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Dynamics of some physical and chemical properties of
biological fluids in surgical treatment of alveolar hydatid disease of liver

Abstract. The aim of the current work was to clarify the dynamics in crystallogenic and initiating activity
of patients’ biological fluids in alveococcosis during surgery and in the late postoperative period. The
material of the study included samples of saliva of 22 patients treated for alveococcosis. Sampling of
biological fluids was managed at the admission and prior to discharge from the hospital. Subsequently slides
were prepared using teziocrystalloscopy technique that combines the study of the crystal forming activity
of mixed saliva (classical crystalloscopy) and its initiating properties considering 0.9% sodium chloride
solution as basis substance (comparative teziography). Criterial evaluation of the results of crystalloscopic
and tezigraphic tests was carried out using own system of parameters. The data of visual morphometry of
microslides of dehydrated saliva was supplemented with spectrophotometric analysis of crystalloscopic
and tezigraphic facies performed on PowerWave XS microplate spectrophotometer (USA) at wavelengths
of 300, 350 and 400 nm. It was noted that surgical treatment leads to partial normalization of physical and
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chemical parameters and composition of patient’s biological fluids during hospital discharge.
Key words: alveococcosis, alveolar hydatid disease, surgical treatment, saliva, crystallization.

Introduction

Significantly large group of patients with focal
liver diseases was considered to be radically “inop-
erable” based on the data of exploratory laparotomy
and palliative invasions [1-5].

Recently, in repeated operations on liver, doc-
tors limited themselves to excision or curettage of
fistulas, dissection of purulent cavities and injecting
parasitotropic drugs [6-9]. There seems to be a real
possibility to perform repeated radical operations on
patients previously considered as “inoperable” [2-5,
9-11].

It is generally assumed that the first radical dis-
section of liver after exploratory laparotomy due
to alveococcosis was performed by S.S. Yudin
(1929) [1]. According to Merzlikin et al. (2011) and
Btaszkowska, Goralska (2016), the development of
surgery contributed to the fact that the majority of
patients with focal liver lesions were not operated in
specialized medical institutions [8,9]. Simultaneous-
ly, many of them due to technical complications and
incorrect assessment of the operability of the lesion
focus are limited to palliative surgery or exploratory
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laparotomy, thus dooming patients on disability and
poor outcome [1, 4, 10-12].

Since 1964, a number of works of Russian sur-
geons dedicated to repeated operations, mainly on
the liver alveococcosis, has been published [1-5]. Pa-
pers of Zhuravlev V.A. and other researchers showed
that there is a serious problem of providing a radical
means to “inoperable” patients with focal lesions of
the liver, which occurred in parallel with advent of
different skills in surgical treatment of patients with
focal lesions of the liver [1-4, 8, 12-14].

On the other hand, it is important to support the
full diagnostic guiding of alveococcosis surgery. The
use of modern instrumental methods for study of
liver morphology (X-ray diagnostics with contrast-
ing, CT and magnetic resonance imaging, ultraso-
nography) enables evaluating with a high degree of
accuracy the nature, depth and severity of structural
damage of the organ associated with the develop-
ment of the disease [10, 13, 15-19]. Intensity of the
immune response to the presence of the parasite can
be verified using latex agglutination reactions, and
a specific ELISA alveococcosis diagnosticum [20].
Furthermore, alveococcus scolexes in some cases
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can be found in the sputum. At the same time, the
features of the metabolic changes, including changes
in the physical and chemical properties of biologi-
cal fluids in alveococcosis, surgical treatment of it as
well as treatment within postoperative period were
insufficiently studied previously. In this regard, we
have shown that the presence of alveococcus signifi-
cantly and directionally changes the crystallogenic
properties of biological substrates, and the nature of
this transformation leads to similar shifts in crystallo-
stasis of saliva and urine [21-23]. In connection with
the above, clarifying the dynamics of crystallogenic
and initiating activity of patients’ biological fluids
in alveococcosis during surgery and in the late post-
operative period, designating current research, has a
great scientific and practical interest.

Materials and methods

Samples of saliva of 22 patients treated for al-
veococcosis at the Kirov Zonal Centre of Liver and
Biliary Tracts were studied. The diagnosis was veri-
fied with standard instrumental (ultrasound, CT and/
or MRI) and laboratory (latex agglutination, ELISA)
tests. All the patients have successfully undergone
surgery (partial hepatectomia, lobectomia, hemi-
hepatectomia).

Sampling was managed at the admission and
prior to hospital discharge. Within 3 hours before
the study, patients did not engage in physical activ-
ity, neither they were in a state of psycho-emotional
stress. Before collection of biological fluids, patients
rinsed their mouths thoroughly with approximately
100 mL of dH,O for 5 min. Afterwards 1 mL of oral
fluid was collected by spitting into clean and dry test
tubes.

Subsequently slides were prepared using tezio-
crystalloscopy technique that combines the study of
the crystal forming activity of mixed saliva (classical
crystalloscopy) and its initiating properties consider-
ing 0.9% sodium chloride solution as basis substance
(comparative teziography) [21-23].

Criterial evaluation of the results of crystallo-
scopic and tezigraphic tests was carried out, using
own system of parameters [21, 23]. It allows estimat-
ing specialties of crystallization (initiation potential —
in teziography) of the biological substrate, severity of
the individual zones of the facia, degree of destruc-
tion of crystalline and amorphous components, the
uniformity of their distribution on the texture of the
sample, etc.

The data of the visual morphometry of mi-
croslides of dehydrated saliva was supplemented
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with spectrophotometric analysis of crystalloscopic
and teziographic facias, performed on PowerWave ™
XS microplate reader (BioTek, USA) at the wave-
lengths of 300, 350 and 400 nm. To neutralize the
influence of the characteristics of glass to the results
of spectrometric studies of biological crystals we
calculated the level of optical density of facies by
subtracting the optical density of pure glass from the
total value of the indicator.

The study was approved by the local ethi-
cal committee of Kirov State Medical University
(19.09.2016, No. 16).

Statistical data analysis was done using the
Microsoft Excel 2007 spreadsheets along with Prim-
er of biostatistics version 4.03 program.

Results and discussion

Considering that saliva is the most convenient
noninvasive marker of modification of physical and
chemical properties and composition of the blood
and also biological substrates secreted in the diges-
tive tract. Last one is locus morbi of alveococcosis
and therefore advantageously reflects its functional
and metabolic status, consequently current analysis
of crystallogenic activity of the biological fluid was
of particular scientific and practical interest. Based
on the studies it was found that the dynamics of vary-
ing parameters is observed in all major morphomet-
ric parameters of crystalloscopic facies of patients’
saliva (Figure 1).

In particular, the multidirectional changes record-
ed in respect of the indicators of dehydration struc-
turing of biological medium — the structure index
(SI) and crystallizability (Cr) of biological substrate
components. So, initially in patients with alveococ-
cosis on the slides of oral fluid there are more com-
plex by the nature of the organization elements, fern-
like, dendrite crystals with branching order of 3.4 or
higher, which is reflected in the growth of structure in
relation to the level of the index microslides of saliva
of nearly healthy people (p<0.05). The enlargement
of the main structural elements of the saliva facies
of patients with alveococcosis leads to a decrease in
the density of the crystals (Figure 2), being regis-
tered as a parameter “crystallizability” (p<0.05). In
turn, the pathological character of the detected shifts
of crystalogenic potential of considered patients is
clearly manifested in the dynamics of facies destruc-
tion, reaching almost 2 relative units (rel.un.), which
corresponds to the formation of severe disturbance
of crystal elements formation while maintaining their
differentiation by types.
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Figure 1 — The result of parametric analysis of own crystallization of patients’ saliva during surgical treatment
of alveococcosis (SI — structure index, Cr — crystallizability,
FDD - facia destruction degree, Mz — clearity of marginal zone;
“*»” _ value of statistical differences to the level of healthy people is p<0.05)

A. In healthy person

B. In patient with alveococcosis

Figure 2 — Crystallosopic facias of the saliva of healthy person
and patient with alveococcosis (magnification x56)

It is known that in the pathogenesis of alveococ-
cosis not only mechanical properties of the develop-
ing liver and other organs of the parasite, but the im-
munological reactions to its presence are manifested.
Therefore, in the blood, and to a lesser extent in
other biological substrates an increased concentra-
tion of immunoglobulins was noted that leads to an
increase in their protein levels. Data for markers of
metabolic shifts in saliva crystallogram serves as a
manifestation of the marginal zone of the slides (pa-
rameter Mz), where the protein macromolecules of
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dehydration are concentrated. It was found that this
index in patients with alveococcosis is registered on
high value, and it is significantly below normal level
(p<0.05). In general, prior to the surgery crystallo-
genic properties of saliva significantly differ from
crystalloscopic “pattern” of a healthy person.

Within the early postoperative period crystal-
logenic properties of studied biological fluid are
transformed significantly (Figure 1). Thus, there
is almost complete normalization of the param-
eters characterizing the complexity and density of
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structure-building crystal elements (SI and Cr, re-
spectively). It should be noted that both of these
parameters do not significantly vary in relation
to control (pre-surgery) level, while greatly differ
from the baseline (p<0.05). The main parameter de-

scribing the “correctness” of crystallogenesis — the
facia destruction degree (FDD) — is also reduced
significantly compared with the preoperative crys-
talloscopic “pattern” (p<0.05) but does not reach
the physiological level.

Figure 3 — Spectrometric analysis of saliva crystalloscopic facias of patients

s

with alveococcosis during surgery (

It is interesting that the severity of the marginal
zone of saliva microslides after the operation changes
at a minimum degree. This trend is perhaps related to
the persistence of high concentrations of anti-alveo-
coccus antibodies in the blood and, therefore, in other
biological fluids. This, in turn, has a corresponding
impact on the parameter Mz, being directly depen-
dent on the level of a protein. Upon completion of
surgery partial normalization of crystallogenic prop-
erties of saliva is observed in patients with alveococ-
cosis.

Such data is fully confirmed by a verifying method
— spectroscopic study of crystalloscopic facies (Figure
3). Considering the fact that the prevalent trend of the
shifts of crystallogenic properties of saliva in alveo-
coccosis is enlargement of crystal elements along with
the complexity of their construction, the increase of
the optical density of the sample as a whole, for all
wavelengths used in the preoperative period, seems to
be logical from control values (p<0.05). The presence
of such shifts was first shown in this study.

After the surgery, the level of the total optical
density of crystalloscopic facies of saliva decreas-
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— value of statistical differences to the level of healthy people is p<0.05)

es but remains significantly higher than the values
which are typical for healthy individuals (Figure 3).
It should be noted that this dynamic is most clearly
seen in the spectroscopic study at A = 300 nm, but is
less pronounced at A = 350 nm, and at the maximum
A =400 nm, as a result of rather low absolute values,
it is almost eliminated.

Analysis of the initiating properties of saliva
of the considered cohort of patients during surgery
(Figure 4) demonstrated initially significantly higher
level of the basic indicator of the initiating potential
of biological fluid — tezigraphic index (TI), when
compared to healthy subjects (p<0.05). Upon com-
pletion of surgical treatment, this parameter is mod-
erately decreased, but these changes are not even sta-
tistically significant. A similar pattern was registered
respectfully to the complication marker of structure-
building elements — crystallinity (C). However, the
postoperative level of the indicator does not signifi-
cantly differ from both the pre-surgery and normal
tezigraphic pattern of saliva. The minimal variation
among the basic tezigraphic indicators (Figure 4) is
uncovered for the belt coefficient (BC), which is the

International Journal of Biology and Chemistry 13, Ne 2, 110 (2020)



114

Dynamics of some physical and chemical properties of biological fluids in surgical treatment ...

criterion of scattering of molecular weight of biologi-
cal substrate components.

The effectiveness of surgical treatment is most
clearly manifested in the dynamics of the principal
tezigraphic criterion of “correctness” of the process-
es of structure formation — the facia destruction de-
gree, as well as the clearity of the marginal zone of
the slides (Figure 4). These figures after the comple-

tion of surgery were significantly reduced relative
to the preoperative level, but without reaching the
structures which are typical for healthy individuals
(p<0.05). This trend is an indirect evidence of the
safety of alveococcus-associated metabolic shifts
of the composition and physical-chemical proper-
ties of biological fluids and after performing radical

surgery.

Figure 4 — The data of tezigramms parametric analysis of saliva during surgical treatment
of alveococcosis (TI — teziographic index, BC — belt coefficient, C — crystallinity, FDD — facia destruction degree,

s

Mz — clearity of marginal zone;

— value of statistical differences to the level of healthy people is p<0.05)

Figure 5 — Results of spectrometry of saliva tezigraphic facias of patients with alveococcosis during surgery
(“*” — value of statistical differences to the level of healthy people is p<0.05)
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These variations are fully verified by the results of
spectroscopic study of tezigraphic facies of patients’
saliva in the dynamics of surgical treatment (Figure
5). In this case the dynamics of the total optical den-
sity of tezigrams is evident at all wavelengths used.
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Conclusion

Conducted crystalloscopic studies allowed us to
establish that in alveococcosis of the liver there are
significant transformations of the crystallogenic prop-
erties of saliva. They are manifested in an increase in
the structure index, the severity of the sample mar-
ginal zone and the degree of destruction of individual
structures, as well as in a decrease in crystallizability.
Such shifts lead to an increase in the optical density
of facias. After surgical treatment, most of the param-
eters are normalized, while only the degree of facias
destruction and the clarity of the marginal zone of the
samples are preserved at elevated values. At the same
time, the optical density of micro-preparations remains
elevated only at a wavelength of 350 nm. Identifica-
tion of such dynamics of crystalloscopic indicators al-
lows us to consider them as an additional indicator of
the effectiveness of treatment of alveococcosis of the
liver. Further verification of the diagnostic information
content of the technology used by us can become the
basis for developing a method for rapid testing of the
usefulness of liver resection in alveococcosis. In ad-
dition, our data complement the understanding of the
metabolic changes that are formed in the body of pa-
tients with alveococcosis of the liver.
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