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INFLUENCE OF ELECTROMAGNETIC RADIATION OF MILLIMETER RANGE
ON THE OPTICAL PROPERTIES THE HEMOGLOBIN

The biological activity of millimeter electromagnetic radiation (MEMR) has long been known that is the basis for its use in
medicine. But the primary biophysical mechanisms of this factor at the molecular level remain poorly understood and debated.
Because of it the features of the influence of microwave radiation on the optical properties of water solutions of hemoglobin with
the aim to characterize the certain structural state of hemoglobin were investigated in this research.

The object of the study was the optical properties of aqueous solutions of human hemoglobin in the concentration range of 7
and 15 uM and in the temperature range 10-40°C.

The optical spectra were recorded by using a BiospecMini (Shimadzu) spectrophotometer in the wavelength range of 190—
1100 nm. In order to increase the accuracy of the analysis of spectral data the spectra were normalized relative to the baseline
which was taken as a line that ran parallel to the horizontal axis due to the minimum value of the optical density in the absorption
spectrum. The values of the absorption maxima and the optical density were used as the main parameters of the absorption
spectra. The B-spline function was used to more accurately determine these parameters.

Microwave exposure of hemoglobin solutions was performed at wavelength of 7,1 mm with power that calculated to be
approximately 6mW. This power of electromagnetic radiation corresponds to the conditional limit range between thermal and
non-thermal action of this factor.

The dependence of the optical properties of hemoglobin in the spectral range of heme absorption on temperature was
analyzed and effects of microwave radiation on the optical properties of hemoglobin solutions were considered in frame of
hypochromic effects induced by temperature. It was revealed that the parameters of the absorption spectrum of an aqueous
solution of hemoglobin depend on temperature. The optical density in the Sore band and the spectral bands of the oxygenated
form of hemoglobin decreases upon temperature increase. The observed temperature hypochromic effect is associated with
increased protein aggregation.

The effect of MEMR leads to a small but statistically significant hypochromism in the spectra of hemoglobin absorption that
testifies on increase in protein aggregation under the action of this physical factor which cause the changes in the hydration of

protein molecules. This effect depends on the protein concentration and is not detected at low concentrations.
Keywords: hemoglobin solutions, hypochromism, microwave electromagnetic radiation.

The biological activity of microwave electromagnetic
radiaton (MEMR) is well known [1]. This range of
electromagnetic radiation is used in medicine as one of the
physical factors for various therapeutic treatments [2].
However, the primary biophysical mechanisms of action of this
electromagnetic factor remain unclear and actively debated.

It is believed that the main substance that interacts with
MEMR in cells or model biological experiments is the water
which is in different phase states [2-4]. The structural-
dynamic state of water should in some way affect the
hydration of biological molecules and their molecular
dynamics that in turn should affect the structural-functional
properties of biological macromolecules. Our previous
studies found that MEMR-exposure of water solutions at a
wavelength of 7,1 mm with an intensity of 6mW, which is into
the limiting conditional range between thermal and non-
thermal action of this factor, caused the significantly changes
the optical properties of water in the nearinfrared range only
in the presence of proteins [6]. A small but statistically
significant hyperchromic effect indicated an additional
MEMR-induced destruction of hydrogen bonds and an
increase in the rotational-translational motion of water
molecules in hemoglobin solutions.

It is known that protein macromolecular constructs have
unique properties for the formation and coherent ordering of
certain types of polariton states transmitted along the
polypeptide chain and whose energy is used to perform
chemical and molecular mechanical work, i. e., to perform its
own specific functions of proteins in living organisms [7-9].
Such coherent states can arise due to the nonlinear
interaction of external electromagnetic waves with own
elementary excitations in macromolecular structures.
Changing the structural and dynamic state of the aqueous
environment of proteins can contribute to both the formation
and destruction of such states in the proteins that in turn
should affect their structural and functional properties.

Based on modern theoretical ideas and the results of
previous studies the aim of this study was to elucidate the

effects of microwave radiation on the optical properties of
hemoglobin that characterize a certain structural and
functional state of this protein. Hemoglobin is a key blood
protein that transports oxygen to tissues, its structural and
functional features are well known, so this protein is a
convenient model for studying the primary mechanisms of
action of various physical factors on the structural and
functional properties of biomacromolecular structures.

Materials and methods. The object of this study was
the optical properties of aqueous solutions of human
hemoglobin. The study material was aqueous solutions of
human hemoglobin at a concentration of 7 and 15 pM.

Hemoglobin solutions were obtained by osmotic shock
of erythrocytes by adding distilled water to the erythrocyte
mass obtained by centrifugation at 1500 rpm for 5
minutes. pH of solutions was 6,8. Given the fact that the
content of hemoglobin in erythrocytes is 95-96 % of the
total protein we believed that the optical properties of the
obtained solutions are determined mainly by hemoglobin,
especially in the visible range.

The partial pressure of oxygen in distilled water which
was used to prepare hemoglobin solutions was at the level
of 130-150 mm Hg, which is higher than the partial
pressure in arterial blood and 3 times higher than in venous
[5]. Therefore, hemoglobin in aqueous solutions was in fully
oxygenated form. Calculations of hemoglobin concentration
in solutions are described in detail in [6].

The absorption spectra of distiled water and
hemoglobin solutions were recorded on a BiospecMini
spectrophotometer in the range of 190-1100 nm.

MEMR-exposure of hemoglobin solutions at the
wavelength of 7,1 mm with power 6mW, was performed
directly in spectrophotometric quartz cuvettes using a
generator G4-141. The working surface of the quartz cell
was placed perpendicular to the axis of the waveguide at a
distance of 2 mm [6]. The total amount of energy absorbed
by aqueous protein solution during 60-wave exposure in
MEMR with a wavelength of 7,1 mm is equal to 21,16 J for
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this experimental protocol. This power of electromagnetic
radiation corresponds to the conditional limit range
between thermal and non-thermal action of this factor.

The temperature of the samples was measured in a
quartz cuvette using a digital thermometer with an
accuracy of 0,1°C before recording the absorption spectra.

Statistical data processing was performed according to
generally accepted algorithms of variation statistics. The
average value and its standard deviation were calculated. To
assess the reliability of the difference between the statistical
samples was evaluated using the Mann-Whitney test.

Results and discussion. According to previous
studies [6], the optical properties of water in the near
infrared range had a clear dependence on temperature, but
one hour exposure of pure water in MEMR did not cause
significant changes in the characteristics of the
combination band of the second overtone OH-valence
oscillation of the water molecule (2vi+vz, vi1+2v2, 2vi+2vs,
2v2+2v3). However, a small but statistically significant
hyperchromic effect in this spectral range was observed for
water in hemoglobin solutions. It was concluded [5] that
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this is the result of additional MEMR-induced destruction of
hydrogen bonds and an increase of the rotational
translation of water molecules in hemoglobin solutions.
Thus, the presence of protein in the solution was a key
factor for changing the optical properties of water upon
influence MEMR. But the question about changes of the
properties of hemoglobin remained open.

In this study we find that the optical properties of
hemoglobin solutions in the visible range of heme
absorption also depend on the temperature of the solution
(fig. 1 and 2). However, in contrast to the temperature
dependence for water, the optical density in the range of
hemoglobin absorption in the blue, yellow-green and yellow
regions of the spectrum decreased with increasing
temperature. The observed hypochromic temperature
effects are small but statistically significant and should be
considered if studies are performed at room temperatures
ranging from = 5°C or more. At the other hand, the
analysis of the absorption spectra showed no shifts of the
position of the absorption maxima with increasing
temperature are observed.

0,230

n B Dsg0 max

DS75 max

02254 = -

0,220

0,215

Optical density

0,210

0,205

0,200

T T T T T T T T T T T T T 1
12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
ToC Hb

Fig. 1. Temperature dependence of the optical density in 15 uM hemoglobin solutions at the absorption maxima
of the Sore band (412 nm - blue region) and the absorption maxima of the oxygenated form of hemoglobin
(540 — [=] yellow-green and 575 — [¢] yellow spectral region)
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Fig. 2. Temperature dependence of the optical density in 7uM hemoglobin solutions at the absorption maxima
of the Sore band (412 nm - blue region) and the absorption maxima of the oxygenated form of hemoglobin
(540 — [=] yellow-green and 575 — [¢] yellow spectral region)
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The question arises as to the causes of the detected
temperature hypochromism. It is known [10, 11] that
hypochromism occurs due to two main reasons. The first
cause is related to the dipole-dipole interaction of
chromophores and the polarization interaction of dipole
transiton moments in an ordered system of
biomacromolecules. According to this exciton mechanism a
wide absorption band is formed due to the collinear and
parallel interaction of chromophores. Hypochromism
occurs due to the fact that the parallel interaction of dipole
moments of the transition of chromophores begins to
prevail. But in this case, from the two separate bands that
forming the integrated spectral band, the low-frequency
band should dominate, and the intensity of the high-
frequency band should decrease. According to this
mechanism, we should expect a shift of the maximum of
the integral absorption band to the red region. In our case
such noticeable shifts were not observed.
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The second cause of hypochromism is related to the
so-called "sieve" effect, i. e., the uneven distribution of
chromophores due to formation of the molecular
aggregates that in turn leads to a violation of the
Bouguer-Lambert-Behr law. A classic manifestation of
this effect is hypochromism of hemoglobin optical
specters in erythrocyte suspensions [12]. Given the fact
that in this study no significant shifts in the position of
absorption maxima occurred, the detected changes in the
absorption spectra of hemoglobin can be explained by the
effect of "sieve" which occurs due to aggregation of
hemoglobin molecules. The driving causeof the protein
aggregation in this case is likely the destruction of
hydrogen bonds in the aqueous phase and the increase
of the rotational-translation motion of water molecules
with increasing temperature thatresultsto decrease of the
hydrate shell of protein macromolecules and increase
their ability to aggregation.
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Fig. 3. Absorption spectra in the blue, as well as in the yellow-green and yellow region of the spectrum of 15 uM solutions
of hemoglobin in control samples (solid black line) and upon 1-hour exposure to MEMR
(7,1 mm, 6 mW, 60 min exposure, dash dot red line), (T = 22,5°C)

Note: here and below — the spectral lines shown in the figures are obtained by averaging the absorption spectra for 10 repeated studies
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Fig. 4. Absorption spectra in the blue, as well as in the yellow-green and yellow region of the spectrum of 7uM solutions
of hemoglobin in control samples (solid black line) and upon 1-hour exposure to MEMR (7,1 mm, 6 mW, 60 min exposure,
dash dot red line), (T = 19,5°C). s. n. s — statistically insignificant difference)
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The influence of MEMR on hemoglobin solutions
causes the statistically significant decrease of the optical
density at the absorption maxima in the optical spectra
under conditions of equal temperatures in the experimental
and control samples (fig. 3). This hypochromic effect is
also not accompanied by changes of the position of
absorption maxima. Thus, we can conclude that the effect
of MEMR on the optical properties of hemoglobin also
occurs by the temperature mechanism. This conclusion is
confirmed by previously obtained data [6] showed the
additional destruction of hydrogen bonds and growth of
rotational translation motion of water molecules under
conditions of equal temperatures in the experimental
samples compared to control.

Thus, MEMR with threshold thermal intensity is a
physical factor that causes aggregation of hemoglobin
molecules due to the impact on the structural-dynamic
properties of water. It is important to note that at low protein
concentrations such effects are not observed (Fig. 4) also as
for water phase too [6]. Such a lack of statistically significant
effects of MEMR on the properties of water in low-
concentration hemoglobin solutions [6] indicates that the
biological effects of electromagnetic fields are manifested in
highly concentrated aqueous-colloidal systems and probably
such effects should be much stronger in the case of intact
cells and biological fluids.

Conclusion. The parameters of the absorption
spectrum of an aqueous solution of hemoglobin depend
on temperature. As the temperature increases, the optical
density in the Sore band and the bands of the oxygenated
form of hemoglobin decreases. The observed
hypochromic temperature effect is associated with
increased protein aggregation.

The effect of MEMR leads to a small but statistically
significant hypochromism in the spectra of hemoglobin
absorption that indicates the increase of protein
aggregation unon the action of this physical factor which
cause the changes of hydration of protein molecules. This
effect depends on the protein concentration and is not
detected at low concentrations.
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KuiBcbkui HauioHanbHUM yHiBepcuteT imeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

BMNNUB ENEKTPOMAIHITHOIO BUNPOMIHIOBAHHA MINIMETPOBOIO AIAMA30OHY
HA ONTU4YHI BIIACTUBOCTI FTEMOINOBIHY

BionoziyHa akmueHicmb MiKpOxeusb08020 eflekmpomazHimHo20 eunpomiHtosaHHsi (MEMB) eidoma 0agHo, wjo € 0CHOB00 li020 3aCcmocyeaH-
Hs1 @ MeduyuHi. OOHak 6ioghizuyHi MexaHi3Mu Ybo20 ¢hakmopa Ha MOJIEKY/ISIPHOMY pieHi 3anuwaromscsi HeGoCmMamHbLO 8U8YEHUMU, W000 HUX
idymb akmueHi Auckycii. 3 o2nsdy Ha ye 6yno docnidxeHo ocobnueocmi ennuey MEMB Ha onmu4Hi enacmueocmi 600HUX pPO34UHie 2eM02/106iHy
3 Memoto xapaKmepucmukKu regHo20 CMPYKMypHo20 cmaHy 4bo20 6inka.

06°’ckmom docnidxeHHs1 6ynu onmu4Hi erlacmueocmi 800HUX PO3YUHie 2eMo2s106iHy foOUHU 8 diana3oHi KoHYyeHmpauit 7 i 15 mkM ma e dia-
na3oHi memnepamyp 10-40 ° C.

OnmuyHi cnekmpu peecmpyeanu 3a dornoMozor cnekmpoghomomempa Biospec Mini e diana3oHi doexuH xeunb 190-1100 HM. 3 memoto nid-
8UWeHHs1 MoYHOCMi aHanisy cnekmpanbHux 0aHux criekmpu 6ynu HopmarsizoeaHi uyodo 6a3oeoi niHii, wjo npoxoduna napanesbLHO 20pPU3OHMarb-
Hili oci Yyepe3 MiHiManbHe 3Ha4eHHSI ONMUYHOI WinbHOCMI y ciekmpi no2nuHaHHsA. SIk OCHOBHI Napamempu criekmpie no2auHaHHSA 6ynu sukKopuc-
maHi 3Ha4YeHHs1 MaKCuMyMi8 rno21uHaHHs ma onMmMuYHoT winbHocmi. 4ns mo4Hiuwo20 eusHa4eHHs1 3a3Ha4YeHUX napamempie 3acmoco8aHo yHKuio
B-cnnatiHy.

Ekcnosuyito po3yuHie 2emo2n06iHy e MEMB npoeodunu Ha doexuHi xeusni 7,1 Mm 3 nomyxHicmio 6 MBm. Lis nomyxHicmb MEMB sionoeidae
YMOBHOMY 2paHU4YHOMY Oiana3oHy MiXX mensi08ot0 ma HemepmiyHoto dieto ybo20 hakmopa.

Y cmammi npoaHanizoeaHo 3anexHicmb ONMUYHUX enacmueocmel 2emMo2s106iHy y cnekmpasnbHoMy Oiana3oHi No2/IuUHaHHS 2eMMy 8i0 meMm-
nepamypu ma po32sisiHymo ensiue MiKpoxeusib080o20 8UNPOMiHIOB8aHHSI Ha OIMUYHI 8/1acmueocmi Po34uHie 2eMo2s/106iHy 8 KOHmMeKcmi 2inoxpom-
Hux eghekmis, iHAyKkoeaHUX memnepamypoto. BusieneHo, wjo napamempu crnekmpa no2siuHaHHsi 800HO20 PO34YUHYy 2emMo2/106iHy 3anexamb eid
memnepamypu. Onmuy4Ha winbHicmb y cMy3i Cope ma crnekmpasibHUX CMy2 axoKcu2eHoeaHoi hopMu 2emMo2s106iHy 3MeHWyembCsl 3a nideuujeHHs
memnepamypu. CnocmepexyeaHuli memnepamypHuli 2inoxpoMHuli e¢ghekm noe'sizaHuli 3i 36inbweHHAM azpe2auii 6inka.

Bnnue MEMB npu3eodumb 30 HeeesluKo20, ajle cmamucmuYyHO 3Ha4yuw,020 2iMoXpoMi3My y criekmpax no2juHaHHs 2eMo2/106iHy, w0 ceio-
qums npo 36inbweHHs azpe2ayii 6inka nid diero Ybo20 hizu4HO20 hakmopa, sIKuli cnpuYyuHsie 3MiHU e 2idpamauyii 6inkoeux MosneKyn. 3asHayeHul
eghekm 3anexums 8i0 KOHYeHmpauii 6inka i He eusienIseMbCs 3a HU3bKUX KOHYeHmpauid.

Knro4oei cnoea: po3yuHu 2eMo2n106iHy, 2inoxpomi3m, Mikpoxeusnboee efleKkmpomaaHimHe eUnPOMiHIO8aHHSI.
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BIMUAHUE SNIEKTPOMAITHUTHOIO U3NYYEHUA MUNNUMETPOBOIO AUAMA30HA
HA ONTUYECKUE CBOMCTBA FrEMOITIOBUHA

Buonozuyeckasi akmueHOCMb MUKPOBOJSIHOB8020 3JIEKIMPOMa2HUMHo20 u3sny4veHusi (MOMHU) uzeecmHa 0asHO, Ymo sienisiemcsi OCHoO8ol e20
npumeHeHus1 8 MeduyuHe. Ho 6uoghusuyeckue MexaHu3Mbl 3Moz20 ¢hakmopa Ha MOJIEKYTISIPHOM ypO8He ocmaromcsi HeAocmamoYHO U3yYeHHbIMU
u akmueHo Auckymupytomcsi. [loamomy 6binu uccnedogaHbl ocobeHHocmu enusiHusi MOMU Ha onmuyeckue ceolicmea 800HbIX pacmeopoe 2e-
Mo2/106uHa € Uesbio XxapaKkmepucmuku onpedesieHHoO20 CMPYKMYypPHO20 COCMOsIHUSI 3mo20 6eslka.

O6nexkmom uccrnedogaHusi cmanu onmu4Yeckue ceolicmea 600HbLIX pacmeopos 2emo2/106uHa 4Yesiogeka 8 duana3oHe KOHUeHmpauyul 7 u
15 Mkm u 8 duanaszoHe memnepamyp 10-40 ° C.

Onmuyeckue cnekKmpbi pe2ucmpuposasnu ¢ noMowbto criekmpogomomempa BiospecMini e duanazoHe AnuHbl 8osiH 190-1100 HM. C yenbio
noebiweHUs1 MOYHOCMU aHanu3a crekmparsbHbix 0aHHbIX CrieKmpb! 6b1s1U HOPpManu3oeaHbl OMHocumesibHo 6a3oeol uHUU, npoxoduswel napa-
JI1e/IbHO 20PU30HManbHOU OCU Yepe3 MUHUMallbHOe 3Ha4YeHue onmu4Yyeckoli NIomHocmu e crekmpe rnoasaoujeHusi. B kayecmee ocHoeHbIx napa-
Mempoe criekmpoe fnoanoujeHusi 6bi1u UCNOo/Ib308aHbl 3HaYEHUSI MaKCUMYMO8 roz2sioweHusi u onmuyeckoli nnomHocmu. [ns 6onee mo4Ho2o
onpedesieHusi amux nNapamempoe ucnosib3o8anu yHkyuro B-cnnaiina.

Skcno3uyuro pacmeopoe 2emozs106uHa 8 MOMU npoeodunu Ha dnuHe 8osiHbI 7,1 MM ¢ MowHocmbio 6 MBm. 3ma mowHocms MAMU coo-
meemcmeyem ycrioeHoMYy npedesibHOMy duana3oHy Mexdy mensioebiM U HemernsoebiM delicmeuemM 3moz2o ghakmopa.

B cmambe npoaHanu3upoeaHo 3agucuMOCmb ONMUYecKux ceolicme 2emMo2/106uHa e criekmpasnbHoOM duana3oHe Mo2/10WeHuUs 2eMma om me-
mnepamypbl u paccMmompeHo enusiHue MOMW na onmuyeckue ceolicmea pacmeopoe 2eMo2/106uHa 8 KOHMeKcme 2unoxXpPoMHbIX 3aghghekmoe,
UHOyyupoBaHHbIX memMnepamypol. BbisienieHo, Ymo napamempbi criekmpa rnoasaoujeHusi B00HO20 pacmeopa 2eMo2/106uHa 3asucsim om memiie-
pamypbl. Onmuyeckasi n1omHocmb 8 nosioce Cope U crekmpasbHbIX MOSI0CaX OKCU2eHUpPOoeaHHOU ¢hopMbl 2eMo2s106uHa yMeHblWaemcsi npu
noebiweHuu memnepamypsl. Habnrodaembili memnepamypHbIl 2unoxXpoMHbIl 3ghghekm cesizaH ¢ yeenuvyeHueM azpeaayuu 6enka.

BnusiHue MOMU npueodum k He6osbWoOMy, HO cmamucmu4ecKku 3Ha4uMOMY 2UMoXPOMU3MYy 8 CrieKmpax fnoasowjeHusi 2emo2s106uHa, Ymo
ceudemenbcmeyem 06 yeenu4yeHuu azpeaayuu 6eska nod delicmeuem 3moao hu3zuyecKko20 hakmopa, ebi3blearouse20 UsMeHeHus1 8 2udpamayuu
6esnkoebix Mosnekysn. dmom aghghekm 3agucum om KoHUyeHmpauuu 6esika u He NPOsI8JIIEMCS NMPU HU3KUX KOHUEeHmpauyusix.

Kntoyeenie crnoea: pacmeopbi 2eMo2/106uHa, 2uNoOXpPoOMU3M, MUKPOGOJIHO80€E 3J/IeKmpPOoMazHUMHOe U3jly4eHue.



