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ABSTRACT

The aim of the present workwas to develop nano-/microparticle drug delivery
system of selected model drugs commonly used and effective in dairy cow mastitis
treatment.

According to epidemiology study, it was found that most common pathogens
in the mastitis cows were environmental streptococci (ES)(13.1%), coagulase-
negative staphylococci(CNS) (9.9%),Corynebacterium spp. (2.7%),
Staphylococcusaureus(1.1%) and Enterobacteriaciae (1.5%). Most of isolated
microorganisms were susceptible to cephalexin (CPX) and gentamicin
(GS).Therefore, CPX and GS were selected as model drugs in the development of
nano-/microparticle because of their highly susceptibility to the tested strains and the

raw materials are commonly available in Thailand.
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For CPX, poly(d,l-lactide-co-glycolide)(PLGA) was firstly used as a carrier.
Emulsion solvent evaporation was used as a technique of preparation. Effects of
emulsion type and process parameters on microparticles characteristicwere
investigated. It was found that CPX-loaded PLGAmicroparticles prepared using a
W/O/W double emulsion technology were slightly larger (~ 3-5 um) but much higher
in drug content (~ 18 % w/w) than those obtained using O/W single emulsion
preparation technology (average size was 2 um, loading efficiency was less than 2 %).
The stirring during emulsification and a change in both the internal and external phase
of the emulsion affected the size and the drug loading efficiency of the microparticles.
A 60/40 v/v mixture of chloroform and acetone was found to be the best organic
solvent system for creating the primary emulsion. To obtain microparticles with a
desirable size and high drug loading efficiency, a stirring rate of 8,000-10,000 rpm
gave the best results. However, the drug loading efficiency was very low (~18%).

To improve drug loading efficiency, CPX-loaded PLGA microparticles were
prepared by two different W/O/W emulsion solvent evaporation methods. Several
types of surfactants at different concentrations were studied with the selected suitable
method. It was found that Tween 80showed highest drug loading efficiency. CPX
existedas noncrystalline state in microparticle. CPX microparticles exhibitedgood
inhibition with minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) values of 128 pg/ml and 2048pug/mlagainst S. aureus ATCC
25922, 512 pg/ml and 4096 pg/ml against Escherichia coli ATCC 25933,
respectively.

Regarding to the GS, the nano-/microparticles were firstly prepared by the

same technique as CPX microparticles using PLGA and poly(lactic-co-
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hydroxymethyl glycolic acid) (PLHMGA) as a carrier.Effects of ethanol, surfactant,
osmotic value of the external phase, polymer type and concentration on size, drug
loading efficiency and release behavior were investigated. The results demonstrated
that neither ethanol nor surfactants had beneficial effects on the drug loading
efficiency (around 4-10%). However an increase in buffer concentration (and thus
osmotic pressure) of the external phase resulted in a substantial increase of GS
loading (from 10 to 28%). Further, an increase of PLGA concentrationin
dichloromethane from 10% to 15/20% causeda 4-time increase of the drug loading.
The best formulation identified in this study had loading efficiency of around 70%.
The particles showed a burst release of the drug, followed by a plateau phase of 35
days where hardly any release occurred. The drug was then slowly released for around
25 days likely due to degradation of the microparticles. The drug loading efficiency of
GS in PLHMGA was not significantly different from PLGA microparticles (64%).
The release of GS from PLHMGA microparticles was faster than that of PLGA
because the degradation rate of PLHMGA is more rapid than PLGA.

Further investigation in order to enhance drug loading efficiency was done by
using a water soluble N-trimethyl chitosan (TMC). Nanoparticles were formed by a
complex coacervation between TMC and dextran sulfate (DS). The influence of
formulation parameter variables, including concentration of drug and carriers on
particle size, zeta potential, and drug loading efficiency was studied. The results
demonstrated that size of all formulation ranged between 154-750 nm. Values of drug
loading efficiency and zeta potential varied between 18%-69.5% and -50- to -69 mV.
Increasing of nanoparticles size was obtained with increasing concentration of GS and

carriers. The highest loading efficiency (69.5%) was achieved when the concentration
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of GS, and carriers was 0.5 and 1.0 mg/ml respectively. The in vitro release of GS
from the selected particles approximately 85% was shown in 5 h. The cytotoxicity of
obtained nanoparticles was drug independent. The GS-loaded nanoparticles showed
antibacterial activity for S.aureus, Streptococcusuberisand E. coli in a dose dependent
manner.The antimicrobial activity for Strep.uberis of GS-loaded nanoparticles was
higher than that the free drug when 400 pg/ml drug concentrations were used.

Form all of these results, it was concluded that CPX and GSnano-
/microparticle drug delivery system could be prepared. The obtained formulations
possessed antibacterial activityto microorganism causing dairy cow mastitis. It was
probably considered as a potential drug delivery system for further use in dairy cow

mastitis treatment.
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