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ABSTRACT

Objective: The purpose of our study is to search for a new express method for quality control of peptides and polypeptides based on their
authenticity.

Methods: Aqueous solutions of animal and plant-derived regulatory peptides, experimental compounds and finished therapeutics, finished dosage
forms of animal tissue extracts (a mixture of peptides and polypeptides from tissues) and drugs with active pharmaceutical ingredient in which
solutions of anti-bodies to interferon y were applied on a carrier in the fluidized bed chamber have been studied by methods such as: dynamic light
scattering (DLS) for determining the size distribution of density heterogeneities, method of two-dimensional dynamic light scattering (2D-DLS) and
method for determining radiothermal emission using a broadband radiometer to specific identification of peptides and polypeptides drugs without
opening the packaging due to the individual data set of each biomolecule. Method of solid phase peptide synthesis based on the FMOC technology

Results: The data obtained indicate that biologically active peptides and polypeptides can induce heterogeneous densities within the submicron
(100-1000 nm) and micron (5,000-6,000 nm) ranges. These specific induction patterns were used as individual characteristics of each peptide or
active pharmaceutical agent. These were detected using the two-dimensional dynamic light scattering (2D-DLS) method. For example, peptides
derived from the same plant (StSys1) and (StPepl) can be easily distinguished at nanomolar concentrations. This approach demonstrates the
creation of a unique “fingerprint” for each peptide preparation.

In addition, it has been found that solutions containing peptides, which are biologically active nanoparticles with complex shapes, not only emit
within the millimeter wavelength range but can also mimic their presence within cells by activating giant clusters.

Conclusion: The interaction of peptides and polypeptides with aqueous solutions leads to remote anomalous induction of water clusters. The
spectrum of sizes of these giant heterophase water clusters, the kinetics of their flickering, and millimeter-wavelength radio emission open up the
possibility of express control of peptide-based drugs by their "authenticity” characteristic without opening the packaging.
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INTRODUCTION

The pool of biologically active animal and plant peptides is formed
as a result of the catabolism of endogenous proteins [1], hydrolysis
of exogenous polypeptides (from food) [2], de novo synthesis [3],
and absorption of exogenous peptides [4].

There is a theory that defines the pool of peptides of diverse origin as
the lower level of metabolism regulation [5]. The simplest example is
the dipeptide carnosine, a classic antioxidant and participant in the
buffer system for pH stabilization with pK=7.0. Biologically active
peptides can play the role of participants in futile cycles in nitrogen
metabolism, which allow regulating flows of nitrogen-containing
heteroatomic compounds along various pathways of synthesis and
disintegration, kinetically bypassing the thermodynamic restrictions of
a simple reversal of the reaction sequence [6].

There are also specific receptors for bioactive peptides with
subsequent generation of secondary messengers both in animals and
plants, which makes the mechanism of action of these peptides similar
to the response to hormones [7]. This is especially characteristic of
neuropeptides, including enkephalins and endorphins [8].

Bioactive peptides can be either linear or cyclic oligopeptides [9], as
well as glycosylated derivatives [10]. Peptides may include 3-amino
acids and D-enantiomers [11, 12].

Exogenous sources of bioactive peptides can be tissues of animals
[13], plants [14], insects [15], or bacterial biomass [16]. For the
purposes of pharmaceutical chemistry, it is very interesting that
bioactive peptides have demonstrated clinically proven effects as
nootropic agents (including those for post-stroke rehabilitation)
[17], anti-infective activity [18], and anti-cancer activity [19].

The objects of this study are bioactive peptides and polypeptides of
animal and plant origins, including finished dosage forms, which are
characterized by the manifestation of biological activity at low
concentrations 1 nM [20]. We demonstrated the application of a
newly developed express quality control method for animal and
plant peptide aquatic preparations based on diffuse reflection. This
method, which we recently developed [21], was used to monitor
isotope content in the anti-cancer adjuvant-deuterium-depleted
water. We also proposed an explanation for the mechanism of action
of peptides and polypeptides in the nM concentration range using a
quality control method for biologically active nanoparticles by their
intrinsic radiothermal emission.

MATERIALS AND METHODS
Dynamic light scattering method

The size distribution of density heterogeneities and control of their
dispersity were carried out using a Zetasizer Nano ZSP dynamic light
scattering spectrometer (DLS) (MALVERN Instruments, UK).
Applications: measurement of diluted samples, nanoparticle size
distribution from 0.1 nm to 10 pm using patented NIBS (Non-
Invasive Back Scattering) technology [22, 23]. The measurement
principle is based on photon correlation spectroscopy, which is
based on the analysis of the Brownian motion of particles of the
dispersed phase in a dispersion medium, which leads to fluctuations
in the local concentration of particles, local heterogeneities of the
refractive index, and fluctuations in the intensity of scattered light.
The characteristic relaxation time of intensity fluctuations is
inversely proportional to the diffusion coefficient. Particle size is
calculated using the Stokes-Einstein equation:
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where: D is the diffusion coefficient, ks is the Boltzmann constant, T
is the absolute temperature, 1 is the viscosity of the liquid, r is the
radius of the particle.

Each solution of nanoparticles was controlled for monodispersity
using the DLS method and the absence of impurities in the band of
more than 190 nm. The buffer solutions and high-resistivity water
(Millipore) were also controlled for impurities. Measurement
conditions: the time of one measurement is 15 sec with 11 repetitions
and 5 measurements for reproducibility. Every time, we controlled the
refractive index (refract metrically) and the temperature of the
solution. The refractive index of oligopeptide nanoparticles was taken
to be 1.45. The solutions were studied in high-resistance water and in
TNC buffer (0.01 M Tris (hydroxymethyl) aminomethane; 0.14 M NaCl;
0.01 M CaClz; pH 7.2-7.4).

Measurement of the radiothermal emission

The density of the radiothermal emission flux in the microwave band
of wavelengths was determined using a TES-92 apparatus (TES
Electrical Electronic Corp., Taipei, Taiwan) with the device tuned for
anisotropic measurement along the Z axis [21]. The measurement
results were recorded - the maximum average value of the flux density
at a given point in time with stepwise averaging every 300 ms.

The powders or solutions were heated using a solid-state thermostat
with Peltier elements (Termo 24-15 Biokom, Moscow, Russia) under
the control over the temperature of the sample through a remote
laser infrared thermometer (Bentech GM320, Shenzen Jumaoyuan
Science and Technology Co., Ltd., Schenzen, China).

The samples were activated by light using LEDs of a new generation,
which provide a power density of up to 50 mW/cm? in the region of
407 nm at a spectral linewidth of up to 2-4 nm (including model
AA3528LVBS/D, type C503B-BCN-CV0Z0461, manufacturer Cree
LED, USA) [24].

All measurements were carried out on the unit strictly in the same
geometry, located in a room, where the second TES-92 device
controlled the distribution of the microwave background radiation
with a height, width, and length pitch of 50 cm. The background
radiation in the experimental room did not exceed 1 uyW/m? at all
monitoring points.

Aqueous solutions were applied in drops of 100 pl to the bottom in
the center of sterile 4 cm Petri dishes axially along the Z axis, 10 mm
from the measuring head of the device. The powders were poured in
doses of 30 ginto 10 cm sterile Petri dishes with uniform shrinkage.
All measurements were taken at least 7 times. The standard
deviation is shown in the graphs of the Results section. TES-92, as an
electric field meter, was calibrated with a relative error of 1 dB and
has a low temperature error (0.2 dB in the range from 0 °C to 50 °C).

Diffuse reflection method (2D-DLS)

The registration of dynamic light scattering in two-dimensional
space (2D-DLS) was carried out within the framework of the optical
scheme for recording the kinetics of changes in the two-dimensional
reflection pattern, as described earlier [25]. In addition to laser
sources, new-generation LEDs were used to probe a section of the
solution at a given depth. The LEDs provide a power density of up to
50 mW/cm? in the 360-410 nm region with a spectral line width of
up to 2-4 nm (including model AA3528LVBS/D, type C503B-BCN-
CV0Z0461, manufacturer - Cree LED). The light signal reflected from
the object was recorded on a high-resolution CCD matrix (16 Mp)
and processed as a matrix of discrete elements with a certain signal
intensity. The obtained light scattering patterns were processed
using ten topological descriptors. Each descriptor is a topological
convolution of the scattering matrix obtained by element-wise
subtraction of the background. Therefore, the descriptor reflects not
only spatial heterogeneities on the surface or color, but also the
variability of light reflection. A two-dimensional light scattering
pattern is a matrix of discrete elements with a certain signal
intensity. The Vidan® and Atrium® software developed at our
university was used to process the data.
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Peptide, polypeptide and oligomeric protein drugs
Oligopeptide solutions

Biologically active peptide that induces delta sleep phase - DSIP
(CAS No.: 62568-57-4), MEHFPGP - was received from the Russian
Peptide company in the form of a 1 pM solution of the active
pharmaceutical ingredient, excipients: purified water, sodium
chloride, methylparaben (preservative).

Semax, a therapeutic (reg. No.: LP-002553 dated 30/12/2011), 1 pM
solution, amino acid sequence of the active substance: WAGGDASGE,
excipients: methyl parahydroxybenzoate (preservative), purified
water.

Peptide KH9, an internalizable peptide cell penetrating peptide
(CPP) with the amino acid sequence
KHKHKHKHKHKHKHKHKHKHKLFKKILKYL (29 amino acids (5
hydrophobic and 24 hydrophilic ones)). The peptide was obtained
by solid-phase synthesis based on the FMOC technology. After
purification of the peptide by HPLC and lyophilization, the level of
purity and identity of the peptide drug was confirmed to be 95% by
HPLC and mass spectrometry - the calculated monoisotopic
molecular ion with a mass of 3,808.33 [26].

Peptide StSysl - defense signaling peptide of potato Solanum
tuberosum  (systemin)-with the amino acid sequence
AVHSTPPSKRDPPKMQTD (18 amino acids (7 hydrophobic and 11
hydrophilic ones)). The peptide was obtained by solid-phase
synthesis based on the FMOC technology, purified by HPLC and
verified using mass spectrometry. The calculated mass for the two
isotopes is 1,992.221 amu, and the calculated monoisotopic
molecular ion has a mass of 1,990.979 [27].

Peptide StPepl - plant defense elicitor peptide of potato Solanum
tuberosum, amino acid sequence: ATERRGRPPSRPKVGSGPPPQNN
(23 amino acids (11 hydrophobic and 12 hydrophilic ones)). The
peptide was obtained by solid-phase synthesis based on the FMOC
technology. After purification of the peptide by HPLC and
lyophilization, the level of purity and identity of the peptide drug
was confirmed to be 95% by HPLC and mass spectrometry, the
calculated monoisotopic molecular weight of the peptide with one
proton-2,455.29, with two protons-1,228.15 [27].

Therapeutics-mixtures of peptides and polypeptides of animal
origin

Cortexin (reg. No.. LP-(000620)-(RG-RU) dated 9/3/2022) is a
lyophilisate, where the active substance is polypeptides of the

cerebral cortex of cattle, and the excipient is glycine (which acts as a
stabilizer). Protein concentration: 1 mg/ml.

Retinalamin (reg. No.: LP-(000519)-(RG-RU) dated 21/1/2022)
lyophilisate, active substance: polypeptides of the retina of cattle,
excipient: glycine. Protein concentration: 1 mg/ml.

Renobrain SM (reg. No.. No.. LP-008298 dated 27/6/2022)
lyophilisate, active substance: complex of water-soluble polypeptide
fractions obtained from the cerebral cortex of cattle, excipient:
glycine. Protein concentration: 1 mg/ml.

Cerebrolysin (reg. No.: P N013827/01 dated 8/7/2007) solution for
injection, active substance: Cerebrolysin concentrate (a complex of
peptides obtained from the pig brain), excipients: sodium hydroxide,
water for injection. Protein concentration: 1 mg/ml.

Medicinal substances made using gradual technology from
antibodies to interferon (General Monograph of the State
Pharmacopoeia of the Russian Federation No. 0FS.1.7.0001)

Antibodies to interferon y (AINFy) (as an active pharmaceutical
ingredient of the registered drug No.: LP-N2(000023)-(RG-RU),
manufactured by: 000 NPF MATERIA MEDICA HOLDING) were
obtained from the manufacturer in the form of a powdered
substance (on a carrier) saturated with hydroalcoholic AINFy in the
fluidized bed aerosol chamber, we described the characteristics of
the substance earlier [28]. Placebos of antibodies to INFy were also
specially made in the aerosol chamber, AINFy solutions were
replaced in them by phosphate-buffered saline before being placed
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in the fluidized bed chamber [29]. The carrier was also investigated
- intact powder of lactose monohydrate used for the manufacture of
a pharmaceutical substance.

RESULTS AND DISCUSSION

Inhomogeneous densities caused by oligopeptides or
polypeptides in aqueous solutions

Earlier, we showed that D-stabilized pH-dependent giant (over 1 pum)
density heterogeneities can be induced in aqueous solutions [30]. This
phenomenon can be a source of errors in determining the true sizes of
peptides using the DLS method in solutions with geochemically common
isotopic composition (D/H ratio from 140 to 150 ppm) [31]. Many
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studies have been dedicated to the formation of long-lived nanobubble
associates by gases dissolved in aqueous solutions, forming so-called
bubstons [32, 33]. Indeed, dynamic light scattering of aqueous solutions
of biologically active peptides clearly shows that the size spectrum of
density heterogeneities in the solution is different at various
concentrations of peptides (table 1). Density heterogeneities that can be
detected at peptide concentrations from 10 nM to 1 uM are close in size
to the hydrodynamic radius of the peptide. In the example given in table
1, bubstons, which the peptide can induce, are always detected in the
concentration range from 1 nM to 1 pM or can be sorbed at the phase
interface. Giant heterophase clusters appear at a peptide concentration
below 1 pM. Such a particular redistribution of density heterogeneities
specifically depends on the type of peptide drug and its concentration.

Table 1: Distributions of density heterogeneities by size in StSys1 peptide solutions according to DLS data

Concentration Peptides! (0.1-10 nm) Bubstons2 (10 nm - 1,000 nm) GHC3 (over 1,000 nm)
1uM - + -
0.1 pM + + +
0.01 uM + + +
1nM - + +

1Hydrodynamic radius, 2Bubstons are nanobubbles of gases dissolved in water that combine into micron-sized particles (clusters), 3GHC (Giant

Heterophase Clusters) density heterogeneities with sizes up to 100 p.

Specificity of size spectra of density heterogeneities induced by
different peptide drugs

Taking into account the features of the redistribution of density
heterogeneities of the StSys1 peptide, we studied the size spectra of
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water clusters in finished dosage forms of oligopeptides diluted to nM
and pM concentrations. Concentrated oligopeptide drugs have similar
size distribution patterns: the signal from peptide nanoparticles is
dominant. With a 1,000-fold dilution, a specific spectrum is formed
with the induction of submicron and micron clusters (fig. 1).
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Fig. 1: Volume distribution of density heterogeneities of oligopeptide drugs

The induction of giant heterophase clusters in multicomponent
polypeptide drugs is much less pronounced (fig. 2). The particle size

distribution can be explained in different ways, in particular, by the
formation and disintegration of protein associates.
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Fig. 2: Volume distribution of density heterogeneities of multicomponent polypeptide and peptide drugs

Possibility of specific determination of the oligopeptide type in
aqueous solution without opening the packaging

The kinetics of formation/disintegration of density heterogeneities
formed by peptides also turned out to be specific. Fig. 3 shows the
binary diagram data for two topological descriptors obtained
through the 2D-DLS method in the setup of diffuse scattering
kinetics. Qualitative identification of peptide types can be achieved
at concentrations of 1 uM and 1 nM.

Since the dynamics of light scattering is recorded and the data are
processed using a topological model, strict requirements for
standard optics of absorption spectroscopy or conventional light
scattering are not applied in this method. The shape of the vial does
not affect the result since the flickering speed of giant clusters is
recorded [31, 34]. This allows the 2D-DLS method to be applied to

any transparent vials. If the design of the primary packaging (color,
turbidity, stickers) does not allow probing the contents with a light
beam, another approach can be used. This approach is based on the
radiothermal emission by biologically active nanoparticles [35], that
is, all the drugs investigated in this study.

Possibility of specific control of the authenticity of the type of
peptide and polypeptide drugs in opaque primary packaging.

As shown [21, 35], biologically active nanoparticles can spontaneously
emit in the millimeter band, and the amplification of this emission can
be achieved both by heating the drugs and by irradiating them in the
visible band. Indeed, all the drugs we studied are capable of
radiothermal emission (table 2), and the flux density and the
stimulation coefficient of the radio emission flux density form together
a pair of numbers that unambiguously characterize the type of drug.
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Fig. 3: Pairwise diagram of d1-sd1 descriptors for 1 pM solution (a) and d2-sd2 descriptors for 1 nM solution (b) of StPep1, StSys1, and

KH9 peptides

135



0.V. Ledenev et al.

Int ] App Pharm, Vol 17, Issue 5, 2025, 132-138

Table 2: Radiothermal emission coefficient of peptide drugs without opening the primary packaging. The background did not exceed 1 pW/m?2

Name 27°CF (WW/m?2) K: = (34 °CF /27 °CF)
oligopeptides DSIP 34 £2 1.30

Semax 17 £1 1.80
medicinal substance based on  AINFy* 26 2 1.55
antibodies to interferon Placebo* 205 1.1

Intact lactose*
mixtures of peptides and Cerebrolysin 17 +2 1.27
polypeptides Renobrain SM 30 £3 1.11

Retinalamin 52 £5 0.80

Cortexin 34 £3 0.90

#-solution received from the manufacturer without opening the primary packaging. *-5% solution of powdered substance, 7 ml in a 4 cm Petri dish

If necessary, the reverse problem can be solved: determine 27 °CF and
K: to confirm the authenticity of the drug. The feature of this setup is
that it is technically carried out without opening the primary
packaging, since the radio emission from these objects largely
overcomes glass or plastic with a thickness of less than 1 mm.

Likely mechanism of anomalous interaction of peptides with
water clusters

We assumed that the ability of peptides to induce water clusters (as
seeds of a kind of water colloids) was associated with their ability to
spontaneously emit radio waves. Indeed, spontaneous emission
from peptide solutions, exceeding the thermal background, can be
considered as an analogue of plasma nanoformations [36].
Moreover, the radio emission of these nanoantennas will act as a
known synchronizer of van der Waals interactions [21] of induced
dipoles on colloidal particles (oligopeptides, polypeptides, water
clusters). In the presence of such a radio emitter, it is possible to
explain the long-range effect - the induction of an ordered chiral
water cluster with dimensions greater than 1 um by a nano-object
[34]. This model can be described by the following kinetic equation:

P
| mm EME
m(H,0), &————— giant cluster, @

fast 1
n(H,0) & (H,0), stow | mm EME

It is well known that water molecules spontaneously form short-
lived (relaxation time less than 1 ns) subnanometer clusters [37].
The peptide (P in the diagram) enhances the ordering of
nanoclusters into giant heterophase clusters emitting the same
spectrum as the original peptide due to plasma-like generation of
millimeter emission (mm EME).

A recent review of the literature on nanoparticles [38] lends support

nanoparticles, are capable of emitting radiation in the millimetre
range. The review also provides a graphical model of equation 2.
This model suggests that water D-stabilized giant clusters will act as
a kind of amplifiers of emission from a peptide or polypeptide.
Indeed, with a thousand-fold dilution, the flux density (linearly
dependent on the concentration of emitters - nanoparticles in non-
aqueous media [21]) drops by 2-3 times, and it increases
significantly for peptides of plant origin (table 3). This phenomenon
explains well why it is possible to use such low therapeutic doses for
bioactive peptides (in phytopathology as well [27]). If the calculated
concentrations in the pharmacokinetics of peptides in blood plasma
reach at least 1 nM, the dissociation constant of the potential
receptor must be 100 pM. This affinity to oligopeptides cannot be
explained since it suggests quasi-irreversible binding.

Taking into account the radio amplification of the signal from
peptides on water clusters, a kind of mimicry is possible, when the
effect on the receptor is dispersion-imitated in terms of the
organization of flickering dipoles and conformational
transformations [39]. We tested this possible remote mechanism on
the simplest setup. 7 ml of 5% AINFy solution was placed in a 4 cm
Petri dish. A Petri dish with 7 ml of a 5% placebo solution (i.e., one
that contained no active pharmaceutical ingredient) was placed on
top. With one-hour Kinetics, the placebo solution acquired the
properties of emitting in the mm-band (fig. 4, A). If the activator
(AINFy solution) is removed, the activated placebo solution relaxes
to background values of radio emission with one-day kinetics (fig. 4,
B). It is interesting that, in this case, the signal transmission is
possible only to the placebo that underwent the sample preparation
stage in the fluidized bed chamber, like the active pharmaceutical
ingredient. Such slow remote activation kinetics based on the model
according to diagram 1 could be applied to explain the gradual
technology (General Monograph of the State Pharmacopoeia of the
Russian Federation No. OFS.1.7.0001) for the preparation of a new

to our theory that peptide drugs, as irregularly shaped class of medicinal substances [40].
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Fig. 4. Kinetics of remote activation of 5% placebo solution by 5% AINFy solution (A) followed by relaxation after removal of the activator (B)
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Table 3: Change in the flux density of radiothermal emission of aqueous solutions of peptide drugs upon dilution. Aliquot - 100 pl

Name 33°CF (uW/m?)
Stock solution 1,000-fold diluted solution
Oligopeptides: of animal DSIP 37 £2 19 2 (52%**)
And plant origin StPep1* 8+1 15 +1 (187%)
mixtures of peptides and polypeptides RENOBRAIN SM 37 +2 14 +1 (38%)
“Initial concentration - 1 uM, "As a percentage of the concentrated solution
CONCLUSION 3. Merz ML, Habeshian S, Li B, David ]G, Nielsen AL, Ji X. De novo

Aqueous solutions of peptides and polypeptides induce density
heterogeneities in the submicron and micron bands, which can
characterize the type of bioactive pharmaceutical and experimental
peptide ingredient based on the type of size distribution spectra. The
kinetics of formation/disintegration of density heterogeneities
allows the identification of peptides without opening the primary
packaging. Solutions of peptides, as biologically active nanoparticles
of complex shapes, not only emit in the mm wavelength band
themselves, but can mimic their presence due to the specific
activation of giant clusters. The interaction of peptides and
polypeptides with aqueous solutions leads to remote anomalous
induction of water clusters. The spectrum of sizes of these giant
heterophase water clusters, the Kkinetics of their flickering, and
millimeter-wavelength radio emission open up the possibility of
express control of peptide-based drugs by their "authenticity”
characteristic without opening the packaging.
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