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wot 3 sllandzquandrinuldun lalamu Wizauan) Imdouansuend wilaaglas (Jizasy) uazlaasand Iwsfia wila
waglas (liddszg) lasddanduwszniwefiwasuazdimnaiuadodu lalasaaalsdidu 0.5:1 1:1 uaz 2:1 ansiurldidu
HIURITIBNIZLIUNITEULAILLLR UK as HaN19398: wuhdiReigasdiundsznevdislmdovanivend wilaimaglas
uwazlaasandlnsfia wiiniaaglas 4000 ludanain 1:1 uaz 2:1 whiuildTasaznannifiudamatluziefasaz 90.00-120.00
losfizdieansuadunsinauuszamavaseymasgluszauluasen uaniioihindnsmadaatsesdmuuumenaniame
Tussazanpamnadvines (@ranuduniads 7.4) umsazmsdnananuigasdivafiladosaivend wiiawaglas
wie laavandlnsfia winiwaglas 4000 ludanaiu 1:1 Melaaddesldatnauyssinolunm 30 wifl uazndaiundnm
nsdaaddesuuunsuenimelussazaisanarnduiuady nans@nsnwuingasdrivvesladouaiivend wila
Yy 1 L= r=Y = =Y U & U o { o v U
waglas IWSanaznslaaddasdimaduandodu lalasaaalsd Aedavaz 75.06 Talndidvsnuinmsifisinuali (Q 2 Sawaz
85) uazaW1INSUBITe Staphylococcus aureus 'l @sduan1Ive: gasdiulmdsuaniuand wiiaiwaglasdansin 1:1 39
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Abstract

Development of Intramammary Dry powder for Suspension in Dairy Cows Use

Wiriyaporn Sirikun'*, Chutimon Muankaew', Narueporn Sutanthavibul?
IJPS, 2024; 20(2) : 73-85
Received: 18 December 2023 Revised: 29 May 2024 Accepted: 17 June 2024

Mastitis in dairy cows has been a major economic problem for dairy industries. Nowadays, the main problem of
intramammary preparations is insufficient amounts of drugs at the target site. It is due to the fact that the preparations do not
spread and adhere in udders. Objective: This research was aimed to develop formulations by reducing particle sizes of the
preparations to increase spreadability in udder. Method: Clindamycin HCI was selected as a model drug to develop suspensions.
Chitosan (cationic charge), sodium carboxymethylcellulose; NaCMC (anionic charge) and hydroxypropyl methylcellulose; HPMC
(nonionic charge) were chosen to develop the preparations in this study. The proportions of each polymer and clindamycin HCI
were varied as 0.5:1, 1:1 and 2:1. All formulas were generated as dried powders via spray drying process. Result: There were
only the formulas which contained NaCMC and HPMC 4000 in the ratio of 1:1 and 2:1 gave the percentages of entrapment in
the ranges of 90.00-120.00%. The morphology was spherical and particle sizes were in the ranges of microns. Those formulas
were selected to evaluate in vitro release study in phosphate buffered (pH 7.4). The results showed that the formulas which were
composed of NaCMC or HPMC 4000 in the ratio of 1:1 were completely released within 30 minutes. Therefore, those formulas
were carried out in vitro release study in full cream milk. The results showed that only NaCMC formula gave the percentages of
clindamycin HCI released at 75.06%, that was close to the criteria (Q285%). The NaCMC formula could inhibit Staphylococcus

aureus. Conclusion: The NaCMC (1:1) formula gave a good trend to develop in the further experiments.

Keywords: intramammary, clindamycin HCI, mastitis, sodium carboxymethylcellulose, hydroxypropyl methylcellulose



Development of Intramammary Dry powder for Suspension in Dairy Cows Use

Sirikun W. et al.

wPs NS

Vol. 20 No. 2 April — June 2024 % t?

LN

Tsaiduasniay (mastitis) lulauain (JuiTyn
ﬁm‘”nﬂumal,ﬂiwgﬁwaamwmmglﬁmiﬂuu \#o931n
qmmwmaaﬁmwiﬂﬁvlﬁa@ﬁma T Tanaaiiwy
IfAssnadanudaInITveiInaia Eﬂﬁqﬁaqgfylﬁs
arsnululanuiiiulsaitsndrs Taslsauduusniay
Ao nrzaesmssniuitieduluusiaieionisly
iny senalitduudsnsazuinuasuaziiunlafildes
JU3u1mh uazqmAIWaaad (Gruet et al, 2001; Hegde
et al.,2013) msé’mauf‘rmulmgﬁmmﬂqmmﬂmiﬁmﬁa
L% % Staphylococcus aureus, Corynebacterium bovis L& &
Streptococcus agalactiae LJwdn Gvannisvaslsausle
ATNBINISUEAIAD LATUNANLRULLL I ugAdI81NTT
(subclinical mastitis) Fogrunnazlifomuaasusiiound
wuudsm1Tnasaldanmisiiueldsiased wodn
duufannutinnsacig $7uI% somatic cells $1%I%
Lmaﬁl,ﬁmﬁawmaLLazL%yaLmﬂﬁL?Uluﬁmuﬁﬂ%mmﬁqu%u
SN NLEULDDLEAI87MS (clinical mastitis) Towy'ler
$OUNITULLLIN WATOINITUEAIBANTALAY LTt LA
snwmesnsuInLaswsalanufonnisdy eamis 4
Usznautusnwamsinuudasuudasly Taswusiiwuids
founsorduunin wiadvastiuwuasuiulg onafiasaa
wasnsalaenaonunnd s duss naudadnaly uazes
wotihuudenanudunsadna (pH) muasuudasluimads
14 7.4 (@1Un& 6.4-6.6) L3uLduInUId N nLEuLL ' la
LEAIDINTT (Hegde et al.,, 2013; Leelapongsathon et al.,
2014; Rathbone et al., 2013)

mi%'ntmL@T’lumé'mauluiﬂuuﬂaqﬂ'uﬁ'szlmi
Usnisprdiuwntsdalasaiunsodalansigindiuiiie
(intramuscular; IM) NRAaALRaAGRT (intravenous; IV) LLae
NIRDANIWNIILAIWY (intramammary) (Andrews et al.,
2009; Garg et al., 2017; Li et al., 2014; Ramteke et al., 2014;
Reyes et al., 2015) T9pmaaid1nuditadininin1susnisen
Hunsdannduiiianaznasaidoaditasanonlirn
dnszusdearhnliluinmsgaidosiunaoildlunsinm
fumslieEumInsiaddadfenisuSmsendne Tauie
AadSunmosend§iiue ldaansnlufsduniswasnisia
woldiRosne lupmeAnmsinunlasismiseaienrwng
munuvaluudazidivedfaltUsunaenlunsinsnies
nifaulSoufsuiunmsuswissniiunnsie annsdinns

nzneon ldusnaidadaiieidaidualdanin uad
ﬂruumsl,m%"awam’%mmmﬁaanmw%auﬁmﬂmzmn
N135N 1 (Garg et al., 2017; Gehring et al.,2006; Gruet
etal., 2001; Hoque et al., 2016; Janosi et al., 2001; Lainesse
etal., 2012; Li et al., 2014; Tiwari et al., 2014;) %aaamﬂﬁm
AUMIAN®128Y Gruet et al. (2001) la¥imsAnsaanns
snwvaslsaiduuaniaululanulasnmsusniseinaviaea
WeadlSouisununslReNgaan1 L@ uy Wu3Nng
u‘%mimmumqmsaa@Lﬁwuuﬁ'fi’mwmmﬂﬂmiﬁ@L%aga
AIMILIMITINHIUNIRREALREAG lasaaTINNTRIEAN
myfaBawiniuYesas 40 waz 16 anudeL
Famslrrgeamadusiidiwndmswamunlas
18356199 13w inalulansvhukadenudmuugygine
(freeze-drying) Laz TN IVUAILUUNBHBE (spray drying)
@”aifulumiﬁﬂmf:maﬂm:Qﬁﬁ'ﬂﬁaﬁmmﬁ@ﬁazﬁwm
fsunFeaLARI83TNMIeDLRILULNLHBY LRDaaIWA
a%n1a (Chaubai and Popescu, 2008; Irache et al., 2011;
Shaila and Nayanabhirama, 2009) Lﬁaw’mmiﬁﬂm’lm a3
Wang et al. (2015) ‘wmf'la‘p‘l,mﬂﬁLﬁﬂad%:ﬁﬁuﬁﬁaﬁmﬂﬁu
ildarorgiunsanszapladluidruudsinlionluas
uShmiaadeldundu srUfFausdmmihurinduen
FaaLA1 LTU NEY Lwdwaauna (B-lactam), tnai loadu
(tetracycline) LLag wulaslaa (macrolide) iuaw (Beenu
et al., 2012; Persson et al., 2011; Plumb, 2011; Roesch
et al., 2006) %aluﬁaquﬁﬁﬁaL’éuﬁmsﬁamgﬁu (Andrews
et al., 2004) & TUMsANE LA N Ta 1A AUAN T BT
lalasaas'lse (clindamycin HCI) 1w model drug Litasan
WUINFEN clindamycin HCI snansanszanasa leddlwitatia
YBILENUA ﬁﬂi:ﬁﬂ%ﬂﬂwluﬂ’]’i%’ﬂ‘lsﬂL%ﬂﬁaiﬁ?ﬂﬁ’]q{m’j%ﬁE]
{WouRusTiaduidnisnszarsadlaaluitodadu
[t (Plumb, 2011) Taglumsanenitld@nwmaiia
maawaﬁmaﬁ“ﬁ'ﬁmwaJmm:auﬁq@hmim%ﬂmﬁﬁ’umaa@]
i Tasutidszinnueswediwesean 1u 3 wiia fa 1. afia
ﬁﬁﬂi:fgmmﬁaﬂw lalaau (chitosan), 2) %ﬁ@ﬁﬁﬂizﬂqau
ianld lodow arsvandiufiaioaglas (sodium
carboxymethyl cellulose; NaCMC) iLae 3) %ﬁ@‘ﬁlvlsjﬁﬂiz@
ianld laasandlwadia wwfiaimagla (hydroxypropyl
methylcellulose; HPMC) (Agarwal et al., 2015; Andrews
etal., 2009; Lanctot et al., 2017; Nguyen et al., 2016; Yadav
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MINaIMILEFaaTLLURILAIEnTURaN T wewInaznaultlulany

BT @3N uazame

etal, 2010;) lauAaLiandiunusaiudaznguaug uausia
anwliiduisussliszaodasdeiiofaidunia anu
whnwlanua st suludivlidasnimslaadses
@211 (Rowe et al,, 2009) finuAsaIaaana1yn1Ildanm
uazdTan laiuws Lfia"l,ﬁqmﬁﬁ'u‘ﬁ'mm:am:ﬁwmmaau
mivaaddeslussazasnaswatwines (pH 7.4) uazlu
iuudy w%auﬁeaﬁﬂmmmwmﬁmj”uﬁwq@ﬁlumsﬁ'uﬂza

\a Staphylococcus aureus luLLGiazgﬂiﬁ1§U

A15191 1 §A3FNTL

ATAHBNITIVY
1.MINHWIFATAITD
1.1 NMIATBNFATAIID
m'%'wgmﬁﬁmwia:@‘iﬁu Tagrmsiaouuas
sfiavaiwadiuas laun chitosan (high molecular weight;
Seafresh industry PCL), NaCMC (Rama production,
Co.,LTD) w8z HPMC 4000 (Rama production, Co.,LTD) LLae
WasnLUaIsamEInIzIanafeiaaaasn dindamycin
Hen ldud 0.5:1, 1:1 uae 2:1 awvanuaidn 9 GERLRH X!
a1597 1 aRmItsudaziiafnadenunld Sanuh
NulanuAILNfAUAZININNEN T8 (Rowe et al., 2009)

dmidsznay Rx1 Rx2 Rx3 Rx4 Rx5 Rx6 Rx7 Rx8 Rx9 wwN
clindamycin HCI (D) 19 PYNRATY
) 0.5:1 1:1 2:1
chitosan (P) - - - - - -
(P:D) (P:D) (P:D)

0.5:1 1:1 21 " .

NaCMC (P) - - - - - - WaRLlaI
(P:D) (P:D) (P:D)

HPMC 4000 (P) . ; )

0.5:1 1:A1 2:1
(P:D) (P:D) (P:D)

SWFI

g.s. to 100%

#1nIzR1Y

MILA3BNAISUAE NaCMC w3a HPMC 4000 1w
fiudsznay azld sterile water for injection (SWFI) uan
¥inazans §1MIUGISUAT chitosan tusiulsznay azld
IRTANENINELTAN NRANNTNTUIAz 1 (%viv) e
¥azane ansunTzanwedluasensiasesiu (stirer) 1
181 15 wift 91niwinly sonicated dotduiaan 30 Wi
nntwazasfia I hiduinan 24 taluaiielvinadiuainesda
I@ognaidud lasasazansfitasonldazdaudutues
waRlwasyinnAuIasas 0.5 (%whv)

NN TR AN Uﬁm%ﬂuvl@ﬁwiazgmﬁﬁuwau
Au@l8 clindamycin HCl U3unas 1 nsu Aautin lUvinuis
wUuWuHassaly

1.2 NMUUAILULNWH B

ﬁﬁmia:mﬂgm@‘iﬁumumumnauﬁm%ﬂﬂmﬂ
nsauLAIuULUWHHasdaI8La3ag spray drying machine
(Mini spray dryer B-290, Buchi, Switzerland) lasanine
(condition) ﬁl’ﬁy Ao 1) inlet temperature: 125°C, 2) outlet

temperature: 85°C, 3) aspiration: 85%, 4) pump: 5% Was 5)
nozzle clean: 3 IniUs I nsuIvasudazdr U sz dn
AUFULALARZET
2. My aziiuna

2.1 m‘sﬂ‘suﬁuqmauﬁ‘@lmamﬂmw

laoUssidnansus gﬂiwum:mmmadagmwzﬁ
NN TR UH a8 TasinNIukIzeIndasdnTu
Usfiulwudazwadasit

2.1.1 madszilugdsnauszrwng
ﬂsuﬁué’nwm:gﬂiwLLa:mm@m a4

aun1a I@ﬂl“ﬁ"ﬂﬁaqgamiﬂﬁﬁLﬁnmammuaaamm
(scanning electron microscope and energy dispersive X-ray
spectrometer; SEM, JSM-5410 LV, JEOL LTd, Japan)
model: tungsten filament source, 3.0 nm resolution (30 kV)
'ﬁl HV mode LLaz 4.0 nm resolution (30 kV) ‘ﬁl LV mode, X5
K X300,000 magnification, SE a8z BE detector
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2.1.2 MIUeliumMINILIWINABNA
ITN13d 3zt nn1INIzan HUUINDYNIAVDY
nefdwnseuuanuuwudas lawldin3as dynamic light
scattering (DLS, Malvern instruments zetasizer version 6.01
serial no. MAL1021381, Malvern, UK)

2.2 m3dsziainamanianiad

2.2.1 nM133taTzRUIu s clindamycin HCl 628
LNA %A high performance liquid chromatography; HPLC
(Nexera SR with photodiode array detector, Shimadzu
corporation, Japan) 1928 &N112A15ILATIEAAN
USP43/NF38 63t

1) L@ 383 sample solution FAIVULTUT WY B3
clindamycin HCI 0.5 mg/mL

2) L@38N mobile phase ﬁﬁi:nauﬁ’m acetonitrile:
buffer pH 7.5 (KH,PO,:H,0) (8@ 31&2% 9:11)

3) efcolumn 4.6 mm. x 25 cm. 5 um packing L1 ¥
My ez lasld diode array detector ‘ﬁ wavelength 210
nm laad flow rate ﬁ 1 mL/min, injection volume ﬁﬂ%mm
10 uL, retention time 'Ydll 12 W1 AT run times 'Ydll 15 w1
SeTzdnanue 3 aaadns (n=3)

ATNeTBual819: 139919@208719628 mobile
phase 1a3oulAlada N NTu896281 clindamycin HCI
WAy 0.5 mg/mL #1 lUnsadmnw filter TU1ALEFUHY
guinand 0.45 luasau newinldFiamzdinidTumen
clindamycin HCI

222 n13Usziiudouazni1InniAu@lIY
clindamycin HCI (%drug entrapment efficiency; %DEE) lag
maraf ldanmiieTekusunmaasn cindamycin HCI
AINFNNIIN 1 LNaFIwIAT %DEE Wz ﬂ”@l,ﬁangmﬁﬁu
#fié281 clindamycin HCI ® g"l,wﬁwﬁ”a 88z 90.00-120.00
(Yow/w)

% DEE = experimental drug loading (mg) X 100 (1)

theoretical drug loading (mg)
fana i
%DEE #ansily $a8azn1Inninualen clindamycin
HCI
experimental drug loading #1884 USu1maa8n
clindamycin HCI fi3iaszile (mg)
Theoretical drug loading #N1894 YSN1M@287

clindamycin HCI mmqwﬁ (mg)

gm@h%’uﬁﬁ % DDE ayj’lu"ﬁ'saﬁﬁmu@ (Fopas
90.00-120.00 (%wiw)) 3z lddszidusasaznmstaaddas
aenluasazasnasnatwines (pH 7.4)

2.3 m3dsziainamanianisiadnignin

231 n1sdsziiuteuaznivdaadsdasaian
clindamycin HCI luasazananasnatiniwas (pH 7.4)

55m3: Tadona p1vadudazgaslAtiuTImaIm
clindamycin HCI 1Ay 150 N3y nasaugasdiuas 3
#8819 (n = 3) :NtiuLdn mineral oil I ldanudutuyes
d3uidn 300 Hadntuds 2 TaRANT WRNHIBIUAZ mineral
oil lﬁl,ﬂmﬁal,ﬁmrTumsaﬂuLmﬂ'{ga wazi lunazeunis
daadsssalronluasazananesiWatinines (pH 7.4)
USunas 900 Gadaas (37°C) Gouluen pH Ldsariusinuad
folga rmnaseulasazldiauluniinyuves magnetic
stirrer 100 30UdaWN LTWIA1 30 WAl mﬂifu@ﬂmia:mﬂ
@T’aaﬂ’maanLLa:ﬂiaammmuniawm@Léfumuﬂuﬁﬂmd
0.45 luasan i ldSie e uySunadasn clindamycin HCI
@18 HPLC

Tagdsufifan1sdsadsasdasiunnniinge
WinAUSesas 85.00 (USP43/NF38) 3z ldnasaunnsy
Uszilinsosaznmydaatsaas@as clindamycin HCI Twsihu
AU (Garg et al., 2017)

232 n1vdssifinsesaznivdaadaasaian
clindamycin HCI Twinuudu

T I@ﬂﬁ']gmﬁﬁuﬁﬂ”@ \dan laannsdsadn
Sauaznslaataas@lsn clindamycin HCl lug13azane
WastWauwiwas (pH 7.4) uaz@281 clindamycin HCI (raw
material, RM) ‘ﬁl,fluﬂﬁjumuqu wundsziivnitdaataoy
#281 clindamycin HCI 1wiinuu @y (full cream milk) Tapvin
gasd1Tuas 3 Aat1d (n=3) I@ﬂ%;ammmmmiazgm@‘iﬁ'u
1S USurmaas1 clindamycin HCI tHinAy 150 4afnsa
niuNENTY mineral oil IWldanudutuyasd sty
300 fafdnsuda 2 HafAaT HRUNIBLAT mineral oil TiiTu
Lf'zal,ﬁmﬁ'umsflmmﬂsga s lunaseufosazniy
Usadaaslwinuadu (37°C) Usunas 900 Iadaas lapld
38U1%N17% Yy U89 magnetic stirrer 100 saudau1fl 1ilu
1781 30 w1l mﬂifugﬂmi@ﬁamaaanmuazﬂsaamu
Whatman® filter paper no.1 WWansassuiliszanwaan
IntutiiIuNAnsesUiunes 1 Jadaas tauaclu
volumetric flask tazU3UUIN1@ 7628 mobile phase IBATL
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FRews @na uazame

5 8583 LWeaanala6297 clindamycin HCl 88N 11
asazaneflaliiwgndae vortex 181 1 w1f 91Nt
inluthwndsslasldainuisa 4,000 seudawit wnm 10
W 'ﬁnmia:mUdau‘laﬁagjmumwaamaﬂaaﬂmLLa:
niaammmumawmﬂLﬁuﬂﬂuﬂuﬁﬂaﬂd 0.45 UARLUAT
(Garg et al., 2017) ¥ lUAtazAnUSu1 4@ clindamycin
HCI 2810389 HPLC laginmaiinnuad13osasnis
Uaadaasaie clindamycin HCl 41nn31W3811nnNy 85.00
(USP43/NF38)
2.4 N 3UszIARAUANLANI9BININ (bioassay)
2.4.1 msﬁﬂmmmLiwﬁm‘hq@ﬁh”lumsﬂ'uﬂ%
18 Staphylococcus aureus (§9628819NARAYL D4 AuHug
Jenssuuasinaluladfrinwurisnd (lulaine) (Persson
etal., 2011)
58ms: heegevimMInageuamuanNIZail
NINARDY: anti-Staphylococcus aureus
M optical density microplate assay (OD600)
MICy, of positive control: rifampicin = 0.0781-0.156 pg/mL
vancomycin = 1.00 pg/mL
2.5 ARGN 1S
N33 1BHNALRAIA8 means Tt standard
deviation LIUFDALFINTTUMILALTNRUALN N HI WL UARE

[

RIvanaxauy

HANNIIVYLALIDNTMHANTTIVY

nngm@‘iﬁ’m:gnm%wlﬁaglugﬂmsazmﬂﬁau
inldrnunszuauneuuksuuunudes tNavindunas
WA mmfuﬁqﬁwmmﬁvlﬁmauwia:gms‘h%’uvlﬂﬂsuﬁu
GLIGENEI TR AT aiaaluit
MU BABANTANIINILAN

132101311319 (morphology) Uazau1a (size)

NTUIZ LA WAN e U319 URZTUNIADRNIAVDINT
PIRAIHIWNTLUIRNNTOUWAILLUUNUH e lasldnaas
a;a‘nﬁﬂﬁfﬁLﬁﬂmauuuudaqmm é’ogﬂ'ﬁ' 1 wan Uzl
WU 8%N1AVBINIET clindamycin HCI ARIUNTZLINNNT
AULRILL LW KA Juw1alanadiniinee clindamycin HCI
(raw material) uazdansmzidunssnay wazidonason
PUIADHAIAVBINNFATAITURAIHIBNTZLIBNNTAUUAY
LUUNWHBE ﬁvlﬁifuﬁmmmLﬁﬂmLﬁuﬁmngﬂ‘hu'ﬂuma
ﬂaumﬂifw,fial,ﬁﬂuﬁ'uap}nﬂﬂﬁvlaivlﬁshuni:u’mnﬁauLm”d
IR

ga363

clindamycin HCI
(RM)
1000X

clindamycin HCI
(spray dried powders)
5000X

é’ﬂiﬂ'mza‘ﬂ;ﬂ’]ﬂﬂﬁ‘\‘l WHIBNIZTUIRNIIDL Llﬁ\‘l uuunniag

gﬂﬁ 1 é’ﬂwngﬂi’mm:ﬁuﬁm aaagtmﬂ%ﬁ'amuﬂizmumsamﬁaLmuw'mlawauwia:gmeﬁ%’uimﬂiﬁmﬁﬂ SEM
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chitosan

5000X

NaCMC
5000X

HPMC 4000
5000X

311 é’nwngﬂiﬂma:ﬁuﬁwaaagmwé’amuﬂi:mumiauLLﬁ’dLmuwmamJauwia:gméh%’uimlﬂﬁmﬂﬁﬂ SEM (s1a)
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polymer : clindamycin HCI

N13INITINYYRIBUNA (LLm)
q

1:1 2:1
chitosan 5.0510.53 4.7310.67 3.5110.58
NaCMC 2.4110.44 3.2010.53 3.6910.49
HPMC 4000 4.5110.71 3.5810.81 3.7110.86
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HIENTHNWNITLIHMTOLUAIUL LN WA B8 VDI
szgasdTuuanIIND N szIiug mauLANIIMBN W 22N
#rurdsziduiasaznianniAuaagn clindamycin HCI
(%DEE) TaguSunaeaen clindamycin HCl A3taseildlay
waia HPLC aziundwiasdudriasazn1snniiualen
(@137197 3) Tagnrswisesaznisnniivarsndunima
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ﬂizﬁwﬁmwmaaizuurmﬁ'mﬁu@Tﬁmmaau@iazgme‘iﬁuﬁﬁ
pianafiuesasnuwldun chitosan, NaCMC uaz HPMC i
AU NTUYINERINEIABA8N clindamycin HCI luudas
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Anuan1tdssiiusagazniInniAuA18
clindamycin HCl WU NaATIEIUVDIFATAIU chitosan 4
ﬁﬁ‘i”aﬂa:miﬁ'mﬁuéﬁmz;mﬂhmwﬁﬁﬁmu@ﬁaﬁ’aﬂaz
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(@3197 3) ilaRasansiiaas chitosan AT Foiduna’d
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ﬁmﬁfnma‘[maqmﬂm 100 Alaaads wazna 2 Tiadl
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ANSANLALAILNLYINAY 103.1813.13 uaz 104.3114.30
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NENITNNLALAI8ILYINNY 94.5614.26 Waz 98.3816.67
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polymer : clindamycin HCI

0.5: 1:1 2:1
chitosan 123.19128.10 138.53121.18 154.13112.78
NaCMC 89.371+11.23 103.181%3.13 104.3114.30
HPMC 4000 114.1612.52 94.5614.26 98.3816.67
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A13191 4 Sesazmstaadsasaen clindamycin HCI luansazaenamunatwines (pH 7.4)

Sasazn1slaniaasdda clindamycin HCI

polymer : clindamycin HCI

01 2:1
NaCMC 97.3514.30 44.8615.73
HPMC 4000 95.6212.76 56.97134.26
clindamycin HCI (RM) 88.7814.07

n1sdszidiniesaznisdandaagalan
clindamycin HCI Tusinusdy
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HCl luasazaraWasWatwinas (pH 7.4) Siiss 2 g0y
dsunifouaznisUsadsaudaen cindamycin HCI ag’lu
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finlAd@81 clindamycin HCl §a2188131350lun1sazane
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Wi a3 (pH 7.4) Faganaliilainndszifinsonaznis
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=2 'y ) 2 '
TIRDANNDINUNTANBVDS Williams et al. (2011) TIwun
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polymer : clindamycin HCI

Sauarn1silanlaasalan clindamycin HCI

1:1
NaCMC 75.1911.55
HPMC 4000 63.61113.49
clindamycin HCI (RM) 91.621+3.75
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289 NaCMC 1:1 haz HPMC 1:1 I1¥uaid1vinny 0.391

A ' = o . . < X =
pg/mL FaLdwa@eany clindamycin HCI (RM) N9%3918w
N178uEIwINLAaA87 clindamycin HCl H1%N32UIBNNT

auLm”aLLUUW‘WJaﬂLLﬁaqmauﬂ'ﬁm‘sﬁuﬂ'&%avlmﬂa'ﬂuuﬂaa

ﬁ



Development of Intramammary Dry powder for Suspension in Dairy Cows Use

Sirikun W. et al.

wPs NS
Vol. 20 No. 2 April — June 2024 \ 7
e

-
o
e

= a o
anﬂiﬂﬂuaza;ﬂnamimﬂ
arduansivy
PNMIANANWIGTLENRBALA NN LU T2 ANT AW
N13NsTaeIars buitardadwy laslonszuiunig
DULAILUL NI DY wuiwﬁﬁmgms‘h%’u NaCMC 1:1 71
IWnadnga lao 1) SauazaasnInniiudaen cindamycin
HCI Wiy 103.1813.13 (agluinmininnue) 2) fauaz
nmsUsavdasarsnluasazarstwiasivinny 97.3514.30
. [ v 4
(@gflwinawininnua) wazlwihuuduiiniy 75.1911.55 &9
a U s u‘d‘ o C> qq: dq(
a1 lndnuinuyiNA1vuaLas 3) RIN1TREUEILT 8
Staphylococcus aureus levinny clindamycin HCI (RM) 29
Lﬂu@iﬁ'uﬁﬁuuﬂﬁuﬁﬁlumiﬁﬁgm@h%’uﬁqﬁlﬂw“wm@iﬁ'um
U va 1 v l&/
aa@Lmiﬂuﬂ%umiﬂa@ﬂaaﬂmlﬂqwmﬂuvlﬂmmﬂmsﬁ
= =3 (3 = 1
wazAnEIMIEMzd N lunsAnsda bl

naanssudsznd

G’Iu’jﬁﬁ_lﬁiﬁ%ﬂﬁuQQ%%uﬂﬂiﬁﬁﬂﬂﬁﬂlI‘WIEJ‘YI&I’]E‘TEJ
qENW ﬂ%ﬁﬂ?fﬁ'ﬂmamaum:ﬂmﬂm:mé'ﬁmam’ WAINeaL
FUTUULATAMSINFTANEAT IWIAINTAURITINYIA Y
ﬁlagmﬁ:ﬁ 179 gunnl 1030980 uazanuRLRG LN
IWTIY UATVDVBUNWITA RUTHNTUTULAFTNTIY I1N@
W ALaLWesa81 clindamycin HCI 1Elun1s@nunit
?javlﬂﬂdwifumauqm;ﬁaﬂ’?'«ﬁ'wqﬂ‘vhuvlﬁl,m nN.AUSIRA
Tat1393ai n.adrwn arvsaundiziid ny.asannyal
§ULIITY UAZ my.ﬁmao drila Aelinsisuadingse
1l duadneg

References

Abdalla KF, Kamoun EA and EIMaghraby GM.
Optimization of the entrapment efficiency and
release of ambroxol hydrochloride alginate beads.
JAPS. 2015; 5(04): 13-19.

Agarwal S and Murthy RSR. Effect of different polymer
concentrations on drug release rate and
physicochemical properties of mucoadhesive
gastroretentive tablets. JIPS. 2015; 77(6): 705-14.

Andrews AH, Blowey RW, Boyd H and Eddy RG. Bovine
mastitis. In: Andrews AH, editor. Bovine medicine
diseases and husbandry of cattle. 2nd ed. Oxford:

Blackwell Science; 2004. 327-36.

Andrews GP, Laverty TP and Jones DS. Mucoadhesive
polymeric platforms for controlled drug delivery.
Eur J Pharm Biopharm 2009; 71(3): 505-18.

Beenu J, Anuj T and Bhandari MJ. Antibiotic resistance
and virulence genes in Streptococcus agalactiae
isolated from cases of bovine subclinical mastitis.
Vet Arh 2012; 82(5): 423-32.

Chaubal MV and Popescu C. Conversion of
nanosuspensions into dry powders by spray
drying: a case study. Pharm Res 2008; 25(10):
2302-8.

Garg S, Wang W, Song Y, Eats P, Trott DJ, Page SW,
et al. Development of intramammary drug delivery
systems: novel in vitro release method. J Pharm
Sci 2017; 106(3): 866-71.

Gehring R and Smith GW. An overview of factors affecting
the disposition of intramammary preparations used
to treat bovine mastitis. J. vet. Pharmacol. Therap.
2006; 29, 237-241.

Gruet P, Maincent P, Berthelot X and Kaltsatos V. Bovine
mastitis and intramammary drug delivery: review
and perspectives. Adv Drug Deliv Rev 2001;
50(0169-409): 245-59.

Hegde R, Isloor Sh, Prabhu KN, Shome RB and
Rathnamma D, Suryanarayana VS, et al.
Incidence of subclinical mastitis and prevalence of
major mastitis pathogens in organized farms and
unorganized sectors. Indian J Microbiol 2013;
53(3): 315-20.

Hoque MN, Das ZC, Rahman AN and Hoque MM. Effect
of administration of vitamin E, selenium and
antimicrobial therapy on incidence of mastitis,
productive and reproductive performances in dairy
cows. Int J Vet Sci Med 2016; 4: 63—70.

Irache JM, Esparza |, Gamazo C, Agdéros M and
Espuelas S. Nanomedicine: Novel approaches in
human and veterinary therapeutics. Vet Parasitol

2011; 180: 47-71

F



\\f— 2. LNETANEATDEY
%; \‘? D7 20 2a7UR 2 1.8, — 0.0, 2567

L el
gyt

MsnaIMLEFaaiLLURILAIEnSURaNL T wouuaznaultlulauy

FRews @na uazame

Janosi SZ and Huszenicaza G. The use of the dry cow
therapy in the control of bovine mastitis. Vet Med
Czech 2001; 46(2): 55-60

Lainesse C, Gehring R, Pasloske K, Smith G, Soback S,
Wagner S, Whittem T. Challenges associated with
the demonstration of bioequivalence of
intramammary products in ruminants. J Vet
Pharmacol Therap 2012; 35 (Suppl. 1), 65-79.

Lanctot S, Fustier P, Taherian AR, Bisakowski B, Zhao X
and Lacasse P. Effect of intramammary infusion of
chitosan hydrogels at drying-off on bovine
mammary gland involution. J Dairy Sci 2017; 100
(3): 22692281

Leelapongsathon K, Schukken YH and Suriyasathaporn W.
Quarter, cow and farm risk factors for intramamary
infections with major pathogens relative to minor
pathogen in Thai dairy cows. Trop Anim Health
Prod 2014; 46 (6): 1067-1078

Li Y, Wang L, Gu X, Zeng ZI, He LM, Yang F, et al.
Pharmacokinetics and residues of cefquinome in
milk of lactating Chinese dairy cows after
intramammary administration. J Integr Agric 2014,
13(12): 2750-2757

Nguyen KT, Le DV, Do DH and Le QH. Development of
chitosan graft pluronic®F127 copolymer
nanoparticles containing DNA aptamer for
paclitaxel delivery to treat breast cancer cells. Adv
Nat Sci Nanosci Nanotechnol 2016; 7(2): 4-9.

Orlu M, Cevher E and Araman A. Design and evaluation of
colon specific drug delivery system containing
flurbiprofen microsponges. Int J Pharm 2006; 318
(1-2): 103-17.

Persson Y, Nyman A-KJ and Andersson UG. Etiology and
antimicrobial susceptibility of udder pathogens
from cases of subclinical mastitis in dairy cows in
Sweden. Acta Vet Scand. 2011; 53(1): 36.

Plumb DC. Plumb's veterinary drug handbook. 7th ed.
Stockholm: PhrmaVet; 2011.832-40.

Ramteke KH, Joshi SA, Dighe PA and Kharat AR.
Veterinary pharmaceutical dosage forms: A
Technical Note. Austin Therapeutics. 2014;1(1):
1-10.

Rathbone MJ. Intramammary delivery technologies for
cattle mastitis treatment. In: McDowell A, editor.
Long acting animal health drug products. New
York: Springer; 2013. 295-319

Reyes J, Chaffer M, Sanchez J, Torres G, Macias D,
Jaramillo M, et al. Evaluation of the efficacy of
intramuscular versus intramammary treatment of
subclinical Streptococcus agalactiae mastitis in
dairy cows in Colombia. J Dairy Sci 2015; 98
(8):5294-5303

Roesch M, Perreten V, Doherr MG, Schaeren W,
Schallibaum M and Blum JW. Comparison of
antibiotic resistance of udder pathogens in dairy
cows kept on organic and on conventional farms.
J Dairy Sci 2006; 89(3): 989-97.

Rowe RC, Sheskey PJ and Quinn ME. Handbook of
Pharmaceutical Excipients 6th ed. The
Pharmaceutical Press (2009).

Ruzaina |, Zhong F, Rashid NA, Jia W, Li Y, Som HZM,
Seng CC, Sikin AM, Wahab NA, Abidin MZ. Effect
of Different Degree of Deacetylation, Molecular
Weight of Chitosan and Palm Stearin and Palm
Kernel Olein Concentration on Chitosan as Edible
Packaging for Cherry Tomato. J Food Process
Preserv 2017; 41 (4):1-12.

Shaila LM and Nayanabhirama U. Solid dispersions: a
review. Research Gate 2009; 4(2): 235.

Tiwari S, Mitkare S, Bhangale P. Veterinary dosage form:
REVIEW Int J App Pharm 2014; 6(1): 20-29

The United States Pharmacopeial-National Formulary USP
43 NF 38. Vol 2. Rockville: USP; 2020. 1063-1066

Vandenberg GW, Drolet C, Scott SL and Noue JD. Factors
affecting protein release from alginate—chitosan
coacervate microcapsules during production and
gastric/intestinal simulation. JCR 2001; 77(3): 297-
307.

ﬁ



wPs NS

Sirikun W. et al. Vol. 20 No. 2 April — June 2024 %‘
Pyt

Development of Intramammary Dry powder for Suspension in Dairy Cows Use

Wang W, Song Y, Petrovski K, Eats P, Trott DJ, Wong
HS, et al. Development of intramammary delivery
systems containing lasalocid for the treatment of
bovine mastitis: impact of solubility improvement
on safety, efficacy, and milk distribution in dairy
cattle. Drug Des Devel Ther 2015; 9: 631-42.

Williams HD, Nott KP, Barrett DA, Ward R, Hardy IJ and
Melia CD. Drug release from HPMC matrices in
milk and fat-rich emulsions. J Pharm Sci 2011;
100(11): 4823-35.

Yadav VK, Gupta AB, Kumar R, Yadav JS and Kumar B.
Mucoadhesive polymers: means of improving the

mucoadhesive properties of drug delivery system.

JC hem Pharm Res 2010; 2(5): 418-32.



