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LR ABSTRACT. Background. A method of medical diagnostics, called arborization (or

ferning), is widely used. Despite this, nature of arborization of biological liquids remains

L unclear. As it is not enough, we tried to reveal the physical basis of arborization. Objec-
Key words: arborization, tive. To make known the physical and chemical bases of salts polymorphism, including
arborization method, ferning  arborization. Results. It was found that a crystal shapes that had been formed upon evapo-
method. ration of saline solutions depends on the value of the electric potential of such solutions
also on the value of the electric charge of the surface on which crystals are formed. It has
been particularly found that the evaporation of solutions with positive electric potential is
accompanied by the formation of cubic crystals and the evaporation of solutions with neg-
ative electric potential is accompanied by the formation of needle-like crystals. It was
shown that the cubic crystals of NaCl, the basic salt component of human biological flu-
ids, are formed on the positively charged surface of activated carbon. It was also shown
that the needle-shaped crystals of NaCl are formed on the negatively charged surface of
silica gel. Conclusion. Various forms of the crystals formed during evaporation of biolog-
ical liquids of women, reflect the cyclic change in electric potential in such liquids during
the menstrual cycle.
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IInpoBapenko 10.B. IIpupoaa noauMopdusmMa coJieBbIX KPUCTALIOB B aCEeKTe JMATHOCTHYECKOr0 MeToAa apdopu-
3aum.

Pedepat. ®opma coneBBIX KPUCTAIOB, 00pa3yIOIIKXCs MOCHE BBICBIXaHUS OMOJIOTHYEeCKUX KUIKOCTEH YeTI0BeKa, SIBISETCS
JMarHOCTUYECKHUM ToKa3zaTeneM. Bmecte ¢ Tem, cama npupoja nonumMophus3Ma ColeBbIX KPUCTAIUIOB, B YACTHOCTH — MPUYH-
Ha 00pa30BaHUS MMM JPEBOBHUIHBIX MIIU MANOPOTHUKOBUAHBIX KPUCTAIIOB (apOopu3aius, Win (EeHOMEH ManopOTHHKA,
COOTBETCTBEHHO), OCTaéTCs HEBBIICHEHHOW. BBHIY Takoro sIBHOrO HECOOTBETCTBUSI, BBISICHCHHE NPHUPOIBI IMOIUMOpdu3Ma
KPHCTAIIOB OMOJIOTHIECKH 3HAUYMMBIX COJIEH, B IIEPBYIO OYEPEab — XJIOpHIa HATPHsI, OCHOBHOTO COJIEBOrO KOMIIOHEHTa OHo-
JIOTUYECKUX )KUAKOCTEH YeNIOBEKa, IIPECTaBIsIeTCs IPHHIMIHAIEHO BaXHbIM. Llens paboter. [IpoBepka rumoresst 06 d1eKT-
PHYECKOH MPHUPOJIE TOTUMOP(U3MA CONEBBIX KPUCTAIUIOB, B YACTHOCTH — UX apOOpH3auu. Y CTaHOBIICHO, 4TO (hopMa KpHC-
TaJUIOB, 00Pa3yIOIIUXCS IOCIIE BBICBIXAHMSI COJIEBBIX PAcTBOPOB, B YaCTHOCTH — PAacTBOPOB XJIOpHUJA HATPHs, 3aBUCHUT OT
3HAKa AJIEKTPUUECKOTO MOTEHIMAIa TaKUX PACTBOPOB, & TAKXKE — OT 3HAKA JJIEKTPHUUYECKOTO 3apsifa MOBEPXHOCTH, HA KOTO-
poii chopMupOBaUCh KPUCTAIIEL. B 9acTHOCTH, YCTaHOBIIEHO, UTO MPH BBICBIXAHHHU CONEBBIX PACTBOPOB, MPUTOTOBIEHHBIX
Ha BOZE C OTPULATENbHBIM MOTEHIMAIOM, 00pa3yloTcs KpHCTa/lIbl ApeBOBUAHON (opmbl (apOopusauus). BeiBoasl. [Tomu-
MOp(}U3M CONEBEIX KPHCTAIIIOB, B YACTHOCTH — KPHCTAIUIOB XJIOPH/A HATPHUS, OCHOBHOTO COJIEBOT0 KOMIIOHEHTa OOJBIINHC-
TBa OMOJOTHMUYECKUX KHIKOCTEH YeloBeKa, MMEeT IEKTPHIECKyIo mpupofdy. PasHas ¢opma KpucTamioB, 00pa3yrommxcs
IIPY BBICHIXaHUHM OHMOJIOTHMYECKHX JKHJKOCTEH >KEHCKOTO OpraHu3Ma, OTPaXKaeT M3MEHEHHE DJIIEKTPUYCCKOro IMOTECHIHAa
TaKUX >KUAKOCTE! B T€4EHUE MEHCTPYaIbHOIO LIUKIIA.

Kirouesble cioBa: apOopu3sanus, GeHOMEH HaOPOTHUKA, METO]] apOOpU3aLH.
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Introduction This crystal polymorphism is the basis of a method

Evaporation of body liquids women is accom-
panied by the formation of crystals of different
shapes. The shape these crystals depends on the
stage of the menstrual cycle. Cubic or orthorhombic
crystals are formed in the step preceding ovulation,
as well — in the step after ovulation; arbor-shape
crystals are formed in the ovulation step (fig. 1).
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of medical diagnostics, called arborization or ferning
[1-6].

Despite the widespread use of this method in
gynecology [5, 6], nature arborization of female bio-
logical liquids, as salt polymorphism as a whole,
remains unclear.
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1-9 and

10-14

days of menstrual cycle

Fig. 1. The crystals formed by the evaporation of the female body liquids in the first half of menstrual cycle [6].

Analyzing conditions under which arborization
observed or not observed, we have hypothesized that
crystal polymorphism has electric nature.

Purpose

Demonstrate the experimental results, confirm-
ing our hypothesis.

Materials and methods

Electrolysis of salt solutions was performed at a
potential difference between the anode and cathode
compartments of the electrolyzer 9 — 100 mV.

Water with a positive electrical potential re-
ceived at the bubbed oxygen or by passing through a
pad of silica gel [7].

Water with a negative electrical potential re-
ceived at the bubbed hydrogen or by passing through
a pad of activated carbon [7].

The electric potential of water and water solu-
tions was measured as the potential sedimentation
[8].

Salts and sorbets were purchased from Ukrrea-
chim (Ukraine).

Results and discussion

First we have carried out the electrolysis of
NaCl, the basic salt component of human biological
liquids, and examined crystals formed in the evapo-
ration of liquids from the anode and cathode com-
partments of electrolyzer. It has been found that the
evaporation of solutions from the anode compart-
ment is accompanied by the formation of cubic crys-
tals and the evaporation of solutions from the ca-
thode compartment is accompanied by the formation
of arbor-shaped crystals (Fig. 2).

The similar dependence was also established
for other salts (Fig. 3) and some soluble biopoly-
mers, including human serum albumen.

It is known that activated carbon absorbs
aqueous H™ and the silica gel — aqueous OH™ [7].
Therefore, we also studied the crystals formed dur-
ing the drying of the activated carbon and silica gel,
which were pre-wetted with water solution of NaCl.
In course of such experiments we observed the for-
mation of cubic crystals on the surface of activated
carbon (Fig. 4, left), and fibers on the surface of sili-
ca gel (Fig. 4, right).

Fig. 2. The arbor-shaped crystals formed by evapora-
tion of NaCl solution from cathode compartment electrolyz-
er.

Since anodic solutions and surface of the wet
activated carbon are rich in H" and cathode solutions
and surface of the wet silica gel are rich in OH™, we
examined crystal formation in the presence of the
corresponding acids and alkalis. For example, we
studied the shapes of crystals formed by the evapo-
ration NaCl solutions, which contain HC1 or NaOH.
In all these experiments, we have seen the formation
of too small cubic crystals or unstructured films.
Based on obtained results, we concluded that forms
of salt crystals, which form during the evaporation
of electrode solutions, do not reflect the difference in
pH of these solutions. In the same time, we came to
conclusion that the various forms of crystal reflect
the difference in the signs of the electric potential of
electrode solutions or difference in sign of the sur-
face charge wet sorbet.

Indeed, pH of plasma, which is also analyzed
by method of arborization, may vary in the range:
7,35 £ 0,04 [7]. Thus we also concluded that the
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different shape of the crystals formed during evapo-
ration of biological liquids women (fig. 1) reflect the
change in electric potential in such liquids during the

menstrual cycle. In our opinion, this is important for
deeper understanding of the nature of the changes
that accompany the menstrual cycle.

Fig. 3. KH,PO, crystals. Left: the cubic crystals formed by evaporation of solution from anodic compartment electrolyzer.
Right: the arbor-shaped crystals formed by evaporation of solution from cathode compartment electrolyzer.

Fig. 4. NaCl crystals. Left: the small cubic crystals formed on positively charged surface of activated carbon. Right: the
needle-shaped crystals formed on negatively charged surface of silica gel.

Need to say separately that the traditional ex-
planation of arborization is based on the statistical
theory of DLA (Diffusion Limited Aggregation),
which does not take into account the electric poten-
tial of medium [9].

We expect that our findings will be useful to all
physiologists and medics, who use the arborization
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for the diagnosis, including ophthalmologists and
neuroscientists [10-12].

Conclusion

Shape of the crystals formed during evapora-
tion of salt solutions depend both on the sign of elec-
tric potential of the solution, and on the sign of the
electric charge of the surface on which the formation
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of salt crystals. Cubic or rhombic crystals are formed
by evaporation of salt solutions with a positive elec-
tric potential or (and) on the positively charged sur-
faces. Arbor-shaped crystals are formed by evapora-
tion of salt solutions with a negative electric poten-
tial or (and) on the negatively charged surfaces.

Arborization physical basis is the negative elec-
trization.

Changing the electric potential of the internal
environment of the growing organism, it is possible
to influence the formation of its nervous system.

Various forms of the crystals formed during
evaporation of biological liquids women, reflect the
cyclic change in electric potential in such liquids
during the menstrual cycle.

Prospects for further investigations

Using the established dependence, we hope to
explain the morphology of neurons, in particular —
arborization their axons. Based on our results (Fig-
ure 2), we hypothesize that the main body of neu-
rons has a more positive potential with respect to the
axons. To test this hypothesis, it is necessary to
create an electric potential gradient in the salt solu-
tions. To solve this problem, we propose to use the
light.

As is known, the positive charges are moving in
the direction of the light, which is defined by the
Pointing vector [13]. At the same time, the negative
charges move against the Pointing vector, i.e.,
against the direction of light. Thus, focusing the
light at the point on the surface of the salt solution
can create a local area with a more positive charge
(potential). Obvious advantage of this method is that
it avoids the introduction of impurities into working
solutions.

Using this method, we received salt solutions
containing the desired charge (potential) gradient.
The similar crystal structures are formed after drying
the salt solutions containing the described gradient
of electric charges (potentials) (Figure 5). For focus-

ing the light we used a conventional lens; we fo-
cused light for 2 min.

Fig. 5. Dry solution of Na2S0O4; area, which was pre-
focused light, cross marked.

As it is evident from Figure 5, area with a more
positive charge forms a center, from which diverge
salt needles. Because, the result partly confirms our
hypothesis, we plane to continue similar ecsperi-
ments. We hope also to get the results that fully ex-
plain neuron arborization.

Need to say additionally that arborization of
sympathetic ganglion cells was earlier explained by
their interactions with neurotrophic molecules,
which reduce intracellular transport [10-12]. This
explanation is based on the statistical theory of DLA
[9], which ignores the distribution of electric poten-
tials in neurons.
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IInsoBapenko FO.B. IIpupoaa nonaiMop@izmMmy co/IbOBMX KPUCTAJIIB B acNEKTi JiarHOCTUYHOI0 MeTO-
na apoopu3aiii.

Pegepar. ®opma coTbOBHX KPHUCTAIIB, IO YTBOPIOIOTHCS MICIIS BUCUXaHHS O10JIOTIYHUX PiTUH JIIOJUHH, €
JIarHOCTHYHHUM IIOKa3HMKOM. BomHouac, cama mpupona nonimMopdisMy TakMX KpUCTaliB, 30KpeMa, MPUYUHA
YTBOPEHHSI HUMH JEPEBOBHIHHUX a00 ManopoThOBHIHUX KpHUCTaTiB (apOopu3aiis abo (eHOMEH manoporti, Bi-
MOBIJIHO), 3aAJIMINATHCS HE3 sCOBaHOK. Uepe3 Taky, BOUCBHb HASBHY HEBIAMOBIAHICTH, 3 SCYBaHHS MPUPOIU
noJiMOp(i3My KPHCTaIiB OIOJOTIYHO 3HAYYIIMX COJICH, HAcamIepe — XJOPHIY HATPil0, OCHOBHOI COJILOBOI
CKJIaZI0BOi OUTBIIOCTI 3 OIOJOTIYHUX PiAMH JIIOJMHH, BOAYAETHCS IPUHLIMIIOBO BaxxMBUM. Mera poboru. [lepe-
BipKa TiloTe3! PO eJIEKTPUYHY IPUPOIY HONIMOP]i3My COJILOBUX KPHUCTAJIB, 30KpeMa — ix apObopu3anii. Bera-
HOBJIEHO, 1110 (hopMa KpHCTalliB, IO YTBOPIOIOTHCS 32 BUCUXAHHS COJIBOBHX PO3YHMHIB, 30KpEMa — PO3YHHIB XJIO-
pUIly HaTpilo, 3aJISKUTD Bijl 3HAKY €JIEKTPHUYHOTO MOTEHIIATy TAKMX PO3YMHIB Ta BiJl 3HAKY €JIEKTPUYHOTO 3HAKY
EJIEKTPIYHOTO 3apsily TOBEPXHi, Ha Kl cHOpMyBaNCh KPUCTAIH. 30KpeMa, BCTAHOBJICHO, 1[0 KPUCTAIH Jepe-
BOBUIHOI (hopmu (apOopm3amiss) YTBOPIOIOTECS IICII BUCHXAHHS COJMBOBUX PO3YHMHIB, IPUTOTOBAHUX HA BOII 3
HETaTHBHUM MoTeHIliaoM. BucHoBkH. [TomiMopdizmM COMBOBUX KpPHUCTaNiB, 30KpeMa — KPUCTAJB XJIOPUIY Ha-
TPil0, OCHOBHOT'O COJIbOBOTO KOMITOHEHTa OLIBLIOCTI OIOJOTIYHUX PIAMH JIIOJMHU, MAE SNEKTPHUUHY HPUPOLY.
Pi3Ha ¢opma KpuCTaiB, 1110 yTBOPIOIOTHCS MIC/Is BUCHXAHHS O10JOTTYHUX PiJMH KIHOYOTO OpraHi3My, BijiOMBae
3MiHY €JIEKTPHYHOTO MOTEHIIaTy TAKUX PLIUH MPOTATOM MEHCTPYAJIBHOTO IIUKITY.

KurovoBi ciioBa: apoopusaiiisz, PeHOMEH ManopoTi, MeTO apOopH3arlii.
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