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Effects of penetration enhancers on in vitro transdermal permeation of
components from total flavones in Scutellariae Radix Gel-unguentum
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Abstract: Objective To investigate the effects of common peneration enhancers on the transdermal permeation of total flavones and
six flavonoid components from Scutellariae Radix Gel-unguentum (SRGU), thus to provide the experimental evidence for the selection
of optimal penetration enhancers. Methods In vitro diffusion cell method was used to evaluate the changes of the transdermal
pemeation parameters by azone (AZ), menthol (MT), and propylene glycol (PG), separately or in combination. Results When applied
individually, AZ and MT showed the best enhancing effect on the transdermal permeability and cumulative permeation of flavonoids
and their aglycons, respectively. PG, in contrast, produced poor enhancement. When applied in combination, the permeation enhancing
effects were generally more remarkable than those of single enhancer. In particular, 3% AZ + 5% PG could achieve the most effective
enhancement effect on the transdermal permeation of flavonoids. Conclusion Penetration enhancers could significantly affect the
transdermal permeation of total flavones and flavonoid components from SRGU in vitro, and 3% AZ + 5% PG may serve as the most
effective enhancer.
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1 B1%AZHESREMRRENRINEREENNFSE (X L£s,n=3)
Table 1 Kinetic parameters of in vitro permeation of SRGU with 1% AZ (X L£s,n=3)
L%y O-t 78 r Ou/(ugem?  OAX107%)  JJ/(ugem >hh) tag/h ER
sy L] 0=84215t—175.95 0.9312 758.69%+1.96" 132.77+034" 8422+1.12" 2.09+1.18 1.10£0.01"
BEAAT 0=3.86291—8.6463 0.9289 3437+0.71"  6.02+0.12" 3.86+0.05" 224+0.12 1.30£0.02
TEH&E AT 0=0.689 —1.402 09256 6324012  1.11£0.02" 0.69+0.01"  2.03+0.10 1.01+0.02"
DAY 0=0.8987:—1.8496 09319 8.06+0.19" 141+0.03" 0.90+0.01" 2.06+0.07 1.12+0.04"
oS 0=14.164t—32.774 0.9213 127.75+335  2231+0.59 14.16+0.06° 2.31+0.05 0.95+0.01"
NGRS 3 0=7.07621—1758 09112 63.34+043" 11.08+0.07  7.08+0.04" 2.48+0.07" 1.02+0.01"
pNLI S 0=28658¢—6.9723 09213 25144022 440+0.04  2.87+0.03  243+001 1.03%0.01"
GARGRBHEE BT RIA (R4 i "P<0.05 "P<0.01, FTE[M
"P<0.05 "P<0.01 vs total flavones in Scutellariae Radix Gel-unguentum without penetration enhancer group (Table 4), same as below
F2 B3%AZMEFZLREMBRRENARINEEEENNFSE (X L£s,n=3)
Table 2 Kinetic parameters of in vitro permeation of SRGU with 3% AZ (X £s,n=3)

D% O-t JitE r Ou/(ugem?  OAX107%  J/(ugem >h") tg/h ER
Sy 0=102.53t—226.37  0.9253 918.27+14.54 160.70+2.54 102.53+4.13  220%+0.16 1.33%0.01
EigcS el 0=5.0518r—10.99  0.9263 45324 086~ 7.93+0.15" 5.05£021" 2.1840.10" 1.70+0.73
TEH/E AT 0=1.020—2.00 09304 939+ 0317 1.6420.05" 1.02+£0.01° 1.96+0.14 1.61+0.01"
P 0=1.4863r—2.921 09351 1342+ 098" 2354+0.17" 1.49+0.14" 2324036 1.854+0.18"
AR 0=16.469 t—37.508  0.9427 139.85+ 7.87° 24474138 1648+0.07" 228%+0.05 1.1140.01"
B F 0=8.0307:—18.529 09184 7293+ 2.68" 12.76+0.47  8.03+£020" 2314+0.04" 1.56+0.03"
A 2 0=2.8948t—6.7786 0.9200 2591+ 1.00  4.5440.18 2.89+0.10 2.344+0.05 1.04%0.04

£33 B5%AZWMEZTREMERETRIIEREEENNESE (X L5,n=3)
Table 3 Kinetic parameters of in vitro permeation of SRGU with 5% AZ (X £s,n =3)

D% O-t JitE ro Owlpgem?  OAX10™%  J/(ugrem >hh) tag/h ER
T 0=289.644 t+192.67 09218 813.58+1.92 142.38+0.34 89.64+1.18 2.18+0.17 1.17+0.02
BEAAT 0=42341—95132 09199 37.824+043" 6.62+0.08" 4.30+024" 2234+0.18" 1.45+0.08"
FTEREAYT 0=08559r—1.7816 09247 7.78+033" 1.36+0.06" 0.86+0.03" 2.08+0.17" 1.354+0.05"
DAY 0=12361—26294 09240 11.02+025" 1.93+0.04" 124+0.03" 2.13+031 1.54+0.04"
B 0=15.613t—38.326 09363 12931+292 22.63+0.51 15.61+024" 245+0.09" 1.05+0.02"
GRS 3 0=7.53231—18474 09077 67.55+0.32"" 11.82+0.06  7.53+020" 2.45+0.05" 1.09+0.03"
pNLY S 0=2.8935t—6.96 0.9248 25.19+0.51 441+0.09 2894009 240+0.06" 1.04%0.03

F4 TEREFINEZLREREREFIRINEREENNFESH (X Ls,n=3)
Table 4 Kinetic parameters of in vitro permeation of SRGU without penetration enhancers (X s, n =3)

D%y O-t iFE r 0,4/(ng-em2) 0/(X107% JJ(ngrem >h ") tag/h
sy L] 0=176.817 t+165.57 0.9071 72859+ 2.55 127.50+0.45 76.82+0.25 2.16+0.01
BEAAT 0=296761—2.5542 09447 30.04+ 121 5.25+0.21 2.9740.05 0.86+0.31
TELXFEAYT  0=063531—12116 0.954 1 547+ 0.06 0.961+0.01 0.64+0.02 1.91+0.10
DAY 0=08022r—12699  0.9598 7.19+ 0.11 1.26+0.02 0.8040.02 1.58+0.36
gcS 0=14.857t—33.5850 09409 127.06+ 098  18.56+0.52 14.8640.28 2.26%+0.01
(GRS 3 0=6.9320r—14.7300 09341  62.16=10.59 9.05+1.15 6.9340.02 2.124+0.03
R e 2% 0=278261—6.2661 09393 2409+ 087 3.49+1.12 2.78+2.06 1.67+1.06
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x5 21%PCHEZLERERENKIZEREENNFSE (X Ls,n=3)
Table 5 Kinetic parameters of in vitro permeation of SRGU with 1% PG (X £s,n=3)

D% O-t 7Tt r O/(ugrem®  OAX10™  J/(ngem >h™h) tiag/h ER
sy L] 0=74.7551t—149.14 09434 645.78+£6.39 113.01£1.12 74.76+0.33  1.99£020 0.97%0.01
HAAT 0=2.9271—62483 09457 24814045 434+0.08" 29340.01" 2.13+0.17" 0.9940.01"
TREKEZ AT 0=05906:—12776 09235 5312014 0934003  059+0.01 2162009 0.93+0.01"
DU A 0=0.7916(—1.7559 09348 6.95+022 1224004 0.79+0.01 2224028 0.99+0.01
WA R 0=14.564r—33.102 09409 12336+247 21.59+043 1456+0.14 227+0.18 0.98+0.01"
PO F 0=6.89321—16.617 09299 5862+139" 10354024  6.89+0.05 241005 0.99+0.01
PSS 0=275361—6.5384 09161 2431+0.58  425+0.10 2.75+0.02 2372005 0.99+0.01

*6 B5%PCHEZLEMERENARIZEREENNFEFSE (X Ls,n=3)
Table 6 Kinetic parameters of in vitro permeation of SRGU with 5% PG (X £s,n=3)

L%y O-t 8 r Ox/(ugem?)  OAX10Y  J/(ugem >hh) tag/h ER
o T 0=177.517t—167.07 0.9350 669.45+11.17 117.15£1.95 77.524£0.21  2.16+0.04 1.01£0.01
BOAAY 0=3.1737t—7.1891 09320 2725+ 095" 4.774+0.17" 3.17£0.01 227+0.10" 1.07+0.01"
TFRE&Z ALY 0=06657t—1362 09417 583+ 0.107 1.02+£0.02  0.67+0.01" 2.05+£0.11" 1.05+0.02"
DA 0=08329r—18198 0.9245 747+ 0.27 1314005 0.83+£0.01 2.184+0.03 1.03%0.01
BAER 0=15.61—37.128 09341 13254+ 2.62° 23.19+£0.46  15.6%0.13  2.38+0.06" 1.05+0.01"
AR 0=743471—1735 09296 6401+ 142 1120%£025 7.43+0.13 2334008 1.07%0.02
A B R 0=2.88841—6.8882 09171 2563+ 049 4494009 2.89+0.04 238%+0.05 1.04%0.01

Fz7 210%PGCHEZTLHEIEREFRNIERZENNESH (X Ls,n=3)
Table 7 Kinetic parameters of in vitro permeation of SRGU with 10% PG (55 £, n =3)

D%y O-t Jifd r Ox/(ugrem™?)  OAX10%  J/(ugrem 2h™h) tag/h ER
Syl 0=78727t—177.18 09258 69521+12.58 121.66+220 78.73£0.89 2.25+0.01 1.02%0.01
PR 0=3.2637t—72576 09332 28.66% 0.65 502+0.11  326%0.05" 222+0.14" 1.10%0.02"
TREHKZ ALY 0=067541—1.2219 09689 569+ 029  1.00+£0.05 0.68+£0.01" 1.81+027 1.06+0.02"
DB 0=08591¢—1.5765 09528  7.63%+ 0.58  1.34+0.10 0.86%=0.01"7 1.84+0.10 1.07+0.01"
TR H 0=15.8851—36.759 09394 13596+ 2.47 23.76+0.43 15.88%0.04" 231£0.09 1.07+0.01"
B R 0=7.7342t—17817 09195 69.92+ 027 1224+0.05 7.73£0.07" 2.30£0.07 1.1240.01"
NS S 0=3.01411—6.8992 09212 2697+ 097 4.72+0.17 3.01£0.02 229+0.06 1.08%+0.01"
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R8 V1% MTHESZERERENKIINEREENNFSE (X t5,n=3)
Table 8 Kinetic parameters of in vitro permeation of SRGU with 1% MT (X X5, n =3)

J8 53 O-t Jife r Ou/(ugem™®  OAX107%  JJ/(ugrem >h7h tiag/h ER
BT 0=79.429t—173.28  0.9317 688.97+£27.93 120.57+£4.89 7943+1.88 2.18+0.15 1.03%0.02
BOAAY 0=293591—63632 0.9302 26.12+ 0.557 4.57£0.107 2.94+0.03 2.17£0.17" 0.98%0.01
TRREKEZ AT 0=06183r—1.0951 09618 539+ 0.18  094+0.03 0.62+0.01 1.77+£028 0.97+0.01"
DU Y 0=0.77081—12964 09540 696+ 022  122+0.04 0774002 1.69+038 0.96+0.03
BAR 0=14.78 t—35.052 0.9264 129.55+ 343  22.67+0.60 14.78+026 2.37+0.16 0.99+0.02
PEE R 0=7.0859:—16406 0.9273 6227+ 046 10.90%+0.08  7.0940.04™ 2314018 1.02+0.01"
ENTLES 0=299351—6.6014 09350 2632+ 1.16 4.61=020 299+0.03 220+022 1.08%+0.01"

*9 V3% MTHESLERERETNKRIEREENNESH (X £s,n=3)
Table 9 Kinetic parameters of in vitro permeation of SRGU with 3% MT (X X5, n=3)

853 O-t Jifd r O/(ugrem?  OAX107%  J/(ngem >hh) tg/h ER
ol 3 1 0=87.866 t—201.75 0.921 6 758.91+20.08 130.03+=7.04 87.87+1.68" 230%£0.05" 1.14+0.02"
BOAAY 0=3.05181—6.4169 09235 27.80% 020"  4.86%0.03° 3.05+£0.05 2.10%0.16" 1.03+0.02"
TEHKKAT 0=07126:—13828 0.9468 629+ 0.65 1.10+0.17  6.714£0.01" 1.94+0.13 1.1240.02"
DA 0=087211—1.7129 09489 7.68+ 0.48 1.3440.08  0.8720.02" 1.96+023 1.0940.02"
LIRS 0=18.5331—44344 09223 163.14+ 336" 28.55%0.59 18.53+£0.38"" 2.39+0.04" 1.254+0.03"
PR R 0=8.8111¢—21.072 09084 79.66+ 1.89™ 13944033 8.81+£0.04" 2394026 1.27+0.01"
F NS 0=3.6629:—8.7241 09170 3238+ 1.62” 5672028 3.67£0.07 238%+0.16 1.32+0.03"

R10 F5%MT WESDHEIRRETKRINIEREENNESH (X xs5,n=3)
Table 10 Kinetic parameters of in vitro permeation of SRGU with 5% MT (Xx *s,n=23)

D% O-t Jife r 0,4/(ng-em ) OAX10™  JJ/(ugrem >h7h tig/h ER

ol 3 1 0=86.328t—199.06  0.9204 752.46+20.08"" 131.68+0.22" 86.33%+1.007 2.31+0.08" 1.12+0.01"
BOAAY 0=3.00491—6.7564 09211 27.0+ 1.11°  47240.19"  3.00£0.05 2.25+0.12" 1.01£0.02
TERZEAT 0=07114:—13508 0.9308 6.46+ 023"  1.13£0.04™ 07120017 1.88+£0.12 1.1140.02"
WA 0=08619/—17789 09396 7.58% 0.12"  1334+0.02"  0.86+0.01" 2.06+0.10 1.07+0.02"
LIRS 0=17.9921—4442 09161 157.22+ 7.717 2751%£135  17.994£0.707 2.47+0.06" 1.21+0.05"
WHEZR 0=8.5178:—20.046 0.9341 72794 280" 12.74+0.49 8.524+0.22" 23540.15 1.2340.03"
ENTLES 0=3.101t—6.7141 0.9304 27.60% 0.70 4.8340.12 3.10£0.10 2174019  1.11%0.03"

R B 3%AZ+3% MT MESBEIEREFNEINEREENNFSH (X Ls,n=3)
Table 11 Kinetic parameters of in vitro permeation of SRGU with 3%AZ +3%MT (X £s,n=3)

% O-t e R 0,4/(ng-em?) O/AX107%  J/(ugrem >h™h tiag/h ER

Sy 0=121.88¢—2759 09320 1059.93+13.28" 185.49+2.32" 121.88+1.98" 226+0.19 1.5940.03"
AT 0=426441—9.4497 09235  37.63%= 081" 6.58+0.14" 4.26+0.09" 22240.12" 1.4440.03"
TEREZEAYT 0=1.141¢—22914 0.9512 9.49+ 0.89" 1.66+0.15"  1.14£0.14™ 2.00+0.14 1.80+0.23"
P A 0=14722t—3.0511 093438 13.00+ 099 228+0.17" 1.4740.06™ 2.07£0.14 1.8440.07"
B 0=21.1161—50.88 09342 176.54% 3.46" 30.8940.561" 21.124+0.50" 2.41£0.19 1.4240.03"
DA R 0=10.931—26.356 09198 9483+ 513" 16.59+£0.90" 10.93+£0.47" 2.424+0.06" 1.58+0.07"

NS 0=4.4141¢—10.823 09197 3791+ 1.017  6.63+0.18" 4.414+029 2454+0.11 1.5940.10"
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*12 B3%AZ+5%PGCHEZSHEMBRETNRIINEREENNESE (X Ls,n=3)
Table 12 Kinetic parameters of in vitro permeation of SRGU with 3%AZ + 5% PG (X £s,n =3)

853 O-t T r 0r4/(ng-em™?) OAX10™  J/(ugrem >h™h tiyg/h ER
sy L] 0=136.09 t—315.62 0.9328 11593945891 202.89410.31"" 136.09+3.43" 2.32+0.04" 1.77+£0.04"
AT 0=632(—13.673 09495 5099+ 500" 89240877 = 63240077 2.17+£034" 2.13+0.02"
TRREKE AT 0=157031—3.6004 09135 13994 0.19™ 2454003  1.57+0.03" 2.2940.03" 2.474+0.04"
WA 0=197451—4.5842 09231 1729+ 0.19" 3.0320.03"  1.97+0.03" 2.32+0.06" 2.46+0.03"
WA E 0=25.086 (—62.883 09144 21850+ 595" 3824+1.04" 25.09+0.72" 2.51+£0.05" 1.69+0.05"
WHRH 0=13.4421—33.492 09120 117.65+ 532" 20.594+0.93" 13444051 2.49+0.01" 1.94+0.07"
A 2 0=6.404 8 r—15.847 09254 5411+ 2.02 9.474+035"  6.40+0.03" 2.47+0.09 2.30+0.01"

#13 23%MT+5%PGHESLERERETNKRIEREENNFESH (X £5,n=3)
Table 13 Kinetic parameters of in vitro permeation of SRGU with 3%MT + 5% PG (X £s,n=3)

D% O-t 7% r 0r4/(ng-em™?) OAX10™  J/(ugrem >h™") tag/h ER
ST 0=114.52—22545 0.9545 987.84+44.41" 172.87+7.77" 114524294 19742021 1.49+0.04"
B 0=3.7513(—7.9827 09178 3447+ 123"  6.03+021" 3.75+0.09" 2.13£0.07" 1.26+0.03"
TRE&Z AT 0=1.0093¢—1.69 09475 922+ 038" 1.61£0.07" 1.00%£0.06" 1.66+031 1.59+0.09"
AT 0=1.40661—2.9412 09298 1255+ 0.66" 2204012 1.40+0.07" 2.09+0.16 1.75%+0.08"
pigos 0=18.415r—38.745 0.9573 156.13=1126 27324197  1842+0.67" 2.11+020 124+0.05"
DU 3 0=9.958 4 1—22.807 0.9276 8823+ 877" 1544+153"  9.96+0.55" 229+0.08° 1.44+0.08"
NS S 0=4.17511—10.11 09195 3673+ 128"  643+022" 4.184+0.06 242+0.05 1.50%0.02"

HRZE, 3% MT+5% PG A At 2%
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Fig. 2 Invitro accumulative release-time curves of different transdermal enhancers to six kinds of monomer components (n = 3)
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