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Complexation of Progesterone with Cyclodextrins and Design of
Aqueous Parenteral Formulations
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ABSTRACT-The purpose of this study is to investigate the interaction of progesterone with various cyclodextrins (CDs)
in the aqueous solution and in solid state, and finally to formulate a parenteral aqueous formulation. CDs used were o, f3,-
and ¥-CD, 2-hydroxypropyl-B-CD (HPCD), sulfobutyl ether-3-CD (SBCD), dimethyl-3-CD (DMCD) and trimethyl-B-CD
(TMCD). The solubility studies of progesterone were performed in the presence of various CDs as a function of con-
centration or temperature. The solubility of progesterone increased in the rank order of o-CD < B-CD < y-CD < TMCD
< HPCD < DMCD < SBCD. Addition of SBCD (200 mg/ml) in water increased the aqueous solubility (9.36 pg/ml) about
3,200 times, and lowering the temperature facilitated the solubilization of progesterone. However, the addition of HPCD and
SBCD in 20:80 (v/v) polyethylene glycol 300-water and propylene glycol-water cosolvents markedly decreased the sol-
ubility of progesterone, compared with solubilizing effects in water. Physical mixtures and solid dispersions of progesterone
with HPCD or SBCD were prepared, and evaluated by differential scanning calorimetry (DSC), Fourier-transform infrared
spectroscopy (FT-IR), near IR spectroscopy and dissolution studies. By DSC and IR studies, it was found that progesterone
was dispersed in HPCD in monotectic state and dissolved rapidly from both solid dispersions. Based on solubility studies,
new aqueous progesterone formulations (5 mg/ml) containing SBCD (200 mg/ml) could be prepared and did not form pre-
cipitates even after 2 months at 4°C. The solution was transparent when mixed with normal saline and 5% dextrose injection
at 1: 1, 1:10 and 1:20 (v/v) even after 7 days. Permeation rates of progesterone through a cellulose membrane from 20%
PEG 300 solution (50 pg/ml) containing HPCD or SBCD were compared with oily formulation. Permeation of progesterone
from oily formulation did not occur up to 8 hr, but aqueous formulations showed fast permeation rates from early stage of
permeation study. The addition of HPCD or SBCD retarded the permeation rates of progesterone with the increase of CD
concentrations, suggesting the possibility of a controlled absorption from the site administered intramuscularly. These results
demonstrate that it is feasible to develop a new progesterone parenteral aqueous injection (5 mg/m/) using SBCD.

Keywords—Progesterone, Solubilization, Natural and modified cyclodextrins, Sulfobutyl ether B-cyclodextrin, Solid
dispersion, Dissolusion, Aqueous injection
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CDF= 73R Z ARS-E o] HAMERE Fla2uluie 20
HFUE"D oy gL g ZY=ULE D g
FUAIFP BEI 5] FAA A &9 vl Utk

o] AFXE ul$ A ZRA A EY] g
WA A; o FRe AA € 2318 CDReM B
S BAE T8N 2 TEA oA Sl es PES)
I, IARAAE Az BEFA 98 AESNY. 0|8
HIEOE CD 3¢ ZZAIZHE 54 FANS dA s
AN AABA ARE BASlT AT T IAAIA
< #E3T). 3 HPCD % SBCD 3 oA AHE
|ozHEe] A2 oA B BAXE fAE ) vws}
At

AEeH

Mz W Al

Z2A2HEL Sigma Chemical Co.(USAERE 935}
o ZASHA 43 a2 At CDREE o, B,
CD(Tokyo Kasei Kogyo Co. Ltd., Japan), HPCD, DMCD
(Nihon Shokuhin Kako Co. Ltd., Japan), trimethyl-B-CD
(TMCD) (Sigma Chemical Co., USA) ¥ SBCDE#X|3
% 64, CyDex, Inc., USAYE ARSIt 74 &A1= 9
ZAY5-E(Junsei Chem. Co. Ltd.,, Japan), 242 2
sesame oil(Sigma Chemical Co., USA)S A&}t =94
FEE AYNIAFEAAY, AAXOGL. AH-7138 03. 11.
16) B2 5% E=Z5AA(GAF, AAD 9 CQ, ARE7|3H
02. 7. 28)S AFEEIT. HPLCE £92A wWehg 2 oA
EUEY (Fisher Scientific, USAYS AF-3E14Y, WEESZE
2A2e 9S4 A I (BP, Sigma Chemical Co.,
USAYE ARS3ITE B2 AAIGTE 255424 (Elgastat,
UHQPS, England)E B3A1AH 18MQ ©19] 258 A}
EHAL, 71 A1 E SelFe Al A FFE ARSI

72171 & ==

AEAAN A2 E 2 ZAXHPLO)E HEZ(SLC-100
Intelligent pump, Samsung, Korea), AZ&7](LC 90 UV
spectrophotometric detector, Perkin-Elmer, USA), 7233
(integrator, Varian 4290, USA)Z 7A4E A& AM&-sith.
A ZpFFEALE FEA 7)(DSC 200, Netzsch-Gratebau GmbH,
Germany), FTLIR' ¥327](1750 infrared Fourier transform
spectrometer, Perkin-Elmer, USA), <% $]%%7](NIR, STA
HN 1100, SpectronTech, Korea), 83413 2] (DST-300,
Labfine, Korea), FHAIEEA(FEE, cell £3F: 3.5ml,
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AT

cell opening: 0.64cm? Biocrown Glass Co., USA), 4%
=4 7](Osmomat® 030, Gonotec, Germany) X HAEZQ
2 F¥(dialysis sack, 250-7U, ¥} 12,000 ©)%d A&,
Sigma Chemical Co., USA)S ARE3IAT

ZEAAEB| HEY

ZY © 2= Radial Pak insert(uBondapak Cps, Waters,
USAY’} A28 uBondapak C;3 ZH(3.9X300 mm, Waters,
USA)E, °18do 2 80% WSS ARSSIAL 5 1.0 m/
min, B 254 nme] Z7NA AY 20 WE FUAT. &
L2 AZvEOYP o 2 RE] YWEEFEABP T8, 10ug/
ml)ell g ZEALEEL] HIAUHHE el ZEA X
B 29 FFH (20 pg/mhe] HFTAAVZHE H7A). of
o] 27NA Al AHA, intraday 2 interday HE-&

AFsA.

SEHAHES| BT &5

CDF} EZAAEIES SafM0) 0/7)= F&F —o-, B- &H
+CD 90 mM)yS BAIF o= 343l 0, 4, 8, 12, 16
2 20mM 898 ZA 5%t HPCD, DMCD, TMCD
2 SBCDY A& ZF 9A(200 mMyS THAF o Z 343}
o 0, 20, 40, 80, 120, 160 ¥ 200mM F~&& =ZA|3}
Aok 7+ CD &0l U HFe| ZRALHES ¥ ¥
30°CANA 72717F ol HBEte] WXSF 045 um HEH
¢1ZE{(PVDF, Whatman, USA)E #3}3 o4& &3]
A%k oy 2 100 pie} WHEEZNH (10 pg/ml, 50% lE-e
4 BP €9) 100w} A3 2 20wE HPLCA FY 3}
A3t HPCDS}F SBCDe)| thaire 722 T& HEd
Al 22 R 40°Col Z2ALE RS g3 miXE &Ee
FFS AESA. T3 v SAE EYAEAIYF
(PEG) 300-2 % Z=HAZIUZ(PG)-& 3-541(20:80 viv)
ZoA HPCD ¥ SBCD/} Z2A|&H|E9] &% u]x]
= 9T A3

HI7=4 MU} ZZAHAEIES Bof&0] O[5l ZE -+
89 F PEG 300 % PGY B=E 77t 0, 20, 40, 60,
80 & 100% FA ZAsI 7] ZEAZEES 9% 3
ZF o] 30°ColA] 72717 o) KRt Helxe Al &
st} LHEE 25100 W2 PEG 40000419 L3l%

g 23359

DHYEOIM ZEAIAHIBD HPCDRIS| HSEE X &
& 2
A RS2/ BEES HE - ZEAZHE 50
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mg ¥ HPCD 2,000 mg 2o} fratolA 71PEAl 4do] 1:40
wiw 87 TRES AU E 9o ZAANE do}
= 10mlel Fo|3 32 FHFET|ZE 60°CoAM 2 A
£33 F AdelFHd diAAolEel 244)7F o) WR]sle] 80&
AE THAA 1140 wiw A AR S}tk T3t Z2A)
ZHE 100mg @ HPCD 1,000 mg o} §2ox 7PdA)
Ao 1:10 ww EE]F EFES AZIAT. E 99 24
HE "o} ZRALHES WEE 10mlell Ho|2 SBCDE
E 10mel 5o A 334 SEEI|R 500004 7t
EEIAT o] AL AT viAlAoE el 2487 o] AF Hb
A8t 80T AE FHAF)IL 105°CAA 1A AZE]
1:10 wiw IAEAZE 31}

Bef ZX - oM Az AA| disl 1:409 B9 &
e ZARMAE 27 somgRE 27, 1:100) B84
SFEF A= 2 20 mgRE 2ot 50ml £FE
g3 Yal 50% WS go] 1N 229 AP st
LIAATE 50% HEREE BAL feu AL e 2
200 wE FHske] WEFEFABP 489, 10 ug/ml) 200 wit
AL WFEFEL g Z2A| 282 vz WauE 3
3l TRAAHES] FFEN (20 pg/ml)e] T A HYH]| 2 RE
Shg it

DSC 24/ - Z2A|2~HE, HPCD, z}71¢] B33 3&
2 IAEAA ] s Aol 30000714 S2E5E 10°C/
minl &2 A|XFAFE RS FYsisih

FT-IR &% - Z2A2H&, HPCD, 2719 B84 E3&
2 IARAA dis] HeEsd F5ERS 248,

NIR Z& - Z2A2~8|&, HPCD, Z}719] E£¢]73 &E3HE
2 TARAAE vial oA 2He AHEHS =As1q
oA 23t WE A ERS do] Hwalth. 2z F
¥ tungsten-halogen lamp, P49 1100-1750 nm, AE7]
InGaAs, fiber opticss= reflectanceS AME-3l2, A&7 %
30°C, AEAIZE 21, FAES 30, gain lowd] o)A
SAATE 23k P1ES eap size 8, smooth 694 HA)&}
At

ESAE - ke ©5 2 9] 4% gAlol s Z2A~
18024 5mgdl| dFshs ¥ FAdk] 23S st
At EEHL 37°CY] F 500 miE AR, FHT 50
pmelA] HEHOE A dA A7) 3 mie |A
Ao FHAth £E2HS A Folle A NES 85
A& FURIAC AHT §2AL 045 um DEHALE
(PVDF, Whatman)& 3813 =1 100 piE R332 (BP
5ug/ml, 50% e 8A) 100 wie}t 42 the L 20wE
HPLCo F=93l] {29820 pg/mhe] ¥3 HAH|ZHE] F#

Table I-Compositions of Progesterone Parenteral Aqueous
Formulations

Formulations

Ingredients

A B C D
Progesterone (mg) 100 50 50 50
PEG 300 (ml) 2 1
HPCD (g) 2 2 2
SBCD (g) 2
Water for injection qg.s. q.s. qg.s. q.s.
to make (ml) 10 10 10 10

4 $53< A4S

ZRHAHE F4 FAe| Hx W H@I}

A FAYS XE —HPCDS} SBCDE 71342 A4
alal, of7ld] FRSAR AFe] FEFS HUiet
Table 1A} 228 A8 A3l oo Wl 5-10 mg/m!
Tx] P4 FANE AT

AH=Sf & £ — SBCD(200 mg/mh)E $Hrdhs -84
o ZRAZEES &3AA AET FAIY(GS mg/m)S
50wl FHsted S8 Ao ¥ vlg] dshER H59(300
mOsm)O 2 WAE AFEPAR AEY FEE A3

AR FE —Table 1} 7222 Aol wjzl Z2A|2E|2
3 FAMEE AZ3IAL vlo|de)] o] BHg ¥ 4°C ¢
Ao HESHA AAF R AP E Ste s Azs)
Atk E3 SBCD(200 mg/m)E FH-ahs 480 77
ZHIES $3XA AR FAN G mgmhS A2 ET =
E 5% EEFEARF 101, 110 2 1:20(vA)9) B2 A
I ANHOE HAAYY ARE Ste R BT

MEZOA ZF EHAIS —20% PEG 300 <8< 9.75ml
o] TRAZHE 9 (2,000 pg/ml, MEHS) 025 mE ¥
o £ (50 ug/mlyS AZ3HTE = 20% PEG 300
Holl HPCD ¥ SBCDE 72t Hod 1X10°M 48 WHE
3L o FE Y-S ol 50ug/mle] Tt HEE )
Ak I FA FARAG &4 2AoE WALIS, 2¥
it A 2 sesame oil®] SN (0.42:2.1:4.48vv) 7.0
mle)] B Qe Yol 50ugmle F%7F H=E slgich
AZEZ 2 FHE Eol 12417 A ste] AlF kol FabA
28] 28Tt Donor cellolls o)A Ax3 429
Ae 2 3.0m¥ ¥ receptor celldle 20% PEG 300
TEAE 3.0m¥ B2 o 37°CE A8 magnetic
star-head barZ 600 ipmo-E WHMEIEA F3A)HS 319t}
Receptor cell2FE] AAZOZ 100w FHslo] YFEE
HA(BP 10 ug/ml, 50% "EHE £y 100 Wk 41322 2 20

hi
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Figure 1-Phase-solubility diagrams of progesterone complexation

with natural CDs (A) and modified CDs (B) in water at 30°C. Re-

sults are expressed as the mean of duplicate runs.

Key: O, a-CD; @, B-CD; A, v-CD; A, TMCD; vV, HPCD; ¥,

DMCD; <>, SBCD.
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- Aoke

B- E y-CD9 A CDF7} ZEALHESY &alze] 7
e TS HEINAY. B-cDY 2 AA £3=7t 1.85
g/100 miZ Wol 20 mM7HA] HSIAIAH 4L Z2A2HE
o] F=AEE Figure 1A°] HERISITE Z2A| 28 9]
7M-8} &3+= yCD>B-CD>a-CDS £olew B-CD
= 4 mM F=N He) 7H83 89E H F F 5
& F7bl wEt Z2AXHES f=rt 43 FAEHA
°oH, v-CDE 2 F=7} 4 mMe ©|27 17X B2 78
3 27E B FIoU 2 o]F 20mM FEIHAE
platcau 9= B Fot. wEpA B- 2 y-CDe BEF
Higuchi 529 83l=2d% 850 93 Bs 4ol sige
o oFE ©EY £3EE 9.35+0.11 ug/mi(30°C)E £l
A9l HA] kot 20mM o, B- 2 y-CDe EA)A] z+
Zt Z2A2HES] LI5S oF 4.0, 047 2 65.68 ZUj
Al At

CD friEAF= I AAY 83l=rt oF 50% BEo|BR
200 mM7HA] SN A Z2A2EHES fEE ZY5o
I J=E Figure 1BY YERIIT. CD f=AFel <&
7+83} &3+ SBCD >DMCD >HPCD > TMCD?] <28
yeldth 42818 B-CD FEAIES BF A, type2 Ho
Fo| AAA 7483t 3L eIt 200mM SBCD,
DMCD, HPCD % TMCD &9 % Z2AIAEHE9 S3=
< 27 301, 246, 206 2 1543 mg/ml=A] EofXe] &
sz vlsl zhzh <k 3218, 2,630, 2,204 21,6494 7&
S F ST ol9) e HAZ S3l% Sl T2
ZHEZ CDRZE 7R84 B FAd 711 Zlog
Bt

1:1 29]9] EJAE k= A5 7Hsle Sel= A
To] 27| FAFRoZRE (1) 4P vl AR SRS
A4 K)S AHE3Y Table o YERAAT. CD §- %4159
o3t I =ASe] A7]& SBCD > y-CD > DMCD > HPCD
>TMCD > B-CD > o-CD®] o8 Z2A|XHE] 7183}
el dXg

Table II-Slopes and Stability Constants for the Complexation
of Progesterone with Various Cyclodextrins at 30°C

CDs Slope Stability constants (K', M)
a-CD 0.000256 8.6
B-CD 0.0273 937
v-CD 0.452 27,661
DMCD 0.383 20,804
TMCD 0.237 10,446
HPCD 0.333 16,836
SBCD 0.528 37.584
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AZEE B3A S EAT7 AEREr]9 Xg=d
2} Halal s =7t 64U o HHEATTE 34,000 M
2 AU YepIQu Basidsd ol B dre gk
AEAEQ 37,584 M2 A] UR|Ehe Flolth. Egh Brew-
ster 582 ZZAXHE] FEA pregnanolone 2 preg-
nenolone®] £3]%7} HPCD T%9 == AAHQ] 715
Bom, HPCD g £ l‘:iﬁl_iﬂuﬂé‘@%L
28 F7H0.1%)3r2-2M pregnanolone®] £31=& 60% ©]
& F7MATAL B

oS mAfijE] — T2AZE 8 tsl] 785t g9t
=2 HPCDS} SBCDE ARE3le] 2EHsle] WE &3z
dze] WslE Bt 1 ARE 247 Figure 200 YER
Ao}, = dEo] Sl S50 22, 30 ¥ 40°CE Fo}
A2 Z}z} 728, 936 2 12,53 ug/mlE AR HPCD
2 SBCDE EAAE EF 238 =7t W 22°Co1A
A5 To o= TS B FIT) 22°ColA 200 mM
HPCD ¥ SBCD &9 & ZAXH|E9 Rz zkz
396 547mg/m10191hﬂl ol 30°CollAe] fajErTh
Zhzb oF 1.9 2 184 #2 AFelth (2) 44 71E7IEY
B A= MslAlE ?6}1, 3 %2 @ A Ot &
Froluxle] WshAF) 2 AE=Z ¥ HIHAS)E +5}]
Table Il “FERHRATH

: AH 1
logK' = ~3303 R T constant 2
AF=-2303 RT log K' 3)
AF=AH-T AS )
ool A KB AHE ZEA|XH 2 AAARe] Ans 4
gto] RZoixwA 9jiiel % Uz CDF Hﬂxﬂ% 4

M MES oA Aol A F ik BEAe)
Ade] LS :1311 =TT 7l wet ﬁA AH
gol AT ARE BF He) g 7T Qo BE A
m—z% 1:11—0:1\:]]—0 o]o c‘>_:]- 2= oh;], I ASE __iﬂ]}\‘iﬂi«] g
AAZR] Aol BolAWA A7|E ASSH B FHL

Table III-Thermodynamic Parameters for the Complexation of Progesterone with Modified 3-Cyclodextrins in Water

CDs Temp. (°K) Slope K' (M AF (kcal/mole) AH (kcal/mole) AS (cal/deg/mole)
HPCD 295 0.619 70,133 -6.542 -37.8
303 0.334 16,836 -5.860 -17.70 -39.1
313 0.323 11,970 -5.841 -379
SBCD 295 0.856 255,796 -7.300 -50.8
303 0.528 37,584 -6.343 -22.29 -52.6
313 0.523 27,445 -6.357 -50.9
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Table IV-Solubility (mg/ml) of Progesterone in PG-Water and
PEG 300-Water Cosolvents with Different Concentrations of
HPCD and SBCD at 30°C

PG-water PEG 300-water
cone-of Water (10 : 80) (20 : 80)

(mM) HPCD SBCD HPCD SBCD HPCD SBCD
40 405  7.02 265 390 374 464
80 742 13.19 543 676 655 755
120 1133 2036 818 953 943 974
160 1642 2536 1068 12,70 1340 1268
200 2063 3013 1466 1589 1656 15.14

The solubility of progesterone in water at 30°C was 9.36 pug/ml.

Table V-Slopes and Stability Constants (K, M) for the
Complexation of Progesterone with Modified Cyclodextrins in
Water, PG-Water (20:80) and PEG 300-Water (20:80) Cosol-
vents at 30°C

Water PG-water PEG 300-water
CDs (20: 80) (20: 80)
Slope K Slope K Slope K
HPCD 0.334 16,836 0.233 1,538 0258 2,430
SBCD 0.528 37,584 0238 2,640 0.208 3,354

Z A FAME dUg o *Mb ASeFe] zlo|2 A7E
2 3t} HPCD ¥ SBCD B5F ¥jzd & A9 AS #&
Ho] Fo] B3A7F B B2 ‘”1}9} A3l AMErt
Z7H Zeg FHE
Z8% ZF HPCD % SBCDU| S/5t ZEHALES] Ik
& -E79 ZL&AZA PG-water (20:80v) ZE PEG
300-water (20:80 v/v) Z8AE ALE-3led ©}Ze)| HPCD %
SBCDE 40-200 mM9] 5%7} HEE Zo|1 ZZALHE
o] &3= WHalE Z7gste] EoAe] 783t Evte} Hlwst
At 2 A3E Table IVel] YEMATH & & 2 FEA)
FoAe] &3lE FEe] 71&71% MAEAHTE T
Table Vol Ve
AAez B E3 v]pAd4A] 7ke] 384 FolA=
HPCD 2 SBCDS 7}g3lairt Edr Ry @43 7ad}
ow Table Vol Ee v} o] QIEATE HA S
7”*51911:} ol Bl v A7 F7MEFE S0
23MHAM T BE3A A4S A TeHeEA &5 A
S&go] Fadlr] WEQ Ao AziEr. B3 2oXe
Hjo] 2741 HPCDET 2ol H25E71E 7 SBCD
o] 71gslEasrt A Fed ol ZEAZHES I
71 Ro} fEg 24, & AxFar]e EAR A5t
EE2} vigo] EHo| RfElsles 283 AeE Ay7dr
3 PEG-water 3~2A94E SBCD2] 557} 160 mM ©]
o2 Z7184E HPCDEY Z2A 28 2 ot 7183}
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Figure 3-DSC curves of physical mixtures and solid dispersions of
progesterone with HPCD.

Key: A, progesterone alone; B, HPCD alone; C, 1 : 40 physical
mixture; D, 1 : 40 solid dispersion; E, 1 : 10 physical mixture; F,
1 : 10 solid dispersion
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Ty IR M s FE A7) s AAEIT o
A3 A= 22|28 80] ¢d3] Bl AslE o] EAalEo
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3919 FtERd 1] AlEA%e) 71903 Jar) 4 GEo)
A Z¥zF 1699 ¥ 1663 cmlol A BEHATH 140 2 F
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Figure 4-Dissolution profiles of progesterone, physical mixtures
and solid dispersions of progesterone with HPCD in water at 37°C.
Key: O, drug alone; @, 1 : 10 drug-HPCD physical mixture; A,
1 : 40 drug-HPCD physical mixture; &, 1 : 10 drug-HPCD solid
dispersion; Vv, 1 : 40 drug-HPCD solid dispersion.
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Figure 6—Permeation profiles of progesterone through a cellulose
membrane from different solutions at 37°C

Key: O, Oily solution; @, 20% PEG 300; A, 1.0 mM HPCD; A,
1.0mM SBCD
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Figure 7-Effects of different concentrations of HPCD and SBCD
on the permeation rates of progesterone through a cellulose mem-
brane at 37°C.

Key: O, vehicle (20% PEG 300) alone; @, 0.1mM; A,
0.5mM; A, 1.0mM.
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