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ABSTRACT

Ensuring sufficient drug solubility is a crucialgislem in pharmaceutical-related research. For wateoluble drugs,
various formulation approaches are employed to eekahe solubility and bioavailability of lead cooymds. The
goal of this study was to enhance the dissolutioth @sorption of a new cardiovascular lead compo@&PH-1.
Early-stage preparation discovery concept was egedoin this study. Based on the concept, 26PH-tdddapoly
lactic co glycolic acid (PLGA) microspheres holdegt potential as a drug delivery system for impngvidrug
solubility and bioavailability. In this study, wesed Shirasu Porous Glass (SPG) premix membraneséitation
technique characterized with high trans-membram thnd size controllability to prepare uniform-siz€LGA
microspheres. By optimized trans-membrane pressurd PVA concentration in external aqueous phase,
uniform-sized PLGA microspheres with small sizead 5.3pum) were successfully obtained. Our reshlisved that
using ultrasonication to form primary emulsion, rgpheres with high encapsulation efficiency angdrapriate in
Vvivo release were achieved, the particle size dateation was employed to confirm the formatiorhefrnicrospheres.
Scanning electron microscopy demonstrated that 2&R¥as converted into an amorphous form. Finally;MMS/MS
method for determining the concentration of 26Pkplasma demonstrated that the bio-stability icmm$pheres
was preserved during the preparation process.

Keywords: bioavailability; dissolution; early-stage prep&at discovery concept(EPDC); PLGA microspheres;
LC-MS/MS; 26PH-1;

INTRODUCTION

During drug discovery and development work, thergability and solubility of drugs can be the limgifactors in
vivo absorption. Poor solubility can cause drugs teali® very slowly in the gastrointestinal tract,iethleads to a
low bioavailability. Since permeability is an intsic drug property, various strategies have beeeldpged with the
aim of improving the dissolution rate. In addititm chemical modification, various formulation appcbes are
important and effective methods of enhancing stityfi,2]. In this study, we chose a potent cardissular
compound, 26PH-1, to serve as a model of watetibt® drug and investigate the effect of PLGA mgpbere
formulation.

Early-stage preparation discovery concept (EPD@) pgomising method for screening new drugs. B specific
novel approach in pharmaceutical research for ddiggovery. In order to improve the disadvantageous
physicochemical properties of lead compounds, te¢haus based on EPDC could be effective and miggtue
some potential drugs in an early stage of theietigpment.
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26PH-1 is a newly discovered anti-cerebrocardi@bemia lead compound. It is composed of two motscul
trimethylpyrazine (TMP) and vanillic acid (Fig.1both of which are extracted from Chinese herbatliiee,
conjugated via ester bond and ether bond. 26PH-fapasted to be a bioactive molecule. It can sigaiftly promote
the growth of primary neuronal cells and improvenséogical damage after cerebral ischemia in rad$[3However,
as a potential cardiovascular drug, a major prolsgihiremains to be resolved. 26PH-1 is a watspianble drug. The
water solubility of it is less than 1.0 pg/ml, whileads to poor bioavailability. Therefore, itisgortant to establish
effective methods of enhancing 26PH-1 dissolution.

Many pharmaceutical methods can be employed to dwgpdrug dissolution, including microemulsion, doli
dispersions, cyclodextrin inclusion complexes androspheres. In this investigation, we prioritizécraspheres
because an ideal PLGA microspheres formulation laasonably high drug encapsulation efficiencyhhigug
loading capacity and sustained release of the thattag[5,6,7]. In recent years, Shirasu Porous GI&PG)
membrane emulsification technique has been developerepare uniform-sized PLGA microspheres[8J9is
technique is divided into two types: conventionalembrane emulsification and premix membrane
emulsification[10,11,12]. The former is usually doyed to prepare microspheres with large size (feofew to tens

of microns). However, it is time-consuming in massduction-scale due to low flux. Therefore, premigmbrane
flux has been developed[13]. In this process, edosible emulsions are firstly prepared underistjriThen they are
extruded and broken into smaller uniform dropldisoigh SPG membrane due to shear stress induced by
trans-membrane pressure (Fig.2.).

In this paper, to prepare microspheres, PLGA wésctsl as a polymeric carrier while 26PH-1 wasctetb as a
model water-insoluble drug. SPG premix membrane |gfiuation technique combined with double emulsion
(W/O/W,)-solvent evaporation method was employed, in thmes time characterized by scanning electron
microscopy (SEM) and the particle size determimatia addition, in vivo bioavailability of the miaspheres was
investigated by LC-MS/MS.
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Fig.1. Structures of 26PH-1 and tetramethylpyrazine (TMP)
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Fig.2. Preparation process of microspheresusing SPG premix membrane emulsification technique

EXPERIMENTAL SECTION

2.1 Materials

26PH-1 powders (internal standard, 97%) were obthiitom Beijing University of Chinese Medicine (Beg,
China). Its synthesis route has been reported queli[3].PLGA with ratio of lactide-glycolide 75/28Aw 13kDa)

was purchased from Lakeshore Biomaterials (Birmamgh USA). SPG membranes were purchased from SPG
Technology Co., Ltd. (Japan). All other reagents smlvents, such as dichloromethane, methanol, efezealytical
grade. SPF male Wister rats (250+10g) were provimethe Vital River Laboratory Animal Technology Catd.
(Animal production license SCXK (Beijing) 2006-009)

2.2 Preparation of microspheres

The 26PH-1-loaded PLGA microspheres were preparnedSBG premix membrane emulsification technique
combined with double emulsion (Y@/W,)-solvent evaporation method (Fig.2.). First, O\Wg emulsified 30mL
organic solvent (methylene dichloride: acetone=)dgntaining PLGA (6.7%, w/v) by ultrasonicaticor fLlmin on
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120W in ice bath to form WO. Next, the WO emulsion was poured into 120mL,\dhd NaCl (0.9%, w/w) to form
coarse double emulsions (¥@/W,). Then, the coarse emulsion droplets were achidyedxtruding the coarse
double emulsion through SPG member (5.3um) witp@rpressure. After that, the emulsion dropletewetidified
for 2h at room temperature. At last, the microspheavere collected by centrifugation, washed wighiltéd water for
3times and obtained after freeze-drying.

2.3 Surface morphology observation and size distiohh measurement

The shape and surface morphology of PLGA microsgsherere observed by a Hitachi S-4800 field emissgamning
electron microscope (Hitachi High-Technologies Cdigkyo, Japan). Particle size distribution wagnefd as Span
value and calculated as follows:

Dv,90%—-Dv,10%
Span=—"—"-———"—
Dv,50%
Where Dgow Dysow and D100 are volume size diameters at 90%, 50% and 10% efctimulative volume,
respectively. The smaller Span value indicatestreower size distribution.

2.4 In vivo bioavailability study

Eight Wister rats, weighing 25010 g, were randonilyided into three groups, three rats, three aat$ two rats,
respectively. All the animals were fasted for 12iopto initiation of the experiment. The drug wadministrated by
intragastric method and the tall vein injection hoet 250mg/kg body weight), while physiological salwas used as
control. A total of 1.0 mL of blood was collecterbfn the orbital venous plexus 2h, 4h and 6h atter drug
administration. Blood samples were placed into Hejzed tubes. After centrifugation, the obtainddsma was
stored at -2 until further study. Four hundreds microlitersptdisma was used for quantification, and this stap w
followed by the addition of 600 L of acetonitriksfter being vortexed (VORTEX SHAKER, QL-861; Jiang£hina)
for 1min, the mixture was centrifuged at 1000rpm5min at 4C. The supernatant was then withdrew and evaporated
under ventilation with compressed air at room terafpge. The residue was redissolved in 500uL ofcmiteile by
vortex. The mixture was centrifuged at 1000rpm 3arin at 4C,and 10uL of the supernatant was injected in the
LC-MS/MS system for quantification.

LC-MS/MS analysis of plasma samples

The concentration of 26PH-1 in plasma was quantifig LC-MS/MS (Agilent LC-MSD-Trap-XCT_plus, Agilén
Co., Ltd; USA;). The mobile phase used was aceaitmand 1% acetic acid-water (10:90, v/v), and slgmal was
monitored at 254nm. The flow rate was maintained.@mL/min, column temperature was kept atC25 , tued
sample volume was 10pL.

The acquisition parameter is as follows: ion ptyafpositive), ion source type (ESI), dry temperat¢350C ),
nebulizer (35psi), dry gas (11.0L/min). All the aual experiments were performed according to thed@8ines for
Animal Experimentation, University of TCM, Beijing.

RESULTS

3.1 Microsphere characterization

All the samples of 26PH-1 microspheres preparedgutiie optimized method and conventional/@W, method
were characterized by analytical techniques. Scoanritlectron Microscopy was performed to visualibe t
morphology of 26PH-1-loaded PLGA microspheres. Hmre0.5g Wwas emulsified 30mL different organic solvent.
These results demonstrated that 26PH-1 was eneds8DmL methylene dichloride: acetone (1:1, v/vjosth
surfaces and narrow size distributions (Fig.3. Bigd4.). We can choose SPG membrane with prope¥ piae to
prepare microspheres with intended size readilgraticg to this relationship.

3.2 In vivo bioavailability

The chemical structure of 26PH-1 is shown in Fithe. full mass spectra of in MS infusion experimsmbwed the
protonated molecular ions [M+Hjt m/z 437.2, 284.9, 150.5 and 134.6, respectively (Big6PH-1 and its
metabolites in rat plasma were formed via the foity metabolic pathway (Fig.6.).

In our in vivo rat tests, we randomly divided irtoee groups, group 1(ig), group 2 ( tail vein atien) and blank
group respectively. The full validated method waalfy applied to a pilot animal study aimed at qiifying 26PH-1
in rat plasma by two groups. We found that the plaaokinetic profile of 26PH-1 was highly improved BGLA
microspheres, as the,t&and T, were all significantly enhanced or prolonged coragawith pure 26PH-1 drug (no
detected in plasma). Plasma samples were collégtetl and 6h after the drug administration and tlesrpa
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concentration-time profiles were shown (Fig.7.)PBBl was always detectable in two groups, whilesmia
concentration of groupl reached peak levels betwesard 6h post-administration times and slowly Inetgadecline
thereafter. On the contrary, plasma concentratfogroup 2 quickly reached peak levels in 2h andvkladecline

thereatter.
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Fig.3. The particle size determination of 26PH-1-loaded PL GA microspheres (A ,B used different or ganic solvent, dichloride: acetone and
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dichloride, respectively.)
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Fig.4. Scanning electron microscopic photography of the PL GA microspheresin different organic solvents. dichloride: acetone(A),
dichloride (B), dichloride: diethyl ether (C) and ethyl ether (D)
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Fig.5. ESI-M S direct infusion analysis of 26PH-1 loaded-PL GA microspheres (positiveion-mode): full M S spectrum (m/z:50-800), full
MS/M S spectrum of the parent ion at m/z437.5 and full MS/MS/M S spectrum of the parent ion at m/z284.9
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Fig.6. Proposed metabolic profile of 26PH-1 loaded PL GA microspherein rat plasma
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Fig.7. MRM chromatograms (positive ion-mode) of microspherein rat plasma divided two groups
red line, blue line and pink line represent 2h,attd 6h, respectively
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DISCUSSION AND CONCLUSION

During the drug development research, Early-stagparation discovery concept (EPDC) is an effecthethod
which is worth considering. This method refers aorging out pharmaceutical work normally perforniatér at the
candidate compound discovery stage, in order taakgthe physicochemical properties of leading coamgls and
the improve efficiency of the drug discovery. Inngeal drug development process, the pre-formulatiod
formulation stages are always performed followiaglyestage drug discovery, while we intend to idtioe these
steps into the discovery stage. Some leading congsooften have to be abandoned at an early resstaigd because
of undesirable physicochemical properties. A foratioh method based on EPDC can improve the unfaledrug
properties and influence drug bio-fate, such afibigion, metabolismin vivo absorption and bioavailability, or by
reducing drug toxicity and special accumulationr @ark aimed to improve the physicochemical propérandin
vivo absorption of a lead compound, 26PH-1, through EPD

There are many ways being introduced into EPDCauthor’s opinion, at the rapid screening stage, ghey
preparation technology could not only save resetinod but also be useful for the similar structcoenpounds. So it
is very important for pharmaceutical scientistsi¢sign compound delivery formulation with the miaimumber of
trials and the least. The minimum types of expenimeand the relatively unique process are neede®l$A
microspheres technique was chosen by us firstly.

In this study, we have successfully prepared thium-sized microspheres with large size (aboup2d) by SPG
premix membrane emulsification technique. 26PHddkxl PLGA microspheres were obtained using ultiaation

to form Wy/O. By SEM analysis, 26PH-1 was observed to fomgiterm release microspheres, and then can patsist
injection sites to realize to sustained efficacthaut passing through most biological barrierdmbody. The in vivo
experiments confirmed the high dissolution rate26PH-1- loaded PLGA microsphere. Both groupl araligr2
experiments were all significantly improved by fadation of the drug as microspheres.

In herbal extracts and chemical modification stadiere are many compounds that have similar tsteg and
physicochemical properties. PLGA microsphere systemay enhance the dissolution rate of novel comg®uvith
similar structures, such as the —C=0-0- link fuorctjroup observed in 26PH-1. The employed of minese
systems is a good direction in EPDC and may inerelasg screening efficiency.

The microsphere based on PLGA technique was suotdgssmployed for the improvement of the dissabutiand
absorption of a water-insoluble compound. 26PHéeldéd PLGA microsphere was made, both the drugisbdiny
and bioavailability were highly improved. Resealwsed on EPDC can increase the efficiency of degoof
potential new drugs. Additionally, we have provedtithe whole preparation process had no influentehe
bio-stability of 26PH-1 by LC-MS/MS analysis.
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