasculari-
zation. If the tumour was in the small pelvis, the sonograph-
ic examination was performed with a full bladder.

The final diagnosis was established by morphological or
immunohistochemical examination of the removed tumour
or bioptate taken by diagnostic laparotomy or by ultrasound
guided biopsy. The statistical processing of the data obtained
in the study was performed following the unanimously ac-
cepted principles.

Descriptive statistics were used for both categorical and
nominal parameters, represented by absolute and relative
frequencies, supplemented by 95% confidence intervals,
and for continuous, mean, median, standard deviation and
percentile parameters (25% and 75%).

The evaluation of ultrasonography as the diagnostic
method used in the study, as well as of the imaging semiol-
ogy, was performed by the receiver operating characteristics
(ROC) analyses curve and by determining the average qual-
ity of the diagnostic model.

In addition, some statistical tests were performed for the
independent groups, the procedures being selected accord-
ing to the level of measurement of the studied parameters,
some particularities of the studied data and the distribution
of continuous data. Thus, the %2 test with continuity correc-
tions, the Fisher test and the Mann Whitney test were used.

The obtained data was processed using IBM / PC, us-
ing the statistical processing software “Statistical Package
for the Social Sciences” SPSS 17 for Windows 10.0.5 (SPSS,
Chicago, IL, USA) and GraphPad PRISM* 5.0 for Windows
5.0 (GraphPad Software, Inc.).

Results

Although the initial study group consisted of 118 pa-
tients, the status of primary retroperitoneal tumour was
confirmed morphopathologically and immunohistochemi-
cally in only 84 (71.18%) of them, 34 (28.81%) of the pa-
tients had retroperitoneal metastases or organic tumours.
Imaging evaluation of all patients included in the study was
performed by ultrasonography of peritoneal cavity and ret-
roperitoneal space, and pelvic cavity using the contrast CT.

Among the patients with a confirmed diagnosis of pri-
mary retroperitoneal tumour, 36 (42.9%) were men and 54
(57.1%) were women, the mean age was 57 years (0 = 12.0),
Me = 59.

Although, in most cases, the PRTs are malignant, they
metastasize quite rarely, but they have a high recurrence
rate. Thus, among the patients with PRTs included in the

m Primary diagnosis
M First recurrence
Second recurrence

Third recurrence

Fig. 1. The recurrence rate of PRTs

Following the statistical analysis, was found a partial cor-
relation between tumour size and ultrasonographically esti-
mated dimensions - 0.540 (95% CI 0.295, 0.737, p <0.001),
which is a high positive correlation. The appropriate use
criteria (AUC) of ultrasonography was calculated to deter-
mine the retroperitoneal location of the tumours is 0.641
(95% CI 0.541, 0.740, p <0.001), the overall model quality
being 0.54. The edge characteristics of PRTs sonographic
determined can suggest the benign or malignant type of the
tumour (¥2 = 9843, df = 1, p <0.001). Thus, tumours lo-
cated in the retroperitoneal space, with irregular edges have
a higher probability of malignancy. A significant association
was also identified between the consistency of the tumour
(solid, cystic, mixed) and the benign or malignant type of
the tumour (y2 = 7526, df = 2, p = 0.023). Therefore, solid
or mixed-textured tumours can be considered malignant.
To determine the unicentric or multicentric type of the
tumour, the ultrasonography demonstrated an integrative
value of sensitivity and specificity of 0.644 (95% CI 0.415,
0.873, p <0.001).

In order to assess the treatment tactics, it is essential to
determine the proximity of the tumour to the neighbouring
organs. In the research group the most affected organs by ret-
roperitoneal tumours were: the colon - in 15 cases (12.7%),
the small intestine — 22 cases (18.64), the main blood ves-
sels — 23 cases (19.49%), the pancreas — 17 cases (14.40%),
the kidney - 9 cases (7.62%), the adrenal gland - 9 cases
(7.62%), the spleen - 7 cases (5.93%),the stomach - 3 cases
(2.54%), the bladder - 3 cases 2.54%). Ultrasonography of
the abdominal cavity and retroperitoneal space used as a
diagnostic test in determining the invasion of adjacent or-
gans, demonstrated an integrative value of sensitivity and
specificity as follows: involvement of the colon in the tumor
process — AUC 0.767 (95% CI 0.611, 0.922, p <0.001), the
involvement of the small intestine in the process calculated
AUC was 0.795 (95% CI 0.672, 0.917, p <0.001), AUC cal-
culation for determining the invasion of the pancreas by the
tumour was 0.838 (95% CI 0.705, 0.971, p <0.001), for kid-
ney invasion — 0.861 (95% CI 0.699, 1.024, p <0.001), spleen
-0.567 (95% CI 0.326, 0.808, p <0.001), main blood vessels
(aorta, inferior vena cava, superior mesenteric artery and
vein) - 0.674 (95% CI 0.532, 0.816, p <0.001) (tab. 1).
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Table 1. The informativeness of ultrasonography in
PRTs diagnosis

Ultrasonography

Overall model
quality
0.641 0.54
(IC95% 0.541, 0.740,
p < 0.001).

0.644 042
(IC 95% 0.415,0.873,
p < 0.001).

0.720 0.49
(1IC95% 0.601, 0.838,
p <0.001).

0.767 0.61
(IC95% 0.611, 0.922,
p <0.001).

0.795 0.67
(IC95% 0.672,0.917,
p <0.001).

0.838 071
(IC 95% 0.705,0.971,
p < 0.001).

AUC

The localization of the
tumour

The unicentric/multicen-
tric type of tumour

The edge characteristics

Colon

Small intestine

Pancreas

0.861 0.70
(IC95% 0.699, 1.024,
p <0.001).

0.567 0.33
(IC95% 0.326, 0.808,
p <0.001).

0.593 0.38
(IC95% 0.377,0.808,
p <0.001).

Kidney

Spleen

Adrenal gland

Relations between tumours and adjacent organs

0.674 0.53
(IC 95% 0.532, 0.816,
p < 0.001).

Blood vessels

All patients involved in this study underwent curative
or diagnostic laparotomy. Although benign tumours were
found, excision biopsy was performed in 12 patients (35.3%
(95% CI 20.9, 52.0)) and excision of the tumour in 17 pa-
tients (34.0% (95% CI 22.1, 47.7)). Diagnostic laparotomy
was performed in 15 patients (44.3% (95% CI 20.9, 52.0))
with histopathologically confirmed malignancies, and in 27
cases (54.0% (95% CI 40.3, 67.3)) the tumour was excised.

Although retroperitoneal cysts are in most cases benign,
which was demonstrated in this study, all 6 cysts identified
were benign, complete excision of the cysts was successful
in only 2 cases (4.0% (95% CI 0.8, 12.2) ), in 4 cases that
constituted (11% (95% CI 20.9, 52.0)) the partial excision of
the cysts was performed.

Non-Hodgkin’s lymphomas with primary involvement
of the retroperitoneal lymph nodes were confirmed in 7 cas-
es: in 3 cases by excisional biopsy (8.8% (95% CI 4.1, 25.6)),
and in 4 cases, when the disease was manifested by the pres-
ence of a tumour, solitary or lymph node conglomerate, the
tumour was completely removed (8.0% (95% CI 2.8, 17.9)).

Discussion

PRTs are histologically heterogeneous benign and ma-
lignant neoplasms, being categorized on the basis of a single
principle, the anatomical space where they develop - the
retroperitoneal space [5].

Presented symptoms are often not specific and dependent
on the anatomical site involved. The retroperitoneal sarcoma
(RPS) usually grows as a mass, causing compression symp-
toms on other organs and a sense of abdominal discomfort,
especially when it reaches a considerable volume. More fre-
quently, RPS are incidental findings at the imaging tests per-
formed for other reasons. Some of the most frequent symp-
toms are abdominal pain and discomfort, back pain, bowel
obstruction, urinary and gynaecological symptoms. When
the mass becomes bulky, it can be palpated externally [6-8].

A correct evaluation of the diagnostic images is para-
mount to stage the disease, establish the best therapeutic
pathway and evaluate the surgical resectability.

Ultrasonography is an imaging diagnostic method that
allows the evaluation of retroperitoneal tumours by provid-
ing information in an acceptable volume to assess subse-
quent diagnostic and treatment tactics. Due to the fact that
the PRT becomes quite large at the time of diagnosis, the
average tumour size of the patients in the study being 17.3
cm (+ 10.5 cm), the assessment of tumour size is difficult.
In assessing the retroperitoneal or intraperitoneal localiza-
tion as well as in determining the unicentric or multicenter
tuple of the tumour, ultrasonography demonstrated integra-
tive values of credible sensitivity and specificity, 0.641 and
0.644, respectively. Determining the margins and tumour
texture by assessing tumour echogenicity at ultrasound ex-
amination plays a key role in determining the tactics and
volume of surgical treatment applied. The surgical treat-
ment applied can be palliative or radical. If curative surgery
is expected, an assessment of the tumour’s proximity to
adjacent organs is essential. PRT being in 80% malignant
cases, most often the tumour invades the adjacent organs.
Ultrasonography, as a diagnostic method used in assessing
organs invaded by the neoplastic process, has demonstrated
integrative values of sensitivity and specificity of high ve-
racity (the highest AUC being used to determine the inva-
sion of the colon, small intestine, pancreas and kidney). An
advantage of ultrasonography over other imaging methods
used in the diagnosis of PRT is that it is available in all medi-
cal institutions, it is a harmless method that can be applied
to all categories of patients and it is an inexpensive method
that meets practically all the conditions for a screening in-
vestigation method.

Conclusions

Ultrasonography is an imaging diagnostic method that
can be easily used in the diagnosis of PRT as a preopera-
tive diagnostic step. It is an imaging method that provides
information in acceptable volume for making a decision to
approach a patient with a retroperitoneal tumour, but does
not provide enough information to plan surgery.
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Abstract

Background: Peripheral neuropathy usually leads to a major cause of motor disability, but the functional restoration after treatment continues to show
modest results. Acupoint thread-embedding therapy is a subtype of acupuncture treatment in which biodegradable threads are inserted into skin,
subcutaneous tissue or muscles at specific points for long stimulation. Different biodegradable materials have been developed and widely used. Human
amniotic membrane is rich in collagen, extracellular matrix proteins and growth factors. The avascular, low immunogenic, anti-inflammatory, anti-
bacterial, anti-fibrotic and non-tumorigenic properties of amniotic membrane make it valuable in medical applications and its use has no ethical problems.
Elasticity, stiffness and other biomechanical properties also make it possible to use the amniotic membrane for various medical purposes. AM is almost
always considered as discarded substance, it satisfies most of the criteria of an ideal biological tissue and shows almost zero rejection phenomenon.

Conclusions: The human amniotic membrane, the cellular compounds and extracellular matrix have a lot of benefic proprieties that are or could be used
in treatment of many human diseases. Its biological and biomechanical properties are promising in the manufacture and use of filaments in acupoint

thread embedding therapy.

Key words: peripheral neuropathy, acupoint thread embedding therapy, amniotic membrane.

Cite this article

Ignatov O, Melnic A, Procopciuc V, Mihaluta V, Pascal O, Nacu V. Could human amniotic membrane be a source for acupoint thread embedding therapy?
Mold Med J. 2021;64(6):41-48. https://doi.org/10.52418/moldovan-med-j.64-6.21.08.

Introduction

Peripheral neuropathy is a damage or dysfunction of one
or more peripheral nerves, which usually leads to numb-
ness, tingling, muscle weakness, and pain in the affected
area [1]. Globally, it is estimated that 2-3% of the popula-
tion suffers from peripheral neuropathy, and the prevalence
increases with age [2]. A study estimated that the prevalence
of peripheral neuropathy in family medicine is 8% in people
from 55 years old [3]. Peripheral nerve trauma remains a
major cause of motor disability, at the same time functional
restoration after treatment continues to show modest results
[4].

In 1960s, in China appeared a treatment method by im-
planting absorbable materials (e.g. catgut) substituting for
filiform needles into the acupoints, which realized long-
time needle retaining and also avoided the danger of filiform
needle retaining. This method was then termed acupoint
thread-embedding therapy (ATET) [5]. ATET is an invasive
treatment which can prolong point stimulation, reduces the

frequencies of pain and psychological fear of patients [4,
6]. Different biodegradable materials have been developed
and widely used. They are divided into natural (e.g., catgut)
and synthetic types (e.g., polyglycolic acid, polylactic acid
etc.) according to material sources. Both have advantages
and disadvantages [6]. The ideal embedding materials are
required to be safe, non-toxic, biocompatible, and to have
excellent swelling and biodegradation behaviors. ATET can
be a promising treatment method of peripheral nerve dis-
orders [4].

The amniotic membrane (AM) is a biological material of
the human placenta, constituting the inner wall of the fetal
membranes [7]. It surrounds the embryo/fetus and delim-
its the amniotic cavity, which is filled by amniotic fluid [8].
Fetal membranes are composed of two layers: an outer layer
(chorion), which contacts maternal cells and an inner layer
(amniotic membrane) [9].

AM is a gift of nature which not only protects the fe-
tus inside the womb but also has several medicinal proper-
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ties. It serves as a natural barricade to protect the fetus from
bacterial infection and trauma [10]. The fetal membranes
facilitate the exchange of gas, nutrients, and waste, serving
as a barrier to protect fetus from the maternal immune sys-
tem and synthesizing certain hormones and enzymes that
are critical during pregnancy and parturition [11-14]. AM
is not just a simple avascular structure; it has multiple meta-
bolic functions, such as the transport of water and soluble
materials and the production of bioactive factors, including
vasoactive peptides, growth factors and cytokines [15, 16].

Although AM is almost always considered as discarded
substance, it satisfies most of the criteria of an ideal biologi-
cal dressing and shows almost zero rejection phenomenon
[17]. It is one of the thickest membranes in the human body
and can withstand current cryopreservation techniques [15,
18]. The translucent, avascular, low immunogenic, anti-in-
flammatory, anti-scarring, and wound healing properties of
AM allow this material function beyond its role in vivo and
assume a wide range of applications in regenerative medi-
cine [19, 20].

The earliest known clinical applications of amnion go
back to the beginning of the previous century. Until the be-
ginning of the seventies only a few reports can be found. The
use of amnion has become firmly established in addition to
other new methods [21].

The literature search was performed using the search
terms “peripheral neuropathy”, “acupoint thread embed-
ding therapy”, “amniotic membrane” and were selected from
databases, such as PubMed, Hinari, Springer, Elsevier and
Science Direct. The material was selected based on the stu-
dies published until 13/01/ 2021, which aimed to elucidate
the structure and properties of human amniotic membrane.
After processing the data obtained from databases accord-
ing to the search criteria, we found 107 articles related to
human amniotic membrane properties and structure. The
articles used were written in English and Romanian. The
final bibliography included 97 relevant sources that were
considered representative materials on this topic and suf-
ficient to formulate the main ideas of this text. The infor-
mation systematized the main aspects of human amniotic
membrane structure and properties. The articles which do
not correspond to this article goal were excluded.

Amniotic membrane structure

AM thickness varies from 0.02 mm to 0.05 mm and con-
sists of three main histological layers: the epithelial layer,
the thick basement membrane and the avascular mesenchy-
mal tissue or stroma [18]. The AM contains no blood ves-
sels or nerves; instead, the nutrients it requires are supplied
directly by diffusion out of the amniotic fluid and/or from
the underlining decidua. Two cell types, extracellular matrix
proteins, and growth factors are placed in the mentioned
layers [19, 22].

Epithelium is a monolayer of metabolically active cuboi-
dal cells with microvilli present on its apical surface which
are in direct contact with amniotic fluid [18, 20]. These cells
have a large irregular nucleus with a large homogeneous
nucleolus and many intracytoplasmic organelles and pino-

(42)

cytic vesicles [23]. The first epithelial layer is composed of
collagen I, II, and V and expresses some of the crucial epi-
dermal markers, such as glycoprotein CA125 and oxytocin
receptors and are also positive for antigen CD44 and des-
min [24, 25]. Erythropoietin and its receptors are expressed
in human amniotic epithelial cells. Erythropoietin, whose
functions are still unknown in the AM, stimulates the dif-
ferentiation, proliferation and survival of erythroid precur-
sors and its production is regulated by the concentration of
oxygen in the blood [22, 26].

Ogawa et al. (2003) have reported that erythropoietin
production in human amniotic epithelial cells is stimu-
lated by progesterone but is not stimulated by hypoxia or
17p-estradiol [26].

The basement membrane is made up by reticular fibers.
It is made up of type IV, V and VII collagen in addition to fi-
bronectin and laminin. Although thin, it is one of the thick-
est basement membranes found in the human body and can
withstand cryopreservation [18, 27]. The basement mem-
brane contains large amounts of proteoglycans that are rich
in heparan sulphate and that serve as a permeable barrier
to amniotic macromolecules and several molecules with a
structural function enabling the maintenance of membrane
integrity. These molecules are actin, a-actinin, spectrin, ez-
rin, several cytokeratins, vimentin, desmoplakin and lam-
inin [28-30].

The stroma of AM can be subdivided further into a com-
pact layer, a fibroblast layer, and an outer spongy layer [18].
The collagens of the compact layer are secreted by mesen-
chymal cells situated in the fibroblast layer. Interstitial colla-
gens (types I and IIT) predominate and form parallel bundles
that maintain the mechanical integrity of AM. Collagens
type V and VI form filamentous connections between inter-
stitial collagens and the epithelial basement membrane. The
spongy layer of the stromal matrix sits adjacent to the chori-
onic membrane. Its abundant content of proteoglycans and
glycoproteins produces a spongy appearance in histologic
preparations, and it contains a nonfibrillar meshwork of
mostly type IIT collagen [31]. Closely connected to the cho-
rionic membrane, the spongy layer consists of wavy bundles
of reticulum bathed in mucin; hence, AM is easily separated
from the chorion by means of blunt dissection [19].

Amnion-derived cells

Cells of AM have pluripotent properties and, for this
reason, are an attractive source for transplantation [24].
Pluripotent stem cells are self-renewing cells, capable for
differentiating into all 3 germ layers of the developing em-
bryo: ectoderm, mesoderm, and endoderm. The amniotic
membrane includes amniotic mesenchymal cells (AMCs)
and amniotic epithelial cells (AECs) which are responsible
for the production of extracellular matrix (ECM), different
cytokines and growth factors [19]. These cells have several
properties which make them as an appropriate cell source
for stem cell therapy. AMCs exhibited plastic adherence and
fibroblastic morphology, while AECs displayed a cobble-
stone epithelial phenotype [32, 33]. One of the most abun-
dant proteins found in AM derived cells is laminin, which
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plays a key role in differentiation, cell shape and migration,
and tissue regeneration [24, 34]. Several studies have docu-
mented that amniotic cells express various surface markers
associated with embryonic stem cells, e.g. stage-specific em-
bryonic antigen 3 and 4 (SSEA-3 and —4), TRA-1-60 and
TRA-1-81 [19]. Epithelial and mesenchymal amniotic cells
also express various stem cell markers, such as octamer-
binding transcription factor 4 (OCT-4), hepatocyte nuclear
factor 3 (HNF-3p), nanog and nestin [32, 35, 36].

The mesenchimal stem cells (MSCs) derived from am-
niotic membrane have been reported as a better new pro-
spective field of regenerative medicine compared with other
MSCs sources, because of the easiness of their acquisition,
reduced donor damage, multipotency, low immune respon-
se, acceptable ethical issue [24, 37]. The AMCs are positively
expressed for the mesenchymal specific markers including
CD44, CD73, CD29, CD105 and CD90 and do not express
the hematopoietic markers and human leukocyte antigen
including CD34, CD45, CD11b, CD19, HLA-A, HLA-B and
DR antigens [38]. AMCs also secrete some anti-inflamma-
tory cytokines, such as PGE2, IDO, HGF and TGF-b [39].
AMCs promote angiogenesis through secretion of some an-
giogenic factors, such as angiogenin, vascular endothelial
growth factor (VEGF) and platelet-derived growth factor
(PDGF) [40]. RT-PCR analysis showed that AMSCs ex-
pressed genes, such as Oct-3/4, zinc finger protein 42 (zfp42
or Rex-1), stem cell factor protein (SCF), neural cell adhe-
sion molecule (NCAM), nestin (NES), bone morphogenetic
protein 4 (BMP-4), GATA binding protein 4 (GATA-4), and
hepatocyte nuclear factor 4a (HNF-4a) even in high passag-
es [32, 38]. AMCs shared similar phenotypic characteristics
with the ones derived from adult sources. AMCs exhibited
a higher proliferation rate compared to MSCs derived from
adult sources and a multilineage differentiation potential
into cells derived from the three germ layers [32, 33, 37].

AECs have some properties that make them a precious
candidate to be considered as a source of pluripotent stem
cells [19]. The epithelial cell population could be exclusive-
ly isolated from the amnions of term human placentae by
specific enzymatic digestion [41]. It has been shown that
cultured AECs secrete various morphogens and growth
factors, such as epidermal growth factor, Noggin, Activin
[42], platelet-derived growth factor, vascular endothelial
growth factor, angiogenin, transforming growth factor-be-
ta-2 (TGF-B2), and tissue inhibitors of metalloproteinases
(TIMP-1 and TIMP-2) [43].

AECs express surface markers commonly found in em-
bryonic stem cells, such as SSEA-3, SSEA-4, TRA1-60, TRA-
1-81 and pluripotent stem cell-specific transcription factors
like Oct-4 and Nanog, fibroblast growth factor 4 (FGF4),
Rex-1, cryptic protein (CFC-1), and prominin 1 (PROM-1)
[33, 44, 45]. AECs express the non-polymorphic, non-clas-
sical human leukocyte antigen (HLA-G) which is involved
in the induction of immune tolerance. Therefore, the risk of
rejection or immune reaction will be reduced upon trans-
plantation of AECs [46, 47]. AECs express secretory leuko-
cyte proteinase inhibitor (SLPI) and elafin which have anti-

inflammatory properties. In addition, they both are a part of
amnion’s innate immune system which prevents infection.
AECs also produce P -defensins that are anti-microbial pep-
tides [48, 49].

Tehrani et al. reported for the first time that the AM
cells contain cathelicidin LL-37 as a polypeptide involved
in innate antibacterial property which can be augmented in
the cells after exposure to inflammatory signal IL-1f [50].
Another merit of AECs is the number of cells derived from
a single source of tissue. The average yield is reported to be
more than 100 million cells per amnion [35].

AECs and AMCs possess unique characteristics which
make them an excellent candidate for clinical applications.
These cells exhibit low immunogenicity that protects them
against the host immune system [51]. Although AECs de-
crease angiogenesis, AMCs are able to improve angiogen-
esis via expression of some angiogenic components, such
as interlukin-6 (IL-6), growth related oncogene (GRO),
monocyte chemoattractant protein-1 (MCP1), C-X-C Motif
Chemokine Ligand 8 (CXCLS8), intracellular adhesion mol-
ecule (ICAM) and migration inhibitory factor [40].

There is no evidence of tumorigenic behaviors of amni-
otic-derived stem cells. Furthermore, the AM has the merits
of decreasing loss of protein, electrolytes, and fluids, reduc-
ing the risk of infection, minimizing pain, speeding up the
process of wound healing and appropriate handling proper-
ties [52].

The potential of human amniotic membrane-derived
stem cells for the treatment of hepatic disorders has also
been examined. The capacity of these cells to differentiate
into liver cells was evaluated, using periodic acid-Schiff
staining on amniotic membrane cells in order to evaluate
glycogen storage. The positive staining demonstrated that
the amniotic membrane cells were able to carry on impor-
tant physiological function of hepatocytes such as glycogen
storage [53].

Takashima et al. have found that several hepatic genes
are expressed in AECs, namely: albumin, al- antitrypsin,
cytokeratin-18, glutamine synthetase, carbamoyl phos-
phate synthetase I, phosphoenolpyruvate carboxykinase,
cytochrome P450 2D6 and 3A4 (genes involved in drug
metabolism). Hepatocyte nuclear factor 3y (HNF-3y), one
of the isoforms of transcription factor HNF-3 and CCAAT-
enhancerbinding protein-a (C/EBP-a) are genes involved
in the regulation of the process of transcription in hepato-
cytes and have been identified in amniotic cells. The HNF-
3y gene induces the expression of albumin, a-fetoprotein,
al-antitrypsin and transthyretin. On the other hand, the C/
EBP-a gene controls glycogen storage and the gene expres-
sion of albumin, a-fetoprotein, transthyretin, and tyrosine
aminotransferase [36].

The capacity of human AECs to differentiate into type II
pneumocytes has also been explored in several studies. One
of the studies that evaluate the effect of human AECs in lung
injury induced lung inflammation and fibrosis in a mouse
model with bleomycin, treating the mice with a human
AECs transplant. After the transplant, human AECs were
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able to differentiate into phenotypic alveolar epithelium and
secrete surfactant protein. The application of human AECs
also helped fight lung fibrosis, with a reduction of lung col-
lagen, and inflammatory and fibrotic cytokines [54].

The amniotic cells exhibit some specific cardiac tran-
scription factors, namely cardiacspecific transcription fac-
tor GATA4, cardiac-specific genes, such as myosin light
chain (MLC)-2a, MLC-2v, cTnl and ¢TnT, a-subunits of the
cardiac-specific L-type calcium channel (alc) and the tran-
sient outward potassium channel [24]. Co-culture experi-
ments have confirmed that amniotic cells have the ability to
integrate into cardiac tissue and to differentiate into heart
cells. In vivo studies have also demonstrated cardiomyocyte
differentiation after the injection of amniotic cells into scar
tissue post-myocardial infarction [55].

Toda et al. have shown that induction in vitro with BMP-
2 leads to expression of collagen II and aggrecan. Amniotic
cells were implanted into non-cartilage tissue in an animal
model with BMP-2 or were implanted with a collagen scaf-
fold into defects generated in rat bone. As a result, morpho-
logical changes with the deposition of collagen type II were
observed [24].

Wei et al. verified the expression of insulin mRNA in
cultivated AECs and the normalization of blood glucose
values for several weeks after the implantation of amniotic
cells into streptozotocin-induced diabetic mice [56].

Studies evaluating the effect of ASCs in new therapies
have been geared toward their utility in several neurological
disorders including Parkinsons disease, stroke, traumatic
brain injury, and spinal cord injury [57]. The expression of
acetylcholine, catecholamines, dopamine, neurotrophic fac-
tors, activin and noggin has been found in epithelial and am-
niotic basement membrane cells [42, 58]. Neural grafts with
amniotic epithelial cells in animal models of Parkinson’s
disease result in the synthesis and release of catecholamine
and neurotrophic factors, such as nerve growth factor, neu-
rotrophin-3 and brain-derived neurotrophic factor [24, 59].

In another experiment, human AECs were transplanted
into a hemorrhagic stroke model in rats, improving motor
skills, and reducing cerebral edema, with survival of trans-
planted cells in the lateral ventricular wall at 4 weeks [60].

Biological properties of amniotic membrane

Human AM has proven to be an outstanding scaffold
for tissue engineering owing to its ability to allow the trans-
port of water and the presence of growth factors such as the
epithelial growth factor [61]. Human AM has advantageous
characteristics including promotion of epithelization, anti-
inflammatory effects, anti-bacterial properties [62], anti-
fibrotic properties [19], low immunogenicity as well as im-
munomodulatory properties [62, 63], anti-angiogenic and
non-tumorigenic properties [63].

Basement membrane of AM is composed of collagen
type IV, V and VII which facilitates the growth of epithelial
cells [18]. Human AM promotes epithelization by excreting
EGEF, IL-8, insulin-like growth factor 1 (IGF-1), PDGF bFGF,
HGE, TGF-b, and other factors that support epithelization
and differentiation of different cells [64-66]. Molecules of

human AM extracellular matrix, such as fibronectin, lami-
nin-1, laminin-5, collagen type-I, III, IV, V, and VII, also
promote cell adhesion and migration [27, 67].

Although the immunogenicity of the AM is controver-
sial, in general, it is believed that the AM possesses low im-
munogenicity because AECs do not express HLA-A,-B,-D
and-DR antigens on the cell surface, but express HLA-G
[68]. Presence of interferon — and other immunologic fac-
tors has also been observed in the amniotic membrane. It
seems that amniotic membrane may induce immunologic
reactions in the presence of viable epithelial cells [69].
Human AECs and human AMSCs express low to moderate
levels of major histocompatibility complex class I (MHC1)
molecules - human leukocyte antigen (HLA), including
antigens Ia (HLA-A, B, C) and Ib (HLA-G, E). Moreover,
they do not express (or express only very low levels of) HLA
IT class molecules (HLA-DP, -DQ, -DR) and costimulatory
molecules (CD80, CD86) on the cell surface. These prop-
erties of hAM decrease the possibility of transplant rejec-
tion, which is an important advantage when choosing mate-
rials for use in regenerative medicine [51, 70]. In addition,
it is generally thought that the immunogenicity of cryopre-
served AM tissue is less than that of fresh AM tissues and
that cryopreserved cells are expected to be nonviable. This
approach guides some researchers to use cryopreserved AM
instead of fresh AM [51, 63].

Tissue engineered constructs often provoke an inflam-
matory reaction known as a foreign body reaction upon im-
plantation. These implanted materials can be degradable or
non-degradable. While inflammation can be good in some
instances to trigger the healing of an injury, it can also lead
to implant failure [71]. There are several reports of the AM
reducing inflammation. The AM stromal matrix markedly
suppresses the expression of the potent pro-inflammatory
cytokines, IL-1a and IL-1P [72]. Matrix metalloproteases
(MMPs) are expressed by infiltrating polymorphonuclear
cells and macrophages. Natural inhibitors of MMPs have
been found in the AM [73, 74]. Hyaluronic acid is a high-
molecular-weight glycosaminoglycan that exists in large
quantities in the AM and acts as a ligand for CD44, which
is expressed on inflammatory cells and plays an important
role in adhesion of inflammatory cells, including lympho-
cytes, to the AM stroma [75]. It has been proved that IL-10
can suppress the effect of pro-inflammatory cytokine IL-6
and tumor necrosis factor-alpha [76]. The IL 10 also sup-
presses the production of IL-8, a pro-inflammatory chemo-
kine which attracts migration of neutrophils [77]. AM also
contains inter-a-trypsin inhibitor which also possesses anti-
inflammatory action [78]. AM can also suppress the staffing
of inflammatory cell, such as polymorphonuclear cells, CD3
cells, CD4 cells, T cells and CD11b cells to the wounded site
thus decreasing inflammation [56, 75].

AM contains natural antimicrobial molecules which are
component of innate immune system thus act as safeguard
against Gram-negative and Gram-positive bacteria, viral
and fungal infection [49, 79]. The innate immune system
has evolved to eliminate microorganisms upon entry into
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the tissues, creating antigens necessary to produce an adap-
tive immune response. AECs also have the ability to produce
Bdefensins [49]. The B-defensins are an important group of
antimicrobial peptides which resist microbial colonization,
expressed in AECs. Beta 3-defensin is the most prevalent
defensin of AECs [80]. Some other important antimicrobial
components expressed in AM are low molecular mass elas-
tase inhibitor, secretory leukocyte proteinase inhibitor and
elafin [81]. In addition to their anti-inflammatory proper-
ties, elafin and secretory leukocyte proteinase inhibitor have
antimicrobial actions and act as components of the innate
immune system to protect related surfaces from infection
[48].

Kim et al. showed that histones H2A and H2B, which
possess antimicrobial and endotoxin-neutralizing activity,
were localized in the cytoplasm and on the extracellular
surface of human AECs [82].

Foreign body reactions evoke stimulation of giant cells
and macrophages that produce cytokines and attract fibro-
blasts, leading to fibrosis. These fibroblasts are activated by
the transforming growth factor (TGF)( [71]. The AM down-
regulates TGF-{ and its receptor expression by fibroblasts
and in doing so, reduce the risk of fibrosis [83]. Human AM
reduces the risk of scarring and adhesion due to secretion of
TIMP-1, -2, -3, and -4, which reduce proteases activity on
the site of application [74].

Angiogenesis is the formation of new blood vessel from
pre-existing one. Some specific compounds have been
detected in AM which can prevent angiogenesis. Anti-
angiogenic chemicals identified in both epithelial and
mesenchymal cells of AM are thrombospondin-1, end-
ostatin and all four types of tissue inhibitors of metallopro-
teases (TIMP-1, 2, 3 and 4) [73]. Thrombospondin-1 is a
potent anti-angiogenic chemical produced by only 20% of
mesenchymal cells, whereas endostatin is a powerful anti-
angiogenic and endothelial cell growth inhibitor. MMP-1,
MMP-2, MMP-3, MMP-4, IL-1 receptor antagonist, colla-
gen XVIII and IL-10 are some of the proteins found in AM
and that might have anti-angiogenic activity [73]. Pigment
epithelium-derived factor (PEDF) expressed in the AM
plays a major role in eliciting the anti-angiogenic activity
of AM [84].

Another critical part of safety evaluation is to identify
whether human AESCs have an effect on the tumor genera-
tion and promotion. In previous studies, the non-tumorige-
nicity of AECs has been confirmed in many species, inclu-
ding in humans [85-88]. Human AECs and human AMSCs
or their conditioned medium (culture medium, which was
in contact with hAM or human AM-derived cells during
culture) are capable of inducing apoptosis in several cells
lines (HeLa cervical cancer cells, MDA-MB231 breast can-
cer cells, hepatocarcinoma cancer cells HepG2, Hep3B2.1-8,
HuH?7) [89, 90].

Magatti M. et al. [91] have shown that human AMSCs
induce the cell cycle arrest of hematopoietic and nonhema-
topoietic cancer cells in co-culture by inhibition of positive

regulators of the cell cycle (cyclins, cyclin-dependent kina-
ses, mini-chromosome maintenance complex, proliferating
cell nuclear antigen) and upregulation of cell cycle inhibi-
tors (cyclin G2, CDK inhibitor 1A, CDK inhibitor N2B).
Additionally, Cullin-1 (mediator of ubiquitination and de-
gradation of several proteins, including p21) and RB-1-like
protein (p107) are downregulated and retinoblastoma pro-
tein (pRB) is upregulated. Consequently, this leads to cell
cycle arrest of cancer cells in the G0/G1 phase and preventi-
on of cell cycle progression to S phase.

Mechanical properties of amniotic membrane

Thickness of normal amniotic membrane lies between
0.02 and 0.05 millimeters which includes around 6-8 layers
of cells. An average surface area of this membrane is about
1600 square centimeters [92]. The elasticity, stifftness and
other biomechanical properties of the ECM depend on the
variation in its ingredients, such as collagen, proteoglycan,
and elastin [93]. The orientation of the collagen fibrils in
the ECM is responsible for the tensile strength, whereas the
elastic deformation is related to the presence of elastin fibers
[62], laminin, hyaluronic acid, and glycosaminoglycan [94].
Some research has shown the amniotic membrane shear
modulus to be between 100 and 400 Pa, with the differ-
ence in measurements related to the state of the human AM
used [95]. Decellularized human AM presents higher shear
modulus than native one, because the denudation process
dehydrates the membrane and thus decreases its thickness.
It has also been shown that the elastic modulus decreases
with increasing human AM thickness [95, 96]. Moreover,
the reported values of elastic modulus differ between hu-
man AM from distal (135 Pa) or proximal parts (62 Pa) in
the placenta [95], which could be attributed to the thickness
of the membrane, the tissue composition, and to a time-
dependent viscoelastic property of creep of the human AM
(tab. 1). This viscoelastic property is related to the increase
in the amniotic fluid volume and fetal development during
gestation [62].

Table 1. Mechanical properties (intact AM)[97]

Amniotic mem-

References
brane features

Contributing factors

- Direct tensile me- | Placental:

chanical properties | Force before rupture:
1.2+02N

Strain at break: 19% +
3%N

Peripheral:

Force before rupture:
-Young's modulus |0.68 +0.08 N

- Tensile strength | Strain at break: 16% +
« Elastic modulus [ 1% N

Litwiniuk et al., 2017

2.29-3.6 MPa
5.475 +0.135 MPa
4.048 + 1.702 MPa

Niknejad et al., 2008
Caietal., 2015;
Ramesh et al., 2017.

(us)

(us)
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Conclusions

The human amniotic membrane, the cellular compounds
and extracellular matrix have a lot of benefic proprieties that
are/or could be used in treatment of many human diseases.

AM satisfies most of the criteria as an ideal biological tis-
sue and shows almost zero rejection phenomenon.

Taking into consideration the strength, biological prop-
erties and grown factors of amniotic membrane it may be a
source for embedding therapy treatment.

Biomechanical and good biodegradable properties of
human amniotic membrane make it possible to be used
for various medical purposes including the manufacture of
threads for acupoint embedding therapy and for treatment
of peripheral nerve disorders.
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Abstract

Background: Sevoflurane is the inhalational anesthetic agent that is used widely in operating room. It is currently the most commonly used inhalation
anesthetic in operating rooms. A series of studies on animal and human model detected the association of intraoperative use of sevoflurane and postoperative
cognitive dysfunction (POCD) manifestation. On the other hand other studies demonstrate the same POCD associated with intravenous agents. Relevant
multicentric trials got the reasons to suspect other key factors in developing postoperative cognitive dysfunction.

Conclusions: The intra-anesthetic use of sevoflurane has been associated for a long time with the higher incidence of POCD. The mechanism was
not identified, and the theory of neuroinflammation remained the main key of pathophysiological reaction that leads to cognitive dysfunction. Recent
multicentre trial gives reliable information that the use of intravenous anesthetic agents is associated with the same POCD. Neuroinflammation remains
to be the mediator of cognitive disorders, and apparently IL-6 keeps a major role in them. Future studies are needed to be conducted to identify the role

of anesthetic agents in determining the neuroinflammation.
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Introduction

Inhalational anesthetic agents have a long lasting his-
tory, from the beginning of general anesthesia and the dis-
covery of ether in 1866, and our days where we can use a
large variety of inhalational agents: desflurane, sevoflurane,
isoflurane and others, to provide a safe general anesthesia.
Despite large use of them, worldwide there are still many
questions remain to be clarified concerning the use of in-
halation anesthesia and its effects on the recovery of the pa-
tients. Sevoflurane is one of the most widely used anesthet-
ics for the induction and maintenance of general anesthesia.
Despite the large use, however, its anesthetic mechanism
remains unclear like for the rest of the agents. Sevoflurane
reportedly causes amnesia, analgesia, coma, and quiescence,
primarily by inhibiting N-methil-D-aspartat (NMDA) re-
ceptors. In addition, in vivo studies have suggested that
gamma-aminobutyric acid (GABA) type A (GABAA) re-
ceptors, nicotinic acetylcholine receptors, and voltage-gated
sodium channels are potential targets for sevoflurane relat-
ed to its hypnotic effects.

The clinical use of the sevoflurane extended in countries
from Eastern Europe as well, for the last 10 years. It is cur-
rently the most commonly used inhalation anesthetic in
operating rooms. It has been demonstrated excellent respi-
ratory tolerance in different clinical cases, as well as the he-
modynamic stability in cardiopulmonary bypass, providing

a safe anesthetic process for different categories of surgery
from one-day surgery to complex long-lasting surgery.

Material and methods

There was made a scientific review of the latest articles
from PubMed database that were published between 2016-
2021, concerning sevoflurane and its effects. The selection
criteria were: prospective studies, guidelines, trials and me-
ta-analyses. Key words used in search: “sevoflurane”, “pro-
pofol’, “outcome”, “postoperative cognitive dysfunction”
(POCD). The articles contain a detailed analysis and synthe-
sis of the recommendations, concerning the use of the sevo-
flurane and cognitive disfunction after its use. There were
selected articles, taking into consideration their title, and
selecting abstracts. In the process of searching by title using
key words, there have been found 686 results. After selec-
ting the period of years 2016-2021, 352 results were found.

Results

One of the most frequent postanesthetic complications,
especially in elderly patients, after the use of the sevoflurane
is POCD, which is a multifactorial, neurodegenerative con-
dition, mechanisms of which remain unclear. Many studies
and repeated clinical trials have shown that after exposure
to sevoflurane-inhalation anesthesia, humans and animals
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experience varying degrees of cognitive dysfunction [I,
2]. Different hypotheses like neuroinflammation, changes
in neurotransmitters, a decrease in brain-derived neuro-
trophic factor (BDNF), mitochondrial oxidative stress, and
changes in AP concentrations regarding the pathogenesis of
sevoflurane-induced POCD, are described by researchers.
Still these mechanisms are not completely independent and
interact with each other, finally resulting in POCD. In recent
years, increasing attention has been paid to the relationship
between sevoflurane-induced POCD and neuroinflamma-
tion, changes in neurotransmitters, and BDNF reduction
[3]. Alalawi R. and Yasmeen N. in 2018 showed that the
incidence of POCD was at least twice as high in individu-
als older than 60 years as compared to younger age groups
[4]. The high incidence of POCD in older patients may be
related to specific susceptibility factors. Aging itself is a risk
factor for cardiovascular, respiratory, renal, and neurode-
generative diseases. Immune responses also decrease with
age. Also, the pharmacokinetics and pharmacodynamics of
older patients are considerably altered compared to young-
er patients. Sevoflurane-based anesthesia in older patients
results in a lower minimum alveolar concentration of gas
and an increased cumulative effect of it, with gradual degen-
eration of various organ functions [4]. Hence, sevoflurane
may remain in the blood for longer periods in older than
in younger patients after anesthesia [5]. The fragile balance
between neuroinflammation and neuronal functioning in
older patients is easily interrupted upon pathological in-
vasion [6, 7]. In 2015 Qiao Y. et al., have found elevated
plasma concentrations of S-100p protein, TNF-a, and IL-6
in patients receiving sevoflurane anesthesia [7]. Other ani-
mal study in 2020, headed by Yang L. et al., determined that
sevoflurane has been found to induce increased inflamma-
tion and apoptosis of hippocampal neurons in older rats [6].
Sevoflurane-induced anesthesia disturbs the balance be-
tween neuronal functioning and neuroinflammation, espe-
cially in older patients, increasing the incidence of POCD.
To reduce the incidence of sevoflurane-induced POCD the
optimal management of pre-existing diseases and mainte-
nance of optimum functioning of the nouronal homeostha-
sis may be an effective way. Another randomized controlled
trial of sevoflurane-induced anesthesia in laparoscopic cho-
lecystectomy, showed aggravated POCD compared to pro-
pofol group of patients after laparoscopic cholecystectomy
[8]. On the other hand, some studies have confirmed that
sevoflurane exerts neuroprotective effects through specif-
ic pathways, in a rat model of focal cerebral ischemia [9].
Recently in 2020, Lu G. et al., presented the results of an ani-
mal model study where sevoflurane pre-treatment exerted
a neuroprotective effect by reducing signaling activity and
activating autophagy [10]. Also, sevoflurane post-treatment
can regulate mir-203 expression to attenuate cerebral isch-
emia — reperfusion-induced neuroinflammation by target-
ing MyD88 [11].

Neuroinflammation is one of the multifactorial determi-
nants, particularly in the hippocampus, that has been shown
to play an important role in POCD. Block et al., in 2007,

then Lu B. et al.,, in 2020 showed in their studies that the
activation of microglia may play the most important role in
the development of POCD, as inflammation of microglia is
recognized as the main source of pro-inflammatory cyto-
kines and chemokines in the central nervous system (CNYS)
[12, 13]. Another study headed by Su W. et al., in 2020 is
concerning neuroinflammation and microglial activation
trigger that amplify a complex cascade of reactions, includ-
ing immune response activation, microcirculatory chang-
es, increased hippocampal oxidative stress, and increased
blood-brain barrier permeability [14]. Other studies that
researched the pro-inflammatory cytokines IL-1pB, IL-6, and
TNF-a determined that they were statistically significantly
increased in the brains of rats exposed to sevoflurane in a
number of studies [8].

Zhu X. et al,, in their study from 2021 showed the corre-
lation between the property of sevoflurane to be highly and
lightly diffused across the cell membrane without binding to
specific receptors on the cell membrane and to direct stimu-
lation of NF-«B signaling. Sevoflurane has been shown to
increase intracellular Ca2+ by activating GABA receptors,
inducing mitochondrial damage, and increasing the lev-
els of intracellular reactive oxygen species (ROS) [15]. A
sevoflurane-induced increase in intracellular Ca2+ may ac-
tivate NF-kB signaling and lead to increased concentrations
of pro-inflammatory cytokines. IL-17A, a novel cytokine,
increases statistically significantly in the hippocampus of
sevoflurane-induced aged rats and can promote the binding
of Actl (an activator of NF-kB) and IL-17R to induce activa-
tion of the NF-«B signaling pathway [15].

Neuroinflammation is a critical neuropathological pro-
cess for postoperative cognitive dysfunction. This finding
is mostly based on results from animal studies. It has been
shown that surgery on peripheral tissues causes systemic
inflammation that then induces neuroinflammation in
rodents [16, 17]. Consistent with this finding, serum in-
terleukin-6 concentrations were increased after surgery in
patients with or without delayed neurocognitive recovery,
but the interleukin-6 concentrations were higher in pa-
tients with delayed neurocognitive recovery than that in
patients without delayed neurocognitive recovery, provid-
ing initial evidence that heightened inflammation may be a
pathologic process for delayed neurocognitive recovery in
humans. There were no changes in the serum interleukin-
1P, interleukin-10, and tumor necrosis factor-a within 24
h after the surgery. These results suggest that only selected
cytokines, like interleukin-6 in this surgical population, are
induced after surgery. Interestingly, the serum concentra-
tions of vascular endothelial growth factor, intercellular ad-
hesion molecule, transforming growth factor-pf1, C3a, and
advanced glycation end products were first decreased and
then recovered after surgery. The first four factors can mod-
ulate immune functions. Advanced glycation end products
are an oxidative stress marker. The reasons for this pattern
of change are not known but may indicate a decreased im-
mune function at the end of surgery, which recovers with
time after surgery [18].
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A multicenter, randomized trial on intravenous versus
volatile anesthetic effects on postoperative cognition in el-
derly patients undergoing laparoscopic abdominal surgery,
published in 2021, showed that patients with laparoscopic
abdominal surgery under propofol-based anesthesia had a
delayed neurocognitive recovery incidence similar to that
of patients under sevoflurane-based anesthesia. This recent
study determines clinicians to take into consideration that
anesthetic choice may not be a decisive factor for delayed
neurocognitive recovery [8]. That study has identified the
fact that a high concentration in serum interleukin-6 is an
independent risk factor for delayed neurocognitive recov-
ery, and this is a marker that should be taken into consid-
eration regarding patients with risk to develop POCD. This
finding provides clinical evidence for the role of inflamma-
tion in delayed neurocognitive recovery.

In the sevoflurane model studies, calcium influx and in-
creased exposure to ROS can lead to the activation of the
NLRP3 inflammasome, which may influence the neurologi-
cal outcome in postoperative period (fig. 1).

Fig. 1. Sevoflurane induces neuroinflammation
and leads to POCD (8]

The damage of mitochondria and exposure to mitochon-
drial contents, such as ROS, are essential for the assembly of
the NLRP3 inflammasome. Also is required calcium influx
for optimal activation of the NLRP3 inflammasome [8].

Dong P. et al. in their study in 2018, confirmed as well
that sevoflurane could contribute to inducing the neuroin-
flammation mediated by microglia by downregulating hip-
pocampal PPAR-y, exacerbating cognitive dysfunction [19].
The theory of neuroinflammation, has more power to dem-
onstrate the incidence of POCD after sevoflurane model an-
esthesia since peroxisome proliferator-activated receptor-y
(PPAR-y) is a ligand-inducible transcription factor of the
nuclear hormone receptor family and is expressed in several
cell types in the brain, including microglia, astrocytes, and
neurons. The Nod-like receptor protein 3 (NLRP3) inflam-
masome is determinant to the immune response, and in-
cludes NLRP3, apoptosis-associated speck-like protein con-
taining a caspase-recruitment domain, and procaspase-1.

Discussion

In recent years, many studies provided information
considering the relationship between sevoflurane-induced
POCD and neuroinflammation, changes in neurotransmit-
ters, and BDNF reduction.

Postoperative cognitive disfunction is a multifactorial,
neurodegenerative condition mechanisms of which remain
unclear due to many studies conducted for the last 5 years.
Several clinical trials, as well as many animal studies have
shown that after sevoflurane-inhalation anesthesia, humans
and animals experience different degrees of cognitive dis-
function. Hypotheses regarding the pathogenesis of sevoflu-
rane-induced POCD, including neuroinflammation, chang-
es in neurotransmitters, decrease in BDNF, mitochondrial
oxidative stress, and changes in AP concentrations, couldn’t
give a complete answer to the question of correlation be-
tween sevoflurane anesthesia and POCD. The answer is
more difficult to get as long mechanisms are not completely
independent and they interact with each other.

The importance of patient-related factors, such as age,
cognitive status before the surgery, may also affect the inci-
dence of POCD, being related or not to the choice of the an-
esthetic agent, shows a recent multicenter randomized trial
[20]. Related studies that confirm the correlation between
sevoflurane anesthesia and neuroinflammation, exacerbat-
ing that way cognitive dysfunction, recent randomized trials
show the same cognitive dysfunction being relative to intra-
venous anesthesia agents. Neuroinflammation still remains
the key factor of POCD and its correlation or not with the
selection of anesthetic agent was not determined.

Regarding the limitation of studies, it was determined
by the American Society of Anesthesiology that the physical
status classification, mini-mental status examination scores,
and duration of hospitalization were predictors for delayed
neurocognitive recovery. Regardless of the type of anesthe-
tic agent, a high blood interleukin-6 concentration in post-
operative period is a risk factor for developing delayed neu-
rocognitive recovery. In fact, interleukin-6 concentration in
the blood at this time is the only independent risk factor for
delayed neurocognitive recovery as determined by multiple
studies [21, 22]. However, its concentration as a risk factor
for delayed neurocognitive recovery has not been reported.

The role of intravenous and volatile anesthetics in post-
operative cognitive dysfunction in humans remains unclear.
Therefore, future research should be aimed at further eluci-
dating the pathogenesis of induced POCD and developing
an effective combination therapy to minimize the neuroin-
flammation and protective strategies for minimizing POCD,
and the length of stay in hospitals.

Conclusions

The intra-anesthetic use of sevoflurane has been associ-
ated for a long time with the higher incidence of POCD.
The mechanism was not identified, and the theory of neuro-
inflammation remained the main key of pathophysiological
reaction that leads to cognitive dysfunction. Recent multi-
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centric trial gives reliable information that the use of intra-
venous anesthetic agents is associated with the same POCD.
Neuroinflammation remains to be the mediator of cognitive
disorders, and apparently IL-6 keeps a major role in them.
Future studies are needed to be conducted to identify the
role of anesthetic agents in determining the neuroinflam-
mation.
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