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Preparation of nanosuspension-based gel of Ganoderma lucidum triterpenoids
and its in vitro transdermal diffusion characteristics
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Abstract: Objective To prepare the nanosuspension-based gel of Ganoderma lucidum triterpenoids (GT-NS-gel) and investigate the
in vitro transdermal diffusion characteristics. Methods GT-NS was prepared by high pressure homogenization and then transformed
into gel. The formulation of GT-NS-gel was optimized by response surface method with cumulative release of drug from the GT-NS-gel
within 24 h, and the amount of drug in the skin after applying GT-NS-gel for 24 h was used as indexes. /n vitro percutaneous
permeation and skin deposition of GT-NS-gel were studied and compared with those of GT-gel. Results The GT-NS-gel prepared by
optimal formulation (5 mg/g Carbomer 940, 30 mg/g GT, and 47.2 mg/g lecithin) could release in vitro at 24 h to (56.28 + 2.16)%, and
the amount of drug in the skin after applying GT-NS-gel for 24 h was (472.89 + 8.74) ug/cm’. There was a little deviation between the
theoretically predicted value and the measured value. It showed that this model had a good prediction. The amounts of GT penetrating
through the skin and in the skin after applying GT-NS-gel for 24 h were (50.73 + 4.97) and (475.89 + 10.74) pg/cm?, which were
significantly higher than GT-gel (P < 0.05). Conclusion The GT-NS-gel has the ability to increase drug concentration in the skin,
which can improve the bioavailability of the local skin.
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RZNZAIWBIE A2 Ganoderma lucidum
(Leyss. ex Fr.) Karst. 805> Ganoderma sinense
Zhao, Xu et Zhang ffJ T 15k, RZAERFECH
T A2 P52, BA R 20 SRR A kb ok
e EAER AN, RESH LR,
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B 7 AT LR
1 XF5HH
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GYB40—108 i L, FilEHE AR R R T
JHBE—20A s 8 K A A, ] g < i BHOR ety
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Ganoderma lucidum (Leyss. Ex Fr.) Karst. )4+
SR GT CHM, LARZR A xS, 2550
IIICICRETVHIE B > Ol 78%) RZTR A X
i OBURE P BOR T 98%, Rift— 7R aw], fits
101110); 5 11445 80(Sigma 22 7], #t*5 20131211)+

Poloxamer F68 (At 5t KALKE K 7 2 A IR AT A,
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NI, AR, VKSR AT, it o)
20130325, 20090508 20130618); Na,S (PH[
LR AR AR, k5 20111124).,

HEPE SD KR, AR (200+£20) g, SPF 2,
H 4B 2 R B SE g sh g O 4, S ek
5 2012- (%) 2012-0004.
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2.1 GT-NS 89%1&

FREL GT J5kRlzy 3 go ZiLAihE 80 0.6 g.
Poloxamer F68 0.3 g, A 100 mL ZZ1#7K, 78504
FEIRAT, 13 300 r/min SRgER S8 A 520 &K 1 min,
7E 120 MPa &Mt MRS 20 [El, AN
30 mg/mL [f] GT-NS.

2.2 GT-NS B9&R1E

22,1 RIfRME  BUS S GT-NS, INZE KR .
S F SO REE SCI B GT-NS [RIki4%, B 3 K. 45
BULE 1, 45 RRP GTNS THkifeh (283+£7)
nm (n=3), ZrHEaE (PDD 4 0.1241+0.015
(n=3),

10 50 100 500 1000 5000

Hife /nm
1 GT-NS Byt #E
Fig. 1 Particle size distribution of GT-NS

222 ST (SEM) M%E B GT k251
GT-NS I 2 28 KA R Ja , SR ST I 2 2 TE 4K L,
WA R E, WA T A, TR
(SEM) MMEILEAIMEER . 4R WK 2. t
Bl 2 vl W, GT ERFA RS iEE N 2 AR,
$i P R/NAE 5~50 um; GT-NS i1 KN4
2.3  GT-NS-gel % &

¥ 20 mL GT-NS W& 2 13, 7 5l nZ& 18K
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B2 GTJE#Z5 (A) 1 GT-NS (B) A HEE

Fig. 2 SEM images of raw GT (A) and GT-NS (B)
B4 30 mL 1 60 mL, fHHEIKEE 514 204 10
mg/mL ] GT-NS V& KRB 20 mL,
TN AK 24 h (9-R308 940 (5~10 mg/g) B
(0~80 mg/g). N I 50 mg/g IRA) )5, 1AdiFEl
I 20% — . FEfaE s, o pH {4 5.5~6.5, M
KR 20 g, BIFFANIA) 3525 5 ) GT-NS-gel.
2.4 GT-gel B &

GT-gel 114t 755 GT-NS-gel Lk 5 &b 5 AH A,
HARSRIE& B B &) GT 43 #fr 2518 K
o, IIAEIK 24 h (R 940 DR AN I
RAG, WPFEHLINN 20%= LEEfGE R, R pH
fH% 5.5~6.5, MAKMEH L 501K GT-NS-
gel #H[F], HI1S GT-gel,

25 UVENERZ=gE"

FERPRPUR Z R A KR 10.4 mg BT 50 mL
S, oK CREE R, Y, R, Al
3 0.208 mg/mL R 2R A X RS R KSR
2 A AR 0.1, 0.2. 0.3, 0.4, 0.5, 0.6+
0.7. 0.8 mL, 737'E 10 mL HZEE b (I I EL
TR CEE 0.8 mL AE A2 I IR, ik h ¥+
B FRRI ST MBI BC I 5% B 5 [ - DK I TR
W 0.5 mL. =5% 0.8 mL, %%, & 60 C/KH
Fn# 15 min, BUH, BUVOKBEHAHE S min, SR
JE 3 M INUKEE R S mL, $249, LAJC/K SEEAE A2 A
TR, 7E 543 nm ZRIDEWOGEE (4D fH, URZR
A JiE (ng) WEAEFR (X0, A AP (V),
238 7R ¥=0.007 1 X—0.070 1,7=0.999 2,
SERRYIR 2R A LE 20.8~166.4 ng I K I 4E
PEXR R
2.6 RIMERILI

KH Franz § #UBHT I GT-NS-gel [FAASMNRE
L. BURJZENTEE GRS 707 Bt 7 000) i
B P AN 2 [R], -4 P B
Belboith rR o GBS 05 20% £ B R 16 22 v i
(pH 6.8), MLFEMNTLREN L 78 2EEAES, fRIE

TS, B A 1.77 em?, Balio SR, 22.5
mL. WERE (32.0+0.5) C, ¥ 500 r/min.
et 7N 0.5 g GT-NS-gel J&, AN . 78
2524 24 h JGHUFE 1 mL, 8 000 r/min 250> 10 min,
WS, DS O o e e, el “2.57 TR
D50 58 R CR
2.7 KSR BRIH BB IR

HY SD KB, SMEBRIET 5 FH 10%01) NaoS ¥t
I, WAL Y S5 ST RN IS e, a2
NG M KR, AR AR B, K
JOR T s e 1o b, A 2R b, H A 20% LB
BB R B vAME (pH 7.4) 1 iboit™, #euih
100 r/min, FECIAA 1.77 em®, Hloib SAAR
22.5mL, 32 C/KEEH . B 0.5 g GT-NS-gel 5%
MEECAE RUY o 24 h ol B Y o HECR,
WA F IR B 5, Aok, JEARR T /K53,
B NGO IR RY, BT 5 mL BEOET, H
—E RN CRER IR A, 8 000 r/min B0
10 min, B0 FIEW, L OB 0 ], 42,57
TH R R0 FEH SR s e
2.8 M EEML GT-NS-gel &7
2.8.1 SEREIUFSER TR S SCHRIT T 4 R
(ol 2B DR B 940 M BTRIKRSE (AD. 3K
2y (B) RIOPBEARM EIREE (O NFEHNE,
PA 24 h GT-NS-gel 44 BRRE (Yy, HKEN
) F 24 h BRI & (Yo, SRAE AL ERE,
K 3 K% 3 /KF i) Box-Behnken #1414t GT-NS-
gel b7 . SEEG 2 HE S S5 IR 1,
2.8.2 FEFREIATRERIRLA 3ET Box-Behnken 3£
KB A S R LR 2. KAl Design-Expert
8.0.5 AFXIER 2 BHn AT A b, LAl Yol
P AT IO AL, 3R IR Z oAy
Fior 5k ¥1=48.8—5.49 A+4.11 B—8.42 C+1.81
AB-+0.22 AC—0.96 BC+3.44 A>—0.83 B*—2.99
C? (R’=0.983 5, f&IF R*=0.9624, P<<0.0001);
Y,=405.67—32.31 A+54.19 B+176.22 C+8.37
AB—3.61 AC+24.24 BC—57.55 A*>+7.86 B>—70.96
C* (R*=0.983 5, KIE R*=0.9624, P<<0.000 1),
2.8.3 HESHTREEERLE 2 MUE A
KRB ZA A TR R 4F, ATX GT-NS-gel
Wb JTREAT A HT S TN . 1R 2 [R5 SR ER 3 A
AR, MY, R DA 940 (1IR3, R,
URAE AR TR B I IR I R, 2R IR
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% 1 Box-Behnken it R H R 4R
Table 1 Experimental arrangement and results of Box-Behnken design-response surface methodology

R Al(mgg) B/(mgg) C/(mgg") Y1/ % Y,/ (pgrem?)
1 5.0 (<1) 10.0 (-1) 40.0 (0) 55.21 340.89
2 10.0 (1) 10.0 (-1) 40.0 (0) 38.46 232.34
3 5.0 (-1) 30.0 (1) 40.0 (0) 60.72 462.91
4 10.0 (1) 30.0 (1) 40.0 (0) 51.22 387.82
5 5.0 (<1) 20.0 (0) 0(-1) 62.19 103.98
6 10.0 (1) 20.0 (0) 0(-1) 52.93 73.77
7 5.0 (-1) 20.0 (0) 80.0 (1) 45.11 487.78
8 10.0 (1) 20.0 (0) 80.0 (1) 36.73 443.14
9 7.5 (0) 10.0 (-1) 0(-1) 48.87 163.66

10 7.5 (0) 30.0 (1) 0(-1) 58.12 193.21
11 7.5 (0) 10.0 (-1) 80.0 (1) 33.76 44347
12 7.5 (0) 30.0 (1) 80.0 (1) 39.15 163.66
13 7.5 (0) 20.0 (0) 40.0 (0) 49.32 19321
14 7.5 (0) 20.0 (0) 40.0 (0) 48.14 443.67
15 7.5 (0) 20.0 (0) 40.0 (0) 49.22 405.01
16 7.5 (0) 20.0 (0) 40.0 (0) 46.98 369.81
17 7.5 (0) 20.0 (0) 40.0 (0) 50.32 416.67

x2 ZTRMEEABTEZFHEEFMENE
Table 2 Significance of coefficients in second order

regression equation

P1g P
Yl Y2 Yl YZ
A <<0.000 1 0.0212 | BC 0.2617 0.160 8
B 0.000 2 0.001 6 | A? 0.0029 0.0065
C <0.0001 <<0.0001 | B? 03175 0.6178
AB 0.0556 0.6051 | C? 0.006 0 0.002 2
AC 0.788 8 0.822'1

THHRIE B 5 7K (P<<0.05), HABITURN B2, B
LY, R 940 I — IR, IRIN, 2P E—
ORI, BRBENE TR P — IR, RIS 2 2
K (P<0.05), HARIUA G . MR a4 0 2
F R I, 43 2 7 FE AR - ¥, —48.8—5.49
A+4.11 B—8.42 C+3.44 A°—2.99 C*(R*=0.983 5,
I IE R*=0.962 4, P<<0.000 1); Y,=405.67—32.31
A+54.19 B+176.22 C—57.55 A*—70.96 C* (R*=
0.983 5, IF R*=0.9624, P<<0.0001).

2.8.4 AN MHT  EEEN BIRAR A B I 2
ANEE, 55— R FE A 0 RUE, SR Design-Expert
8.0.5 BAFL A N I il H ), LI 3.

Kl 3-A~C KW, RIEW 940 (MPTEIKEE. 2
2 RGP I 1) S IR P AR 2 5210 24 h GT-NS-gel
AN BB R F R E (A, P<0.0001; B,
P=0.0002; C, P<<0.000 1), &4t BFRHCEEF
PRI 940 1) JoT AR R T O Ml I 11 T 8 94 5 ok £ AH
%, HERHmmaE#sc. K 3-D £, Kk 940
XF 24 h R R R B ST ARG (A, P=
0.021 2). R 940 AEHEDIEHEA (5~7.5
mg/g), i EARAN K, A5 ORI
(7.5~10mg/g), FHENII, Rk EsA T,
7E 0.75 mg/g W f i oK. B 3-E R W, Bk
A BRSO (B, P=0.000 2). K
3-F 20, BENRHIEXT 24 h B b i B 2
FHM (C, P<0.000 1), HASEMK, HiHE BB,
2.8.5 ARIEALTT TN S EE SR Design-Expert
8.0.5 S, % Y KA, Yo IOKMEH W E
Hiw, 1F2I0IELTT 44 A=5 mg/g, B=30
mg/g, C=47.2 mg/g. HKImIALTiHl& T 3 #it GT-
NS-gel, W52 & W N FEbR o AT 0ES-F b i T A
Y1\ Y 585k 57.37%1 468.39 pg/em®. 52 Rl EHE
43 (56.28+£2.16) %Ml (472.891+8.74) pg/em’
(n=3)o 255 WoR SRl & A S5 A P E e,
B AZ AR (1 TR 1 R Ao
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2/ (ugem™)

3 B E X E R0 A = 4E Ay it E E
Fig. 3 3D Response surface plot for effects of different factors

2.9 {1k GT-NS-gel 5 GT-gel 8 LLE:

JeFc MR 277 TR K R TR E AR RO
e, 32 CCOKVBIEIN” HAE, ARG AIEL 0.5 g
GT-NS-gel Fl GT-gel F& W2 R LK Bfs, 78
1. 2. 3+ 5. 7+ 9. 12, 24 h 735 A fedfcit oy BURE
5 mL, [F] b 70 55 B RO T R & 8 000 r/min
B0 10 min, B VS, DA IO A 0] R
R “2.57 BUN ke I BREE & (0.0,
O, WTH A LT A AT

0,=(.C,+ ni: V.Gl A

i=1
O, H5 n WHCRERT i) BRUEIL i (ugem®), W ARFAZUR
AR (22.5 mL), C, WEEAEHERUREWRE (pg/mL),
Vo NBOREARRR (5 mL), CooAES i IREUFE A B v 245
PRI (ug/mL), A4 WP EOBFE AR (cm?)

CL O, (A Y\AERR, I TE] ¢ AR A AR 34T 2 P Rl
5, FrfSITREDBN Yorns e =2.228 2 t+1.032 1
(R°=0.968 3) M Yorga=0.685 3 1—0.524 8 (R*=
0916 7)), H &R WK IFE K EEEH J
[pg/em™h) o 5B TS J Grnsea = 2.228 2
ug/(cm ‘h), JssGrges=0.6853 ug/(cm ‘h), GT-NS-gel
B Z & GT-gel 113 5% .

Bk FE AL R “2.77 TR iR, S5 R
DK 4. 55K, 24 h J§ GT-NS-gel Il GT-gel ¥
0,733k (50.73£4.97) pg/em® 1 (14.79+£3.45)

601 A
—— GT-NS-gel
— GT-gel

451

30+

O,/ (pgem™)

t/'h

500 *

5
(=3
S

v
(=3
(=}

Fe s/ (ugrem ™)
)
3

0 I

GT-NS-gel GT-gel

5 GT-gel lL4%: "P<0.05
P <0.05 vs GT-gel
B4 GT-NS-gel 1 GT-gel BI{RSNE K IRYL (A)
MEIKTHFEE B) (Xx+s,n=3)
Fig. 4 Amount of GT-NS-gel and GT-gel penetrating
through skin (A) and in skin (B) (x +s,n=3)

ug/em®, B2k B EAM L (475.89410.74) pg/em®
F(101.32+7.02)pg/em®. AT W, AL 5 (] GT-NS-gel
RSN Q, Rz SR B 0 0l & GT-gel 1 3.43 A
4.70 fi% .
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R . OREENRRECUR M E S, (R e B

Jerbrr R, R AT AR BRI A B . T
B H PR ), R RN 5%~10%",
FT AASSZIG R BRI a 940 #8521 K O i ] o
HFEEERFE . IR O 2R A A —
Ay GT WRTT AR SRR, 4 259 1e B2 ki
i, AR TSR AR R, Bk, A
S B 24 h ARSI SRR ISR RN Bz ki B ok 5%
fEbR. TRV AL 2 AL T7 BAT R 44k 4h
T JBORN 335 K s B A0

RUKAE 940 MG N, EERRIRT R N, BH
TSR 29 TRERC Y, &R N T
AT, ABRSBLRFZYIREG T A 2 2
TN 2 54 B s FE 3K, Wt 2 R B DAL,
GT R4 ZRRIRZRE R P 940 15T &k B2 A Y
Tl I P BT A B J SR AH O, B2 i EAH G . 24 h
Bk R BB R 940 PR (1IN S5 ARt AN K
ZJEWEA R, BRI B R B 940 23 BILAS
RS HET N B R R 2 R s R R
TR A R IG5 S A kA
RETBCEIG N, B ks B S b G s B kv R i
Wit o e T 1 FH S 1 T B4 n, — 5 T2 PRUA R R
WERBIR A U2 S5, AP B R E R i, )
— 7 TRV A 2 Rz DR 40 1 ) B A i 0 e e ik
S R 1R 245 4 s B AE R R 2 o

EAGH, GT-NS-gel 24 h 254 2RLE &
H Rz Ik i BR B4 90 (5073 £4.97) pg/em® Fl
(475.89+10.74) pglem®, WiE B &S B 9.38
%o ¥ GT-NS-gel 5 GT-gel #tt, 24 h fk4h BFUE
SR T 2.43 £%, KA RN T 3.70 f%. Ui
R 29 REAR e R oK 00, AMAER S T 29 1)
F A BEANS %, T HLIG 5 5 R Ik & J2 TR e
P, B0 TR R, B KRR B
HEI I T, v DAY D gl K 1 SR B B n A e Pk
[F) B A7 28 280 B8 (1) 389 N e A8 165 I 245 W01 5 IR 2 T 1) O

BN TR), A7 25 I 28 BB 1B AN B IQUR 2 1) i B
TER, SRR BG4 5, RES A RO N
IR BV (R R R, 3R R 25 WA BB R AR IR A
PRI BE, DM R ST i
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