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Current approaches for in vitro drug release study of

long — acting injectable formulations
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(National Institutes for Food and Drug Control, National Medical Products Administration Key Laboratory for
Quality Research and Evaluation of Chemical Drugs, Beijing 102629, China)

Abstract; Long — acting injectable formulations are preferred over conventional formulations for the treatment of
chronic diseases. The regulatory guidelines and pharmacopoeia have remained silent on dissolution methods for
long — acting injectable formulations due to their diverse nature. The lack of compendial method for dissolution tes-
ting increases the duration of approval process for long — acting injectable formulations. This article reviews various
dissolution methods used to study in vitro drug release profile of long — acting injectable formulations. Compendial
as well as noncompendial methods, such as — flow — through cell method, sample and separate method, the dialy-
sis method are used by researchers for drug release profile of long — acting injectable formulations. This review
article also highlights the advantages and disadvantages of reported dissolution methods. The compiled work will
help the researchers in designing the bio — relevant dissolution method and expedite the development of long — act-
ing injectable formulations.

Keywords: long — acting injectable formulations; dissolution apparatus; flow — through cell method; sample and

separate method ; dialysis method ; in vitro models
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K30 8157 (long — acting injectable formulations)
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Tab. 1 In vitro release conditions for various long acting formulations using compendial methods
Py LA I1/975 Y 2 %
5 i usp ﬁ{i {%T& 7 )ﬁ Mifxx/{uuﬂi ROk 1] ;%
(drug) (f Jation) (type of USP (dissolution (media volume/ (study IVIVC 3k
g ormutation apparatus ) media) flow rate) duration)/d (Ref. )
[ERyAlRES 1257 (suspension)  I[( 34, paddle) 0.25% SDS 7 (0.25% SDS solution) 900 mL 20 NR [6]
(aripiprazole)
R BRI WK TREH (suspension)  TI( 3%, paddle) 47 0.489% 11 20 £ 0.001 mol - L' 900 mL 15 NR  [6]
(paliperidone ThER K 1T [ 0.489% (w/v) polysor-
palmitate ) bate Tween 20 in 0.001 mol - L~!
hydrochloric acid aqueous solution)
UL A IR (suspension) IV (Jiti%, 1% SDS fi) pH 6.8 PBS(1% SDS in 3 mL « min "' 30 NR  [6]
(olanzapine pamoate ) flow through cell) pH 6.8 PBS)
FEER S N R AR TR (suspension) 1T (232, paddle) 7K - Hf#£(95:5) (50 mL of methanol to 950 mL 7 NA [6]
(leuprolide acetate ) 950 mL of water)
SRR T MR FEAG (implant ) IT (%12, paddle) 7K (water) 900 mL 7 NA  [6]
(hydrochloric
buprenorphine )
HOFEAAR FEAFR] (implant ) VIS s, 40.05 g - L™'SDS, PBS(PBS contai- 30 mL 10 NA  [6]
( dexamethasone ) reciprocating bucket) ning 0.05 g - L.™! SDS)
R e JEPIEER I (33, paddle)  pH 7.4,PBS,0.02% ,&F LM (sodium 900 mL 30 NR  [11]
(hydrochloric (in situ gel) azide)
thiothixene )
RS & /4 (liposome ) V(i flow pH 7.4, 5% J# B¥ ( saccharose ) | 10 78.4 mlL 1 NR [12]
(amphotericin ) through cell) mmol - L~! HEPES .0.01% & & k&l
(sodium azide ) Fll 5% v - ¥R W) K5
(+y = eyclodextrin)
RGEPR ITRSRARE [k beke)  pH7.4,PBS,0.02% BAALM (sodium 500 mi. 7 NR[13]
(leuprolide acetate ) (injectable liquid crys- azide) ;0. 02% ~ 2. 0% It 7 80 ( Tween
tal —forming system) 80)
FENA eI 3 HER(microspheres) IV (i, flow pH 7.4, PBS, 0.2% HiIRIfiLfR (ascorbic 2 ml, + min ~! 15 NR  [14]
(hydrochloric through cell) acid)
apomorphine )
HTERAR {¥ik (microspheres) IV (Jfidbi%,flow  pH 7.4, 0.1 mol - L™ PBS, 0.1% 7% 8 mL - min "' 34 NR  [15]
( dexamethasone ) through cell) AL (sodium azide)
15 EE (bovine A TR £ # (cerystal IV(BEE , flow 0. 1% 1175 80 ( Tween 80),0.02% B2, 5 mL - min ! 15 NR  [16]
serum albumin) suspension ) through cell) AE4# (sodium azide) ,PBS
Z53E /L (naproxen ) TR (oily solution) [(2#k, paddle) pH 7.4, PBS 1000 mL 7 NR [17]
FlZ R (lidocaine)  FAF(implant ) I (32, paddle) pH 7.4, 50 mmol - L' PBS 900 mL 3 No  [18]
YR (naltrexone)  f¥BR(microspheres) IV (Jiihis , flow pH7.4, 10 mmol - L™'PBS 0.02% Z& 8 mL -+ min "' 7 Yes  [19]
through cell) RN (sodium azide ) 0. 02% it i 20
('Tween 20)
R (musk 2R (sustained — VI(AEE AR, 0. 05% i 80 /K7 (0.05% Tween 200 ml 0.5 NR  [20]
sustained — release release mini —tablet)  reciprocating 80 aqueous solution )
mini — tablet) bucket)

7 (note) ; NR. ZFARE (not reported ) ; NA. ANid /A ] ( not applicable/unused) ; Yes. #H3€(related) ; No. ASAHE(not related) ; SDS. - 5%
FEBRFREM (sodium dodecyl sulfate) ; PBS. #if2£h 2% vk ( phosphate buffer) ; SBF. 4Ll{A ¥ ( simulated body fluid) ; PG. P§ . ( propylene glycol) ;
HEPES. 4 — (2 #24.35) — 1 - WRHE Zf# R (N — 2 — hydroxyethylpiperazine — N — ethane — sulphonic acid)

BE) B AT A Wheaton Jif BT IR 7 4% EIRTE
PEEHIEEE 7 50 mm,205 r - min " FEEAREE 6 s, HURE
BfE] 24 3 .14 .35 .56 .84 d (10.8 mg ¥ii&) F17.14 .
1721 28 d(3.6 mg Hik) "', Wang 253 FHHUR: 5>

BT ER IR K A 2 ORI A T AR AR ORI, 4 24
4 mg Bk 4> B #E 10 mL PBS (10 mmol
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Tab. 2 In vitro release conditions for various long — acting formulations using sample and separate methods

. I HHhA T AR TRt R] =%
2l I . . . .
(drug) (formulation) (dissolution (media (study IVIVC 3k
rug ormulation
& media) volume ) /mL duration)/d (Ref. )
FEHEEARR (levonorgestrel ) f3ER ( microspheres ) 25% (v/v) LEEIKEW (ethanol in water) 50 52 Yes [24]
i 74540 ( montelukast FE AR (implant ) pH 7.4, PBS 100 60 NR [25]
sodium )
Y FEHB K (exenatide) 3R (microspheres ) pH 7.4, PBS 1 4 Yes [26]
LR ( paclitaxel ) JKBEERE (hydrogels ) pH 6.8, PBS,1% il 80( Tween 80) 40 15 NR [27]
A 1375 13 1 (bovine FE A (implants ) PBS, 0.02% 1135 20( Tween 20) , 0. 02% 1 30 NR [28]
serumalbumin ) E RN (sodium azide)
JEF - (nimodipine ) 1R (microspheres ) ) pH 7.4, PBS - ZfiZ( ethanol) (1:1) 30 5 NR [29]
1138 ~7. 1 ( paliperidone ) JEAIERIE (in situ gel ) pH 7.4 10 mmol - L=" PBS, 0.2% - jk 200 14 No [30]
80( Tween 80) ,0. 05% & & fL4H ( sodium
azide)
FrfA M ( apomorphine ) 1Bk ( microspheres ) pH 7.4, PBS, 0.2% $i{ 3K M1 ( ascorbic 50 5 NR [31]
acid)
EAHFEAREE (S — nitrosothiols) A A (implants ) PBS 5 37 Yes [32]
A 137 F1 85 1 (bovine i AF (implants) pH 7.4, PBS, 0.01% & &AL (sodium 1 180 NR [33]
serumalbumin ) azide)
AR R YHASIURL (nanoparticles)  pH 7.4, 20 mmol - L~ =43 H khiie 0.3 21 NR [34]
( clindamycinphosphate ) 2% ph K (triaminomethane hydrochloride
buffer)
FII5 A ( risperidone ) T A (implant ) pH 7.4, PBS 2 400 112 Yes [35]
fidi5 & (insulin) HIAKALT-(nanoparticles)  PBS 10 10 NR [36]
At g (stavudine ) 1#ER (microspheres ) pH 7.4, PBS 1.5 60 NR [37]
2Pyl i ( naltrexone ) 3R (microspheres ) pH 7.4, 10 mmol - L= PBS,0. 02% Itk 50 35 Yes [19]
20( Tween 20) ,0. 2% & & {b.4H ( sodium
azide)

¥ (note) : NR NA ,Yes No .SDS . PBS SBF PG .HEPES. [f]# 1(same as Tab. 1)
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LR o 15 AR AR A B %07 kT
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2.2.1 EMZEENE  IEMHSENEEE
TR EA — M X 43 S5 A 1) 3 AT 4% B BT B T
W FF I A 53 BT 2 8 ) R A S5 O 8 e B T 4%
W SR IB AT AS B TR — B R T A A
S 25 B RO O, 4 R — 2 A I [ [
B EURE , [ B e 7 2 B 9 4 3 RO IR, 3 o 0 7 2
W) SRR R VAL 25 W IR AN . — B AT 4%
PRSI A J5E 14 PR B 378 /) T 25 28 v B A TR H 1
L, QB AT AS PRI IR BUR 1 ~ 10 mL, %5 2%
HARF A 40 ~ 90 mL, (Rt , 78 4% A9 K/ NG T B
TR o ) B

U 25 R IE 18 3 45 13 M 1 % 88 A P i 1
PG5 15 A AR S B 25 47 S, 0 15 I V5 B T B A
45, BHTASE B AT > 7 S 3500, L 200 mL
AL I Y B A 1 A 5, 37 °C R, BRORE 1A B
1 mL, JOREJ5 57 B AN, % SR 52 7 B 18 04 =5 B IR
TEZRTEA Fih 29 4 h BIRERS UK T 90% o #k
S A0SR 3 1) 2% A R A R i O A, P
IE 1) Bh A BT A % 4% T B S Mg i (W AR SRR 2515
W FRIN P 0 2 BT A% 38 AT 48V ity FH e 7 [, B
F 100 mL pH 5. 0 (8 FR R 28 ph s 0,37 ClE R
KR , B 100 1 - min ™" 52 B BORE I %0 8, B
FEEE R B R NG TARET 2 h 8 TR BN B, Bl
25 60% , Gt ANRRE Y B, B2y 1 B AR 2% ,6 h Bif 3
AR TEEE

1E [ ShAS BT B AE T, X 1 A BRI, B
RS TO T TR AT ot D845 A 43 8 M o AR i 5 25 4
HT %225 5 B AS I M 25 RGBT AR X 259 1)

W B , FLBATAS A T LF AN T8l , 23 52 i 15 0 47
G . BN B B AN B B, 5 T3 AT 4% 5
Bt PReak i B 3 K, 25 2 et B2 i g

2.2.2 REFHEENE RS ENTREEK
RECTE G300 45 B A I 4 B Mk A — b BR R 3,
TN 5 A Jo0 22 1) VA AT AT 35 T IS B T, 45 15 0
R AR BRI i B e e I & &8
FIREIBON 5 1 B AT 48 BB M e B | T iR g, Tl
TEBHTAS N T 2 B o R DN ) ) 2 T
SRR LA i, AT DL A R DL A P R
J 1) Bh A BT U e T DL R e 5 70045 3
IR PR BE RS , T (15 R ek 2718 .

FBEA S AT B 15 2 A
JEm B LA TR 25 R G AR AN, R At b AR
RNBETI GO . 4% B8 ChP 2020 323k 5 K i BR ik
SRR AL 100 1+ - min ™', KIATELEE (37 £0.5) °C,
BEIAT T 900 mL, K 7 AN%EAT 2 mL B 0T 1 K
AN JEARA ) 35 M 4%, 58 4218 A BRI o v 7
2 h SRJEHEAH ST 50 mg (7 B na 1) B iy BRE M 5 3
FULREZ R 5 AR s, 4351 F 5,10,
20,30 .45 .60 .80 min fE A 1 BT, [
B B B 5 mL I #h 5 [R] R B i A 5 5 mL,
B BTSN IR 20 L #F17 HPLC 43#7, A5 2148
2R B 5 B el BBCA R A S5 T 0. 22 e [ AL
TERSEUE , FE 2 IRV, BUSEUE R 20 pL #E4T HPLC
GYNT AR ENAS SN U BE o B HTAS N 259 1 B TR
LAAS A2y A A3 5 BRI o Liv %% R IE
0] S ASBATIE RN ) h A BT IT T 2842 B 4

R IR KBLI RSB AT 4, LA pH 6. 0 15 0. 8 mol -
L™ KA BR ANV A BRI 5, 45 R R 72 0.5 h Y
HUB I 43 M 27. 6% Fi1 17. 4% |, 1] fiE 5 4 K i %
TET A B 11 24 0 PR i B A 6,2 ARk i 2k 4 45
— B AR R ) B 2SI T (R T,
500 BB B BRI T v R B G AL N 2
YIRS
2.2.3 ZEAENTE A SCEIREE R 5 A BT
VR T 25 IR AN BT B T B MR T LA
ChP ARy e B G35 (I /AR L ith
TRAE T LGS A 181 2 O vk IR s Re PR 0 0k
Gl EXF R RS B
BB AT, 5 K — 2 LB B TS RAE K
i b PR R B T BT AS ARG R — s i
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(1] 985 HhS P o B A 1 24 0 R TS VA, T AR Ak
FETBCRE | A m] S e 0 JBORE 7389 12 U b 12 56 2 '
FTocH, 5B 0k 456 T TR R0E 5 A MRl
i1

Manna %5 FHE TR SS & 30058 7 A6 bR
ZHENRTUAR (BPV — MVL) RSN, 15 5B 0F 58 1
At R RAEA A MWCO (10,20 ,50 100 kDa, Fi4=
24k &, Float — A — Lyzer G2; Spectrum Labs, CA,
USA) R 15 RSt (4) 72 0. 5%
SDS VAW P T , O 25 B 1K UE U LA BRI T
A H I IF AR AT e R B 2 i L, fF 2 mL 1.5 mg -
mL ™ A R RO R VRO BB BT R SRR R
BEHTE R ELE USP A, % 4 Bl 200 mL
PBS(pH 7,50 mmol - L™") ¥R Ky 37 C, {ifi F iz
JGEF UV = Vis RGEME A R BV EE . BF9E BPV -
MVL {5 15 I 4 25 48 55 P A0 45 AN [] ) T E
PoPE AN pH, 25 5 R TE I A BT R A AR L4
B 7Y AR R R RO 2 f S SRR B
IR B B R ORI B . Ik T R IR 4y
B A SR A2 B AT A= WU AR B A, 42 BRI vk 5 0 ) i
W G AT R AN RETEOI E , H N B AR v W T 38
Brds, Wi AL 05 B T R 0, SRS AT
BB 3R 0. 5% R LA — 80 % i1 000 mL,
ROH R IE A RLRE I AE T 4% KB — B B
100 r - min ™" BURE MR B 10 mL, B % K & fL AR
0.45 pm A HUALUE B 8GRI, BF5E R BT, %
Ji B — € G RRRCR , Bl 22 W 251 7% R AL
Mottaleb 25" i 2 4% g 3 pl i 05 Ay 375 A7 REE 114 B
W, O A T A1 v J5 B B A R 3T 299 K 9 4 A ke
3 Feprifil 300 A A SR Bt £k, 5 B BRI T AR Y 375
PSR LY , 3 38 9 325 17 vk W AR 310 AS (] 44 K i ) 4K
AT N 22 5 Yuan %7 Rudd 26 {fi F
WHTELS BB IR E, T 25 AR BUAK S
FETSCI € J7 % , Tl A A A BT B DY B — PO A vk
JE TR AR 0t o B AR S B, AT DL IX G A ) 4
TG AN [ B A 3 AN [] i 6 T 25 P i) 5 1 2 22 T
FARBA
2.3 Pk

PO 2L 2 68 R P B0 2, 1 FH 37 B 5ok
I R A RO S 70 v 24 ) A A B TBCRE B — b T 125
Franz 3 87t . Valia — Chien 7K S48 Hb #1375 38 3 8%
T B H RI E 0OK 25 25 R 8 1 25 W AR SRR TR BE

RWEHR L

UL R P R O A YR R, R R
A TR BB AEAL 7 ] s ) A5 32 M5t P R
FETRCEE , I (W) B b 087 RS A B . 5 HAh i A8 A
FE 2% A5 4 A S R R IR 4 52 2%, (EL 3B Ui 1) 1
BUABR 5 8 12 mL, 75 B0 2 0 7 7K il 2 Ui
S AN EBE R R T, A AT REAE A2 MR POE R
S, Gupta 2 FHTEH Franz ¥ B0 & 2311 2%
P R TSR B R A i, T B P 9 3 B
BHESAT T RSB S2 B, 45 2 W, FH Ot vk
I BRIk 0 5 S e 8 EL AT T2 . Herrera 251 [
If FF 3 B Franz 3 F00 3 R 6% 0 1 A6 4 1 IR 22 TR
B ARGEBEMOR ) PR AN BR A, 45 9 R Franz 3 Lt
YR E SIRNE RE MK, AR
VSR Franz BB %, Mo B Vb L R K AN
il 351 38 56 i) 7 A2 B ] R0 44 A R Y — BobE, L
0. 45 wm BEEEPUB A A T I, 7 mL /<5 9 — 2 1
PAZ Fk — 7K (50:50) M FEUCHE , 5 54 500 1t - min ',
TR 32 C,BURE AR 2 mL, T70.5.1.2.4.6 h B
B, LU HPLC 243 B0 R 26 18 A I v B 8 i o
I 1) 72 Al R R, V0 358 6 1 3 L 1 30 A o
Rl — 2k
2.4 HAtrk

BT bRy v, A SOl R R v AR
T R T K RO S AR 4 R A R I A A e A
1o Soderberg 45 I % 1 B 2 e WF 52 g 4 1 5
(A SN 25 BRI, 5 7K BB A R L, 6 322 i 7).
AR5 B, BT A BT AR R R RS
TEVZIT R, ) — 1 5 5 70 HL A 18 5 T AR A TR
o, 2 AT DIRZS By H 55  BF- A, (H 00 2140
2HLE 75 ) % 3G T BB 20 O B AE B F BE b PR VA
{1 S B AN A M LA TR (GG P A
IR | R R RS B P T 7 o A SOk AR B R
FHERGE LA 2R R 538 R R B e 11 i e 26
KR 5 0 2E 47 1k S0 B 25 OF 58, 9F 52 B4 4k
IVIVC™ | i 0 s 422 1 70 14 245 e i 6 32 B
100540 5 =2 i) A AT TR R 33k 28 4 300 7 VA AR A T
H T AR S 1 e T AR, AR IF iy T A B
SR AGHE Y 2 W] 738 £l Sk T IR B vk B R R
P, Soderberg 255 SUIF & 1 BIAR I , 1 BF 22 7T L B
T390 23 HOLE A TR H LS 32 74 0 14 5700 8% 2 A
WPERREM . 3% 3 R4S T A SO R A 25 Bl IR 24
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Tab.3 Advantages and disadvantages of non compendial methods

AT ysre St

(type of non compendial methods)

s
(advantage )

(disadvantage )

HURE 257 (sample and separate
method )

BRI (dialysis method )

P s (Franz diffusion cell
method )

ATV (single drop method )

B (inverted cup method )

TRTRf AT RIS BT, AT AR IR B, 38 TR 2 o]
FIRZEBE, A B A5 WAl JRZS (simple, absence of
lag time, loss of media can be prevented, suitable to check
burst release from formulation, sink conditions can be main-
tained )

BT WURE IR IS TT 5 P 08 5325, T kSR 25 L 2, g
A% (ease in sample withdraw, loss of sample can be
prevented, less expensive

JRASESARR s BRI 0 s U J5 D0 P B0 8, Wl s b2l
YIhi5% (less expensive, simple in sampling, loss of sample

can be prevented )

ERE 2GR AR I AR, 3 FH A6 2 1 790 1) 58 8 ( con-
stant surface area for drug release, suitable to check burst
release from formulations)

TERERZ5 )RR T T AR, 3 P A 2 50 1) 2 8 ( con-
stant surface area for drug release, suitable to check burst

release from formulations )

ORCIRTIFAITE R R A4 R BRI 5 5 1 T 22 5 R4 TR
T B2 BURE R RGUBE , AT BB SR A i (formation of aggre-
gation of particulate formulations at lower shaking conditions,
cumbersome sampling process )

AT T S BTSSRI 2549, 25 TE B AT BUE T
A E T HEA R AE BT (not suitable for drugs that can
bind to dialysis membranes, formation of stagnant layer or
aggregation )

ANRE A S TR B pHL (L 3RO Y Ot BT e dE
i MELATES TR, , B W e H NSOt 9 (R BE 2341
AF5](the pH of the releasing medium cannot be automati-
cally adjusted; the temperature in the receiving cell is diffi-
cult to control, difficult to control the stirring effect, resul-
ting in uneven drug distribution in the receiving tank )

i BERHE I BRI 27 1 R FC 0, A8 5 A i)
i ( require specific physical and chemical properties to
maintain prepared drop, not suitable for longer duration)

T MG ARG ALK (formation of stagnant lay-
er, not suitable for longer duration)

3 g

S& 30k

RARE A Sy — 2 m] 3 < 25 W) 1 I 1 Dk
5 UK, A R B IO 14 ) 591, AR 1S A
SNBSS R TF 3 RS B 24 A AL
PRI 25 30 A5 AN AL |l PR R AL E AR D
FHONAESE 2T A i 436 4 000 S 50 A D L s o 5
PEATOR R A B A AT 1 o R R IR T s B
AR AE R TT A SR, AR ) 5% 3 4 AT S 7R R T AL
il BB 5 5, B T REOHL i A S o A AR 1 AR
B BTSSRI TS 1 I © b T R S S 5
sty PR HICISE 05 35 AU, IS8 IBURE i [ — fp ik 31 3
d PLE KTk 1A H L RS 52 R L,
— SR RE BBORE IS () 52 25 25 R I . R0 S5
KEACREERIN T5 75 T Kl e v, — e BLRE S
AL IVIVC SRR (A A BRI W, A
R T 7 T SR AR I R 6 14 S W s b T Je b D 78
B ER AR . ORI TR RS MR R 45
AR SR B T 25T RN AT R 2 2
L MRBINBERBE 7305 04 R B, Aol A4 380 3 77 TVIVC
AR ST AT BB, PR, WS 077 8 ) SBORE I )
R AT SR A REIORE 7 3 , AL RT Ak 10 o i) e
ERSAS , RE B g b IS 2 A ™ A TRIRCR
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