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In vitro lipolysis process and lipolysis mechanism of testosterone
undecanoate type III lipid formulations
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Abstract: The study evaluates the lipolysis rate and extent of type III lipid formulations using testosterone
undecanoate as a model drug after digestion with in vitro lipolysis model, and studies the digestive regularity with
optical microscope and electrical conductivity. The results showed that for testosterone undecanoate type III lipid
formulations with castor oil as oil phase and Transcutol HP as latent solvent, the lipolysis rate and extent were
increased with the increase of oil phase proportion and were decreased with excessive proportion of surfactant, in
which can see liquid crystal phase during lipolysis process. The lipolysis rate of type IIIB lipid preparations with
different surfactant were ordered as Labrasol > Tween 80 > Cremophor EL, but the rate of type IITA is different in
quick digestion phase and slow digestion phase. The lipolysis extent of type III lipid formulations with different
surfactant were ordered as Cremophor EL > Tween 80 > Labrasol. These may be related to the digestive effect of
pancreatic lipase on different surfactants. This study implied that the lipolysis rate and extent of type III lipid
formulations are greatly influenced by the proportion of oil phase and surfactant, and the surfactant structure. These
factors will affect the in vivo digestion and should be taken into account when screening type III lipid formulations.
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Figure 1 Lipid digestion models for in vitro assessment of lipid

formulations
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Table 1 Equilibrium solubility of testosterone undecanoate (TU)

in different ingredients. n =3, x + s

Equilibrium solubility

Composition Ingredient at 37 °C/mg-mL"

Oil phase Castor oil 108.4+1.2
Corn oil 924+2.0
Labrafac lipophile WL 1349 93.6 £0.8

Surfactant Cremophor EL 27.6+0.3
Tween 80 282+ 1.0
Labrasol 272+£0.6

Co-surfactant ~ Transcutol HP 60.1+1.5
Propylene glycol 2.27+0.23
Polyethylene glycol 400 3.5+£0.6
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Table 2 Composition (%, w/w) of type III lipid formulations with

different percentage of oil

Formulation Castor oil Cremophor EL  Transcutol HP
Type IIIA Al 50 37.5 12.5
A2 40 45 15
TypeIIB Bl 20 60 20
B2 10 67.5 22.5

Table 3 Composition (%, w/w) of type III lipid formulations with

different surfactants
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B4 20 60 20 4-30 min 459 408 471 532 865 824 484 335
31 BEEFFIMEMERLLE ZRMSERFFN 32 EREIFECEHEMNSEITE IR

PIZZBLH 0~4 min B PRIE AL AT 4~30 min {18
THACINS, Tl fi 3o 0 00 5 45 R AR 4

XA AR S AT, ARfRIE R N AL > A2 >
B1 > B2 (& 2A), RIJHAH & R, i Rk Fbg . X
o RO R B S L, JEC AR PR LA, e L =R 5 i
VIR P BAE B, BRIV 25 B 1) A R B KL T iR A R R
TACE M ER B R4 TT . ARFFEY, HibJrhE
T P 711 LU A8 384 0 28 50% LA, R0 5 B0 HERCIR
SERITE R, RE A7 (R FLAL AR, ST AT RE S

JIE Fge R 5 e 25 D AE 2 AH R R 23 BC AT S LI 36

£ A1 A2.B1 FIB2 R AN AL T7 (R 1H i 14 7 A Bh 2
[0V PR TR R R [ g ) o, BT A Ak 77 1) AH £E 30 min B
BT R s iE A . UbAh, BEAE AR B, KA 2
VIS N, DUEAR TR A BT o A, A7
HHYHIAE B B30, AR 2 3 o, ek A B DR Ak S T
PRS2 A IR AR TR, A I B TSR KM R BB
YNV TT b, AN 5y R AR 43 85, DR 5 R T 25 1 e 1
7o B R TT & BB, A AR R R A L



+ 1700 -

2% %4 Acta Pharmaceutica Sinica 2021, 56(6): 1696 —1703

A
06 —=WAl —O-a2

o —A—Bl —/~B2

g

g

=

E 0.4

<

E

=

‘5 024

<

&

=

0.0 T T T T T
0 5 10 15 20 25 30
t/ min
C
= 067 —=—a1
g —O0—A3
g —A— A4
<
§ 0.4
g
b=
=
B o024
<
2
=
=~
0.0 —

0.6 -| —m—BI
—0—B3
1 —a—B4

0.4+

02+

Fatty acid titrated / mmol

oof———1+—1+—+1—+7—
0 5 10 15 20 25 30
t/ min

S

5

—
10

T g T d T ' T
15 20 25 30

t/ min

Figure 2 The amount of fatty acids in in vitro digestion at fed state for type III lipid formulations. A: In four type III lipid formulations

with different oil phase contents; B: In three type IIIB lipid formulations with different surfactants; C: In three type IIIA lipid formulations

with different surfactants. n =3
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Figure 3 Distribution of TU in type III lipid formulations after the in vitro lipolysis test at fed state. n = 3
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Table 5 Equilibrium solubility of TU at fed or fasted state in digestion buffer pH 7.5, in digestion buffer containing sodium taurodeoxycho-

late (NaTDC) and phosphatidylcholine (PC), in blank macroemulsion, and in blank aqueous phases obtained from drug-free lipid formula-

tion digestion. n =3, x £s. P < 0.001 vs blank macroemulsion

Formulation Al
Fed

Equilibrium solubility at 37 °C/pg-mL"

B1

Fasted Fed Fasted

Digestion buffer

Insoluble

NaTDC/PC 336 +12.5 272 +46.8 336+12.5 272 +£46.8
Blank macroemulsion 2216+41.3 1897+33.2 2148 £25.7 1815+46.3
Blank aqueous phase 3240 +36.2"" 2876 +29.9™ 2771 +40.3™ 2425+40.6™
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Figure 4 The optical micrographs of the different lipid formulations lipolysis in the in vitro lipolysis model at different time points. White

arrow: Lipid droplet; Thin black arrow: Liquid crystalline; Thick black arrow: Viscous isotropic. Scale bars (black line in A1 0 min and Bl

0 min): 50 pm
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Figure 5 The electrical curves of the different lipid formulations in the in vitro digestion period. n =3
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