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AIWAIAINIIIATITNGT HAMITNG auwudg 2 esuliiAelaladvendouueiisy § dusss1 uae Escherichia
coli ANNMUABUTLNTIAILANATNINAIUIATITNE

sUna: anuan1sfiny  puvanaznaulaiwandiivinnarsuieSenanaianmeis 8y lunsdnsid
ANwadInImenwuazialilaiivigunpi 2-8 usz 30 aveuvaidy  (was1 90 T uea13LAlT syrup (u
Wnsz e 2 dIudanynanaIIuL T9wm 90 T Lke99NdANAITINIMIBNIN 1Ai] USZIRTIING LlaLY
A a A
71 2-8 usz 30 eyanTady lunmwusyssy PET “1

o

@1 1A ANNAIA, BAIBULAWIZATN, latsamiiiss, sruupinazna

*Ma3T LN “Bn33n waz Center of Excellence in Innovative Drug Delivery and Nanomedicine
AmLA Ten @3 WwInsasuias

el NI ITWENLNAATTIT AMEUNNEA @F @SNTNENUR

EANAITILA BATIN AMELA Ten @ umInsnasuiaa

****mﬂ%‘mﬁ;a%a"iﬂm ALA Ten @3 AnInsasuias

AAWuBnaN: I3WeA 2 TIINWed
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Suksiriworapong J, Leanpolchareanchai J, Laohajeeraphan M, Chanton D, Jinakul N,
Chantasart D. Stability study of extemporaneous oseltamivir oral suspensions. Thai Journal of
Hospital Pharmacy 2018;28(3):159-171.

Background: Oseltamivir is indicated for the treatment and prophylaxis of flu caused by influenza
virus A and B and H1N1 virus. In Thailand, only oseltamivir capsule is commercially available.
However, most infants and children extensively consume this medicine but require liquid dosage form
of oseltamivir which is currently unavailable. The extemporaneous preparation of oseltamivir suspen-
sion is thus needed for these patients.

Objectives: The aim of this study was to formulate extemporaneous oseltamivir suspensions and to
investigate the preparation stability to determine and extend their beyond-use date.

Method: In this study, oseltamivir suspensions were prepared at the concentration of 10 mg/mL using
5 different vehicles classitied into 2 groups. The first group contained 1% w/v methylcellulose (MC)
at various ratios as a suspending agent (Rx 1-3) while the latter consisted of only syrup 80% w/v
without suspending agent (Rx 4 with preservative and Rx 5 preservative-free). All preparations were
kept in amber polyethylene terephthalate (PET) bottles and stored at 2-8°C and 30°C/65+5%RH for
90 days.

Results: After fresh preparation, all formulations appeared white or off-white, uniformly dispersed
and had pH in the range of 4.7-5.3. After storage for 90 days, all preparations had unchanged
appearance, uniformity after redispersed, decrease in pH, slight change of number of redispersion and
more than 90% drug remaining. Nonetheless storage at 30 C/65%RH darkened the color of supernatant
of suspension, increased %degradation of drug and reduced pH of all formulations as compared to
2-8°C storage. Both syrup formulations (Rx 4 and 5) were physically stable and had higher %drug
remaining than Rx 1-3 after stored under both conditions for 90 days. Hence, they were selected to
study microbiological stability. The results showed that both formulations had no observed colony of
bacteria, yeast and mold and Escherichia coli according to the acceptance criteria of microbiological
quality.

Conclusion: From these results, all oseltamivir suspensions prepared from generic drug product were
physically and chemically stable upon storage at 2-8 C and 30 C for 90 days. The beyond-use date of
syrup formulations were 90 days due to their physical, chemical and microbiological stabilities when

stored in amber PET bottles at 2-8 C and 30°C.

Keyword: Stability, Extemporaneous preparations, Oseltamivir, Suspension
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nugihe sessuamzaTinannaezliuy
wanimslddeudrannnuas zarndanisusmisen
1o "uQﬂwmsmmuﬁmﬁﬂﬁamﬁwLLmum:ﬂau

mm‘%umawwzmngﬂuunmmfm,mumﬂau
Lﬂugmmumm‘%wﬁﬁwm%wiﬁﬁugﬂm ilas
nnuinsnldiouaz zaan Sanudangulu
madsvrwaslinugias waddoL piSasAy
AITITRIGILN dy Msndanuasdiaininda
wWisuiisuAuzduuUeIHg aitasudneg A
HARBANAIAIUBIAIEN A lueLaTHuLANIL
mngﬂuuumﬁ’mmumﬂau lerur

1. WAsIRINTeIfIN d BueTueIE
a3 aulngadenneiadmaioidaning
o ldnonia i ma e d LU ULa s HAA S TaiEn
U Ul AN U BN AULU LT HE AN Ui 81
iydaa anndeunn wdlu asdniuanadl
ﬁ"ﬁ’m’é"w] WANEIR% B9 1W1I0 IHAGaAINA
aspaIcaen A ldidevhaesomdueedoy
La‘ww:ﬂﬁagmmumﬁmmumﬂau

2. 3786099 ludiusiuauaznan 1e
Wi UANTE N8 ITInuTIMAznan 13w E
dudw® dihoudazmed nnzlin a1y Uazid
Msunew3e udsznauluaunandenn 398
Fasrnalumsldeuanednsiu iins: 1oeudss
wfad udsznoufiuandanu  wazdan1enad
anwuasdalwinng: Nsudszsielimionin

3. g AylueaTananzATIIuLY
ENUNTIUAN RN Bn selasdjisen
hydrolysis lédpuazisaflasandvniu au
Usznaunanluiingz 1oen wIsoaial §Azen
oxidation tfia931n sandiau Tanzwein uazu °

asuweligtheldTueaTouianizain

ATAMUAITIATINIS N EATNLAZIILAT  Las
dunadsziuguninsassnaisuianizaili
Aol nBua 4 alumiinw Jsaududasinmn
ANNAIAININIYATNLAZNIILANVIA1TLEN
L@l‘%ﬂmawwzﬂsngﬂLLuum‘lfmmumﬂau LAz
nuaTu % q@mﬂ"ﬁmummmﬁwaa@ﬁ%’u
Oseltamivir 1Jugfil#lunisilasiuuas
$nwnlsaldniaanide influenza virus A, influ-
enza virus B uaz HAN1 virus 1Jugn @
’lﬁum‘s%’ﬂmﬁﬂaULﬁnLLazgﬂwﬁﬁ AWM
dgawinio  Jeaduludszinalnofindanmaion
MUY 2 WRanmeine Tamiflu® capsule
(Roche Thailand Ltd.) sz GPO-A-Flu® cap-
sule (89AM19Ln TNYIN) Dadalaziissauaa
AIAITY oseltamivir ﬁL@l%&lumﬂ Tamiflu®
capsule MWIBRABALL® uadludszinalne
fenuiiss 1 adufirnnsanennueIsIves
oseltamivir oral suspension filasuNanuEas
81 GPO-A-Flu® capsule’ Safinsinuilusi
3% N8EA syrup 80% w/v W8 WNAUM WAL
0.1% w/v sodium benzoate LJ%iI81 30 Tu
msﬁnmﬁﬁi’mqﬂs: I FNBIAUAIGINIS
MM 108 LazaaTInsnveIiueLeIY
mwwmmgﬂLLuummfmmumﬂawaam osel-
tamivir El,mfwmz W THAAN 9 ﬁ”'mm 5 @13
uwiadu 2 ngude mjuﬁl"ﬁ 13TIVULIUAZNDW L1
WNTe 18 Snanue 3 615U UsEnaudas 1.0%
w/v methylcellulose 4000 (MC), syrup 80%
W/V USEHY NS A9 1un§jm’fﬁ TN W
2849 0.1% w/v sodium benzoate \Hu 13nuL"8
LLazmjuﬁhﬂ"E stasuvInaznawluiing: 1o
finanua 2 asuldun syrup 80% w/v W U

0.1% w/v sodium benzoate L&z simple syrup
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USP @aiilwinnse 1oenfilaifl un vves 197%
Couaziwiinge wwonieseldine  awnsn
L@’%U&Jvléiluiidwmmaqwuﬁ"laj NUsRTaNNEe
IR LAY

o
o

ad o = Ao Ao
WSLﬂNE’JuVL(ﬂ ﬂ’]iﬂﬂjﬂquﬂdu’l@]qﬂﬁ
a’]E!’Ua\‘]@]o']%"uﬂ’]L@]%ﬂNI@Uﬁ’]ﬂ’]iaﬂquu 2 Nie
a v & A ~
fna lu@LUMQMMQN 2-8 adANLTRLDe LLazlu

[

feIUe

UG 9

NgmnNd 30 IALTALTEY /AINNTY

@

WANT 65£5% W1 90 I

5aHinN193Y

13104

130109914 oseltamivir (working stan-
dard) 1é3um3 4y yuanesdnian TwnIw
Uszinelny, sualegs GPO-A-Flu oseltamivir
phosphate 7w1a 75 H8dn3N (89AN13LN “TNIIN
dszindng), methanol (high performance liquid
chromatography (HPLC) grade, Honeywell
Burdick & Jackson, USA), sterile water for
irrigation (U35 1wiuaia ga Uaas lusen “ d1na
(uw171) Uszindlng), methylcellulose 4000
(MC, U519 Lanasataiinms (1985) 3110, dszine
Ing), sucrose (L3HN W1aadasua 3110 waz ngw
fwmavlmjaﬁaa, Uszinelng), sodium benzoate
(Carlo Erba Reagents, Italy), Tryptic soy agar
(TSA), Sabouraud dextrose agar (SDA), Fluid
Soybean-Casein Digest Medium (TSB) uaz

a9 1 audsznauluning: 18e1auENN g

713 19N y"ﬁﬂiiNIix‘]W gIU78

MacConkey Broth (Difco Laboratories Inc.,
USA)

ASLASENUINSE 1880

ANBIAINNAIAIVEY oseltamivir bueN

A o @ o A a

WWIBNAITYU Rx1-5 a9 adluanssn 1 lawisw
NLAIBY 1% w/v MC mucilage Waz 80%
W/V Syrup MNBUIIUININ ANUAWEAT I
nyzyluanid 1

msiasgn 1% wsv MC mucilage

N33y MC 1 n3¥ twsinTaudseanas 1 lu

~ A o A a ¥ &
3 289U3010INARINITOTEN L ANBILEULTTIN

a A o a A .

2/3 YaIUTN1AINABINTLATEY LAN sodium
benzoate 0.1 N3¥ azaulwdnn UsulIuas
AIUUIABATY 100 NARAAT

NMAIEN 80% w/v Syrup

8208 sucrose 80 N3N Uz 1 u

a A o a ° o o
3 2astSuandasmaasoy W lulwanusan
WIDUNIAUIU sucrose RZAILUNA UIN1AINI LT

v & v R a . > a

1%L 8uua139u6% sodium benzoate 0.1 N3y YU
JIUAIABUIIUATY 100 WARAAT

msia3gx Simple syrup USP

8zaN8 sucrose 85 N3N LUz 1 1u

a A o a ° o o
3 2astSuandasmaiasoy W lulwanusan
NIDUNIAUIN sucrose AZAILANA UIUIAINY
I duuadsudsunasdiouianasy 100 Ja-

BRI

‘milsznauninsz 181 (100 AaFAAT)

1% w/v MC mucilage*
80% w/v syrup*
Simple syrup USP

Purified water*

Rx1 Rx2 Rx3 Rx4 Rx5
70 50 50 - -
30 50 25 100 -

- - - - 100
- - 25 -

a .
*N IUN UVDY 0.1% w/v sodium benzoate
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NNILAIYN oseltamivir suspension

LS BUMTLEN U LY INAZNE% oseltamivir
aududu 10 dadnsudefiadins lagldun
N9z 1WW WANNEAT M (a3R 1) FITeson
Gait unziden oseltamivir capsule R RITaE RN
Tns99 wan 14 uaia (Wisuvinny oseltamivir
phosphate 1,050 J8&n3u) uanssnlulnsslwil
WG W WE FaUe LHNNINTE 1WEIAN WuEa
awanT9f 1 uaztium wawld slurry usin
nsz 1ww18n awnite 19 nansainasly conical
cylinder I& §9lnisdhovinge 1wen ufiwae
USud3ainasdenanse 1wnauaIy 3.5 aaud
(105 Aadan7) auww Wl LLfl_iami'gmﬁw
MYIBATNDUAI L ULIA polyethylene terephthalate
(PET) "1 1708: 30 §8d8AT udaz asUT
U 3 179

NIANBIAMNAIA

FMSANENANAIFITEIA LN UV IN

=

A a % A o o .
aznawmaIonle lapluudazarsuiaIon 3 u

A

MINEA waztiuTAmIle 2 A1’ fe Aae
7 ludidugmnndl 2-8 ssmuaaifis  uaz
M 2 lugauquamnnd 30 aseaaify /
ANV “UNNE 6525% ;mﬁ’aamdﬁ'nm 0, 7,
14, 28, 45, 60 Waz 90 % MNYUziuiTe
@99 adt

M35l naIINAIAINIINILATN

YUzl 3 wate laun

(i) ANBHESNIINILAINIINATT ILNG "~
naw Wagnes

(ii) wINASINIINFuIaIial it
Ay 1ansalwnnInizaneen (redispersibility)
Ya9guTINaznes vlasn1snauaia 180

2IFN MINWIIAI LATHUINUIUATIIUAITNALIA

Lﬁavl,;kiﬁmnaummmﬁaag}ﬁﬁ’umﬂ

(iii) é1 pH VoL U IUATNEUTadIY
pH meter (Cyberscan PC 300, Eutech instru-
ments, Singapore)

nM3UssinaINAIAINILAN

"3mﬁzﬁﬂ’%mmmﬁmﬁaag’ﬁnm@m 9 lag
MY Wa10819910970 9 AT 0.2 UAAAGT Uas
¥n3 faunaait @@ﬁaaﬂwmmfﬁumumnau
138103 0.2 8887 @28 calibrated plastic
syringe 1@ 1.0 §aaaas } 84l volumetric
flask 210 10 Xadaas @Narazay (I
W U289 methanol Uae sterile water for injec-
tion 8031 % 48:52 las3unas) uazw ulw
W NAWAI8 Vortex mixer (VM-300, Gemmy
Industrial Corporation, Taiwan) mﬂﬁ?uﬁﬁvlﬂ
sonicate w1k 15 w1l UFudITuasar862vn
ATALAUATY 10 HadaaT vdaeeflaluiu
W3 BILENAN AU centrifuge (Spectrafuge™
6C Compact Centrifuge, Labnet International
Inc, USA) @21ui3278u 4,500 saudawmil 1w
A1 15 Wl U 1Tazanewmiiaasnay (superna-
tant) Y3u1a3 250 lulasaas wazdsudSanaseas
mobile phase MWUATU 5 AaaaAs W1 lUNTa9HIL
cellulose acetate syringe filter 0.45 lunsaw
AowilUSinmeieneds HPLC siwnadiaseii
ldunauwrsnn wlabeled amount Waz %drug

remaining @13 UN1IN 1 UAZ 2 AINAIAU

Analyzed amount
of drug at any time

%Labeled amount = x 100 (1)
Amount of drug
claimed
Analyzed amount
L. of drug at any time
%Drug remaining = ————————— x 100 (2)

Analyzed amount of
drug at initial time
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M3sednA1INAIAINIGIAT 1IN

Lﬁaﬂmmeﬁ%’uﬁﬁmmméfwnmUmw
waztadNaLdanIuinuaTzEZIan 90 % a1
ansaNuAIiIN1aTIinelasriimasndu 3
wide audaniruavad USP' @a total aerobic
bacterial count, total yeast and mold count L&
ﬂﬂi(ﬂi’sﬁm%%@ Escherichia coli

n13¢379%7 total aerobic bacterial count
uae total yeast and mold count

WA20e19 10 Faaaas W vuWwWesUIunas
00 Hadaas W wlwdin nuwdesdetne

3

TRldanududn 102 - 107 win wenatann

A Aaa

ANUTNTUBUTINGT 1 UaBaaT IINGI%QW%LW’W

FefiUnenida niuwnemaaeade TSA
(melted) "%W¥UN@ au total aerobic bacterial
count #38 SDA (melted) "%iuna au total
yeast and mold count U331a3 20 Hadaas aslu
plate uaza wliidiu vion 3 70 W ltnmwne
#i 30-35 avruaady 1Twaan 3-5 Ju (N
7@ 81 total aerobic bacterial count) W3 20-
35 adennalty  LHuwa 5-7 1% ( IUNe au
total yeast and mold count) \Weasurwuaia
wusualalaiifificoud 30-300 lalail sruwa
1% colony forming units dadaaaATVBIAIBLN
mIasaanuds E. coli

a

WA20819UT010T 10 URERAT W uNU
TN asUSNNAT 90 RRFAAT INBUUIAIBENS
N1 10 U888@T tw1zadlu TSB U3u1as 100
A aa v o o A ° ' A
388805 W WlWdnud v lduuiwizn 30-35
DIFLTALTE W% 18-24 TILNI LUBATUNINKA
A1 W1 13aTaE@lad1elsunas 1 J8daas
89l% MacConkey Broth 100 Aafaas waziy

WWENgIMNT 42-44 29ALTALTY WL 24-48

713 19N y"ﬁﬂiiNIix‘]W gIU78

Flue wazineatINLuWIzUY MacConkey
Agar ﬁqmﬁn‘]ﬁ 30-35 DIANTALTY W% 18-
72 Tlas leasumuuaian winwulaladl
d"ﬁuw‘jvx%Lﬁ@mimﬂm:ﬂawadmmstgmL%a‘sau 9
Talafl Serimme aumeduaiiuszmonwiiie
ﬁmﬁ]ﬁlf‘}?ﬂ E. coli ¢ia'ly

A3ATILH oseltamivir @285 HPLC

JaizddSuam oseltamivir 62835
HPLC'" " @2210309 Shimadzu HPLC system
(Shimadzu Corporation, Japan) Usznauaiy
DGU-20A5 degasser, LC-20AD pump,
SIL-10HT Autosampler, SPD-20A UV/VIS
Detector laolt Inertsil® ODS-3 (Cs) with
guard column, 5 luAsaw, 150 NARLNAT x 4.6
da8lwas (GL Sciences Inc., Japan) tfu sta-
tionary phase W8z UK VDI methanol Was
50 mM phosphate buffer pH 6.0 8031 2%
48:52 lapu5uas 1Ju mobile phase fidas
M7 navas mobile phase Aa 1.2 Haddasaamd
YA absorbance 2898171A71N81IARU 207
wlwuas AwIANNLTNT U0 oseltamivir
AN 1IRTAIYNIATTINGIIAULTUTU  1-20
Tulasnsudafadans HEHeTLRARIUNNTATI
aummgﬂﬁawaﬁ%"imswzﬁmu ICH Har-
monised Tripartite Guideline Validation of
Analytical Procedures: Text and Methodology
Q2(R1)" #2198 linearity (r*= 0.999), repea-
tability (%coefficient of variance (%CV) <
2%), reproducibility (%CV =< 2%) Waz accuracy
(agluzna 98-102%)

nMIanzidayauaz ad

W asnatayaTILUT L in dady =

Duwdasuuanagiu (SD) Mnmsianziagng
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Wy 3 a%s Wisuifisunisasuudasfiiaan
#199 funasudulagld 5 one-way ANOVA
fszduanudeadn 95% ffSeufisudanu
wanensatnafiy dyme Adudadn p-value <

0.05

NAN13398
.. & 1Y o Lo &
Oseltamivir (Juwsndwly sangniuds
6 . A A £ o & [ .
0w o3 neuraminidase TINgndMwal; in-
fluenza A sz B 8IANIT0IMIIURZEN WIZ-
2131 JusealAld oseltamivir lunssnun'ld
wialwy (influenza) luiheoidnannasue 14 Tu
x vy e M e a A ey o«
uld  wieldflasriuldwialngluginianansy
3 dew 09 1 U esannludszinalned
HRAA BN oseltamivir JUuUULALTaLINY
mldgihoianidnuaznin’lad ansniudsenmu
mgﬂuummﬂﬁgavlﬁ %‘aﬁi’nﬂuﬁmm’%ﬂﬂugﬂuuu
mmﬁ’nm’mmﬂamﬁalﬁpjﬂm AWWIINTUYIEN%
anlduazldanuiiualunnssudsznuen an
TNUINUNTANEINITLATONLIWILDIUAZN DY
Ll@aWIZ318U9 oseltamivir LATHNINNNAAN AT
g1 Tamiflu® (Roche Diagnostics Corp.,
USA) uazltwinsz nwenldun Cherry Syrup
(Humco™), Ora-Sweet® SF (sugar free),
SyrSpend® SF, SyrSpend® SF (for reconstitu-
tion), 1% MC, simple syrup wac purified
water (+ 0.1% w/v sodium benzoate)*™" 1
Nz 1wnaIna1d ansnudadu 2 ngunang e
uA nauflald suspending agent 'leun Cherry
9
Syrup (HumcoTM), simple syrup Wag purified
. i oA
water (+ 0.1% w/v sodium benzoate) uaznguh

It suspending agent luasuldun Ora-Sweet®
SF (sugar free), SyrSpend® SF, SyrSpend® SF

(for reconstitution) waz 1% MC I@mlumjm‘i
fin3lT xanthan gum, hydrolyzed starch,
methylcellulose LI suspending agent %anann
ﬁﬁayamn 20U IMIWANUAITIANWI TR
MIATENLNYILTIRATNEN oseltamivir lagld
syrup 80% w/v (+ 0.1% w/v sodium benzoate)
Huvbinsy 1wen

TumsnsitBuduannane suamadn
Awldszningdony 1stoludisuiadaion
snadoudusiing: o laglddaiien 13170
vawie 3 shananierimane au ldun so%
w/v syrup, 1% w/v MC mucilage W8 1.5%
w/v sodium carboxymethylcellulose 1500
(CMC) mucilage las 2 afiausn 1w 133728
Afivamnsldidu udsznevlusiing: oen
"WM3U oseltamivir waz CMC 1ilu 13778#ins
I#lunsiasouinngy 10 msLseIsIaNIe
ATITIWIBUIN AINWANIING AUWLIN 1.5%
w/v CMC mucilage tfi@ incompatibility nu
oseltamivir IﬂﬂLﬁaN UNUNI oseltamivir LazNd
#1910 oseltamivir capsule 3ziiaaznanti
WHWE UTuZ? 80% w/v syrup waz 1% w/v MC
mucilage liifinaznaunsan unumsen 34la
1u13asn CMC 1l suspending agent 1w
mMaassnge Moo msusesudile Tunns
anwisadanld 80% w/v syrup uar 1% wo/v
MC mucilage tiu udsznaulusiingy 1een
wazutatiang: 1eeildlunsdnsnileenidu 2
NENNAN ﬁamjmfwmz NWR UK NV89
1% MC mucilage 1w suspending agent (Rx
1-3) LLazﬂé];sJ‘lf’miz N filaid un w89
suspending agent (RX 4 WAz 5) @9l @IlUHATITS

1
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BTN UILYINALNEY  oseltamivir

i

o

an

5 @170 WUIEIUInaznawiieIonlad

wozINYuilaznaunIznedm A wa (3Un 1)

fid)}

1 pH agluzg 4.7-5.3 (13199 2) laweniy
78l "un wvas MC fidh pH agluzg 5.1-5.3
w1 uN bl suspending agent (Rx 4 Wag 5)
A y s a5 LA & o @
fieh pH agluziafianiifie 4.7-5.1 M3 5 613U
JUSnaemasaisaL 39 (%labelled amount) ag)
U9 105-111%

NIINA BUAMNAIAINIINILAIN

A & a A a
LN@LﬂUU’]L@]iUNqu%QN 2-8 LRE 30

DIANLTALTE wud’nﬁmﬁ’]aaﬂmﬂﬁmuqu
gaunDil mm‘%ﬂunn@i’ﬁuﬁmﬂau‘“mmﬂag’@”’m

' =1

N1NVBIVIN NI mwaa%’umnamﬁwwﬁﬁu

713 19N u“HﬂiS&JIiGW gIU78

o @ P a
nna1su (3Un 2(A) usr 2(B)) “209U83LWA7
witaaznan (supernatant) LijalAuNgmnni 30

a Aa o X A ~ a o A
ada-teoateny o L"IJ&I’IJ%L&JQL?J?EIUW]EJUT]UY]L’J&’]

aA

Suduuasd L‘iT&Jﬂiﬁ@fﬂ%’UﬁLﬁuﬁqm%Qﬁ 2-889¢1-
LaLTe Lfiaﬂé'w’mwudmﬂ@h%'u WNIONIZANY
FANFULI RN LT IBANaUA T SN BRI aUNES
LATNLNATLNL 59 (gﬂﬁ 2(C) uaz 2(D))
nnnTdszifinay wnTaluniTueIn
aznanlagn1 LT IMINATIVINITNAUVIA I
m:ﬁ"a"l,ajﬁmnauagjiﬁ@?ﬂmi'lwawm lenaas
m mlugﬂﬁ' 3 WuNesuR 1 dasldiiwiuassle
MInsuTIaNNg @ fa 30 %1 399890NAaNTY
A2 wmeUR 3, 4 uar 5 ldRmanasslung

naup1a lduandanu (p-value > 0.05) uazld

U 1 ANBMEBILIUIMBINAZNEW oseltamivir aTUN 1-5 MiaTowld

@19°9N 2 ¢ pH uaz %labeled amount VaILIUIMYIUAZNYU oseltamivir N9 5 AT

‘wmilsznau (% v/v)
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2 50 50 - - 5.18 110.3+4.3
3 50 25 - 25 5.26 107.4+1.8
4 - 100 - - 5.08 105.2+1.5
5 - - 100 = 4.70 106.4+3.5
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wwndlunisdszidn Sfaae LLazg]LLa;Eﬂmasha
L39G% luﬁﬁﬁmmirﬁﬂﬁﬁu DKA Dsusazd
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sz@ummalmaawvlumamﬂuﬂ IWDININYA
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Wiewdy 81y 28 T wivun 68 Alansu
,9 140 IUWALNAT BMI 34.7 AlanTu/iuay
Wenant” alsunn Uaariad 4 M Aanun
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nlasue liraglutide 11090A 30 WNHK 2560
WAINNALALTIUN 24 WOBAAL 2560 8INT
e |d$ =1 6a g;
89 1aUw TIuWUUNNIDINATI
AauwnsinfildsziGiaelasuen liraglutide
A o oA a v a A Y a
Woiuh 8 WHAInen 2559 ualaawl ” audun
AN FINRYALT TUN 17 NUAWUT 2560 KAIIN
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Usziaanansuieluafauazeniily

1. DM type II (early onset) with DN
with PDR vl@T%'umﬁﬁﬁ]onﬁaLﬁauqumﬁuﬁ
2559 mmzfuﬁﬂwmq 27 ¥ wazanlssnenuna
81309057 ATIANY PDR, retinal detachment,
HbA1c 14.6% A333319MUNY

- Acanthosis nigrican,

- Diabetic retinopathy S/P PRA BE +
intravitreous avastin injection,

- Diabetic nephropathy MUA/Cr
1428.9 (8/11/59)

2. Hashimoto thyroiditis [TSH 63.5
mU/L (0.27-4.20), FT4 7.28 (12-22.0), T3 1.46
(1.3-3.1) (15/10/59)]

3. anuaulafia_3 dranuaulafia (base-
line BP) ag’lwﬁ’m 120/70-130/80 mmHg

a. szavluiulwien 9

5. NI

6. lsanaudia uaznluw

swmsmﬁ;jﬂwvlﬁ%'u

- insulin mixtard 30 HM penfill 14-0-
12 unit SC

- metformin (850) 1x2 po pc

- atorvastatin (40) 1x1 po pc

- sitagliptin (100) 1x1 po pc
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- dapagliflozin (10) 1x1 po pc
- enalapril (5) 1x2 po pc

- levothyroxine (100) 1x1 po pc

sz1ansauasn

A I A A
- umLﬂumemmamgj a7 1

Usz36mne vaun

- Ui sue@nnsan wie uyna

sziansunen

- U7 smsuwpIuazeInls
NANIIAIIDINNY

Vital signs: T 37°C, P 80/min, RR 20/
min, BP 169/96 mmHg

Physical examination:

- Skin: Acanthosis nigricans at posterior
of neck, no abdominal striae, diabetic shin spot
both legs, slow skin turgor, dry mucous mem-
branes
Head/Face: Normal
Eye/ENT: Normal
Neck: Normal

Heart: JVP 1 cm above sternal angle,
PMI at 5™ ICS MCL, no heaving/ thrill, normal
S1S2, no murmur

- Lungs: equal breath sound

- Abdomen: normal bowel sound, soft,
mild tenderness at epigastrium, liver and spleen
not palpable

- Extremities: Normal

- Nervous system: Normal

- Lymph nodes: None

183

a1z Diabetic Ketoacidosis
91ngngu SGLT inhibitors

HAA3IINRBIUNTANS

- Blood glucose 165 mg/dL, Na 138
mEq/L, K 3.8 mEq/L, Cl 102 mEq/L, HCO3
15 mmol/L, BUN 14.9 mgsdL, Cr 0.50 mg/
dL, Ketone 3.6 mmol/L, Lactate 1.0 mmol/L

- Arterial blood gas: pH 7.31, pCO,

38.60, pO_ 80.50, HCO_ 20.6

nM3IRIRY
Euglycemic Diabetic Ketoacidosis (Eu

DKA)

anilse

Hihondgeany 28 U Alsadszandniu
Tsatwnmw andasanstaarios aaul * sndon
NN FINALATITIIMENUATIZINAIN (hypo-
volemia) (slow skin turgor, dry mucous mem-
branes) WAXAINMT BUMALANLAN o tudu
dw%’uﬂszmummwmmnnmﬁﬂ LLazamﬁuﬁgﬁu
i wamiasdfianadasduny arterial
blood gas: pH 7.3 8 HCO3 luiRa@ 15 mmol/
L sauilu metabolic acidosis uaziiafianson
URQUBINIAAAIILAINAT IINNTAUITE
anion gap (Na-[CI+HCO ]) a¢lé 21 mmol/L
GannndrenUndde 12 mmol/L dauilu pure
wide anion gap metabolic acidosis #d18AINY
1 nnzifeatduniaanad ’]L%Qil’mﬂﬂiﬁlﬁﬂ‘m
vuzfialussmoinin  lagleRiansanszey
lactate 1.0 mmol/L uaz ketone 3.6 mmol/L lu
N3zl LREATINGY mﬂ"ﬁagmﬁaqﬁu WD
wmq‘é{w] fanafiannisu RCERHITTI TP HE RtV
AUiA1Iz metabolic acidosis b6 1 UA1I lactic

acidosis 91081 metformin tH#8991n320U lactate



184

wauLn nIulswenna (desnalng)

sl,u;jﬂ'smwUﬁvl;\ivlﬁmaﬂ’jwmﬂﬂa%amsagﬂu*‘ﬁ’m
0.5-2.2 mmol/L (\nafiliiRadun1iz lactic
acidosis 91ng1 metformin A8 2AU lactate >5
mmol/L $2uiufl pH <7.35) uazifafarsonszey

ketone wm’wMandwmﬂﬂaﬁmsayﬂwﬁw 0-0.6
mmol/L ¢91iuiloMaNsmIa1naIn1sh auas
wamaﬁaaﬂg’jﬁ'@msmaagﬂ’amwﬁﬁuﬁ’]vl@?ﬁ'u
72 ketoacidosis 3N @ lag wwguasmaia
Az ketoacidosis 1u;§ﬁwiwzlﬁﬁuwnﬂuvm1ﬁ
¥NTi ,Afan1z EuDKA

Lﬁaamﬂrﬁﬂ's ofldse @3N SGLT2 in-
hibitor Aa dapagliflozin Trunuddadunszdu
msiianz DKA lédun anmsednl® ason
wn Geanaluernistradssannislasuen
liraglutide 3068 AUSUUTENMUDIAT Ml lauas
finnzanariniinds wasiiisneszausinanaled
165 mg/dL Fakeunit 200 mg/dL enuinmi
3998 EuDKA

RIUANIINBIALAINENI LERANNNT
W@y DKA wazRansonldngasn dapagli-

flozin mé’amnﬁfmﬁaﬁﬂm"lé’%’ums%’nmwma:

1an 1391989

1. American Diabetes Association. Standards of
medical care in diabetes. Diabetes Care 2017;40
(Suppl1):S64-S74.

2. Davies MJ, D’Alessio DA, Fradkin J, Kernan WN,
Mathieu C, Mingrone G, et al. Management of
hyperglycemia in Type 2 Diabetes, 2018. A Con-
sensus Report by the American Diabetes Associa-
tion (ADA) and the European Association for the
Study of Diabetes (EASD). Diabetes Care 2018;
41:2669-701.

3. wewlsawmnuuisdssinealng. uwmensl §us

miulsanminu 2560, RuWasf 3. Unumil:
suidu Aide;2560.
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Fe o Y e .
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. o o X .
ANYINJY SGLT2 inhibitors ztN@IUUHDY
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= o X
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VIWLLNN TN UNTTIDRA0AIINTL - 8EIAN

AITAINE bE

4. Gian PF, Benedetta MB, Angleo A. SGLT2 in-
hibitors and diabetic ketoacidosis: data from the
FDA Adverse Event Reporting System. Diabeto-
logia 2017;60:1385-89.

5. U.S. Food and Drug Administration. FDA Drug
Safety Communication: FDA warns that SGLT2
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[cited 2018 June 18]. Available from: http://www.
fda.gov/Drugs/DrugSafety /ucm446845.htm.
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N1INILINLA7 LLaaHﬁuluLﬁaﬂﬁ'nﬁu
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T9Me USuasnInizaneved 2,4-D Jd1 10.2
8613

nsBuaanainsreme mels 96 Talug
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Juaanniil  1zanninTesaz 75 ve9dINNm
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1. SJUNIBAITNNRTBITEVUAIT $9 19
“a1l3z azddaladu (acetylcholine, Ach)
lasan 2,4-D Tlass Hamaedfi wnsated
IWasonuasdaalaie (acetyl CoA) iAaiilu
2,4-D-CoA falusurivladn (choline) nane
{u 2,4-D-Ach lagvhminfiunuezdaalasn
WSusudasy  wasiian1saoy wesfifaUnd
Rt

2. mldfaniae uncoupling phospho-
rylation lululnaawieds 3udu wwguainiaiia
19 usznzifeaiilunsa (metabolic acidosis)

3. vnanuibauias (cell membrane) u

AwIngrvas 19naaTong 2,4-D 187

T19MY LHamMsansLTas

4. TAPININITNUYDY voltage-gated
chloride channel ﬁmas?néﬁmifamﬁ Wae '3
NaiﬁLSﬁaﬁmaonﬁwuLﬁaagji‘Lumu: hyperpolari-
zation uaziinnnuAaUndvasszuundaite 1

naNLHagaULTI AN

d' o VY a a 6,9
WIANN I AN
vnatesn afirhliiiefinluau fa 3 - 4

A a o a

n3Y %38 40 - 50 WaANIN/AlanIn wuates

A A A A Aa Y

n andnonuwns s"ﬁmiu;ﬁ’lmy,muﬂszmu
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(fs1p9uasud so AadnTu/Alaniy auils 3

nsu/Alansu)

21n1suaraINIst as>e"’
[ a t:l'd v =
mwLﬂuwuﬂumﬁwgmnauaﬂmahu
na19 (mild to moderate toxicity) N33uUsznn
2.4-D ﬁﬂﬁ;&“ﬂ'smﬁ@msszmmﬁaa@iamuau
2113 81113 ulngidaduaininisduszuy
NIILEAWDINT 1T% Aaul Y asuuw Uaavias
a9 1Bulutestnuazanne
[ a 4'4
ANNLIwARINIANTUUTINN (severe
toxicity) n135udszmiu 2,4-D ludSunmaunn
awﬁﬂﬁg}”ﬂ'sﬂﬁLLNaiuszuuqu’mL@uawms Hay

o ' a

Fn auanaas lasin 4 auaulafiaen
Fwandwsy Fwanduin adulWiinlafiaung
(+3% QT interval prolongation) ndaiteinss
(muscle rigidity) tAan13 sppasnduitasny
(rhabdomyolysis) tian1azidaatiunia a1z
waaidowluioas 1aay (renal failure) iz
mMIvnativraddaauuudsunaw (acute lung

injury) wazszuumadumislasuinan (respira-
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wauLn nIulswenna (desnalng)

tory failure)
MIWH 2,4-D Hun RN lag u
dnazynldiianisrzaudesluuSiimasnain
Lﬁaomnmig@%wm 2,4-D HIWNNIRIWITITH
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LLazLﬁa‘qm FaAedurmenn 1smaaiTRe 81a
ﬁﬂﬁl,ﬁ@miszmmﬁauﬁaqlwﬁawgnwﬁma@
waza1arnldiiae1nisle winnuidianenaLia
mMyszmuifasen siaelna enmInaaw 3 (pho-
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a A& o o v o
maammmzmﬂﬂmﬂu 2-3 INNINTT UK

n15a329NWRaIlHiAn1suazn1stlIsEI
2113 VaINIY*

AINaaadlu “aiwuin anutuduwed
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LLaﬂuﬂﬁ]fgﬁ'uﬁ'avl,aiﬁmimwi'ﬂm’]uLﬂTu"ﬁwuaa
2.4-D wlwdeauazlud sietrodudiu
NI %Ry Q’ﬂwﬁﬁmmm @IANNT UW
2,4-D 39017 1@3UMIAaan W mIW wazns
anaiudnnaRaslfiians Idun electrolytes,
CBC, BUN, serum creatinine, liver enzymes,
creatine kinase uanmﬂf:mim’mmaizuuﬂiz m
(neurologic exam) 7@ pulse oximetry 9379
aaulniiiala (EKG) LLazluQ’ﬂwﬁﬁmmi
w aaneszuumaduwnsloasneiive ey (sig-
nificant respiratory symptoms) A33618ATN
39"nv198n (chest X-ray) @2¢
nMsauasnEALe’

1. NMIBIWUADRNIAMUALNITNB Y

@AuiszAay (emergency and supportive mea-
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sures)

- I¥mstramdansaumamgla 1ww ms
1 'viasaswnela (intubation) qujﬂwﬁﬁmi
wislafidednd (anafinainnns Man) wiagile
ﬁ"lxifﬂﬁa
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2. 3815z tlwidion (decontamina-
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- IWwennunudud (activated charcoal)
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15 Wi (ﬂitﬁﬁgﬂ’mi 'AOUUNALAL ~ 92ADINA
ADULNALAY ‘BaNTan)

3. NMIINHITUNIEALINATUNAY (spe-
cific therapy)

laifenduiwanwie (specific antidote)

4. N3199M32UaaN (enhanced elimina-
tion)

uiim WY 1zfluens (urine alka-

linization) 87197T78139N17290 2,4-D aannyla
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walun19UfiaaaRansmvin urine alkalini-
zation 1u°ﬁ'NL'%;J@Tumi%'ﬂmmww:ﬂirﬁﬁzjﬁw
Jutizmu 2,4-D udifianzAsndanuguuss
YN BIenvzinIaliinnnfeadunsa saw
el

AN3Y urine alkalinization X7 I0¥N e
Taem136 4 7.5% sodium bicarbonate 150 Na-
5503 1 D5W 1000 J83807 BUANIIRRALRDE
aluansn 2-3 Nadaas/Alaniu/aalus (819
Iiasluney sy giholiadala wazdin
lsala) @aan urine pH Wagluszay 7.5-8
srisnnzanlmfen snwn serum pH lailwifdu
7.55 NIHN1IN1 urine alkalinization M3z U
na 13939 kailiAan1stulalasianlasan
saninlud 11z Sewulugihoninzllue -
douluifeaan (nzflanfianisgadunauves
Tdua wounlawauandaounulalasiawlosan
A o o & A o
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urine alkalinization 33d@a9til1szdalsldue -
a =) ] 6 a v
Bouludeaaglunmeidndeas

HIUNITHeNLReAdIuLATR batAiuY
(hemodialysis) w% ldfidszlomilunisisens
o ~ o o
23@ 2,4-D 880 LHa93In 2,4-D  WIINIUNY
woaufinlad Aslignadasandis hemodialysis
adalafioumingihoniilanodounau uwnd
10N TARNTMYIN hemodialysis laautaLisd

MIMTIVLROAAIDUNUWKNITY  (hemo-
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lagnsanuyse " nianluan
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tress) LLazWummmmaa@aumju beta adre-
. R Aa =
nergic agents 1u;dﬂwwwaa®awmmid (bron-
chospasm) @28819ALBZUIADNITWULI VLY
WABARUNGUAINAT 1éun 3139979 salbuta-
mol 2.5-5 Fa8nTY lu NSS 2-4.5 §afaas
UINILHIBLAToINUAZad (nebulizer) nn 20
WA gunsen 3 ﬂ%’dLLﬁ’JQﬂayﬂ'ﬂ@au wadle
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m’au?imguﬁﬂaé’m unianauingn
(recurrent pericarditis)
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Index to Volume 28

The index to volume 28 is a subject index in alphabetical order

2,4-Dimethyl ammonium, p. 186-191
a-factor PCC, p. 46

5-hydroxytryptamine, p. 102

A

A4- factor PCC, p. 46

Achilles tendon, p. 174

Activated 4-factor prothrombin complex

concentrate, p. 46

Activated Prothrombin Complex Concentrate,

p. 48, 138
Aerosol antibiotics, p. 61

Andexanet alfa, p. 51, 52

Angiotensin receptor neprilysin inhibitor, p. 32

ANP, p. 34

aPCC, p. 48, 138

ARIA, p. 92

ARNI, p. 32

Atypical target lesion, p. 28

Aztreonam, p. 62

B

Bacterial conjunctivitis, p. 116
Benzoylecgonine, p. 193

Blepharitis, p. 116

BNP, p. 34

Breakthrough Therapy Degignation, p. 50

Bromocriptine, p. 110

C
C-C chemokine receptor type 5 antagonist,

p. 87

Cherry syrup, p. 165
Chlorpromazine, p. 110
Cocaethylene, p. 194

Cocaine, p. 192-199

Colchicine, p. 202-214

Colisitn, p. 62

Compensatory mechanism, p. 32, 33
Cyproheptadine, p. 110

Cystic fibrosis, p. 61

D

Dantrolene, p. 110

Diabetic ketoacidosis, p. 179
Direct oral anticoagulants, p. 132
DKA, p. 179, 180, 181, 182
DNA gyrase, p. 173

DOAGC:S, p. 132

Dolutegravir, p. 87-94

E

Ecgonine methyl ester, p. 193

EuDKA, p. 180, 181, 184

Euglycemic Diabetic Ketoacidosis, p. 180

Euphorigenic effect, p. 194

F

Fab, p. 49

Factor eight inhibitor bypassing fraction,
p. 46, 138

FEIBA, p. 138

FFP, p. 134, 135

FLAMINGO, p. 91
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Fluoroquinolone, p. 172 N
Fortified antibiotic eye drop, p. 115-124 Natriuretic peptides, p. 34, 35
Fresh frozen plasma, p. 134, 135 Neprilysin, p. 32, 35, 36
Fusion inhibitors, p. 87 NNRTIs, p. 87
NOAG:S, p. 132
G Non-cystic fibrosis bronchiectasis, p. 62
Gentamicin, p. 62 Non-nucleoside reverse transcriptase

inhibitors, p. 87

H Non-tuberculous mycobacteria, p. 62
Human immunodeficiency virus, p. 87 Novel oral anticoagulants, p. 132
Humanized monoclonal antibody fragment, NRTIs, p. 87
p- 49 Nucleoside reverse transcriptase inhibitors, p. 87
I (0)
Idarucizumab, p. 49, 50 Olanzapine, p. 110
IMPAACT, p. 92 Oseltamivir, p. 159-170
INIs, p. 87
Integrase inhibitors, p. 87 P
Iodinated contrast media, p. 96-100 PARADIGM-HF, p. 38, 39
PCC, p. 134, 135, 138
J Pericarditis, p. 204, 205, 207
Jet nebulizer, p. 64 Pharmacokinetic enhancers, p. 87
PIs, p. 87
K Polyethylene terephthalate, p. 163
Keratitis, p. 116 Propranolol, p. 110

Protease inhibitors, p. 87
L Prothrombin Complex Concentrate, p. 46

LBQ657, p. 35, 36

LCZ696, p. 35 R

Recombinant activated clotting factor VII, p. 46
M Recombinant factor VIla, p. 138
Matrix-degrading activity, p. 175 Reinforcing effect, p. 194
Matrix-metalloproteinases, p. 175 Re-prescribing allergic drugs, p. 12

MC mucilage, p. 162, 165 rFVIla, p. 46, 48, 138
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S

Sacubiril/Valsartan, p. 32-42

Sacubitril, p. 32-42

Selective serotonin reuptake inhibitors, p. 102
Serotonin syndrome, p. 102

SGLT2 inhibitors, p. 179, 180, 181, 182
Simple syrup, p. 162, 165

SINGLE, p. 91

Sodium glucose co-transporter type 2, p. 179
SPRING-2, p. 91

SS, p. 102

SSRIs, p. 102

Stevens-Johnson syndrome, p. 27
SWORD-1, p. 92

SWORD-2, p. 92

T

Tendinitis, p. 172, 174-176
Tendon rupture, p. 172, 174-176
Tobramycin, p. 62
Topoisomerase II, p. 173

Tubulin, p. 203

\%

Valsartan, p. 2-42

VAP, p. 63

Ventricular-associated pneumonia, p. 63

VIKING-3, p. 92

W

Warfarin, p. 132
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