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PORE SIZE EFFECT AND MORPHOLOGY OF MESOPOROUS
SILICA ON METOPROLOL TARTRATE RELEASE

Purpose. Study pore size effect and morphology of mesoporous silica on metoprolol tartrate release.

Methodology. A sample of hollow mesoporous silicon dioxide with amino-functional groups
containing 12.7 wt. % metoprolol tartrate has been investigated as potential carriers for the controlled release
of active substance. Studies of the release profiles of metoprolol tartrate were performed under the following
conditions: dissolution medium was buffer solution with a pH of 7.4 (phosphate buffer); sampling time: from
0.5h before 18 h. The metoprolol concentration in the liquid phase was evaluated by a UV-Vis
spectrophotometer (Persee TU-190, Beijing, China) by use of quartz cuvettes with an optical path length of 1
cm at a maximum wavelength of 274 nm.

Findings. In this work we have studied mesoporous silica as possible carrier to controlled release of
metoprolol tartrate, a drug used in the treatment of some diseases of the cardiovascular system. The material
for research was a sample of hollow mesoporous silicon dioxide with amino-functional groups 200-400 nm in
size and 20-30 nm in shell thickness. A calibrated curve to determine the amount of metoprolol was
constructed by determining the absorption dependence of the concentration of metoprolol in the range from
10 to 300 ppm. The same drug concentration was obtained as calculated from the drug release test formula,
which concludes that the release of metoprolol is controlled.

Originality. The controlled release of a sample of hollow spheres of mesoporous silicon dioxide filled
with metoprolol tartrate was studied, which was synthesized by the School of Chemistry and Chemical
Engineering, Qilu University of Technology, using a new technology, where hollow spheres of mesoporous
silicon dioxide with amino groups were synthesized using CO; gas bubbles as templates.

Practical value. The metoprolol release amount could achieve a 50% release amounts within 1 hour
and 90% within 5 hours, indicating that the synthesized mesoporous hollow sphere could achieve controlled
drug release, and shows the potential of carriers with stimulus response and targeted therapy.

Keywords: hollow mesoporous silica; metoprolol tartrate; drug controlled release; dissolution.

Introduction. Hypertension is a leading cause of cardiovascular disease, stroke, and death. It
affects a substantial proportion of the population worldwide, and remains underdiagnosed and
undertreated [1]. The attack of hypertension usually begins in the morning when the patient wakes
up from a situation of relative hypotension. Therefore, the development of controlled drug delivery
is of great importance in chronopharmacology, for example, to minimize the risk of morning
hypertension attack [2].

Beta-adrenoblocker metoprolol is wide used in arterial hypertension and ischemic heart
disease. Metoprolol has salt such as tartrate (MPT) which is used for production of immediate release
(IR) and may need to be taken multiple times per day [3].

In the last years many efforts have been devoted to the development of new formulations that
can control both rate and period of drug delivery. Mesoporous silica carriers have a number of
attractive features for enhancing drug dissolution, such as high surface area, large pore volume and
ordered pore networks and they can also provide an adjustable drug release profile [4]. Silica matrices
show high biocompatibility and these materials are biodegradable to monosilicic acid (in the long
run, in the intestine) and resistance to microbial attack. Moreover, physico-chemical and textural
properties of silica can be modulated ad hoc by the choice of a tailored synthetic approach [5, 6].
Mesoporous silica nanoparticles (MSNs) have been widely studied as drug carriers to get controlled
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release behaviors, however, their application in sustained release of MPT is limited. The possible
reason is due to MPT molecule being bulky, while normal type MSNs like MCM-41 and SBA-15
have pore sizes of only 3-6 nm [7]. Studies for the controlled release of MPT are described, which
are aimed at both new approaches to synthesis and characterization of silica carriers: a one-time sol-
gel approach and wetness impregnation method, where MPT is adsorbed on a silica support by wet
impregnation after synthesis [5]. MSNs with MTP were synthesized through the reaction of tetraethyl
orthosilicate (TEOS) in the water medium at 353 K, with introducing some cetyltrimethylammonium
bromide (CTAB) as porogens [8]. A novel technique ultra-fine particle process system (UPPS) was
employed to develop sustained-release MPT microspheres for oral administration [9]. Scientific
interest is hollow structured amino-functionalized mesoporous silica, which was usually prepared by
hard templates or selective etching of solid spherical silica in a basic solution [10]. The obtained
hollow mesoporous silica showed good CO> capture amounts and high performance in Knoevenagel
reaction due to the presence of abundant amine groups. In addition, mesoporous silica hollow spheres
displayed excellent performance in drug-controlled release characteristics for a number of drugs and
are promising for molecular modeling of the bulky MPT molecule delivery system [7, 11].

Despite significant progress in the characterization and development of mesoporous drug
delivery systems to improve drug dissolution, more research is needed such as Dissolution test to
establish the kinetic profile of drug release from mesoporous silica materials, the rate of release of
the active ingredient (API) from the carrier, and the possibility of re-adsorption API on the surface of
mesoporous silica [12]. The interaction of dispersion medium with the drug-silica matrix and the
release rate of the API are dependent on factors such as porosity, the initial drug load, the drug’s
solubility in the release medium and the diffusion coefficient of the drug molecules in the medium
and importance of utilizing relevant and effective in vitro dissolution methods with discriminating
dissolution media [13].

Statement of the problem. Aim of our work has been the investigation pore size effect and
morphology of mesoporous silica on metoprolol tartrate release. The solubility of metoprolol (tartrate
form) in water is >1000 (mg/ml) at 25°C (freely soluble in water). Metoprolol can quickly disperse
into phosphate buffer solution system once it diffuse from nanopores of mesoporous silica. Samples
of MPT drug-loaded mesoporous silica hollow spheres were previously synthesized by the School of
Chemistry and Chemical Engineering, Qilu University of Technology, using the novel technology,
where amino-functionalized mesoporous silica hollow spheres were synthesized by using CO-
gaseous bubbles as templates.

Research results. The material for research was a sample of hollow mesoporous silicon
dioxide with amino-functional groups 200-400 nm in size and 20-30 nm in shell thickness,
containing 12.7 wt. % MPT. In addition, the robust hollow mesoporous silica could well-dispersed in
aqueous systems, showing excellent drug-controlled release. The morphology of the amino-
functionalized mesoporous silica with loaded MPT used in the present study is shown in Fig. 1.

Studies of the release profiles of the active substance MPT were performed under the
following conditions:

- device with stirrer;

- volume of dissolution medium: 100 mL;

- dissolution temperature: 25.0 + 0.5°C;

- dissolution medium: buffer solution with a pH of 7.4 (phosphate buffer);

- speed of rotation of the stirrer: 100 rpm;

- sampling time: 0.5h,1h,1.5h,2h,25h,3h,35h,4h,5h,6h,8h,10h, 18 h.

Drug release experiments: First, 10.0 mg of MPT-loaded mesoporous silica as powder was
added in 100 mL of phosphate buffer with a stirring speed at 100 rpm at certain temperature.
Extraction solution of 2.0 mL was taken out at different time to monitor the concentration of
metoprolol in the solution by a UV-Vis spectrophotometer (Persee TU-190, Beijing, China) by use
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of quartz cuvettes with an optical path length of 1 cm at a maximum wavelength of 274 nm. After
every extraction 2.0 mL fresh phosphate buffer was replenished. The reference solution was prepared
by dissolving a standard sample of metoprolol tartrate in a phosphate buffer as dissolution medium.

Calibration curve of metoprolol was determined by taking absorbance vs. metoprolol
concentration between 10 and 300 ppm. Figure 2 showed calibration curve of the strongest absorption
peak at 274 nm to quantify the concentration of drug molecules in the solution.
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Fig. 2. Calibration curve of the absorption peak to quantify
the concentration of drug MPT in the solution

The effective concentration in solution was calculated on the basis of the following equation
(1) [5, 14]:
t—1

v
Ce = Capp + v Z Capp 1)

where Cesf — is the corrected concentration at time, t;
Capp — IS the apparent concentration at time, t;
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v — is the volume of sample taken;

V —is the total volume of the dissolution medium.

In relation to our conditions, the formula has the form: C.rr = Cgpp + 0.02 X Z: Capp-

The test was performed thrice. We have obtained the same drug concentration value of that
calculated on the basis of the formula for a drug release test, studied and concludes that the release of

metoprolol is controlled.
Figure 3 showed the MPB drug release curve.
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Fig. 3. Metoprolol tartrate (%) release from amino-functionalized
mesoporous silica hollow spheres (n = 3)

The drug release amount could achieve a 50% release amounts within 1 hour and 90% within
5 hours, indicating that the synthesized mesoporous hollow sphere could achieve controlled drug
release, which showed potential in carriers with stimulus response and targeted therapy.

Conclusions. In this work we have studied hollow mesoporous silica as possible carrier to the
controlled release of metoprolol tartrate (MPT), a drug used in the treatment of several diseases of
the cardiovascular system. MPT drug is a kind of bulky in molecular volume therefore porous
structure and relatively large pore size was proper carrier for MPT to achieve desirable controlled
release behaviors. Amino-functionalized hollow mesoporous silica with 200-400 nm in size and 20—
30 nm in shell thickness was showed excellent metoprolol tartrate drug-controlled release. It is
obtained the same drug metoprolol concentration value of that calculated on the basis of the formula
for a drug release test, and concludes that the release of metoprolol is controlled.
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SKuiBChKMI HaLIOHATBHUM YHIBEPCUTET TEXHOJIOTIH Ta qu3aiiny, Ykpaina
BIIJIUB PO3MIPY IIOP TA MOP®OJIOT'TI ME3OIIOPUCTOI'O KPEMHIIO
HA BUBIJIBHEHHS METOITPOJIOJNY TAPTPATY
Mema. Busuumu énnue poamipy nop ma mopghonozii Me30nopucmozo KpemHezemy Ha 6UGITbHEHHS.
Memonpoiory mapmpamy.
Memoouxa. 3pasox nOpoICHLO20 ME30NOPUCMO20 O0IOKCUOY KPEMHIIO 3 aMIHOQYHKYIOHATLHUMU
epynamu, wo micmumov 12,7 mac. % memonponony mapmpamy O00CRIONCEHO K NOMEHYIUHUN HOCIU O
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KOHMPONbOBAHO20 GUBLTLHEHHS AKMUGHOI peuounu. Jlocnioxcenus npoqinie 6ueinbHeHHs mapmpamy
MemonpoNoIy NPOBOOUNLU 3a MAKUX YMOS. cepedosuuye po3uuneHts - oygepruil poszuun 3 pH 7,4 (pocchammuii
oygep); uac 6iobopy: 6i0 0,5 200 0o 18 200. Konyenmpayito memonponony 6 pioxiu ¢azi eusHauaiu Ha
cnexmpogomomempi UV-Vis (Persee TU-190, Ilexin, Kumati) 3 SUKOPUCMAHHAM KEAPYOBUX KIOGEM 3
mosuwuHoIo wapy 1 cm npu Maxcumymi 008xicUHY X8uai 274 Hm.

Pesynomamu. Y yiii pobomi mu eusyuiu Me30nopucmuil OioKCUO KPeMHito sIK MONCIUBULL HOCIT O
KOHMPONbOBAHO2O GUGIILHEHHS. MEMONPOIOLY mapmpamy, npenapamy, AKull SUKOPUCINOBYEMbCA Npu
JUKYBAHHI OESIKUX 3AX60PI06AHb Cepyuedo-cyOuHHoi cucmemu. Mamepianom 0ns docuiodxcenus 0y6 3pa3ox
NOPOANCHBO2O ME30NOPUCTNO20 OIOKCUOY KPEeMHIIO 3 po3mipom amino-gynxyionanvhux epyn 200—-400 wm i
mogwunoio obonouku 20-30 um. Kanibposany kpusy 01 GusHAueHHs KilbKOCMI Memonpoiory 0yoyeaiu
WTISIXOM BUSHAYEHHS 3ANIedHCHOCI abcopoyii 8i0 KoHyenmpayii memonponony 6 oianaszoni 6io 10 0o 300 ppm.
Ompumano maxe came 3HA4eHHs] KOHYeHMpayii 1iKapcbkoco 3acoby, ke Oy10 po3paxo8ano Ha OCHOGI
opmynu O mecmy Ha BUBIIbHEHHS JIKAPCLKOZO 3AC00Yy, w0 00380458€ 3p0OUMU BUCHOBOK NpPO me, Wo
BUBLIILHEHHS MEMONPOIOJLY 3HAXOOUMbCSL € KOHMPOIbOBAHUM.

Hayxoea noeuszna. Jlocniodiceno KOHMPOIbOBAHe  GUBLIbHEHHS 3PA3KY  NOPOJCHIX — cep
Me30n0pUcmozo 0ioKcudy KpemHiio, 3an08HEH020 MemMOonpoIoLy mapmpamom, wo cunmesosanuil Lllxonorw
Ximii ma ximiunoi inoicenepii Texnonociunozco ynusepcumemy Lliny, 3 euxopucmauHsAM HAUHOBIMHBLOI
MexXHON02Ii, 0e NOPOJICHI chepu Me30nopuUcmozo OIOKCUOY KPEMHIIO 3 aMIHOZpYnamu Oyau CUHIME308aHI 3
suxopucmannam oynvoawox eazy CO, y skocmi memniamis.

Ilpakmuuna 3nauumicms. Kinokicmo suginibHeHHs MeMOnpoaoy modice oocseamu 50% eusiibHenHs
npomszom 1 eoounu ma 90% npomsazom 5 200uH, wo 6KA3YE HA me, WO CUHME308aHA NOPOICHUCMA
Mesonopucma cgepa modice 00cseamu KOHMPOIbOBAHO20 BUBLILHEHHS JIKAPCbKO2O 3acoby, I NoKasye
nomeHnyian HOCii8 3i CMUMYI-PeaKkyicro ma mapeemuoio mepaniero.

Knwuosi cnoea: nopooichiti  mesonopucmuii  0ioKCUO  KPEMHiI0; MEmMONpoiory mapmpam,
KOHMPObOBAHE GUBLIbHEHHSI NPENAPAMY; POZYUHEHHSL.

12BAH XYHII3IOAHb, *?XY BEMH, *CAJIUH E. A.
NIkona xuMuu 1 XUMUYECKOI MHKeHEpUH, TexHomorudeckuii yausepeurer Luny (Axagemus Hayk
Mausayn), [[3unans, Kuraiickas Hapoanas PecmyOnnka
2 Kuesckuii kotemk, Texnonornueckuii yansepeutet Linny (Akanemus nayk [lanbmayn),
L[3unanb, Kuraiickas Haponnas PecniyOnmka
SKueBCcKuii HALIMOHAIBHBIM YHUBEPCHTET TEXHONIOTHI M qu3aiiHa, YKpanuHa
BJIAUSAHUE PASMEPA INIOP U MOP®OJIOTUHN ME3OITIOPUCTOI'O KPEMHUSA
HA BBICBOBOXKJIEHUE METOIIPOJIOJIA TAPTPATA

Lens. HMzyyums eausnue pazmepa nop u MOp@orocuu Me30HN0pUCTHOZ0 KpemHe3eMa Ha
661C60000iCOCHUE MEMONPON0A MAPMPAMA.

Memoouxu. Obpaszey noio2o Me30nopucmo20 OUOKCUOA KPEMHUSl ¢ AMUHO-(YHKYUOHATbHBIMU
epynnamu, codepxcawuii 12,7 mac. % memonponona mapmpama, 6bi1 UCCIE008aH KAK NOMEHYUATbHbILL
Hocumeny Ol KOHMPOIUPYEMO20 GblC8000NCOCHUs aKmugHo2o geujecmeda. Hccnedosanus npogunetl
8b1C60000ICOCHUS MAPMPAMA MEMONPONONA HPOBOOUNU NPU CLEOVIOWUX YCIOBUAX: Cpeda pacmEOpeHUs —
oygepnuviii pacmsop ¢ pH 7,4 (pocpamuviii Oygep), epemss ombopa: na npomsicenuu om 0,5 v 0o 18 u.
Konyenmpayuro memonponona 6 scuokoil pase onpeedensinu Ha cnekmpogpomomempe UV-Vis (Persee TU-
190, Ilexun, Kumaii) ¢ ucnonv3oeanuem K6apyeguix Kiogem ¢ moayunou cioa 1 cu npu maxcumyme OnuHe
601Hbl 274 HM.

Pesynomamot. B smotl pabome mvl usyuunu me30nopucmolii. OUOKCUO KPEMHUSL KAK 803MONCHBLIL
Hocumens 0Jisk KOHMPOIUPYEMO20 BbICBOOONCOCHUS MEMONPOJIONA MAPMPAMA, NPenapamd, UCHOAb3YEeMO20
npu JleyeHul HeKomopvix 3a004e8anuli cepoeuro-cocyoucmol cucmemvl. Mamepuaniom 0as uUCcaedo8anus
CyoHCUn 06paszey noao2o Me30HOPUCTHOZO OUOKCUOA KPEeMHUSL C PA3MEPOM AMUHO-QYHKYUOHATbHBIX 2PYnN
200-400 um u momwunot oborouku 20-30 um. Kanubpoeannyro xpugyio 0isi onpedeieHus KOIUYecmeda
Memonponoad CMpouiu nymem OnpeoeseHus 3a6UcUMocmu abcopoyuu om KOHYeHmpayuu Memonpoioid 6
ouanazone om 10 0o 300 ppm. Ilonyueno maxoe dice 3nauerue KOHYEHMPayuu i1eKapCmeeHHo20 cpedcmad,
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Kakoe Obllo paccuumano Ha 0CHo8e opmyavl 01 mecma Ha 8blC8000ICOeHIe NeKAPCINEEHHO20 CPeOCmEd,
YUMo NO360SIEN COENAMb BbIEOO O MOM, YMO 8bICE0OONCOCHUE MEMONPOIONA KOHMPOIUPYEMOE.

Hayunaa noseusna. Vccieoosano KoHmMpoupyemoe 6blc8000dicOeHUe 00pasya noavix cgep u3z
ME30N0PUCINO20 OUOKCUOA KPEeMHUS, 3ANOTHEHHO20 MEMONPOIOIa Mapmpamom, KOmopslli CUHME3UPOosaH
Ulxonoti xumuu u xumuueckou umdicenepuu Texnonozuueckozo yuusepcumema Luny c ucnoavsosanuem
HoGeliuell MmexHono2uu, 2oe noavie cghepsvl U3 Me30NOPUCTO20 OUOKCUOA KPEMHUS ¢ aMUHOSPYRnaMu OblLIu
CUHME3UPOBAHDBL C UCHONIb308aHUEM NY3bipbKos 2aza CO» @ kayecmee MemMniamos.

Ilpakmuueckasn 3nauumocms. Koauuecmgo 6ulc80002cOeHUsL MEMONPONONA MONCEM OOCTHUSAMb
50% eviceoboxcoenus 6 meuenue 1 uaca u 90% 6 meuenue 5 wacos, umo yKazvléaem HA MO, 4MO
CUHME3UPOBAHHAS NONASL ME30NOpUCmas cghepa Moxcem 00Cmueams KOHMPOIUPYEMO20 6biCE0D0ICOCHUS
JIeKapPCMBEHHO20 CPedCmed, U NOKA3bIeAenm NOMEHYUal HOcumenell co CMmUuMyl-peakyuell U mapeemuoul
mepanueti.

Knwouesvie cnosa: nonvii me3onopucmulii  OUOKCUO KpeMHUs, MEmOnponiola mapmpam,
KOHMPOJUPYeMOoe 8blc8000NCOeHUe NPenapama; pacmeopeHue.
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