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The preparations isolated from the biomaterial of farm animals and fish were studied. These preparations
(rumalon, alflutop) cannot be obtained in equal proportions and concentrations during their production.
An algorithm for quantitative determination of components of peptides of natural origin based on the study of
model drugs containing a glycosaminoglycan-peptide complex has been developed. Using infrared spectroscopy
and high performance liquid chromatography, the concentrations of chondroitin sodium sulfate, hyaluronic acid,
glucosamine, protein, free amino acids and amino acids that make up the peptides (alflutop and rumalon) were
established. In comparison with the majority of monocomponent drugs registered in the territory of the Russian
Federation and containing chondroitin sodium sulfate at a concentration of 100 mg/ml, glucosamine drugs (200
mg/ml), hyaluronic acid drugs (10 mg/ml) it was found that the main active components of the studied drugs were
more than 50,100 and 7 times smaller. At the same time, the preparations under study contained a large percentage
of free amino acids or short-chain peptides. It indirectly suggests their participation in the clinical efficacy of drugs
based on natural peptides.

The developed algorithm for quantitative determination of components of peptide preparations of natural origin,
including common and generally available methods sequence (identification of samples by infrared spectroscopy
in comparison with standard samples, quantitative determination of chondroitin sodium sulfate, hyaluronic acid,
glucosamine, protein and amino acids by infrared spectroscopy and highly efficient liquid chromatography) is
advisable to use when determining minimum specific values of contents (concentrations) of active components and
adjuvants of peptide origin in studies and registration of drugs based on them, as well as to justify ways in order to
search and explain the mechanisms of action of such compounds.

KEYWORDS: peptides; glycosaminoglycan; chondroitin sulfate; hyaluronic acid; rumalon; alflutop; infrared
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ABBREVIATIONS:

HPLC - high performance liquid chromatography
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INTRODUCTION

Peptide-based drugs have been known in pharmacology for a
long time, and peptides of natural origin were used even before
the formation of pharmacology as a science [1]. Despite the fact
that peptide drugs make up a relatively small part of the drug
market (more than 60 peptides approved by the Food and Drug
Administration are registered in the United States of America),
about 140 peptide drugs are currently undergoing clinical trials
while more than 500 peptide drugs are undergoing preclinical
trials [2].

At present, one group of such drugs is composed of
glycosaminoglycan-peptide complexes. Some of these drugs
are designed for regeneration of cartilaginous and bone
tissues. Moreover, the mechanisms of their action are not fully
understood. There is a hypothesis that, when entering cells,
low molecular weight peptides of animal origin act as structural
elements of the matrix, participate in the formation of collagen
and proteoglycan fibrils, make up for the missing components
and affect tissue formation [3].

S. Camarero-Espinosa and J. J. Cooper-White [4] suggested
that drugs containing glycosaminoglycans serve as a trigger for
starting the processes of directed differentiation of multipotent
mesenchymal stromal cells. Clinical effectiveness of these drugs
was proved only at the level of uncontrolled studies. The only
published randomized controlled five-year trial of rumalon did
not reveal evidence of its effect on progression of osteoarthrosis
of hip and knee joints [5]. Glycosaminoglycans are also used as
systems for the delivery of growth factors to damaged bone
tissue [6, 7] and as carrier matrices for controlled delivery to
nerve tissue [8].

Unlike synthetic short-chain peptides [3], preparations isolated
from material of farm animals and fish cannot be obtained in
equal proportions and concentrations. It significantly limits the
study of their effectiveness and also impedes registration due
to the inability to reproduce the composition with sufficient
accuracy. Pan Y, et al. [9] attempted to decompose such
mixtures into components, which made it possible to determine
the most active components: chondroitin sulfate (18-49 kDa),
heparan sulfate, and fibroblast growth factor associated with
chondroitin sulfate, which is likely to account for tissue repair
and damage regeneration.

To date, studies on the development of methods for
identification of qualitative composition[10] and the assessment
of quantitative composition of peptides of natural origin [11]
form the basis for the development of this particular research
areaas awhole.

AIM OF STUDY

The aim of the present study is to develop an algorithm for the
quantitative determination of the components of peptides of
natural origin based on the study of model drugs containing a
glycosaminoglycan-peptide complex.

MATERIALS AND METHODS

The following drugs were used in the study:

- alflutop, injection solution , 1 ml ampoule N2 10, series
3381017, expiry date 09.2022 (K. O. Bioteknos S. A., Romania);

- alflutop, injection solution, 2 ml ampoule N2 5, series
3310418, expiry date 03.2021 (K. O. Bioteknos S. A., Romania);

-rumalon, solution for intramuscular injection, 1 ml ampoule
Ne 25, series 1717751, expiry date 11.2022 (K.O. Rompharm
Company S. R. L., Romania).

All drugs were purchased in a retail pharmacy network. They
are registered in the Russian Federation as drugs and contain
glycosaminoglycan-peptide complexes (from small sea fish
- alflutop or cartilage and bone marrow of young calves -
rumalon), which made it possible to choose them for research.

As reference standards the following substances were used:

-chondroitin sodium sulfate (EP RS, 250 mg, code Y0000280,
series 2.0, identification number ooomM8);

- sodium hyaluronate (USP RS, 250 mg, FOM296 series);

- glucosamine hydrochloride (USP RS, 200 mg, GOM183
series);

-amino acid RS (NClo180, Pierce, USA).

Quantitative determination of the composition of drugs
based on the peptides of natural origin was carried out using
infrared spectrometry techniques and high performance liquid
chromatography. Identification of drug components by IR
spectroscopy and their comparison with reference standard
substances was carried out using a Cary 630 Agilent Fourier
transform IR spectrometer equipped with a module for
impaired total internal reflection in the region of 4000-650 cm
-1. After recording the IR spectra, they were processed using
MicroLabFTIR Software. According to the results of overlapping
the obtained spectra and their processing, tables were formed
indicating the percentage of coincidence of the spectrum
of a reference standard with the spectrum of a test sample.
Tested sample preparation was carried out in accordance
with the requirements of the general pharmacopoeial article
1.2.1.1.0002.15 ““Spectrometry in the infrared region”. [12]

Chondroitin sodium sulfate was quantitatively determined by
turbidimetric titration with cetylpyridinium chloride according to
the requirements of the method of quantitative determination
of sodium chondroitin sulfate[13]using an automatic T 50 titrator
complete with a DP5 phototrode, Mettler Toledo (Switzerland).

The content of chondroitin sodium sulfate in test preparations
was calculated by the formula:

x50 €
Vx1000  Vx20’’

where Vis the volume of the test drug, ml; Cis the concentration
of chondroitin sodium sulfate, determined according to the
calibration graph, mg/ml

Quantitative determination of hyaluronic acid was carried
out in accordance with the requirements of the method
of quantitative determination of sodium hyaluronate [13]
spectrophotometrically by reaction with carbazole.

Using the calibration curve constructed from the optical densities
of each of the standard solutions the average concentrations
of glucuronic acid D in test solutions were determined by the
formula:

S 5 100 4013
Cs 100 —h "~ 194,1°
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where cg is the average concentration of D-glucuronic acid in test
solutions, mg/ml; cs is the average concentration of test substance
in test solutions, mg/ml; Z - a certain percentage of C6H1007 in
D-glucuronic acid; h is loss in mass upon drying, %; 401,3 is a relative
molecular weight of a disaccharide fragment; 194,1 is a relative
molecular weight of glucuronic acid.

Quantitative determination of glucosamine content was carried out
by high performance liquid chromatography (HPLC), in accordance
with methods presented in the literature [14, 15].

Chromatographic conditions: column Waters p Bondapak
NH2 30 cm, column temperature: 26 * 1°C, detector: ultraviolet
spectrophotometric, wavelength 195 nm, flow rate: 1.3 ml/min.
Mobile phase: a mixture of acetonitrile and 0,026 M of phosphate
buffer KH2PO4 with the addition of 0,25 ml of NH40H pH = 7,5

(75:25).

The determination of total protein was carried out in accordance
with the requirements [12, 13]. The Lowry colorimetric method was
used, based on the reaction of proteins with copper (1) salts in an
alkaline solution and the reduction of phosphoromolybdenum-
tungsten reagent (Folin’s reagent) with the formation of colored
products, the color intensity of which was determined by optical
density at a wavelength of 750 nm.

To calculate the protein content (X, mg) in 1 ml of the drug, taking
into account its dilution, the following formula was used:

C*256,5
175

where Cis the protein concentration found by the calibration
curve, mg/ml; Vis a volume of the drug taken for analysis, ml.

X=

The determination of total amount of amino acids was
carried out according to the requirements of the European
Pharmacopoeia [13].

The content in 1 ml of the drug in pmol (X) was calculated by
the formula:

__ 1,67x)Sak.np
T 240,67*FSakcr’

where 3 S.ac.pris the sum of proteins in the sample sample, umol/
ml; AkSac.st - the sum of proteins in a protein standard, pmol / ml.

Descriptive statistics is presented as M - arithmetic mean and SD
- standard deviation.

RESULTS AND ITS DISCUSSION

It was found that the spectra of the drug alflutop coincide with
RS of chondroitin sodium sulfate and sodium hyaluroant (73,8
+ 3.4 and 77,5 * 4,1%), Fig. 1, 2. In so doing, the coincidence of
the spectra of the drug rumalon was 92,2 # 3,7 and 88,3 =
2,9%, respectively (Fig. 3, 4). Due to the low concentration of
chondroitin sodium sulfate in the drug alflutop, the isolation
of the active substance from this dosage form by standard
methods was difficult.
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Fig. 1. IR spectrum of the drug alflutop s. 3381017 in comparison
with the standard spectrum of chondroitin sodium sulfate
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Fig. 2. IR spectrum of the drug alflutop s. 3381017 compared to
the standard spectrum of sodium hyaluronate
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Fig. 3. IR spectrum of the drug rumalon s. 1717761 in comparison
with the standard spectrum of chondroitin sodium sulfate
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Fig. 4. IR spectrum of the drug rumalon s. 1717761 in comparison
with the standard spectrum of sodium hyaluronate

The content of chondroitin sodium sulfate in the drug
alflutop is almost 5 times lower in comparison with the drug
rumalon (Table 1).

The content of hyaluronic acid in the preparation of
rumalon s.1717751was 1.42 = 0.08 mg/ml, in the drug alflutop



5.3381017 it was 0.27 = 0.08 mg/ml. It should be noted that
the concentration of hyaluronic acid in the preparation of
rumalon was quite low, while the optical density of the test
solutions did not exceed 0.05.

In a series of preliminary studies it was found that amino
acids, presented in model preparations, make it difficult
to determine glucosamine by spectrophotometric
method. In this regard, HPLC was used to determine real
glucosamine content in drugs under study. Fig. 5 shows
the chromatogram of the initial standard glucosamine
hydrochloride solution, which allowed us to construct a
calibration graph of the peak area versus the concentration
of this component based on the obtained peak area results.

The analysis of chromatograms of rumalon and alflutop
preparations (Fig.6, 7) made it possible to determine the
content of glucosamine in them. So, in the drug rumalon
the content was 3.6 = 0.05 mg/ ml, in the drug alflutop - 1.51
+ 0.04 mg/ml, respectively.

3352

Fig. 5. Chromatogram of the initial standard glucosamine hydro-
chloride standard solution with a retention time of 3.352 min
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Fig. 6. Chromatogram of the drug rumalon s. 1717761. Glucos-
amine retention time 3.353 min
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Fig. 7. Chromatogram of the drug alflutop s. 3310418. Glucos-
amine hydrochloride retention time 3.307 min
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Fig. 8. Chromatogram of the amino acid standard

When 0.5 ml of trichloroacetic acid was added to the
drug alflutop, the solution did not cloud. This indicated
the absence of protein in the drug. The concentration of
protein in the preparation of rumalon was in the range of
0.36-0.45 mg/ml.

The HPLC method revealed the presence of free amino
acids in both preparations (Fig. 8-13).

It has been found that following acid hydrolysis of the
samples under study the total number of amino acids has
increased from 1,22 + 0,11 to 3,3 * 0,24 umol/L for rumalon
and from 10,98 * 0,47 to 17,6 * 0,72 for alflutop. This
finding allows the conclusion that there is a rather large
representation of short-chain peptides and/or free amino
acids in initial samples of drugs under study (37-62%).

Quantitative composition of model drugs containing
glycosaminoglycan-peptide complex is presented in Table 2.

From Table 2 it follows that the content of the main

components of the studied peptides of natural origin is
presented in fairly small quantities.

Table 1.

The results of turbidimetric titration for determination of the content of chondroitin sodium sulfate (cholesterol)
in the studied model preparations, M+SD

Rumalon s. 1717751

Rumalon s. 1717761

Alflutop s. 3381017

The content of
ChS, mg/ml

The average vol-

ume of titrant, mlL ume of titrant,

ml

5,59%0,21 1,904+0,024 5,62+0,36

The average vol-

The content of
ChS, mg/ml

The content of
ChS, mg/ml

The average vol-
ume of titrant, mL
1,914£0,041

2,44%0,13 0,402+0,029
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Fig. 9. Chromatogram of the initial drug rumalon s.1717761
following derivatization

Fig. 10. Chromatogram of the starting drug rumalon s. 1717761
following derivatization

]

Fig. 1. Chromatogram of the initial drug alflutop s. 3310418
following derivatization

Fig. 12. Chromatogram of the hydrolyzed drug rumalon s.1717761
following derivatization

Fig. 13. Chromatogram of the hydrolyzed drug alflutop s. 3310418
following derivatization

It is known that the majority of monocomponent
medicines registered in the Russian Federation contain
chondroitin sodium sulfate at a concentration of 100 mg/ml
(arthogistan, injectran, honsat, artraviricampharm, drastop,
chondroxide, chondrogard, mucosate, chondromed-
lefpharm, etc.). Monocomponent drugs glucosamine as a
solution for intramuscular administration contain an active
principle in concentrations of 200 mg/ml (sustagard arthro,
elbona, dona). Monocomponent drugs contain hyaluronic
acid at a concentration of 10 mg/ml (hyalgan phidium).

Thus, the results obtained indicate that the amount of
active components in the studied preparations (chondroitin
sulfate, glucose and hyaluronic acid) is 50, 100 and 7 times
less than their values in monopreparations.

CONCLUSION

The assessment of the interaction of the active
components in the composition of the combined drugs
should be considered as one of the possible hypotheses
explaining the effectiveness of such compounds. In this
case the type of interaction of the active components is
most likely to be synergistic. Another possible explanation
for the effectiveness of such drugs can be the presence of
growth factors and/or components in their composition
that initiate necessary differentiation of mesenchymal
stromal cells in the damaged zone. This assumption can
indirectly confirm the presence of a large number of free
amino acids and, possibly, short- chain peptides in the
composition of drugs under study based on peptides of
natural origin.

Thealgorithm proposed forthe quantitative determination
of the components of the peptide preparations of natural
origin, including a sequence of common and generally
available methods (identification of samples by IR
spectroscopy in comparison with standard samples,
quantitative determination of chondroitin sodium
sulfate, hyaluronic acid, glucosamine, protein and amino
acids by IR spectroscopy and HPLC), may be used for
the determination of minimum values of the active
components and adjuvants of natural peptides in their
study and registration as medicinal preparations.



Table 2.

The results of determining the amount of amino acids in the tested drugs, MxSD

The amount of amino acids, mmol/mlL

Drug
Free amino acids

The amount attributable to

After hydrolysis the peptides

Rumalon s. 1717761 1,22%0,11 3,3%0,24 2,08+0,16
Alflutop s. 3381017 10,98£0,47 17,6%0,72 6,62+0,31
Table 3.
The results of drug studies, M+SD >
Indicator Rumalon Alflutop
1,904%0,024
(€.1717751) 0,402%0,029
Chondroitin Sodium Sulfate, mg/mL i :
9/ 1,914%0,041 (c.3381017)
(c.1717761)
Hyaluronic acid, mg/ml 1,42x0,08 0,27%0,08
4 »mg (c.1717751) (c.3310418)
+ =+
Glucosamine, mg/ml 3,60+0,05 1,51%0,04
(c.1717761) (c.3310418)
0,36x0,01
(c.1717751)
Protein, mg/ml 0.45£0.03 Not determined
(c.1717761)
Free amino acids, mmol/ml 1,22 10,98
(c.1717761) (c.3310418)
. . . 2,06 6,62
Amino acids that make up the peptides (€1717761) (c.3310418)
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MccnenoBaHbl Npenapatbl, BbliAeNeHHbIE U3 BroMaTepurana CenbCKOX03aMCTBEHHbIX XXMBOTHbIX U Pblb. 3TK npena-
paTbl (pyManoH, andnyTon) npy Npov3BOACTBE HE MOTYT 6bITb MOyYEHbI B PABHbIX COOTHOLUEHUSIX M KOHLIEHTPALMSIX.
Pa3paboTaH anroput™ KONM4YeCTBEHHOIO OnpeneneHrs KOMNOHEHTOB NENTUA0B MPUPOLHOMO MPOUCXOXKAEHUS HA OC-
HOBE U3y4YeHMs1 MOAENbHbIX JIEKAPCTBEHHbIX MPENapaToB, COAEPXKALLMX MMKO3aMUHOMMKAH-NENTUAHbIVA KOMIIEKC.
MeTooamMm MHMPaKPaCHOM CNeKTPOCKOMUU U BbICOKOIDDEKTUBHOM YKMOKOCTHOM XpOMaTorpamm yCTaHOBEHbI KOH-
LEeHTPaLMmM XOHAPOUTMHA CynbdaTta HaTpus, MManypoOHOBOW KUTIOTbI, FOKO3aMUHA, 6erka, CBO60aHbIX aMUHOKUTTOT
U aMUHOKMCIIOT, BXOASLMX B COCTaB Nentuaos (andnytona v pyManoHa). MNpu cpaBHeHUM C 6ObLUMHCTBOM 3aperv-
CTPUPOBAaHHbIX Ha Tepputopun Poccuiickon denepauim MOHOKOMIMOHEHTHbIX JIEKapPCTBEHHbIX CPEeACTB, COAEPXKALLMX
XOHOPOUTUHA cynbdaTta HaTpus B KOHLEeHTpaummn 100 Mr/mn, nekapCTBEHHbIX NpenapaToB rKo3aMmnHa (200 mr/mn),
JNleKapCTBEHHbIX NpenapaToB rManypoHOBOM KUC10TbI (10 Mr/mMn) 6bI/10 YCTaHOBIEHO, YTO OCHOBHbIE aKTUBHbIE KOMIMO-
HEHTbI UCCIe00BaHHbIX MpenapaToB OKkazanucb 6onee yem B 50,100 1 7 pa3 MeHbLLE COOTBETCTBYHOLLMX 3HAYEHUI A1
MOHONpenapaTtoB. [1py 3TOM NPOLLEHTHOE CoAepXKaHMe CBOBOAHbIX aMUHOKUCIOT UM KOPOTKOLLENMOYEYHbIX NenTu-
[0B B UCC/IEA0BaHHbIX NpenapaTtax BeuKO (37-62%). 3To NO3BONSET NPEANONOXKUTb, YTO OHWM OKa3bIBaKOT BIUSIHWE HA
KIIMHMYeCKyH 3D hEKTUBHOCTb IEKaPCTBEHHbIX CPEACTB HA OCHOBE NMPUPOAHbIX MEMTUAOB.

Pa3paboTaHHbI anroput™ KOMMYECTBEHHOIO OMnpeneneHnsl KOMMOHEHTOB MEMTUAHbIX MPenapaToB NpUpOLHO-
ro MPOUCXOXOEHMS, BKIIOYAOLWMIA B cebs MOCNenoBaTe/lbHOCTb PacnpOCTPaHEHHbIX UM OBLLEAOCTYMHbIX METOOMK
(MoeHTUdUKauMa 06pa3uoB METOAOM MHMPaKPACHOM CMEKTPOCKONUU B CPAaBHEHUM CO CTaHOAPTHbIMKM 0Bpasuamu,
KOJIMYECTBEHHOE OrnpeaenieHne XOHAPOUTMHA CynbdaTta HaTpus, rmanypoHOBOW KMCIOTbI, IMHOKO3aMu1Ha, 6enka 1 aMu-
HOKMC/I0T METOAAMU MHMDPAKPACHOM CMEKTPOCKOMUU U BbICOKOIMHOEKTUBHOM XXMOKOCTHOM XpoMaTorpadum), Leneco-
06pa3HO MCNoL30BaTh NPY ONpeaeneHNn MUHUMabHbIX 3HAYEHMIA KOHLEHTPALIMY aKTUBHBIX KOMIMOHEHTOB U afbto-
BaHTOB MEMTUAHOIO NMPOUCXOXKAEHMS NMPU UCCIIE00BAHNSX Y PETUCTPALIM NIEKAPCTBEHHbIX NMPENapaToB Ha MX OCHOBE,
a Takke 4519 060CHOBAHUS NMyTeN MOMCKA U 0ObSICHEHMS MEXAHM3MOB AENCTBMS MOA0OHbIX COEANHEHWIA.

KJTIOYEBbIE CJTIOBA: nentuabl; MMKO3aMUHOIMKAH; XOHOPOUTMHA CyNbdhaT; rmanypoHOBasi KUCIOTa; PyMasioH;
andnyTon; UH@paKpacHas CreKkTPOCKONUS; BbICOKOIMMEKTUBHASA XXMOKOCTHAS XpoMaTtorpadus; aMUMHOKUUIOTbI; KO-
pOTKOLLeNoYeYHble NenTmapl



