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DEVELOPMENT OF A NEW DEVICE FOR THE PREPARATION OF LIPOSOMES USING DOUBLE
EMULSION TEMPLATE
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A simple-used and programmable injection device was developed, using syringe filter (glass sieve) and
glass device, to manufacture liposomes with high encapsulation efficiency based on double emulsion
template. First of all, aqueous solutions and lipids in chloroform were injected into the glass device by
infusion pumps respectively to form water-in-oil-in-water double emulsions. It was followed by the removal
of chloroform by rotary evaporator for converting double emulsions to liposomes. At the end of the process,
non-encapsulated fluorescent dye molecules were separated from liposomes by dialysis. The encapsulation
efficiencies of liposomes are around 26%, and the expected size of liposomes could be achieved by syringe
filter membranes with designated pore size. This device is workable without sonicator or delicate
microfluidic system, and is suitable for manufacture of liposomes as carriers of signal molecules or drugs

with high encapsulation efficiency.
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N~ BEBHIEA
[#0R 7 B 2 B AR B )

AEALGMA — MR EBEE HHIMPN— AL E
ibEA X B A A BmEE -

CHIE TP

1% A5 88 (Liposome) » X 45 2 4% A ke .85 & /1 88 » 7 1965 £ &
3 B 4| #5 Babraham Insitute &) Alec Bangham B Bt & R3RE - 4%
SR AL ER YT E oMK 0 38184 0.025~3.5um » TR
ENKAE T o MASMZ TR E SR MBS TR TS
J& (lipid bilayers) - Bifs o -F &9 84 8L 3% A M KM > B5H 3% BEK
Mo AR ERERARK KB RN AZUKZE » 151
KR miaE  c N EEREH BN el AT
AR ERKEETFHMBERR RELEH R - EHEM
 REBAFENERAGEE T THERKEASETHE
%3 B F 4 48 5 M (biocompatibility) & £ 4 B & M
(biodegradability) gy zh g HAE N AR M B BBR B A SL BB
N BHFERERGEN > TEHRKEDETRBEYET Z K
B BHRREANAMBE - 2 XRAR - £10 > maBEREERTY
Y EFMEERAGEN -

W MRS B 2 ik 635 B B, K4 % (thin-film  hydration
method) ~ 7% 4% 7% (injection method) ~ i# 48 7 % 7k (reverse-phase
evaporation, REV) 24 & % & 31t (double emulsion) % > £ 2K
HAR AP R EEI LK -
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2% 1A)-1E)B E4ETE o2 T HBEMERZ

TEE RAHBEHNT EABRSREBEBENARER T

(% LAE) > #F AL EKRER(FE IB)B)ERAKF#E BB

RS HNEREER F(F LOE) - #FFLICHEANKT @

7k 6, 6, 7K 28 € 3.1t 4 (water-in-oil-in-water double emulsion,

W/O/W double emulsion) (¥ 1(D)E) @ & & A A 5 /R IR 454

RFE—BER O RARBBABEAMAREREBER(E 1E)

B) - #EF2 MR A NRANRERBZRAD - BEIALE

@ &7 EBMEZMAES H(microfluidic system) » {2422 TH
ARz uE -

[(#AR%E]
ABAMKRFRZHMEEA

R L BT R BERMAERG T AER AT &I Fl:
1. pAs At A A B RIBR

@ 2. ARMERAERBAYTEEEREA(TA SR KRG E KRR
BEZMARE R B(ERS RBCK R85 R8) -
3. B sz A rR T e EBRAILEE -
b REBPHZ B ARSI REEEE U
FEB R F EZ MR OR R ERRALEIEBRFILEARA IS
2 o
ABERAZZ B RRE—FHEBMEREI L BT
AU EB b E2 R iR e Raee - EBEFILE
Az ErEs o
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AEAABRAT ORI MRBARAZIRTFEGAE
MAEREHBEE AUREMEROELAERBRARLEBRERS
CEEZ BB - HIEREGERECE  —REE BEA—WEFE -
— B AR B AT BREETARENZREE T —
ARME  ZF—BWAOGAURBMA—IIRKABIER  ZE =8
ANOGHAURBMA—FRAE#BER —ABMKRBERBINE
A BE—RBESR %B ﬁ%ﬁﬁﬁ%&%%*ié@é A}
AMAKBBERBANELZ RO EMAKBBERANELZ S
~%%ﬁmuﬁk—ﬁ§%$ﬁ@&.ﬁ?&%ﬂmﬁ@ﬁ&¢
RABABBREMAZRBEE R ZHELEE LI RN ZBIE
BAZUEELRE ARORMAKBERGZOE YD KMBERE

¥ ABAE ARBIUBERBE MBAKFBBIETEAK
AR BB B LI KABIEIR BT AL BB A AR 1R SN
EE P T UKRE -

A5 H R AT H Z g

BhHAFTHAKAZIRBTFE  AAH4ABESHARFBR
BB ENREARE AERITBEAEAIMERUEE
B RAAMERHAETASILEAX A EAFEABETAESR
BEELMABAR G FTANSRERRTLEES AR MEZ
WAEE > TRERRAALMEBES - KA £1e04F ~ el
i~ BHRBRREREREF @ -

ABEAMKANEBRET RS BEBUTIERARMER
AfEE—F 2 A o
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1. #4 A7 (Liposome) :

B B5 B % & (lipid bilayer)# | sz Z R A &HEEE
Mimpa Bz &+ oA n 0 TR BERNEEHEN - Tk
JE A 7 & B 4938 #2746 5 (gene delivery and therapy) ~ & 4 4% i #1152
# (drug delivery and release) A & % 7% »#7 (immunoassay) % 4 #
B2 - |
2. % & $.1t3k(Double emulsion) :

B B RARR R T 5B BONROE 2B o BB SR
BREEBNERER T BEwAD BREREME KBS BIEE
SR RO BB B ¥ o B E I EAK b A
BREEILY  REFNARBRBREAXFE KR 4
FAARBEB AE M RER IR -
3. kK& K% E I % (Water-in-oil-in-water double
@ emulsion, W/O/W double emulsion) :

BKREAEKE  FRIEBEMBBER R » 4 E % 4 48 (continuous
phase) % K & 2 $.1t4p

4. @ % % % (Encapsulation efficiency) :

BRANMEBRNZOLEME
ERNOURZOEME

x100%

#—R bl
SHE2E HARNAR - ARFIZIMEREHELENG
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TEB wEAT MEREFEREIN0EIRAE-—REF LA
— LR RKABBERBANEAL2 - AERFATREE 1 TUR—H
BE > RELYHAAEMELEAMESE RBATEHMZIE
B REME  LHRERNATRGIIHEBE

REE1IBEF—WEE 11 —F—8AD 2 R—-F_HA
0B (EENGBRENREET | F—RIME  TRANKE
REWRZAKLBAKEEINSH L HAKOHAKEEIIY
L R ERBREL R - £ —AD 12 4H RN — 5
BAkIBERS MB_AD I3AAUBA—TRAEHRBER
S2 BB ANHRAKACHEOKEENILH L ZERFE -

CEMARKBERBMANEL2 BF—BES 21 - £ KT
T BIER 2] AL > 2L JEERANL UT'T%?—NMU%
MABAEZMEELEAFBRENEZIELTRIELE @ HlostXBIES
%o WBREE BHBIEILB RN RO IER R NER T
REZEAAREE %Miﬁﬁ?ﬁ°&&ﬁﬁl¢’ﬁﬁ%
21 H#pr & 11> BRBESCREMABERBMANET 2
Z =3 LEMAKABERBNETL2 ZH 3% THUBA—E
AAKABER S3 CHRRKROENMIERRNGBRARS - £ F

QBEMAKABIR S3 RS KERMEHABLLEE BB - 12

CRAENTAH—FEEY  RBELH -

A BB EE 100 BRMERZAZREE  §4AM
b F IR AKABERSI RFYEABRBERSZHAREE 1
244 A RABEKERE RGOS BHELBEE R
RAZGBER2 AKES 11 28 A0 BEWKMBERS3 &
BRAMAKBBRENET 2 8ANE > LRBBESR 2] :BF » M
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| BRABBP R A RAERE S2 RS AR EE S RET KA
BEAKELHLKEENILH LREAZKEE 11 FFUKE -

- Ry - X

SMEIE  GBETATAL _THelZ BBz ik

ZHBARRE ATWOAGENEEI/LEZEHRIE  FifE
Ao —FHPIAmAEAZIMAEREAHEE I00GRFLHE 2
B) THEMAEBEBEASOREE e - TRFAbEZHE -

S 101 53 R — B AKAIER Sy —F B AH#BABER

S2 AR — 8B AKABERS3 !

(1) AEMWplZ & BEBIBER S2 thd— A BER R E D —h

MEHPTaR » ARBEGARY » MY 35 i mEesk
B5 & A% &% (dipalmitoylphosphatidylcholine, DPPC) & — % #4 &
&k RS EEH % (dipalmitoylphosphatidylglycerol, DPPG) s & &
WBiiEE - BEREZWLA 101 2 Az MEESEL RS RS i
(dipalmitoylphosphatidylcholine, DPPC) ¥ — 4% 4% &% &% &% As 8%
H & (dipalmitoylphosphatidylglycerol, DPPG)(#4 3¢ DPPG =
B AN RBERBXI REREAY wBIH)ENBER
1 ¥ 43 2|18 & R B 2 DPPC/DPPG /R &% i% » 3 # HH% 5mL
WAL BPARTHRHIZITRABRABERS2 -

sbsh 2P B A MARER S2 25 Aw 0.1 mM Nile red
(AR KRR UV/Vis RARME RS 543 nm > Sk
AB A& E KA 610 nm) » A Bh# i 1B 8 % B8 #% 45 (fluorescence
microscope) B E MM Z Kb A EH - E ¥ PR A HABE
RS2 AWM KR E AR AL A (BT L —#
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Bl RETHE -

(2) &% 5 mL #BFEEX 5(6)-carboxyfluorescein (KiEME % %
@) > UV/Vis RRBRKE KA 492 nm » B AR AKSE K
% 517 nm) N_REBEFAKF > BEEN 3 mL BBIESE
T BARTHGZEEHKIERSI -

(B) R— % 3 mL #B A4 RBAREETAK FAKRT
Mo e 2 9 B kAR E & Sl o

4) BHERL BHBREE2 (RBHELIREL (E2H
Fim) B TEBRLHETREHSERE  BREHME TN
R ELERT) AARRYHIMERTHREZRS B
U—TFAERBRAREE 1 F o RE®FF > MBRESF
BaBmkraaik 030 mL/h (A k) R AFHAEE
#& + 0.15 mL/h (F8 #H23&) ~ sME A4aER& ¢ 0.50 mL/h (48 %
Mg ) o

FER 1020 554550 B KAaBR S1 BT R K MARER S2 8
ANBPERHEEE 100 ZREE 1 ¥ E5E L EHE X RNZ
WA EEEE 100 2BEE 21 BEEE 11 XM(2%F 2 BA

) °

SR I103 AL EMAKMBERSI LEHBES 21 BE%E
ZERH PR AMAER S2 ARHAR— e K (water-in-oil)s &
et (T4 E 1(OR) -

BB 104 A SB b KW EZ MBS R EBZL I KABE
% Sl 2 HEOBEHBR—KEH LK (water-in-oil-in-water) 5 £&
#E3t (T4HE 1(D)AE) -

10
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HE 105 5B 104 Z KKk ELEEILHTHHE
BAR T A o RE ] T 144 A ¥ 38R R 454 (100 mbar -
50°C > 30 4%) > B AR TR E BEHAEEE -

FE106 BFRI105 2 BRTF AL OREZAADAKME
R S3 TSR o AT T 144 A B4 E(dialysis)E kKO F
Z KB & F % B (5(6)-carboxyfluorescein) iy % o

BEREFRBEFNRARSEHASRGOMAEE  £ATHLZ TR
$iR4Z4 AR 5-10 um 23536 0 RAF BB AR T2 458 -
ZBBLBEMBETHRELCBBRADEATIFZKIERES

28 % 4(A)-4(C)8 ° 1% % %) B85~ (A)48 # tb(phase contrast)
A TZHEMBBE B)#A Nile red X2 BEMERR (OB
;] carboxyfluorescein 2 2 B X EEMBRE - W B AT THB
AR F2HFACB HHAER) AR DS 10 pm o & 5§
4AAOB 2 & R BT HEMBER ER R AEA Nile red #2
carboxyfluorescein /¥y #& & & 4 #&| -

® BETRERE— S FRBELBNHSFZILAER #HAE
HH3F h 85 B & B2 45 (laser scanning confocal microscope)st ¥t
o ¥ Z A ETHRE -

8% 5(A)-5(C)8 » 4a 58~ (A) AEA Nilered RAZ
B4 458 B (B)A#7] carboxyfluorescein 4 &2 BEEL4EB A -
OAHA)EB)HERBAZ BB - b E 5(A)-5B)E T AH R, -
KM KR A Nilered B4 % oA Wtk ef TS0 E - BAR %4
BEE S FhARFLEHME ; KRS & % B carboxyfluorescein
BAAG A S H RS FRI - BREBBEGF S(OB ATT)

11
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TRHETH QRY KA ERAHIE TS FER — T L5
FEW  GHOULBALR  AFAAATAMEL KA R
F > Bp A d WO/W 2 EIALh XA -

B =K dl

AR BRI FTRAERBRARTZHMAEHE AT 614
BHASRBEPEZERABERILES 045 um 2 4K BE B > K
FERBPRTZ A AERAHXBESE BRI RKAEE
RZBRE B ZRRIRERES 020 mL/h o Bzt Hied
BARTAMNE —Fns > RAELRBETHL -

HERLME 6(A)-6(D)E @ #oBBE~EENILHELB A
R A(A)14 (B)22 (C)38 (D)46 /N 8hi% Z M AR A7 o 2R4E 12 B8
104 FrF 2 B LMW MG » TREFE—BRBFEUAER
15 A% o i B R4S 4 #7 4k (particle size analyzer) - # # E L 2
AR AR EERIL b FE 6(A)-6(D)E BT » # A
REFAA R E E ALY KR A (142238 & 46 /[ \BF)
fRBHE N £ 46 IR GEFRERDER RMAER (AL4Y
BREBILEZ 1A ARl E—SHua W auslzen
A A e 8RB IR HE M LA ik RAY & %F 0 4 100 mbar ~ 50°C F
A 30 8RR TR R B ARAR A6 R R TG X AER -
Ak g X

NEFIHACE R BEFZ MR AR NBANREKE(EAY
KABBR)Z RN REW®RFILESRBEF 55 EHFE R EBL
42 0.22 pm $1 0.45 pm 2 4t KBIE H > UBRIRS KBEBILE Y
WMEBRNZHE EEBREBIHBETH REMAEEZIKR
s e

12
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R4 % 7(A)-1B)E > %% % 82~ 1¢ A EBFLIZ(A) 0.22 um

(B) 0.45 um Z 4+ 3BIE B AT RIS B 5 - BBHAE

ARSI RIS Z K e B T(A)-T(B)E A7 w - BAw#| A

AEARFZEEBCREREZZ AR 030mL/h 2 0.15mL/ -

98B 0.20 mL/h)Fr A s e B BERE K/ > AT A 2 BB T2 iR B
B W14 (direct relation) » B AR B A BBBEILE X 1/4 -

#] A & & s 3% 4% (fluorescence spectrophotometer) ¥ 3+ & & &,
BEALEBZHMERYORRE AAHNCREREZIE R
® T

QANBERAZRE M E
RRARGAZRELEA B
_BUBBHBEAMAZE RRBBE oo

AR KIEERZ BT AIRE

x100%

o cérboxyﬂuorescein BELMFZHRESR (H A
coefficient of determination » R® = 0.994):+ B A74% » #) A A% 8%
HxEBEFRARGMIEIE 2 @& carboxyfluorescein %t & 4wk —

@ i A AI# A 24% (RAFLIE 0.22 um 2 I8 B 28% (£ R
FL4& 0.45 um Z @R BE) -

- AEAMEBIBEEAMAROMERZIAR

carboxyfluorescein ik

2 K I RRILIE aBNE

0.22 pm 24%

- 5(6)-Carboxyfluorescein
0.45 pm 28%

13
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WREBOREKEMMEZRE AEAMERZ T AN AE
MOBHMERBEEARRI N TRVTCREAKE -£8
ﬂﬁ%A&ﬁh%zﬁ%iﬁ[H]ﬁiﬁmA&ﬁ&z@
BREUBIER AT  hBEA_PEEERMERZ T % 7
BREGAB K, REAAEEYEEMAIHER RAAXK
F BB 30%; MBBEEIILESRI M MBFTTH
RS2 ORNE - FRAAFARN XL EMOAOMER £
¢, & carboxyfluorescein 3k & 2 %] £49 2& 24%5 28% > B & 30k [1,
3] REAZ/ 3% @T$%%1A&ﬁ&$%7§%m bigid
RZIBAEEE -

A= MEHEAGRFTEACRXRZIRLER

AR E R & R K BLEEH ARk R &
KA E [‘ 1] 5(6)-Carboxyfluorescein DPPC/DPPG 1.0%
Atk bE (2] (§: L 2 POPC/PLPC/SOPC  27%
#AeAE% [3) 5(6)-Carboxyfluorescein  Egg PC 0.31-3.10%
wAn kg% [4]) Sodium mercaptoundeca- DSPC/DSPE-PEG  6-8%
hydrododecarborate
#E I [S]) Calcein Soybean PC 62.6-69.2%
B EFILE(CKBEA)  5(6)-Carboxyfluorescein DPPC/DPPG. ~26%

B L2 FHRA T KREAMBEIMAEREHE ISR
EEXL2HAEME  RAFRALCHANEHZEH/H - BUREZ
HAEEARGTAZBRET RO NA > BN LB EL E TR
iz AR CREIR R LR EDBNARERAZE

14
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ABRAFRATAREZENEETF -

GEGEEY)

% 1A)-IE)BABE T4 LR EMERZITER |
BOMGETAREE - R A Y AL BB EE
E3BHBTASHE A UBMERZ I 22 S BAE

®
B
% 4(A)-4(C)B 1% %] 85 -% (A)48 # tb(phase contrast)i X, F 2 88
e RB A B)EA Nile red B A X BMER R (OB A
carboxyfluorescein & X 2 & XM R A
% S(A)-5C)B A a3~ (A)A#BA Nile red 2 X ZBAMEER
B (B)A#3 carboxyfluorescein 4 62 BA#44ERB B  (C)A(A)
HB)RKBAZEER ;

®

% 6(A)-6(D)El 14 % 7 BA-~ 8 E 3L &8 A KR AE (A4 (B)22
(C)38 (D)46 /| B} 1% Z K42 5 F 5

% 7(A)-7(B)B 1% % 7| BA-~ 48 AR BLFLAZ(A) 0.22 pm $(B) 0.45
pm Z 4t X388 BT RO MBS R oA -

15
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[ Z2A84HRAA]

100 #MAEsREHBEE

1 RIEE

11 KE&%

12 ¥ —#mAD

13 oo

2 AR KRB RIANE T
21 BIRH

L K80k kg EIALD
S1 MR RAIER

S2 TRAMIEBR

S3 @ BMAKAEIER
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— BB LHE L (F/HEX) |
EEFIAEFEHMUAEEZ H A E B /Development of a new device

for the preparation of liposomes using double emulsion template

—~ PXHBARE

® ARG BAERUBE T af—RAYA—OAY
KIBERBMARBTL - REEEA —WKEFT - —F—HBWADR—F
—AT c QEMAKBERMAEALAE —BIES -  REMER
B A — SR ARKBERR—FRABBERAREER %
HELEBEXANBEBRRES 2 £ R YA ERY
AN RBBBE BB MERFRBE TR A B EREI
BAKABER HARAEARBAMEBEENKET P FUAKE - HE
EWERF  TABHLEEZAL  AEABETAERIREL

@ wrizy BTOREFRTHASOAKEZMISE -

= AXHRABE

A simple-used and programmable injection device was
developed, using syringe filter (glass sieve) and glass device, to
manufacture liposomes with high encapsulation efficiency based on
double emulsion template. First of all, aqueous solutions and lipids

in chloroform were injected into the glass device by infusion pumps
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respectively to form water-in-oil-in-water double emulsions. It was
followed by the removal of chloroform by rotary evaporator for
converting double emulsions to liposomes. At the end of the process,
non-encapsulated fluorescent dye molecules were separated from
liposomes by dialysis. The encapsulation efficiencies of liposomes
are around 26%, and the expected size of liposomes could be
achieved by syringe filter membranes with designated pore size. This
device is workable without sonicator or delicate microfluidic system,
and is suitable for manufacture of liposomes as carriers of signal

molecules or drugs with high encapsulation efficiency.
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15.

16.

 BEUBEExBEBARELZM

(C) %\}\7 E#JZK*E m&ﬂﬁ*ﬁéda?%&ﬁ %ﬁ/ﬁ’fﬁ ’ 'ECE'J:Z
b & F #AR IR R R — b &Kk (water-in-oil)# A& 1L
W s

d) ZAEEBOKRKYEZHAERBBZLINE KBERER
H 6, B s — 7K 8,74 6, 7Kk (water-in-oil-in-water) 7t & 4 &
FLiedy -

(€) #MFH()ZKE M aKYEEEINLY A Hia T L
IR AT B AR BUESLAE AR -

WwPFEHNEEAR 14 Rtz Fk EFARTRTHE(EZ
BREAE—FB®O 4%%*"‘%(@1«&«&‘1’*:;@] Az eR
WAKABIBR T AFSER -

WEFEAREAR 14 AL H k& AV AESREBER
— e SRR I G A hu iR A AR Z AR
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