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Summary

The effect of thyrotropin-releasing hor-
mone (TRH) in a broad concentration range 
(10-20 to 10-2 М) on water transmittance in-
dex was studied by the method of infrared 
spectroscopy in the middle-IR range. It is 
indicated that high TRH concentrations in-
duce the highest impact on transmittance, 
and a statistically significant maximum at 
TRH concentration of 10-16 M is observed. 
Hence, high concentrations cause no effect 
on IR-spectrum fluctuations, whereas the 
TRH low concentration range (about 10-16 
M) is characterized by a strong dispersion 
increase (almost twice as much as the con-
trol) for the mean transmittance of IR ra-
diation. It is concluded that different TRH 
concentrations, including super low ones, 
change the aquifer system state causing for-
mation of new types of clusters, whose im-
pacts on transmittances are rather high.

Introduction

To date, plenty of information on paradoxical 
impacts of biologically active substances (BAS), 
e.g., hormones, peptides, pesticides, poisons, 
antioxidants and other agents, in ultra low 
doses (ULD, 10-22 - 10-12 М) on the living sys-
tems of various complication degrees, from en-
zymes and membranes to entire organisms and 
populations, is accumulated in the literature 
(Ashmarin et al., 1992; Burlakova et al., 2004; 
Calabrese and Baldin, 2002; Khuda-Buksh, 
2003; Milazzo et al., 2006; Mohr et al., 2003; 
Montfort, 2000; Mori et al., 1996; Morimoto et 
al., 1993; Pal’mina et al., 1994, 1995; Puchalsky 
and Smarina, 2001; Voronina and Molodavkin, 
1999; Zhernovkov et al., 2003, 2005; Zher-
novkov and Pal’mina, 2007, 2009; Yamskova et 
al., 1999). 	

The features of these effects (Ashmarin et al., 
1992; Burlakova et al., 2004; Calabrese and 
Baldwin, 2002) are a nonlinear type of dose de-
pendence, which has several extremes separat-
ed by the so-called ‘dead zones,’ in which agents 
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are inactive or demonstrate minimal activity. 
The effect of BAS in ULD changes the sensitiv-
ity of different objects (cells, membranes, or-
ganisms) as a result of the impact of disturbing 
agents (irradiation, toxical substances).

It may be possible to stabilize the effect of BAS 
in ULD if a cell or an organism contains a partic-
ular substance in a concentration that is several 
orders of magnitude higher than the ligand-re-
ceptor complex dissociation constant. The ef-
fect of BAS on a receptor in a concentration that 
is several orders of magnitude lower than the 
ligand-receptor complex dissociation constant 
(Burlakova et al., 2004; Pal’mina et al., 1994; 
1995; Zhernovkov and Pal’mina, 2007) may de-
stabalize ULD.

BAS effect stratification—with its concentra-
tion decrease preserving the main effect and 
elimination of the side properties (Voronina 
et al., 1999)—has been determined. The stud-
ies of Ashmarin (Ashmarin et al., 1992, 2003, 
2005) and Chepurnov SA (Chepurnov et al., 
2002, 2005), and our own studies (Zhernovkov 
et al., 2003, 2005; Zhernovkov and Pal’mina 
2007, 2009) have demonstrated that TRH—
the hormone regulating the functional state of 
many organisms’ systems in a wide concentra-
tion range—is also ULD-active. In particular, 
we are presently concerned with its effect on a 
wide concentration range, including ultra low 
concentrations (10-18 - 10-4 М) of spontaneous 
contractive activity of lymphatic vessels. 

The antispasmodic brain defense in epilep-
tic fits—in animals and humans—has been 
demonstrated (Ashmarin et al., 1992, 2003; 
Chepurnov et al., 2002, 2005). As determined 
previously by our studies of invitro experiments 
(Zhernovkov et al., 2003, 2005; Zhernovkov 
and Pal’mina, 2007, 2009), TRH induces con-
centration-dependent changes in structural pa-
rameters of the lipid component of plasmatic 
and microsomal membranes: microviscosity, 
order parameter, and more statistically signifi-
cant changes (the effect up to 30%) have been 
observed for super low concentrations (doses) 
rather than for standard physiological ones. 
The changes in microviscosity of membranes 
are accompanied by shifts in temperature of ap-
propriate structural transitions and their acti-
vation energies.

It must be emphasized that, despite plenty of 
data on the BAS action including the TRH im-
pact on biological processes, the mechanism of 
their action in doses below 10-12 М is not yet ful-
ly clear. Since biochemical processes in the or-
ganism proceed in the aqueous medium, it has 
been suggested that structural changes of intra- 
and extra-cellular water, which occur under the 
effect of BAS, are significant in these processes 
(Grigor’ev et al., 2003, 2003a; Lobyshev, 2003, 
2005; Pollack, 2001, 2001a; Voeikov, 1999, 
2005, 2009; Yamskova et al., 1999; Zubareva 
et al., 2003, 2003a, 2003b). Some authors sug-
gest that as a substance dissolves in water, re-
active oxygen species (ROS) are formed, and 
these species, rather than a biologically active 
substance, affect biological objects (Voeikov, 
1999, 2006; Voeikov et al., 2006). Consider 
that long-living structural formations already 
exist in pure water, and they may be consid-
ered the primary target for low concentrations 
of dissolved substances (Lobyshev et al., 2003, 
2005). The appropriate variation in water prop-
erties causes a change in biomembrane proper-
ties and, consequently, this leads to a change in 
functional activity of the cell.

An expanded set of investigations of diluted 
BAS aqueous solution properties using IR-spec-
troscopy methods was carried out (Yamskova et 
al., 1999; Zubareva et al., 2003, 2003a, 2003b). 
The authors of these works exercise various 
judgments on BAS action mechanism in ULD, 
but they agree with this statement: the sub-
stances studied change the structure of water 
as well as the multimodality of the effects, de-
pending on the concentration of the dissolved 
substance being observed. To check on this hy-
pothesis we have recorded IR spectra of TRH 
aqueous solutions using an IKAR spectrometer.

Materials and Methods

In this work, TRH of Sigma Company was used; 
TRH solutions were produced by consecutive 
dissolution of the initial mixture (10-1 M) by an 
order of magnitude using bidistilled water.

The spectrum of thyrotropin-releasing hormone 
was measured on an IR Fourier spectrometer 
Magna IR 750 (Nikolet Company) in the range 
of 4000-500 cm-1, in a tablet with KBr.
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Transmittances and their dispersion for TRH 
solutions in some wide (50-100 cm-1) ranges in 
the middle part of the infrared spectrum were 
determined using IKAR, a new programmed 
hardware set designed in Tver Medical Acad-
emy. This set allows quick quantitative deter-
mination of transmittance fluctuations in nine 
ranges of the IR spectrum. The record rate is 1 
measurement by 9 channels per second. Trans-
mittance values were recorded for the following 
wavelength ranges: 3500-3200 cm-1 (channel 
1), 3085-2832 cm-1 (channel 2), 2120-1880 cm-1 
(channel 3), 1710-1610 cm-1 (channel 4), 1600-
1535 cm-1 (channel 5), 1543-1425 cm-1 (channel 
6), 1430-1210 cm-1 (channel 7), 1127-1057 cm-1 
(channel 8), 1067-963 cm-1 (channel 9). The 
range width was defined by optical parameters 
of the appropriate interference filter. The mea-
surement was carried out in cuvettes from КRS-
5 20 μm thick. For IKAR system, the measure-
ment error of transmittance is below ±0.3%. 
For specific transmission of infrared radiation 
in each range, the transmittance (Ktr)×100 
(r.u.) was used. The detailed description of the 

unit is presented in the patent (Kargapolov et 
al., 1999).

At the first stage of the experiment, the values 
of transmittances and their dispersions for pure 
water (etalon) and then for the TRH solution 
under study were recorded. Further on, in the 
evaluation environment of MATLAB integrated 
system of calculations, the linear discrimina-
tive analysis was performed. It is noted that in 
every range of wavelengths normal distribution 
of fluctuations was observed. This gave an op-
portunity of quantitative characterization of the 
water state in the presence of various TRH con-
centrations by nine dispersions determined at 
various frequencies of the spectrum using the 
Mahalanobis criterion (the Mahalanobis dis-
tance). This criterion characterizes the distance 
between the centers of two compared groups 
(the etalon and the sample) in the multidimen-
sional space with regard to their paired corre-
lations between cognominal matrix columns of 
spectral characteristics. Contrary to Euclidean 
and other metrics, this metric is associated with 
correlations of infrared indices via the disper-

Figure 1: The change of transmittances for 9 channels: 3500-3200 cm-1 (channel 1), 3085-2832 cm-1 
(channel 2), 2120-1880 cm-1 (channel 3), 1710-1610 cm-1 (channel 4), 1600-1535 cm-1 (channel 5), 1543-
1425 cm-1 (channel 6), 1430-1210 cm-1 (channel 7), 1127-1057 cm-1 (channel 8), 1067-963 cm-1 (channel 9).
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where S? = (n? - 1)cover(X) is the covariance ma-
trix of the etalon and the covariance matrix of 
the analyzed sample; and net, ns are sampling 
sizes of the etalon and the sample. Calculations 
and charting were performed in MATLAB and 
Origin software media.

Results and Discussion

Figure 1 shows changes in transmittance de-
pending on the TRH concentration for 9 chan-
nels (various ranges of IR-spectrum). Appar-
ently, the effect dependence on the TRH dose 
for all channels, in general, with the exception 
of 1, is analogously nonlinear: more or less for 
each channel two maximums in the range of 
low (10-12 - 10-20 М) and high (10-2 - 10-6 М) TRH 
concentrations are expressed. It should be em-
phasized that high concentrations induce the 
highest impact on transmittance. However, at 
the same time, a statistically significant maxi-
mum, comparable by value with the maximum 
in the high dose range, at the TRH concentra-
tion of 10-16 M is also observed.

It is suggested that the changes observed in the 
IR-spectrum of the TRH aqueous solutions may 

sion matrix. When the correlation between vari-
ables is zero, the Mahalanobis distance is equiv-
alent to the Euclidean distance. Theoretically, 
the Mahalanobis criterion is reasoned well and 
qualitatively estimates the difference between 
the sample and the etalon (Maesschalck et al., 
2000). The mathematical expression is the fol-
lowing:

where Yk,n is the matrix of spectral characteris-
tics of the sample; Xm,n is the matrix of spectral 
characteristics of the etalon;

 

is the vector of mean arithmetical columns of 
the matrix X; S-1 is the inverse matrix to general 
intraclass dispersion-covariance matrix S:

Figure 2: The spectrum of TRH in the middle range of IR-spectrum. Dry substance.
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and the ninth (1067-963 cm-1) channels of IKAR 
spectrometer. It is suggested that, for the pur-
pose of elimination of the substance’s influence 
on the effect, it is desirable to consider data on 
these wavelengths. As observed in Figure 1, the 
transmittance behavior is analogous for both 
channels, but for the third channel the changes 
are greater. This range of wavelengths will be 
discussed in greater detail.

In fact, the data on the third channel (Figure 
1, channel 3) reproduces a general picture of 
changes in transmittances observed for the rest 
of the channels. As is seen in Figure 1, high TRH 
concentrations induce the highest impact on 
transmittance. At the same time, a statistically 
significant maximum—at TRH concentration 
of 10-16 M with transmittances comparable with 
these for high TRH doses—is also observed. 
This super low TRH concentration is so low that 
it is impossible to explain the effects observed 
by the presence of the substance itself in solu-
tion. Therefore, it may be concluded that the 
effect observed is stipulated by a change in the 
structure of water induced by TRH.

be stipulated by the absorption of the substance 
itself. To check the correctness of this sugges-
tion, we have measured the IR-spectrum of dry 
TRH samples in the range of 4500 - 500 cm-1. As 
far as we know, previous spectral TRH charac-
teristics in this wave range have not been deter-
mined. As is shown in Figure 2, this spectrum 
has several maximums explained according to 
(Bellami, 1963) valence (ν) and deformational 
(δ) oscillations of the following groups: wide 
absorption bands ν(NH) at 3271 cm-1; ν(СН) at 
2977 cm-1; ν(С=О) at 1683 cm-1 (amide I band); 
δ(NH) at 1539 cm-1 (amide II band); and δ(СН) 
at 1445 cm-1.

In Figure 2, IR-spectrum of TRH showed nine 
ranges or nine channels, for which measure-
ments by IKAR unit were performed. Some of 
these channels coincide with the absorption 
maximums in the TRH spectrum. However, 
analysis of the data on the absorption index 
of anhydrous pure TRH using Magna-IR 750 
spectrometer of Nikolet Company demon-
strates that TRH does not absorb in the fre-
quency ranges of 900-1100 and 1800-2800 cm-1 
that corresponds to the third (2120-1880 cm-1) 

Figure 3: The change of dispersions for channel 3.
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Such an increase of transmittances at high dis-
solution degrees may be caused by differences 
in the processes of cluster formation in water. 
There are plenty of data in the literature on the 
existence of microdomains or clusters in water, 
the state of which depends on temperature and 
the presence of additives (Hribar et al., 2002; 
Keutsch et al., 2001). For the purpose of water 
dynamic parameters estimation, we analyzed 
dispersions of IR-spectrum transmittances.

Figure 3 shows data on the ratios of transmit-
tance dispersions in the third channel, and the 
dependence obtained is of a cyclic wave-like 
type. High concentrations cause no effect on IR 
spectrum fluctuations, whereas TRH low con-
centration range (namely, 10-16 M) is character-
ized by strong changes in the fluctuation of the 
spectra of aqueous solutions. Comparative anal-
ysis of transmittance dispersions by the Fischer 
criterion shows significant difference—the dis-
persion ratio equals 2.46, which is higher than 
the table value of the Fischer criterion F(0.05, 
50, 50) = 1.60. Therefore, the dispersions are 
significantly different in the third channel range 
(2120-1880 cm-1). Similar data were obtained 

for channel 9.Thus, we recorded rather strong 
changes of both static and dynamic parameters 
of the aquifer system at the frequency of chan-
nel 3 of 2120-1880 cm-1, outlined primarily 
against the rest of the frequencies. 

As mentioned above, for the purpose of com-
plex assessment of the effect of one substance 
or another on water, in the literature (Zubareva 
et al., 2003a, 2003b, 2003c) the Mahalanobis 
criterion was used, the changes of which with 
TRH concentration are shown in Figure 4. It 
should be noted that the Mahalanobis criterion 
is significantly affected by average transmit-
tances and their dispersion. The curve (Figure 
4) has three maximums at dilution of the initial 
TRH solution to concentration of 10-2, 10-6 and 
10-16 М. 

Thus, different TRH concentrations—both su-
per low and high ones—cause similar, though 
quantitatively unequal, changes in the aquifer 
system state. In the authors’ point of view, simi-
lar changes of total characteristics of the aquifer 
system obtained under the effect of other agents 
(Yamskova et al., 1999; Grigoriev et al., 2003a, 

Figure 4: The influence of TRH solutions on fluctuations of IR-spectra of water. Quantitative assessment 
by the Mahalanobis criterion is given.
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2005; Zhernovkov and Pal’mina, 2007, 2009). 
Thus, it may be concluded that under experi-
mental conditions different TRH concentra-
tions change the state of heterogeneous aquifer 
systems, apparently causing formation of new 
types of clusters or their rearrangement. The 
impacts on transmittances are rather high. In 
the case of TRH in ULD injection, a significant 
increase of fluctuations of these parameters in-
dicates instability and, apparently, the initial 
non-equilibrium nature of the processes pro-
ceeding in water (Lobyshev et al., 2005). 

Water is the active dynamic medium sensitive 
to external impacts. The external factors of low 
intensity are biologically active substances in 
ULD, or low physical impacts may affect these 
processes. By all appearances, it is the latter. 
These changes in the water structure may af-
fect the functioning of substances dissolved in 
it, proteins and enzymes in particular, as well 
as the state of cellular membranes and regula-
tory systems localized in it. This work results 
in obtaining experimental data allowing, on 
the example of TRH peptide, to conclude with 
certainty about possible mechanisms of BAS in 
ULD based on the effect of the low factors of im-
pact on the aquifer system.
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Discussion With Reviewers
Igor A. Yamskov1: Now several papers concern-
ing the changes in IR-spectrum of water solu-
tions in the near IR-region (5200 - 14000 cm-1) 
have appeared. In this regard, I would like to 
ask what are you thinking about the possibility 
of finding the effect of TRH on the water system 
in this area of IR-spectrum?  

Palmina: We have known very well about the 
interesting data obtained by several authors 
concerning the changes in IR-spectrum of dif-
ferent water solutions in the near-IR region 
(5 200-14000 cm-1): Ken-Ichi Izutsu et al., J. 
Pharm. Sci. 2006; Akikazu Sakudo et al., J. 
Toxicol. Sci. 2007; J. Vet. Med. Sci., 2006; Sy-
mons M.C., Cell Mol Life Sci., 2004; Chen Y. et 
al., Appl. Spectrosc., 2009; Amerov A.K., Appl. 
Spectrosc., 2004; Murayama K., Ozaki Y., Bio-
polymers, 2002; Wu Y. et al., J. Phys. Chem., 
2000. Some of them are dealing with diluted 
water solutions of proteins and DNA. TRH 
is water-soluble polypeptide, and there were 
hints about the possible change of the absorp-
tion index of water in the near-IR region (5200 
– 14000 cm-1) having many spectral windows 
in the water spectrum, where IR absorption is 
very low and, moreover, measurements are per-
formed in a rather thick layer of the solution. At 
the moment we have carried out these experi-
ments, and obtained results will be presented in 
the next paper.

Yamskov: There are data about nonlinear con-
centration dependences for the size of nano-
associates BAC and the specific electrical con-
ductivity of nonlinear concentration–bioeffect 
dependences found for this agent earlier. What 
is your opinion concerning the possible contri-
bution of such properties of diluted water solu-
tion in observed TRH effect?

Palmina: It is a quite reasonable question be-
cause academician A.I. Konovalov with his col-
leagues—in the Arbuzov Institute of Organic 
and Physical Chemistry, Kazan Research Cen-
ter, Russian Academy of Sciences—have for a 
long time studied the dependences for the size 
of nanoassociates and specific electrical con-
ductivity of high diluted water solutions of bio-
logically active substances (BAC) versus their 
concentration. They have found that these regu-
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larities, for many different BAC, have nonlinear 
character with several maxima.  Recently they 
experimentally showed, using the plant regu-
lator melaphene as an example, that approxi-
mately 20-nm nanoassociates are formed with 
participation of solvent structures in aqueous 
solutions of melaphene in the concentration 
range 10–20–10–4M. 

The concentration dependences for the size of 
nanoassociates and the specific electrical con-
ductivity are interrelated and resemble the 
nonmonotonic nonlinear concentration–bioef-
fect dependences earlier found for this agent. 
Thus, the electrical conductivity data may serve 
as indicators of formation and transformation 
of nanoassociates in aqueous solutions. Dr. Pol-
lack, with co-workers, has developed the idea 
on the existence of near surface water layers in 
the vicinity of hydrophilic surfaces and particles 
(including the membranes), which differ from 
the deeper water layers in viscosity, dielectric 
permittivity, and electrical conductivity. 

So, it is quite possible that these properties of 
water confirm our assumption made on the ba-
sis of experiments on IR spectroscopy of aque-
ous solutions of TRH. Changes in the concen-
tration of biologically active compounds cause 
changes in the physicochemical properties of 
water. The last fact is apparently determined by 
the formation and rearrangement of nanoasso-
ciates in aqueous solutions of biologically active 
compounds, which are associates of hydrated 
ions or molecules of a compound and the mol-
ecules or associated structures of water. 

With regard to our earlier data, it is obvious that 
the structure and properties of nanoassociates 
change as the concentration range of biological-
ly active compounds changes, which is reflected 
in the expression of the overall effect exerted by 
a dissolved compound on cell membranes. Sig-
nificant fluctuations detected after the addition 
of biologically active compounds at ultra-low 
concentrations for determination of the electri-
cal conductivity of solutions and membrane pa-
rameters indicate the occurrence of instability 
and, respectively, the creation of non-steady-
state conditions in the aqueous system, which, 
in turn, may affect the physicochemical and 
biochemical properties of membranes.

Vladimir Voeikov2: What particular method of 
serial dilution did you use? What was the vol-
ume of an aliquot that you took from the pre-
ceding dilution and what was the volume of wa-
ter to which you added this aliquote? Was any 
kind of potentiation used?

Palmina: TRH solutions were produced by con-
secutive dissolution of the initial mixture (10-1 

M) by an order of magnitude using bidistilled 
water: aliquot 100 µl was taken from the pre-
ceding dilution and 900 µl of bidistilled water 
was added to this aliquote. Then this mixture 
was shaken using the Vortex for 1 minute and 
used for measurements. Changes in Vortex 
speed did not influence the results.

Voeikov: For how long a period of time after the 
preparations of diluted samples of TRH did the 
characteristic pattern of dose-response curves 
presented in Figures 1, 3 and 4 persist?

Palmina: All samples were prepared just before 
measurements. 20 µl solution was placed into 
a special cuvette and multiple measurements 
of transmission coefficient were carried out 
during 5 seconds. For one cycle 50 measure-
ments in each from 9 wavelength ranges of IR 
spectrum were recorded. Experiments were re-
peated 3 times. All statistical calculations were 
produced on the basis of 150 values for each 
concentration. The characteristic pattern of 
dose-response curves presented in Figures 1, 3, 
and 4 persisted for 2-3 days. The next estima-
tion of dose-response dependences was carried 
out only after 30 and 60 days.

Voeikov: Did the effects reported in the paper 
depend upon a certain amount of time between 
the samples preparation and IR-spectra mea-
surements? In other words, did you observe 
any kind of “ripening” of solutions that would 
indicate significant differences between differ-
ent dilutions?

Palmina: We repeated the same kind of experi-
ments with solutions which were stored at the 
temperature 8oC during 30 and 60 days. We 
have found that after 30 days maxima on the 
plots of the dependence of Mahalanobis value 
on concentrations decreased two-fold. Also,  the 
first maximum was shifted to lower concentra-
tions (10-7-10-9M), the second maximum was 
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shifted to higher concentrations (10-11-10-13M). 
After 60 days, the maximum at ultra low con-
centration (10-16M) disappeared. So we draw 
the conclusion that it is reasonable to use TRH 
in biological experiments and clinical practice 
not later than 30 days after production. It is 
best to use it during the first 3 days. This con-
clusion was confirmed by the data obtained in 
the works of academician I.P.Ashmarin’s labo-
ratory, which is devoted to antiepileptic proper-
ties of TRH.
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