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Bapcykosa 10.H., Menbaukosa O.A.

@I'BOY BO «¥Ypanvckuil 2cocydapcmeeHHblil meduyuHckull yHusepcumem» Munadpasa Poccuu (Examepuxbype)

The study of the release of active substances from hemostatic agent
on hydrophilic basis
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AHHOTAITUA

V3ydyeHa KMHETUKA BBICBOOOK/IEHUS JEHCTBYIOUIUX BeIlecTB (KMCIOTHI aMHHOKAIIPOHOBOH U XJIOPHJA JKeJje3a
(IIT)) 13 MATKOM JIeKapCTBEHHOU (POPMBI C BKJIFOUEHHEM B COCTAaB HAHOYACTHI] KeJsie3a u O6e3 ux BKJoueHus. Kuco-
Ty aMHUHOKAIIPOHOBYIO OIIPeZesIsiid METOJOM IIPSAMOU CIIEKTPOdOTOMETPUY IIPU JJINHE BOJIHBI 568 HM; XJIOPUJ, XKeJle-
3a (III) — oToMeTpHUUECKH IO PeaKI[UU KOMILJIEKCOOOPAa30BaHUs C CYIb(DOCATHIIUIIOBOM KUCTOTOH IPH /IJTHE BOJTHBI
510 HM. Basinzanus pazpaboTaHHONU METOAUKH IIPOBOIUJIACH IO TAKUM ITapaMeTpaM, KaK ClelupUIHOCTb, IIpe/iest 00-
Hapy’KeHUs, IIPeJieJl KOJIMYeCTBEHHOTI'0 OIIPe/IeIeHI A, IHHEHHOCTD, IIPABUJIBHOCTD, IPEIU3NOHHOCTD AHAJIUTUYECKOTO
MeTtoza. Hantyuiue pe3yapTaTsl 10 BEICBOOOK/IEHUIO IeCTBYIOIIUX BEllleCTB IIOJIy4YeHbl B 00pasiax Masel ¢ HaHo4a-
CTUIIAMU JKeJie3a — BBISIBJIEHO CTATUCTHYECKU JIOCTOBEPHOE OTJINYKE OT TIOKa3aTesiel BHICBOOOK/IEHUS U3 KOHTPOJIb-
HBIX 06pa3uos (p < 0.05).

Kaoueewvte caoea: reMocTas, KpuBasi BRICBOOOK/IEHHU S, HAHOYACTUIIBI, JIEKApCTBEHHAsT GopMa, BaTUAAIUS.

ABSTRACT

The kinetics of the release of active substances (aminocaproic acid and iron (III) chloride) from a semisolid
dosage form with and without inclusion of iron nanoparticles has been studied. Aminocaproic acid was determined
by direct spectrophotometry at a wavelength of 568 nm, iron (III) chloride was determined photometrically from
the complexation reaction with sulfosalicylic acid at a wavelength of 510 nm. Validation of the developed methods
was carried out by such parameters, as specificity, detection limit, limit of quantification, linearity, correctness,
precision of the analytical method. The best results on the release of active substances have been obtained in
samples of ointments with iron nanoparticles which was statistically significantly different from the parameters of
release from control samples (p < 0.05).

Keywords: hemostasis, release curve, nanoparticles, drug dosage form, validation.

BBEJIEHHUE

B Hacrosee BpeMsi NU3BECTHO MHOXKECTBO IIpe-
IapaToB ¥ UX KOMOWHAIUH, 00J1aTAI0NNX TeMOCTa-
THYECKON aKTUBHOCTBIO ITPU MECTHOU aIIIIJIMKAIIHH,
KOTOpbIE IITUPOKO HCIIOIb3YIOTCS MJis OCTAHOBKH
KPOBOTEUEHUH pas3judHOro Buja [1, 2]. OmHako re-
MOCTaTHYECKUX CPEJICTB JIJI OKa3aHUs KauyeCTBEH-
HOH JIEKApCTBEHHON MEAUIIMHCKOU MOMOIIH HEJ0-

INTRODUCTION

Nowadays there are many well-known prepa-
rations and combinations obtaining hemostatic ac-
tivity in local application which are widely used to
stop bleeding of various types [1, 2]. However, hemo-
static agents are not enough to provide high-quality
medicinal medical care [3]. The requirements for
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cratouHo [3]. K TpebGoBaHUSAM, IpEIbABISIEMBIM
K TaKUM CpPeJICTBAM, MOKHO OTHECH JIOCTATOYHYIO
3 dexTUBHOCTD, 6E30IIACHOCTD, MIPOCTOTY HCIIOJIb-
30BaHUSA U JOCTYIHYIO CTOUMOCTS [4]. IIpu paspa-
0OTKe cocTaBa IreMOCTaTUYECKOrO CpeJICTBa Opasiu
BO BHUMaHHe TOT (PaKT, YTO MOHBI TPEXBAJIEHTHOTO
JKeJie3a MPU KOHTAKTe C KPOBBIO BBI3BIBAIOT MTHO-
BEHHOE 0cazk/ieHne OeJIKOB KPOBH, TeM caMbIM Ghop-
MUPYs CTycTOK. Takke BEPOSTHOCTH PA3BUTHUS aJl-
JIEPTUYECKHUX PEeaKIINH Ha WOH JKeJjie3a KpalHe Hu3-
Kasl, BBU/Iy IIPUCYTCTBUS JAHHOT'O MOHA B OPTaHU3-
Me 4eJioBeKa [5]. AMMHOKAIPOHOBasi KMUCJIOTA B CO-
CTaBe JIEKAPCTBEHHOW (OpMBI MHTUOUPYET aKTHU-
BaTopbl NPOGUOPUHOTU3NHA ¥ TOPMO3UT €T0 IIpe-
BpaieHre B GUOPUHOJIU3UH; CTUMYJIUpPyeT obpa-
30BaHUE TPOMOOIIUTOB, CEHCUOMTU3UPYET TPOMOO-
[IUTApHBIE PEIENTOPhl K TPOMOWHY, TPOMOOKCAHY
A, ¥ Ipyr¥M 5H/IOT€HHBIM arperaHTaM; OKa3bIBaeT
CHUCTEeMHBIN reMocTaThueckuil 3pdeKT mpu KpoBo-
TEUYEeHUsX, OOYCJIOBJIEHHBIX ITOBBINNIEHHOU (UOpHU-
HOJIMTUYECKOM aKTHUBHOCTHIO IJ1a3MblI [6]. C 1esibio
yaydiieHusa GapMaKoJI0orniueckod akTHBHOCTH B CO-
CTaB JIEKAPCTBEHHOU (OpMBI OBLIIH BBEJIEHBI HAHO-
JacTHUIbI kesiesa [7, 8].

[IpeumyiriecTBOM MATKUX (HOPM /I OCTAHOB-
KU KPOBOTEUEHUH SABJISETCS yIOOCTBO U IPOCTOTA
IIpUMeHeHU ], pABHOMEPHOE HaHEeCEeHUEe Ha PAaHEBYIO
IIOBEPXHOCTH JII0O0TO pesibeda, UTO JAeT BO3MONK-
HOCTh TAIIMEHTaM CaMOCTOSTEJIbHO HAHOCHUTH Jie-
KapCTBEHHOE CPEJICTBO IIPU MECTHBIX KPOBOTEUEHU-
sax. CyienoBaresibHO, pa3paboTaH COCTaB MHOTOKOM-
ITIOHEHTHOTO CPEJICTBA, 00J1a/1AI0IIET0 AKTUBHBIM Te-
MOCTATHYECKUM (32 CUET BBEJIEHU S B COCTaB AMUHO-
KaIPOHOBOM KWCJIOTHI U XJIOPHJA JKeJie3a) U PaHO-
3aKUBJIAIOINNUM JelcTBreM (3a cueT BBeJeHUA Ha-
HOYACTHI] JKeJie3a) B MATKOH JIeKapCTBEHHOH dop-
me [9].

Ba)KHBIM IOKa3aTeJieM KauecTBa Mas3eid sBJIsi-
eTcsl CIIOCOOHOCTh 00ecIeYruBaTh OUOJIOTHUYECKYIO
JIOCTYITHOCTD JIEKapCTBEHHOTO BelrecTBa [10]. s
9TOTO JIOJIKHA OBITh OIlEHEHA CIIOCOOHOCTH JieKap-
CTBEHHOTO BEINECTBA K BHICBOOOXK/IEHHUIO U3 Mase-
BOU OCHOBBI.

IIEJIb UCCJIEJJOBAHUSA

3yueHne cTelneHu BBICBOOOXKIEHUS KUCJIOTHI
aMHUHOKAIIPOHOBOH 1 xj1opuza kesesa (III) uz msr-
KO JIeKapCTBEHHOU (DOPMBI C BKJIIOUEHNEM B COCTaB
HAHOYACTUI KeJjie3a METOZ0OM PaBHOBECHOTO JUa-
Ju3a.

MATEPHUAJIBI 1 METO/IbI

CocTas mccenyeMoro reMocTaTHIeCKOro Cpes-
CTBa IIPEJICTaBJIEH B TA0J. 1.

such means can include adequate efficiency, safety,
ease of use and affordable cost [4]. When develop-
ing the hemostatic formulation, the fact that fer-
ric ions in contact with blood cause instantaneous
precipitation of blood proteins, thereby forming a
clot, was taken into consideration. Also, the prob-
ability of developing allergic reactions to iron ion
is extremely low, due to the presence of this ion in
the human body [5]. Aminocaproic acid in the dos-
age form inhibits profibrinolysin activators and its
transformation to fibrinolysin; it stimulates platelet
formation, sensitizes platelet receptors to platelet,
thromboxane A, and other endogenous aggregates;
has systemic hemostatic effect in bleeding caused
by increased fibrinolytic plasma activity [6]. Iron
nanoparticles were added to the dosage form to im-
prove pharmacological activity [7, 8].

The advantage of semisolid dosage forms for
stopping bleeding is convenience and simplicity of
application, overall application on the wound sur-
face of any relief which allows patients to apply the
drug themselves in case of local bleeding. Therefore,
multicomponent formulation having active hemo-
static (owing to addition of aminocaproic acid and
iron chloride to the composition) and wound healing
effect (due to introduction of iron nanoparticles) in a
semisolid dosage form has been developed [9].

An important parameter of the ointments
quality is the ability to provide bioavailability of the
drug [10]. For this purpose, the drug release ability
from the ointment base must be evaluated.

AIM OF THE RESEARCH

Study of the release degree of aminocaproic
acid and iron (IIT) chloride from a semisolid dosage
form with iron nanoparticles by equilibrium dialy-
sis method.

MATERIALS AND METHODS

The composition of the hemostatic agent is pre-
sented in Table 1.

Equipment: analytical balances SE224-C (Sar-
togosm, Russia), GOST R 53228, ensuring accuracy
of single weighting with limits of permissible ab-
solute error not more than +0.5 mg; spectropho-
tometer SF-2000 (Biokey, Russia), absolute error
of wavelength setting +0.8 nm; photometer KFK-3
(Zagorsky Optical-Mechanical Plant, Russia), abso-
lute error of wavelength setting +3.0 nm.

Reagents: iron (III) chloride 6-hydrate (chemi-
cally pure (c.p.), Brom, Russia), GOST 4147-74;
aminocaproic acid (Polisintez, Russia), GOST 7850-
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TaGuuna 1. CocTaB reMOCTaTUYECKOTO CPEZICTBA
Table 1. The composition of the hemostatic agent

Wurpenuent / Ingredient

HopmaTtuBHas aokymenTanusa / Regulatory documentation

Macca, r / Weight, g

Kuciora aMmusOKanpoHosas
Aminocaproic acid

Xuopup sxenesa (I111)
Iron (III) chloride

[ToMA TUIIEHTIIKOIIb — 400
Polyethylene glycol — 400

IlomuaTHIEHTIUKOJIL — 1000
Polyethylene glycol — 1000

HanouacTuiisr Fe304
Nanoparticles Fe O,

®C.2.1.0001.15, I'® XIII uzn-e / PM.2.1.0001.15, SP XIII 5.0
T'OCT 7850-2013 / GOST 7850-2013

TV 2152-003-68879995-2014 / TC 2152-003-68879995-2014 5.0
I'OCT 4147-74 / GOST 4147-74

TV 2481-008-71150986-2006 / TC 2481-008-71150986-2006 74.4
TY 2481-008-71150986-2006 / TC 2481-008-71150986-2006 18.6

TOCT P 57909-2017 / GOST P 57909-2017 0.01

IIpumeuanue. ®C — papmakorneiinas crarhbs; ['® — FocymaperBennas papmakones; TY — texanyeckoe yciaosue; TOCT — Tocy-

Z[apCTBeHHbIﬁ cTaHgaprT.

Note. PM — pharmacopoeial monograph; SP — State Pharmacopoeia; TC — technical condition; GOST — Federal Standard.

Ob6opyodosarue: Becol anaautnyeckre CE224-C
(OO0 «Caprorocm», Poccus), TOCT P 53228, obe-
CIIEYNBAIOIIE TOYHOCTh OJTHOKPATHOTO B3BEIINBA-
HUS C OpeeaMu JIOIMYCKaeMOU abCOJIIOTHOU IT0-
rpemHocTH He 6oJiee +£0.5 MT; CIIEKTPOGOTOMETP
C®-2000 (buokeit, Poccust), abcomoTHAsA MOTPEII-
HOCTh YCTAHOBKU /JIMHBI BOJIHBI +0.8 HM; ¢doTo-
meTp KOK-3 30M3 (3A0 «3aropckuili ONTHKO-
MeXaHWu4YeCcKHH 3aBoi», Poccus), abcoroTHasA II0-
TFPENIHOCTh YCTAHOBKU JIJIMHBI BOJIHBI +£3.0 HM.

Peaxmusewt: xnopup xeiesa 111 6-BoHbIN (XU-
MuYeckn 4YHCTHIH (X. 4.)), OAO «Bpom», Poccus,
T'OCT 4147-74; xucnora amuHokanponosas (00O
«ITonucunres», Poccus), 'OCT 7850-2013; Boza
ountierHast, ®C.2.2.0020.15; MOJUITUIEHTIINKOIb
(ITAT) — 400 (TY 2481-008-71150986-2006), I13T'-
1000 (TY 2481-008-71150986-2006); CHUPT 3TUJIIO-
BbIH 95% (OO0 «['unmokpat», Poccus), ®C-000737;
numetupopmamuy (JIMOA) (x. 4., 000 «kOrpeak-
tuB», Poccus), 'OCT 20289-74; HUHTHAPUH (X. 4.,
00O «IOrpeaktuB», Poccus), ¢ MaccoBOH 0-
Jieli OCHOBHOTO BellleCTBa He MeHee 95 %; KHCJIO-
Ta ackopbuHoBas (x. 4., 000 «IlomucuHTes», Poc-
cus); HaTpuii (GocOpPHO-KUCIBIN JBy3aMeleH-
Heiii 12-Bogubill (OO0 «Xum», Poccus), I'OCT
4172-76; kaaui GocPOpPHO-KUCTBIA OHO3aMEIIEH-
ubiit (OO0 «IOrpeaktus», Poccus), TOCT 4198-75;
KHCJIOTA CyJIb(ocayunuioBas 2-sogHas (X. 4., 25%
pactBop, 3A0 «EpeBaHCKUI 3aBOJT XUMPEAKTUBOBY,
ApmeHusi); KBacipl kesezoaMMoHuiHble (JKAK)
(amctere, 3AO «HIIO 9KPOC», Poccus); kuciora
cepHas (X. 4., 0,05 M pactBop, OO0 «XuMHTEKC»,
Poccus); kucaora azotrHasa (x. 4., OO0 «XumTT»,
Poccus).

J1J1s1 u3yyeHu s BEICBOOOKJIEHU A JIEHCTBYIOIIUX
BelecTB (AMHUHOKAIIPOHOBOW KHCJIOTHI U XJIOPH-

2013; the purified water, Pharmacopoeial mono-
graph (PM).2.2.0020.15; polyethylene glycol (PEG)
400 (Technical condition (TC) 2481-008-71150986-
2006), PEG-1000 (TC 2481-008-71150986-2006),
95% ethyl alcohol (Hyppocrat, Russia), PM-000737;
dimethylformamide (DMF) (c.p., Ugreaktiv, Russia),
GOST 20289-74; ninhydrin (c.p., Ugreaktiv, Russia),
with a mass fraction of the main substance of not
less than 95%; ascorbic acid (c.p., Polisintez, Russia);
sodium phosphate dibasic 12-hydrate (Chim, Rus-
sia), GOST 4172-76; potassium phosphate monbasic
(Ugreaktiv, Russia), GOST 4198-75; sulfosalicylic
acid 2-hydrate (c.p., 25% solution, Yerevan Chemi-
cals Plant, Armenia); ferrous ammonium sulfate
(FAS) (pure, NPO ECROS, Russia); sulfuric acid
(c.p., 0.05 M solution, Himiteks, Russia); nitric acid
(c.p., Himtt, Russia).

To study the release of active substances (ami-
nocaproic acid and iron chloride) from the studied
composition, the method of equilibrium dialysis ac-
cording to Kréwcezynski was used [11]. Purified wa-
ter was used as the receiving solution. The choice
of release medium was due to the ability of the ac-
tive ingredients to easily dissolve in the solvent.
The system was thermostatted at 37 + 1°C, 5.0 ml
samples were taken after 10, 20, 30, 40, 50, 60, 90,
120, 150, 180, 240 min, 12 and 24 h, replenishing
the volume of the receiving solution.

The alloy of PEG-400 and PEG-1000 in ratio
4 : 1 selected earlier by Harrington’s desirability
function was used as the base of hemostatic oint-
ment. Values such, as organoleptic properties (ap-
pearance and consistency, smell, color); Casson
plastic viscosity, Pa - S effective viscosity, kPa;
quantitative content of active substances, %; par-
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Jla JKeJie3a) U3 U3y94aeMOI'o COCTaBa MCII0JIb30BaJI-
¢ METOJI PaBHOBECHOTO Jinain3a 1Mo KpyBUmHCKO-
My [11]. B xauecTBe MpreMHOr0 PacTBOPA IPUMEH -
Jlach BOJIa ouMIlieHHas1. BeI6op cpensl BLICBOOOK Ie-
HU s ObLJT 00YCJIOBJIEH CIIOCOOHOCTBIO JIEUCTBYIOIITHAX
BEIIECTB JIETKO PACTBOPATHCSA B JAHHOM PAaCTBOPH-
Tese. CucTeMa TepMOCTaTHPOBAJIACh MPHU TeMIle-
parype 37 + 1 °C, mpoObI 06EMOM 5.0 MJI OTOHpAa-
Ju 4yepes 10, 20, 30, 40, 50, 60, 90, 120, 150, 180,
240 MUH, 12 U 24 4, BOCIIOJIHAA 00'hEM ITPUEMHOTO
pacrtBopa.

B xauecTBe OCHOBHI TEMOCTATUUECKOU Ma3U HC-
nmosb3oBaH cmas I191-400 u I19I-1000 B cOOTHO-
IIEHUU 4 : 1, BBIODAHHBIA paHee MyTEM IIOCTPOE-
HUA QYHKLIUU KejaTeJIbHOCTU XappuUHITOHA. Ilpu
MMOCTPOEHUH JAHHOW KPHBOU Opasyd B pacueT Ta-
KHe€ TIOKa3aTeJIH, KaK OPraHOJIENITHYECKHE CBOHUCTBA
(BHENITHUH BU/I M KOHCUCTEHIIHS, 3al1aX, I[BET); IJIa-
CTUYECKas BABKOCTh Mojenu Kaccona, Ila - c; ad-
(pexTUBHAS BA3KOCTD, KI1a; KOJTUUECTBEHHOE COZIEP-
JKaHHe JIEUCTBYIONIUX BEIECTB, %; pa3Mep UYacTHI]
MSATKOH JIEKAPCTBEHHOH (OPMBI, MKM.

IKCIepUMEHT TPOBOMIIU TIO CJIETYIONIEH MEeTO-
JINKEe: B KOHUYECKYIO KOJIOYy 06heMOM 100 MJI ITOMe-
I[AJTA TOYHYIO0 HaBECKY 5.0 MJI UCCJIEAYEMOH KOMIIO-
3UIUU. PacTBOpsUIN ee B HEOOXOAUMOM OObeMe MO-
JIeJIBHOU cpeibl (Bojia ouninieHHast). O6'beM BObI OUH-
IIIEHHOM COOTBETCTBOBAJI TAKOMY KOJIMYECTBY, UTOOBI
HaBECKa Ma3Hu MOIJIA [IEPEXO/IUTH B PACTBOPEHHOE CO-
crosiure. Kosby ¢ pacTBOpoM IepeMennBaInu Ha BO-
JstHOH G6ane pu 37 °C co ckopocThio 50 00./MuH. Cre-
TIEHD U CKOPOCTH JIECOPOITHMH JIEKAPCTBEHHBIX BEIIECTB
(AMUHOKAITPOHOBOH KUCJIOTHI U XJIOPU/IA YKEeJIe3a) U3-
y4aju cieKTpoOoTOMeTpUUeCKH: U (POTOMETPUYECKU
cooTBeTcTBeHHO. OTOOP P06 /171 AHATH3A OCYIIECT-
BJISUTH Yepe3 OIpeJieJIEHHbIE IPOMEXKYTKH BPEMEHH,
OIIPEJIEJISIITA ONITHYECKYIO IIJIOTHOCTH PACTBOPA U BBI-
CUMTHIBAJIM KOHIIEHTPAIIUIO B MPOOE OTHOCUTETHHO
MOJIEJIBHOH CpeJibl. JJJIUTETbHOCTD SKCIIEPUMEHTA 10
HU3yYEeHHIO BBHICBOOOK/IEHUS JIEHCTBYIONIUX BEIECTB
coctaBusa 24 4. OUBIT IPOBOAWIIU C 5-KPaTHBIM I10-
BTOPEHHEM Ha TPeX HaBecKaxX Ma3d OJHOTO o0pasIia.
[TapaJiiesTbHO TTPOBOAVIIM KOHTPOJIBHBIN OIIBIT € Ma-
3bI0 6€3 HAHOYACTHI] JKeJIe3a.

Hamu ucnosb3oBasiach MOJeJb, IIPH KOTOPOM
KaXk/aa orobpaHHas mpoba aHAJIM3UPYEMOro pac-
TBOpa 3aMeHSIeTCSI CBeXKel Mopluued MOeTbHON
cpezbl TOTO ke oObeMa. Takas MOJIeTb TTO3BOJISET
MPUOJTUBUTHCS K PEaIbHBIM YCJIOBHSAM, KOT/IA YaCTh
JIEUCTBYIOIIETO BEIECTBA YXOAUT C KPOBOTOKOM B
OpraHu3M IalieHTa.

PE3YJIBTATBI 1 OBCYKJIEHUE

JlaHHbIe, TOJIyUeHHbIE B XOJ/I€ HCCJIEOBAHUS,
mpesicTaByieHbl B Tabs. 2. [To pesysbraTaMm SKcie-

ticle size of semisolid dosage form, um, were taken
into account in constructing this curve.

The experiment was carried out according to the
following procedure: a precise weight of 5.0 ml of the
test composition was placed in a 100 ml conical flask.
It was dissolved in the required volume of model me-
dium (purified water). The volume of purified water
was such that the ointment can be dissolved. The so-
lution in the flask was mixed in water bath at temper-
ature up to 37°C with 50 rotations per minute. The de-
gree and desorption rate of drugs (aminocaproic acid
and iron chloride) was studied by spectrophotometry
and photometry respectively. Sampling for analysis
was performed at predetermined intervals, the opti-
cal density of the solution was determined, and the
concentration in the sample was calculated in refer-
ence to the model medium. The duration of the exper-
iment to study the release of active substances is 24 h.
Control test with ointment without iron nanoparticles
was carried out in parallel.

The authors of the article used a model in which
each sample of the analyzed solution was replaced
with a fresh portion of the model medium of the
same volume. Such a model allows to approach real
conditions when part of the active substance leaves a
place and goes to the patient’s body with blood flow.

RESULTS AND DISCUSSION

The data from the study are presented in Table 2.
According to the results of the experiment, the corre-
sponding kinetic curves are built (the Figure).

According to the Figure, the kinetic curve of the
active substances release on time at the initial stage
of the experiment does not reach high values. Grad-
ual increase of substance concentration in dialysate
within the first hours of the experiment is observed:
46.89% (2.3445 + 0.106 g) of aminocaproic acid
and 62.08% (3.1040 + 0.091 g) of iron chloride was
released in the first hour, 79.75% (3.9875 + 0.175 g)
and 96.94% (4.8471 + 0.063 g) respectively were re-
leased in 4 h, and after 12 h the release was 85.24%
(4.2620 + 0.173 g) and 98.56% (4.9281 + 0.051 g)
respectively. The following dependence has been
revealed: iron chloride is more fully and quickly re-
leased, aminocaproic acid is characterized by slow
and longer release. The pharmaceutical availability
in the control samples is rather low. Thereby, the
following conclusion can be drawn concerning the
role of iron nanoparticles in the composition of the
semisolid dosage form, namely that they provide a
prolongation of hemostatic effect.

Thus, in the course of the experiment, it was
found that the developed composition of hemostatic
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TaGuuna 2. BeicBoO0XK/IeHHE JIEUCTBYIOIIUX BEIECTB U3 T€MOCTATHYECKON Ma3H ¢ HAHOYACTUIIAMY — KOHI[EHT DAL

BellecTBa B luajin3are

Table 2. Release of active substances from hemostatic ointment with nanoparticles — concentration of substance in

dialysate
Bpems, AMMHOKaIIpOHOBas AMMHOKaIIpOHOBAs XJopup xkeae3a
- KHCJIOTa XJopu/ Jkee3a KHUCJI0Ta (KOHTPOJIB) (KOHTPOJIB)
Time, Aminocaproic acid Iron chloride Aminocaproic acid (control) Iron chloride (control)
s % r/g % r/g % r/g % r/g
10 10.31 0.5155 + 0.185 21.84 1.0920 £ 0.196 9.91 0.4955 + 0.212 13.18  0.6590 + 0.041
20 25.54 1.2271 + 0.091 30.96 1.5481+0.153 10.76 0.5380 + 0.067 20.46 1.0230 + 0.012
30 32.64 1.6322 + 0.035 41.58 2.0797 £ 0.091 20.90  1.0450 + 0.012 25.28  1.2640 + 0.206
40 35.24 1762+ 0.012  45.35 2.2675+0.041 35.42 1.7710 £ 0.075 30.39 15195 + 0.012
50 42.25 2.1132+0.135 55.87 27935+ 0.155 41.75 2.0875 + 0.206 35.58 17791 £ 0.012
60 46.80  2.3445+ 0.106 62.08 3.1040 £ 0.091 42.50 2.12095 + 0.173 39.19  1.9595 + 0.012
90 52.46 2.6230 + 0.196 70.65 3.5325 + 0.098 45.50 2.2750 + 0.206 41.56 2.0782 + 0.061
120 59.51 2.9755 £ 0.041 80.96 4.0480 £+ 0.075 50.25 2.5125 + 0.197 43.56 2.1780 £ 0.154
150 66.10 3.3050 £ 0.061 90.58 4.5201 + 0.173 52.87 2.6435 £+ 0.090 45.25 2.2625 + 0.173
180 75.83 3.7915 £ 0.075 96.86 4.8432 + 0.169 53.15 2.6575 + 0.019 49.05 2.4525 + 0.041
240 79.75 3.9875 £ 0.175 06.94 4.8471+0.063 50.86 2.5430 £ 0.0901 50.78  2.5390 + 0.012
720 85.24  4.2620 + 0.173 98.56 4.9281 + 0.051  49.47 2.4735 + 0.206 48.57  2.4285 + 0.061
24u/h 89.85 4.4925+0.196 98.95 4.9475+ 0.041 48.58  2.4290 + 0.029 46.59  2.3205 + 0.019

PHUMEHTA OCTPOEHBI COOTBETCTBYIOIHE KUHETHYE-
CKHe KpPUBbIE (PUCYHOK).

Kak BU/THO U3 PUCYHKA, KHHETHYECKAS KPUBas
3aBHCUMOCTH BBICBOOOKJIEHUSA JEHUCTBYIOIIUX Be-
IECTB OT BPEMEHM HAa HAYaJIbHOM 3Talle SKCIEPH-
MeHTa He JOCTUTaeT BRICOKMX 3HaueHuii. Habaroma-
eTcs MMOCTeleHHOe HapacTaHWe KOHIIEHTPAIlMU Be-
[eCTBa B UAJIN3aTe B TEUEHUE TIEPBHIX YACOB IIPO-
Be/IeHU SKCIIEpUMEHTA: 3a MEPBBIH yac BBICBOOO-
IUII0ch 46.89 % (2.3445 + 0.106 T) aMHHOKATIPOHO-
BOU KHUCJIOTHI U 62.08 % (3.1040 £ 0.091 T) XJIOPH-
Jla Jkejesa, uyepes 4 4 — 79.75 % (3.9875 + 0.175 1)
u 96.94 % (4.8471 + 0.063 T) COOTBETCTBEHHO, a
yepes 12 U BBICBOOOXK/IEHHE cocTaBuiIo 85.24 %
(4.2620 + 0.173 1) 1 98.56 % (4.9281 + 0.051 T) COOT-
BETCTBEHHO. BhIsIB/IeHA cileaiyioniasi 3aBUCUMOCTb:
6oJiee TIOJTHO U OBICTPO BBICBOOOKIAETCS XJIOPH]
JKese3a, JIJIs aMAHOKAIIPOHOBOM KHUCJIOTHI Xapak-
TEepPHO MeJIJIEHHOE U 60JIee JI0JIT0e BHICBOOOXKIEHNE.
dapmanieBTUYECKasl JOCTYITHOCTh B KOHTPOJIbHBIX
o0pasIax JOCTaTOYHO HU3KAsl — K3 3TOTO MOXKHO
c/leJIaTh BBIBOJT O POJIM HAHOYACTHUI] KeJjie3a B CO-
cTaBe MATKOU JIEKaPCTBEHHOU (hOPMBbI, 8 UMEHHO O
TOM, YTO OHH 00EeCIIeYnBAIOT TPOJIOHTUPOBAHHUE Te-
MocTaTuueckoro addekra.

Takum o6paszoM, B XO/e SKCIIEpUMEHTa ycTa-
HOBJIEHO, YTO pa3pabOTaHHBIA COCTAaB reMOCTATH-
YEeCKOW Ma3W ¢ HAaHOYACTUIIAMH PAaBHOMEDHO BbI-

ointment with nanoparticles evenly releases the ac-
tive substances within 24 h.

In order to objectively control the release rate,
quantification techniques need to be adapted to
the determination of the substance in dialysate.
Statistical processing of the results was carried
out in accordance with the general pharmacopoeia
monograph (GPM) “Statistical processing of exper-
imental results” (State Pharmacopoeia (SP) XIV,
GPM.1.1.0013.15). The technique is validated in ac-
cordance with GPM “Validation of analytical meth-
ods” (SP XIV, GPM.1.1.0012.15) based on param-
eters of specificity, linearity, correctness, precision.

Quantitative determination of aminocaproic acid
in samples was carried out by the adapted method of
direct spectrophotometry at wave length of 568 nm
according to the method developed by the authors
[12]. The data obtained as a result of the spectropho-
tometric aminocaproic acid determination and their
statistical treatment are presented in Table 3.

The quantitative determination of iron (III)
chloride in the samples was carried out photomet-
rically by the complexation reaction with sulfosali-
cylic acid at the wave length 510 nm according to
the method described in [13]. The results obtained
in the process of the photometric determination of
iron chloride and their statistical analysis are pre-
sented in Table 4.
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CBOOOK/IaeT JIEWCTBYIOIINE BEIIECTBA B TEUYEHUE
24 4acosB.

17151 00BEKTUBHOTO KOHTPOJISI CKOPOCTHU BBICBO-
00XKEHIsI METOAUKH KOJTUYECTBEHHOTO OIpeiesie-
HUSA HEOOXO[MMO aJJaliTUPOBATh K OIpPE/eJIEHUI0
BelllecTBa B Auasusarte. CTaTUCTHYECKYIO 0O6paboT-
KY p€e3yJIbTaTOB IPOU3BO/IUJINA B COOTBETCTBHUU C 00-
men dapmakoneitnoit crarbeir (O®C) «CrarucTu-
yeckass 00OpaboTka pe3yJIbTaTOB OKCIEPUMEHTAa»
(I'd X1V, O®C.1.1.0013.15). MeTozKa BaIuUpOBa-
Ha B cootBercTBur ¢ OPC «Banuganusa aHaIuTHde-
ckux MeToauk» (I'® XIV, O®C.1.1.0012.15) 110 I0Ka-
3aTesAM CHenubUIHOCTH, JIMHEHHOCTH, PABUIb-
HOCTH, IPEIU3UOHHOCTH.

KosmuecTBeHHOE OIpe/iesieHre aMHUHOKAIIPO-
HOBOM KHCJIOTHI B ITP06aX OCYIIECTBJIAIN aIalTH-
POBaHHBIM METO/IOM IIPAMOU CIEKTPO(OTOMETpUH
[IpH JIJTMHE BOJIHBI 568 HM 110 pazpaboTaHHOU HAMU
Metonuke [12]. [TosryueHHBIE B pe3ysIbTaTe CIEKTPO-
(oromeTpruecKOro OnpeiesIeHN s KUCIOThI aMHHO-
KaIllPOHOBOU JIaHHbIE U UX CTaTHCTHUYECKast obpa-
0oTKa ImpejcTaBJIeHbI B Ta0JI. 3.

KosinuecTBEeHHOE OIIpe/iesieHNE XTI0PU/IA XKeJle-
3a (III) B mpob6ax ocyuiecTBIIsIN (POTOMETPUUECKH
II0 peaknuu KOMILJIEKCOOOPa30BaHUA C CysIbdoca-
JIITUJIOBOM KUCJIOTOU MIPH JIJIMHE BOJIHBI 510 HM IO
MEeTONKe, U3JIOXKeHHOU B [13]. Pe3ysbraThl, mosy-
YeHHbIe B pe3yJbrare (POTOMETPUUECKOTO OIpese-
JIEHU S XJIOPU/IA JKeJle3a, U UX CTaTUCTHYecKas obpa-
60TKa IpejcTaBjIeHbl B TA0JI. 4.

CONCLUSION

The kinetics of the release of active substances
from the hydrophilic base, which is a mixture of
PEG-400 and PEG-1000 in the ratio of 4 : 1, was
studied by the method of equilibrium dialysis ac-
cording to Krowczynski. The best results on the re-
lease of active substances were obtained in samples
of ointments with iron nanoparticles: the staticti-
cally significant difference in the release parameters
from the control samples was proved (p < 0.05).
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3AK/TIOYEHHNE

MeTos0M paBHOBECHOTO Auaan3a o KpyBunH-
CKOMY HCCJe/lOBaHa KHUHETUKA BBICBOOOMKIEHUS
JIEUCTBYIOIIUX BEMECTB U3 TUIPOGUIBHON OCHOBBI,
MpeicTaBsAIoNel coboit cmech IIOI-400 u I19T-
1000 B COOTHOIIIEHUH 4 : 1. Hanaydriue pesysibra-
TBI IO BEICBOOOKIEHUIO JIEHCTBYIOIIUX BEIECTB I10-
JIyueHbI B 0Opasnax Maszedl ¢ HAHOUACTHUI[AMU Ke-
Jieda — YCTAHOBJIEHO CTAaTUCTHUYECKU JIOCTOBEPHOE
OTJINYHE OT IIOKa3aTesed BHICBOOOXKIEHU U3 KOH-
TPOJIBHBIX 06pasmos (p < 0.05).
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Ta6auna 3. Craructudeckasi 06pab0TKa pe3yJsIbTaToB CIEKTPO(POTOMETPUUECKOTO OIIPE/IeIEHUS] AMHUHOKAIIPOHOBOK
KHCJIOTHI B reMocTaTudeckoM cpeactse (P = 95 %; n = 6)

Table 3. Statistical analysis of the results of spectrophotometric determination of aminocaproic acid in hemostatic
agent (P = 95%; n = 6)

Howmep o6pasia ) A, M, r X, r ch, Iy AX e % ch + AX
Number of sample A, Mg X, g X.,8 X +AX
1 0.2014  0.20922 0.0480 4.9875
2 0.2015  0.2922 0.0502 4.9869
3 0.2016  0.2922 0.0510 4.9888
4.9875 0.0028 0.0567 4.9875 + 0.0567
4 0.2018  0.2923 0.4994 4.9917
5 0.2015  0.2923 0.4975 4.9861
6 0.2013  0.2922 0.5012 4.9837

llpumeyanue. P — BeIMYMHA JIOBEPUTEIBHOTO HHTEPBAJIa; N — YUCJIO MapajlesIbHBIX OIpe/ieJieHUi; A — omTHdecKas ILJIOT-

HOCTb o6pa3ua; ACT — OIITHUYeCKas IIJIOTHOCTb CTaHJAapTa; M ., — MaccCa HaBE€CKHM CTaH/JlapTa; X — KOJITUYeCTBEHHOE CoZiepKaHue aMUuHO-

¢
KaIpOHOBOH KUCJIOTHL B 06pasie; X, — cpe/iHee 3HaYEHNE KOJIMIECTBEHHOTO CO/IEpIKaHMsl aMUHOKATIPOHOBOH KUCIOTHI B 06pasuax;
AX — noBepUTEIBHBIH HHTEPBAJT; € — OTHOCHTEJIbHAS OLINOKA Pe3yIbTaTa OTAEIBHOTO ONIpe/iesIeHU .

Note. P — value of the confidence interval; n — number of parallel determinations; A — optical density of the sample; A  — opti-
cal density of the standard; M_, — the mass of the standard weight; X — amount of aminocaproic acid in the sample; X, — average

amount of aminocaproic acid in the samples; AX — confidential interval; € — a relative error of result of individual determination.

Tab6auna 4. Crarucruueckas 06paboTka pe3yibraToB OTOMETPHUECKOTO OIIPE/IE/IEHU S HOHA KeJle3a B TEMOCTaThye-
ckoMm cpezicte (P = 95 %; n = 6)
Table 4. Statistical analysis of the results of iron ion photometric determination in hemostatic agent (P = 95%; n = 6)

Howmep ob6pasma A C (Fe), mr/mn X, r/min ch, /M AX . % ch + AX
Number of sample x C (Fe), mg/ml X, g/ml X, ., g/ml ’ X +AX
1 0.885 0.0786 0.0491
2 0.874 0.0770 0.0481
3 0.878 0.0776 0.0485
0.0487 0.0004  0.8321  0.0487 £0.0004
4 0.884 0.0785 0.0490
5 0.879 0.0778 0.0485
6 0.883 0.0783 0.0489

IlpuMeuaHnue. P— BeJMYHHA JOBEPUTEIHLHOTO HHTEPBAJIA; N1 — YHCJIO AapaJIIe/IbHEIX ONIPe/IeIeH i; A — ONTHYecKas IJIOTHOCTD
obpasua; C (Fe) — KOHIIEHTPAINS HOHOB JKeJIe3a, BEIUNC/IEHHAS C MCIO0JIb30BAHUEM IPAZyHPOBOYHOrO rpaduka; X — KOHIIEHTPALIHS
HMIOHOB KeJle3a B 06pasie; X, — cpe/iHee 3HaUeHHe KOJIMYECTBEHHOTO CO/IepIKaHNsl HOHOB XKeJle3a B 06pasnax; AX — JoBepHTe IbHbLH
HMHTEPBAJI; € — OTHOCUTEJIbHAS OMIMOKA PE3yJIbTaTa OTAEIbHOTO OIPE/IEIEHUSL.

Note. P — value of the confidence interval; n — number of parallel determinations, A — optical density of the sample; C (Fe) —
concentration of iron ions calculated using a calibration graph; X — concentration of iron ions in the sample; X, — average value of
the quantitative content of iron ions in the samples; AX — confidential interval; € — a relative error of result of individual definition.
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