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Abstract

The objective of this study was to develop preservative-free morphine preparations for spinal
injection to relieve pain for the patients who were not able to use the formulations with preservatives.
From preliminary study of 14 formulations, it was found that preparations containing active ingredient,
water, sodium chloride, and pH adjusted to approximately 4 were promising for long-term stability
study. Therefore, four preparations of morphine sulphate injection at a concentration of 10 mg/ml were
prepared. Each formulation was divided into 2 groups with and without flushing with nitrogen gas, prior
to ampoule sealing. The prepared solution was filtered through 0.22 WUm membrane filter under laminar
airflow hood using aseptic technique and filled into 1 ml amber glass ampoules. The samples were
kept at 25°C/50%RH condition. Physical and chemical stability and sterility of the samples were tested
periodically for 12 months. It was found that the most stable preparation was the formulation containing
morphine and water for injection. Ninety eight percenst of morphine was found during the storage
period. However, color change in all samples was observed since 6 months of storage. Degraded
product was observed in most of the samples since 6 months after storage according to the peak
found in the HPLC chromatograms. Interestingly, all preparations with nitrogen flushing into the
ampoules prior to sealing were more stable than those without flushing. All samples were still sterile
as compared to the control samples during the study period.
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ﬁ@wuﬂIuLLauwa ﬁa“mﬂﬂwaﬂaﬂusialuLLauwa IWa 1 ml FanvosUeanigadieg membrane
filter 7341@ 0.22 Um Mgl laminar airflow hood Sromedalasaite mumam\avh'w 25 °C AL WANS
Fagaz 50 N1INA_ BUANINAITININENIH mmmmmﬂmmmLﬂnamuma6] Wuszazinan 12 1hau
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‘Ylﬂ(ﬂ’]i‘UNﬂ’]iL‘iJaﬂuLL‘iJa\‘i‘lJa\‘l waziiaunndiufinansaany s “anlagfiuldan peak va9 13lu
chromatogram Han 1snaasefish uledn wn@niwm34mﬁn"LuI@lsmuaﬂmmuwanauﬂ@mm fau
@mm@ﬂmm‘m%vluvlmLmunWSﬁvLuImiLqu uenaniifantdn eteifneionaefia Tl nranide
@laamzﬂznmwﬁﬂmmaLﬂiﬂumﬂununqwmuqu
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mauvLuvl,@wa (WHO, 1986) msWuwsh?ﬂmaJLmu
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(intravenous injection) nIaaadnan (intramus-
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epidural injection (McQuay, 1990; Grouls et al.,
1999; Gaudette and Weaver, 2003)
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FARPFIEN! (Gledltsch and Waaler, 2001) muu
nIRe TR Ll 130uaN udAIugN pH 289
ﬁaumzﬂﬁaﬂlu pH wuaiWummmmma\nﬂu
wa’lmu (Connors et al., 1986; Gleditsch and
Waaler, 2001; 2005)
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(Portenoy, 1993)
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luginatszine 1 Duramorph® (morphine sulphate
injection USP & pH dvzuims 2.5-6.5) uas
Infumorph® (Morphine sulphate sterile solution
pH Uszunms 2.5-6.5) laafl Duramorph® 4
sodium chloride Waz water for injection Tueinsu
WNTK UINBRRAMNLANANANNIIUIAEDUAD
o L .o d g .
An13AnwIN1TAeATUENN pH 3-5 TawuaIn

6 a o a U t% a‘ei U U
NaSAUNAINAITIE  wazld 13TWiWa SN d
Austeniald  NITEUIEISUN BRI DINITA9
FSUINAAINAIFIBAY mnnﬁﬂﬂiﬂ@iﬁa
mﬂmvl,ﬂwa@]sl,umua@ WMNITN Lwamummaaﬂ
lﬂwﬂmvl,mummﬂmmwswmnﬂu,a LAAAIINL £
PDINITHI LLawl,iJuﬂ']‘J‘W\‘i‘W’WluLaﬂ aAn1T1LEN
ANAIUIZLNF

Togusz 99

1. ANHTAVENHNRADAIINAIAIVDIANTU
a A, dl Qs a
SIRAANDINUNUTIFANN 13NWL 8
2. Wandsugnaanasiunlsaan 13
AL "e
3. ANEIANNAIAINIIALNTN  LANLAS
dy o Qs ) a
ANHNUTEANNLTVIANTULUIRT 1 U

ol ﬂaﬂmm
19108

Morphine sulphate (B.P/U.S.P) 1iu
NARAMNUEIUTEN Glaxo Welcome, Australia,
dibasic ammonium phosphate (HPLC grade),
methanol (AR grade), monobasic potassium phos-
phate (HPLC grade) \Hunansisnaasussn BDH,
hydrochloric acid (AR grade), tryptic soy agar,
soybean-casein digest media .z fluid thioglycolate
media \JunaaAH Himedia aMnu3w¥n Bank Trad-
ing, Co. Ltd. waz Malulasiamdundadnnain
UIHNVOULNUDDNTLA
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HPLC system Usznauluéiag Pump [Perkin-
Elmer series 200 LC S/N 291 N7031101, USA],
UV-detector [Perkin-Elmer 785 A, US/VIS S/N
007N7030306], Integrator [Perkin-Elmer S/N 541
N 732905], Column [4.6x250 mm C18
phase column (Zorbax, 5-um, Agilent technol-
ogy] \ndasilodu "¢ ldun pH meter [Corning
ION, analyzer 250, SN 5081234] Autoclave [Auto
steam sterilizer, model H-88L4D, OMRON cor-
poration, Japan] Incubator [WTC binder Type B
400, Germany], Laminar air flow [ISSCO Lami-
nar flow model BV-123], ez Amber glass am-
poules 2w1@ 1 ml (l@#Funs v UHAINLIEN
ANB laboratory)

reversed-

BNeaas
= 1 L2 o L
NNSANBNINAUNITAIAITLEN

1 dl = > dl =< Qs
AauNazidITUEI N ANBIAITNAIFI L4
2877 MHNIING auLlosdutNadwA 19N
dl o Qs dJ U Qs 1 U
iz wnazldludnsy  Geadradndusieniald
LAZHHNAGEAIINAYAD  G9tudTUeNa9UIznay
ludanasAuanunss 10 mg/ml wazsindunan
a 1 dl U a 6 41 s .« s
’ﬁL(ﬂNLL@NYII‘H@E]I%L@SJN@W@@VL?@L‘WE]?J?U tonicity
Ya9ansulHEwNng M UAS ﬁuwmasmammm pH
289 1TTAELTIN mimmumiﬂmmmw
%aqmummm ¢019a (clean room) e 8y
mwmmmmmﬂmmw lesmaAueeIon 14
msumiﬂuuauw‘ja awa 1 ml AUl
a o 3, £ 6 L%
gunnivianduian 2 “Uaiv “unenis
2 da X -
WagnLUasMNeA% 1w n1sanaznan pH ~ w89
o s dl dl > a >
MsusMUasuuladly wazasaTaUSHImMddEn
AASIARD

NTATLNATUENNDANEIAITNAIN
322877
mim%ﬂuqﬂnitﬁuaznﬁm%ﬂmﬁ'ﬁbm
I%ﬂ']il,@%ﬂﬂﬁ']%/ﬂﬂ']éf\‘iﬂd']'l Lﬁ%ﬂ’]‘ﬂ@%ﬂﬁﬂq
Us1@aniiie é’qi‘:’uqﬂﬂsﬂi@iwq Al¥lunns
LAJENETIADINTIUNITINIAITN SDIALASNINIT
2i%ods hot air oven W3a autoclave Waud
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mu@maaaﬂnimﬂiﬂj wazaseNluRasnILguAIN
2010 Tnmavnzludunaumansas NIUTIY UAL
mMItlantindasnIanlu laminar airflow (Class 100)
Someiindasaize
wisnasulasazatenseNa UG water
for injection lufininasuSanasdssanm 2 Tu 3 a9
Usunasidesld  auldazatsdrouvsufaau
nnsudn 13nslusrsuldasulundaze i @
# 1) wazU¥u pH (&dl) 3 1982 mﬂﬁvléﬂﬂmm
¢78 membrane filter u1agia 0.22 um Wi

ampoule 2u1A 1 ml neulla finlasld pull seal-
ing technique ANt ampoule Ma3eslaly
798U ﬂ’]ElsLW Mz e laensaw
wanwaaslu beaker vmﬁa 1382878 1% methyl-
ene blue solution Q’]ﬂu‘lﬂ, ‘adbu vacuum cham-
ber asnsl5idunan 2 Hluadona sunssh &1
LLaNW@lﬁ 2810 LLanaﬁﬁ“ﬁwﬁﬂﬁﬁﬂﬂ N
uu@maaumﬂmﬂmﬂm'smwnmamo CLERN
Arhunme o mvl,ﬂﬁﬂmmwmmmvlﬁ LARZ
msmmsum“mm 300 wauya F5ud 1-4 uaz

Vl’]qurﬁ@I’]‘SﬁJﬂi’]?lﬂ’mL‘ﬁa mmsmmmﬂﬂmmu (ﬂ’]i‘l_l‘l’] 5-8 L@I‘JEIN'WNﬂ‘H, 1 'ﬂ(ﬂ’]'ﬂ

neullandin (81d) Mﬂuumr{lu amber glass

@1'151\117; 1 dTusaIeu morphine sulphate injection (10 mg/ml)

ansu Morphine Sodium NazHPO4 (9) Hydrochloric Water for Nitrogen
sulphate (g) chloride (g) acid (0.1 N) injection gas
(ml)
1 5.0 - - to 500 No
2 5.0 - - to 500 Yes
3 5.0 3.8 - to 500 No
4 5.0 3.8 - to 500 Yes
5 5.0 1.65 - to 500 No
6 5.0 1.65 - to 500 Yes
7 5.0 3.8 15U pH 4 to 500 No
8 5.0 3.8 13U pH 4 to 500 Yes
289 UV detector Nl&da 240 nm
=< % d
NIIANBIAITNAIND N8N ﬂiNﬂ@l‘Sﬁﬁ%LLazﬂ‘ﬂw

NTANEFIAIIHANAINILAN

16141 320y HPLC anlfiiavySunmenas

= o - = Qs dl U U L3 U
waaludisy  lasfiszuudenlénainluinda
d' = 6 o . . d' A
LﬂiaquaLLaz%Uﬂim 193U Mobile phase nlide
methanol : 11 : acetic acid = 22.5 : 77.5 : 1
(v/v) U5y pH 1#%l¢ 4.0 e 0.1 N NaOH
N389A38 membrane filter 2u1@ 0.45 pm Wa
maﬂummmwsl“ﬁmia mobile phase #nly
laenadreiaias sonicator Uszanas 10 w1l
nauld Tasd Injection volume @a 20 ul A3L57
lun1340 mobile phase fa 1 mi/min auEIARY

193U

a 6, o
WABH 1IRTAIUHIATIIUND TAUTALANA AN
viNdu 50, 100, 200, 250 pg/ml 3N morphine
sulphate stock solution (1 mg/ml) Iagld mobile
3, >4 o a,
phase 1usavinazans laan13tie 13azane stock
solution T 1, 2, 4 Uz 5 ml LaAIAA8
mobile phase lu volumetric flask 2@ 20 ml
n‘swwmmmﬂé’mnnwwﬁammwm SR peak
area nuaNMdNdu (ug/ml) vosNaTAU Antiu
UMY NN1IAN WU T Ineau i du
o ! 2 2 A
I peak area AUIUAT 1~ TINA 0.999 LA



Nn1InAnegL “uney  (linear regression
equation) e aSHmasen Gelden Hnng
Y=8437.4X, lneft Y fodudilinviuas X #a a1
windiu (rg/ml)

NTANHIATHANAINIIANLNTW

maﬁnmmwmﬁ’mwmamw VL@]JLLﬂIﬂ’]i
Jae1 pH 14Lﬂaﬁmmawa\ammﬂLmﬁwuma@
S2HLANAANEY  TINTIANHUSNIINEATNIN
L‘iJaiIHLL‘iJa\‘]VL‘iJaEI’NVL‘J LY HNARNHUASUDS T LA
MIANAZNaY UMY

N19N9  auANUTIFRINLTE

ANING BURLNENIILANNUTAANNLTDUDY
f¥uen lagande sterility test Mus1033 U USP
24 #2935 direct inoculation b laminar airflow
hood laeld soybean casein broth waz fluid
thioglycollate broth i 19919191880 T8
datefiaienld (n=2) lu incubate Nigungd 25
way 35°% aNaay tunan 7-14 Su lesyIeu
\Wisuiy negative waz positive control e ki
na auldun  Staphylococcus aureus, Bacillus
subtilis, Candida albicans, Pseudomonas
aeruginosa uag Clostridium perfingens “9tna
ANHYUBBIAIREN uazilTauiguiy positive,
negative Wag main control lag positive control
= dl 1 1o 1 1 l&, >3 1
Wuarmseuand i ldl 'shagsuaiwiziiadinaid
Freduadly netelduladtiamis UUN1T
dulavaaze negative control ﬂamimm%ﬁ
ieaialy incubate LWaNA aUINEYNIIRENLED
UseaniranIald 91 main control @ans

X o X X o .
1 wauazdradivaslyluannisiassaandiinly
. P Y 1 a P o &
incubate Nana auIN@ladIeil 13Nz lUdULS
madvlavasiranio s

HANIINANDILASINIIAN
NITWAHUINITAIAITUEN

lenaaadld Na HPO uaz HCl waldlu
N13U35U pH 289 ’ﬁa msj wazlFninasai
ﬂu"l@ﬂmwmmwamuqu pH 289 13azane ldun
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NaHzPO, NazHPO4, KHZPO WaY sodiuqr’n
acetate (Gaudette and Weaver, 2003) TINNY
n1Inaaadld sodium chloride Lwamsﬂsu
tonicity DY 178ZAE ANNNITNAIW mmmm u
14 a3 WU pH maqmiummwmmnm\mu
Lmasﬂumo 3-7 ﬂsmmmljmuaﬂw 98-101%
@“ni‘mm Na HPO sodlum chIonde NEATRY) pH
@18 HCI mamswmmww mﬂum F909AIFAN
mamamwua:mﬂumqL’am‘vmﬂ QULAZHIN
USHNDMRINAAN TRl NaH PO, eD)
NaH PO TINNY Na HPO %38 Sodlum acetate
%38 H PO m@mﬂﬂaﬂu mu WADIEaUY Wi
Nmi@m@”nauslumqnmﬂm ay

NIRRTV
ANAIAINIIALATN

ANn1IaIasue @ ldimatianistlaniin
U ad . ﬂ! a =3 v 1 U
@873 pull seallng a9 wnsatlandinlddaudng
NYI I@muamvl,ﬂm aummﬁ vacuum test WU
'smmaiwﬁu@mmnﬁmmmw 5% u,a“mamw
HIUNITNG auniuwumaﬂmﬂaummma sm
“HNUSTUN1I0 3 L ra ludradsaaan sz
LANNAN®N
NANIINA BUANNANAIVDIFSUE T UL
Yz 12 1@Hau wueNsuUsIng 8 @nsun
ﬁﬂmuuvl,mmimﬂ@ ﬂaummﬂuwﬂmiuma@
namﬂmsn (mswn 2 ez 3) mmw 18y 2 sm
Fanrzuasiuwas mLaJu au‘ﬂ‘sma‘u qAN
mm@m\amﬂmwww 9 Lmumsmaﬂmmmmm
ma\ﬁm‘mmﬂsl VLN:N vn UELNGEPY) mu,@
ﬂmwn 26 "MASUUTHIMENALARANUINHEINAIN
96 LAY 98% ANANAU @ITUN 3 kAT 4 WU
U 1 = dl a
willfinnTanaznan  wadn1TWRsULLUas YD
& XY & < A A 9] &
Aate Uanvin 4 uaztdu tvasgtaNauidu
% | g: I o fd' dl
UIANADAUAILA UA1¥N 26 ATLURSULUAY
@ a4 da X v o =
U LAAaININATY AAaaINUNANITANEN
AMHNAIAINLAN TINLINE peak a9 131 ON
a X 4 ~ A4 A
WVinauHanIawy b 1582808 131 aNH
retention time fau morphine 1Al oxidized
v 1A a U 1& o U U 1
product wiAluUSumsios waRvinlEuanldqn
o o C Fe A a2 o o o A
ATULIRATUHNTL aNLNAUY (gﬂw 1) A15UN 5
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LAz 6 Nwamiﬁﬂwmmﬁq Aue U 1 uaz 2
ol Lﬂaﬁuvlﬂiu ﬂmvm 22 qummw 7 WAz 8
Nsazansasu e “Uana 13 lasdsui 8
dl 1 ev aa = U 1 o s dl 1
7l "‘Aralulasianazi “waasd1nI1eSun b s
fAarlulasian  uananhiIwuIiadiag19na
dl a = =l 1 I a A U
NTLURYL an maa\maw] LU LAARILUN WU
peak 189 13t "Bl wumﬂ ﬂm'ﬂ@mw quld
'mniam 1, 2, 5 Uay 6 umimaﬁuuﬂawm

FinN; ﬁa:mﬂmuaﬂmwmiuauﬂ

6]']5'1\11/] 2 anwmmwmﬂmwma\‘imiumw 1-4 LN@LﬂiJvL ) nm

°m%’um‘sﬁﬂmmimﬁlﬂuuﬂawm pH wu
’numimamuﬂmuaﬂummiu (sﬂ‘w 2 ke 3)
Tagsnsuit 1 uaz 2 d pH azﬂ,umq 5.2-5.6 uaz
flendouinsnsfinaanszeziaanfignen e Sud
3 Uaz 4 WU pH 289 1782888ARY faan 5. 3
\Ju 4.3 (61507 3) wazan 5.2 1llu 4.4 (mﬂm
4) WMIUEUA 5 uaz 6 pH aaud1enenizn
Renfudn$uf 1 waz 2 @9 aandesiuiUNAT8S
mimalﬁmmawa\f

08 25°C 1uwaan 11

&
ANWUSNIIINIBATN ( "ok ‘VI)

ANTUN

0 4 8 14 17 26 35 42 56

1 1 1 1 1 1 1 a 1 & 1 a 1 a
1aa 1 1aa 1aa raa =) =) A A

1 s 1 il Wl LARDY LWARDY LARDY LARDY

2019 2049 2049 2049

2 1 1 1 1 1 1 a8 1 a8 1 8 1 8

{F {Fie Tadas lag” W68 wdeg LWARDY WiABg WaBg

DaUY DaUY 00U 00U

3 1 1 a8 18 1 & 1 a8 1 @ 1 a8 1 8 1 8

[P VLR AR LAEey Ry Ldev VLR ARDY LARDY

oLy 80U vl vl vl vl vl

4 1 1 a8 18 1 & 1 a8 1 @ 1 a8 1 a8 1 a8
VL 1aa A A A A A A A A

il VEEN WRad  LhAes Waad  aed VEEN Waad Waad

D0U9 LY ity CiEY it ity ity

AN 3 ANWUSNIINENNUBIANTUENN 5-8 Lﬁmﬁuvﬁﬁqquﬁ 25°C duan 1 Y
iz AnwaEeNEnw (“Uanvin)

0 4 10 13 22 31 37 44 58

5 1 1 1 1 1 1 & 1 & 1 a 1 a
T s 1aa 1aa A & =) A -~

1sifi s s il WARDY  LWAeY VAR DY LARDY LARDY

2049 DO 0% 2049 2049

6 1 1 1 1 1 1 & 1 & 1 & 1 a
s 1aa 1aa 1aa A =) =) & A

T 1aif 1 1ad WARDY  LWAag LARDY LARDY LARDY

2049 DO 2019 2049 2019

7 1 1 a8 1 a8 1 & 1 a8 1 @ 1 a8 1 8 1 8
Taa rTaa =) =) A A A A A

s s WRad  LWAes Wdad  Laed VLR Wdad Wdad

ity ity ity ity Gty

8 1 1 1 1 1 a8 1 a° 1 a8 1 a8 1 a8
1aa 1laa 1A 1aa = = A = =

a B 1o 1aifd WiRRd  LWABY WARDd WiaBg WiaBg

a9 vl vl vl vl
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morphine

ninutes

:Iiilﬁ 1 lasnlounsawes  a 138 TFIU morphine Aenaidindu 200 ug/ml;

pH

b: dedediuen aeh 3 Wiaifiuld 56 “Uan

—o—@%uit 1
—=— gin¥ui 2
——gin¥ui 3
—¢— gin¥ui 4

10

20 30 40 50 60

na (Hdari)

307 2 pH vavwhiunasitwdaifiuly 1 T (@3uf 14, mean=S.D., n=3)
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8 -
7 4
6
5 4
I
g 41
3 - —e—ansun 5
) —— GiN¥ui 6
) —a—GnEuin 7
1 - —x—gin&ui 8
0 L] L] L] L T L

0 10 20

30 40 50 60

na (Fua1u)
35U 3 pH wasiiuneTAwilaiiuly 1 U (¢h3uf 58, mean=S.D., n=3)

ANAYAINILAN

WaYN19Ina aul3NIMA81 AAILUED
LEINUINARDATTETIIAINTANEINNAITUS
U‘%mméﬁm RAdUaaNINNIN DR 90 Tag
G3uf 2 SUSunaeen © mmmaaaﬂmrm a0
Souaz 98 LL@:LNW‘U’J’IN peak duloaniu peak
20987 BUSAGTUA 1 HUSHAmMEIenAe
Uszanadosas 96 @1TUN 3 waz 4 HUSHUeEN

a b v L ..
AunAaen andianmiasas 92 9 2 G1TU wmue
dl o Q/ dl a a 5> o > = 1
AN 5-8 HUINIMGILN 1AALHADNINNIN
$agaz 96 (JUN 4 waz 5) wddmndnTuazd
USunmeaen 1dguinnin¥esas 90 luzng
FLULLIAMLAUTABY  WANUIN - oI FuURNIT

dl ) a =
agudadtdy trans
A Do o da ¥ oa o .
Wunui uladnesundvindusdivinazais
1 a o Q/ dl a o a 1
2819LA8Y (A1IUN 1 was 2) HAIIHAYAIANTIT
o @ d' < U
MTuDUY Lantias (mﬁm 5-8) diawSeuiten
AUTILINING amﬂnammnu mwm%uﬂmm
AMNAYAININAIN Luaqmn pH 289 13aza18eN
Hdeszam 5.3-5.5 ‘mmmmsuw 5-8 # pH V|

Hunsasunnin (Uszanm 4.2-4.4) G9ann pH-rate
profile VBINBTHUNLINNRANNAITIAN pH 6N
A1 4 UazAvIAluNIANINNINTUNAIILAZANY
(Connors et al., 1986) WAZANNNANITANHIAIIN
%2 6 al o @ %’ dl 2 =
avsnvaanaIiuludSusninNeSuUTzNu Any
1 o L d’d = o 1 o Qs dld
MENTUNE pH 4 HauasdIfn eI TuUNE pH 6
(Preechagoon et al., 2005) W@ lun13fAnENwLIN
mﬂ%ﬁ’wmﬁmuqm pH uazn3kd HCl a3y
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