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H E R ZRDRBRA-ER TR GRINERE, Tk RASRRMEE R, Eikih Agilent HC-Cis, RFIATA A
T - 3 2% i (70230, VIV) , R E AR B A T -8 3 2% i (5: 95, V1Y) , 3R 4T 46 L2 6L, i ik A 1.0 ml/min, 40 k& 4 215
nm, A28 A 50 C,#HAEE A 80 ul, Ak ek (pH 1.2) R 2h 4% #F ik (pH 5.0) (B8R 2h 4% #F i (pH 6.8) A iE AR IR AR
AR 900 ml, 3512 A 50 r/min, F R D R BAR AL A vt B2 K A2 AFPIE AP Bk BRARAR-E A 04 75 AT A, F B B R BRAR AR
F) 5 JRAH F 69 R Sh I AT A AT AT, B B, B R B R BRAR AR vF R R R BRIR 34 ok ik (pH 5.0) b et BR ey s AT A GRS B
AAE A P eh BRIy R A 69 B MRS AT IR, AR R A W R ER B, &R DRBRAEA 5 et B R B R Sk
SE B A 4 0.561~14.03.0.043~1.085 pg/ml(r 34 0.999 9) s LB A5 5 & A MHIXIE RSD<2.0% ; L& A FE B A+ Bk
BR AR AR5 ) 6 Ao B I FAR K A 100.63% ~102.33% .99.27 % ~100.44% .99.71% ~100.29% .96.74% ~99.19% ,RSD 4%
0.72% .0.41% .0.15% .0.79% (n=9) , »} B 44 A £ w1 B F AR K A 100.18% ~101.63% .97.73% ~101.81% .99.60% ~102.24% .
100.00% ~102.76 % ,RSD %% % 0.48% .1.32% .0.74% .0.90% (n=9) , L REARAR-E-H) ot B2 K 5 RAFH F 450 B AR 15
min B 2 R BRAR AR-EA) 25 h 3 K T 85% 3 B R BRARAR-E-A) vt i |y #8525 2% 7 ik (pH 5.0) P g vt s h o Bk T B35 Trtig £
FR A, Bt iZ g R E R TR D R BARAR-EA) v B8R R 89 E R B R BRARAR-EA) v T BR R P 89 I SR BRAR AR A 5 R AT ) A 694K
SR vk 25 LA ARDARE , vHBR B9 AR S AR T R SR O ) A

KR L RBARAEA B R E R s WA

Determination of the Dissolution of Enalapril Maleate and Folic Acid Tablet

CHEN Ping', YAN Quan-hong’, CHEN Guang-liang’, TIAN Min-qing' (1.Shenzhen AUSA Pharmaceutical Co.,
Ltd., Guangdong Shenzhen 518057, China; 2.Guangdong Institute for Food and Drug Control, Guangzhou
510180, China;3.Chinese and Western Medicine Clinical College, Anhui University of Chinese Medicine, Hefei
230038, China)

ABSTRACT OBIECTIVE: To study the in vitro dissolution of Enalapril maleate and folic acid tablet. METHODS: HPLC was
performed on the column of Agilent HC-C;s with mobile phase A of acetonitrle-phosphate buffer solution(70: 30, ¥/F) and mobile
phase B of acetonitrle-phosphate buffer solution (5 : 95, V/V) (gradient elution) at a flow rate of 1.0 ml/min, detection wavelength
was 215 nm, column temperature was 50 °C, and volume injection was 80 pl. Media were water, hydrochloric acid solution (pH
1.2), phosphate buffer solution (pH 5.0) and phosphate buffer solution (pH 6.8), medium volume was 900 ml and rotation speed
was 50 r/min. The dissolution behavior of enalapril maleate in Enalapril maleate and folic acid tablet in 4 media were studied and
compared with the dissolution behavior in vitro in original preparation of Enalapril maleate tablet, meanwhile, the dissolution behar-
ior of folic acid in Enalapril maleate and folic acid tablet in phosphate buffer solution (pH 5.0) were studied and compared with dis-
solution data of folic acid preparation in Japanese Orange Book to evaluate the intrinsic quality. RESULTS: The linear range was
0.561-14.03 pg/ml for enalapril maleate(»=0.999 9) and 0.043-1.085 pg/ml for folic acid (»=0.999 9), respectively; RSDs of pre-
cision and stability tests were lower than 2.0% ; recoveries of enalapril maleate in 4 media were 100.63%-102.33% (RSD=0.72% ,
n=9), 99.27%-100.44% (RSD=0.41% ,n=9), 99.71%-100.29% (RSD=0.15% ,n=9) and 96.74%-99.19% (RSD=0.79% ,n=
9), respectively. Recoveries of folic acid were 100.18%-101.63% (RSD=0.48% ,n=9), 97.73%-101.81% (RSD=1.32% ,n=
9), 99.60%-102.24% (RSD=0.74% ,n=9) and 100.00%-102.76 % (RSD=0.90% ,n=9) , respectively. In 15 min, the dissolution
of enalapril maleate of 2 preparations in 4 dissolution media were more than 85% ; dissolution speed of folic acid in Enalapril male-
ate and folic acid tablet was faster than that in folic acid preparation in phosphate buffer solution (pH 5.0). CONCLUSIONS: The
method is suitable to determine the dissolution of Enalapril maleate and folic acid tablet; the in vitro dissolution curve of enalapril
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I 5 7)1 52 7 30 (FDCO X T M R IR YT R
AT S AR TGRSR G T IR PERIOR , fE TR
DX s Bl 4 Hh 47V Ok B E L (Y A 5, S FDC 2K
B RS AR ) 3 N IE T VE PTG AS [ £ 245 9y ) ) 52 5 500, DA 3k
FURGOEE  H o T e R T G 2 A R
Vb T A — BT 24 Eh R IR AR A 1R 1 (R it 4% < MRt [
2517 : H20103723 \H20103724 \ H20103783) , M IfiL 4 5k &
S BEI7]) CACED) B8 1B 2H B pr) 2284 1] 52 il
o HARARRPETE T, RN 259 53 504 T B 1 He R 1
[ 70 ok 22 R (Hey ) P> PR, (LR 08 3] 1) J2 B Gl 258 T it
A RURSE 40— 3800 F 1 27 3500 3 1 HS Rl Hey T [7]
B A7 A R S Xk FRY 8 I, 0 A H 78 g s 1 85 %2
SRR AR R AR TR S S A P R R, o
S TR MR R % 22 P11 220, AT Tk 3 B I 2 A T
I3 i A R A 1 B, A PR e R A R S R T TR
¥7 H AL IR A 259

24 ity N B S FC I PR T ORI e Ak o T 22 7
pH I A0 5T 7 HH I R 1 5 402 H TR NS IA B T T3F 4
1 [ A T 750 PN 7 O ) — b BT B AR R AL
WO 3% (HPLC ) 125 , 548 SR RRARAR ) R v A6 4 Fiigs th
A 5 r B SR TR M 3 ) 35 2R L O 5 R RAK IR ) A
JECRIF 00 (R il 44« B 77 2 ) B AN AT S AT XS LE , R]IT
5% TSR MR AMRAR R E pHL 5.0 75 R A S rp i R Y 7
£k, I H A je 5 rpi B2 e 5 50 A9 Hh B RG EA T 1L
B LAV IZ IR i INAE T o

1 M
1.1 {ugs

Agilent 1200 % HPLC 1% , {5 4% 3 F4: 4 kol 2% ( 35 [
Agilent 22 H] ) s ZRS-8G BUE REVA i3 A CRHE T R R K AL FE
A R\l 5 FE20 7 pH 1] (3 -+ Mettler-Toledo 2 A ) 5
BP211D & e, 1 JF (15 Sartorius 23 ] ) ; Simplicity # 4li 7K X
(2 [ Millipore 24 ) o
1.2 #HE5KH

I BRARAR 3 A0 1R A (BRI BB 25 FRA )L L5
20111130-1,20111130-2,20111130-3, KL4% : 10.8 mg, 7% LK ik
AR F 10 mg R 0.8 mg) 5 T R BRAKHAR A - (3 R VD
AR ZY T AT R34A1L) 5 T Sfe R AR I35 1) % Rt (k55
100705-200401 , 4§ & + 100% ) . -1 % B (4L 2 100074-
200912, 46 : 90.7 % ) ¥R T v & 5 25 S A e IFAE B 5 2

i A 3 2l (25 82 Ak 2= 1R FR A w] ), oAt 35 ) o
BT, KR AK .

2 HAEEER

2.1 BiELGMASERERE

i . Agilent HC-C 15 (150 mmx4.6 mm, 5 um) ; i sh 4
AR NGB R 22 v (0.01 mol/L B R — S VA T, i R
P pH %2.0) (70: 30, V/V) , T siAH B 2 £ -WE IR £L % whifk (5 :
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95, VIV) , A TRA EE UER , BEURE Y ULEE 15 3 - 1.0 ml/min; 45
MK 215 nm; FEI 50 °C 5 3ERE R 80 pl.
R1 RIBHRELRER

Tab 1 Gradient elution program of mobile phase

fif ], min A, % JREIB, %
0 10 90
2 10 90
7 95 5
8 95 5
8.5 10 90
12 10 90

22 BREFIE
2.2.1 XPRESN I U A FRARR A A i R ) L 4 T
i AR, 40 BB BR R 2% vP R (pH 6.8 ) Vs i A B 1 A
1 ml 295 BORMRARIBE ] 11.1 ng AR 0.89 pg IR A1
W, eI, 3525 3 mIWIIE T, BREEE AT A % HE i P TR
2.2.2 MRS B R 12 Fe, BV R E (2015
AERRCH E 2 ) (DU ) “0931 748 —3k1™, BNk  Eh BRI i
(pH 1.2) WEBREL 2% vhif (pH 5.0) i RRER 2% itk (pH 6.8) 4 Fp
75 A B4 900 ml, 5538 50 t/min, AR, 43 B4 10,
15.20.30.45 min B, B HH 5 ml, I BPEE 4R 7235 th A 2 5
mlo CKERTECAY 5 ml 7 R 2 — R P aCad B A OK 52 ,0.45 p
m) YT, 25 3 mIAINEIR , BREEIEIRAE h B S AT
2.2.3  AUPRNAW  HAb Iy B RS L 4331
“2.2. 27 IWUTIR A R A B (LA D) 46 28 LR AR
2.3 TRARAR B IE

BL2.2.17 T T % BRI W8 4 3L At o AR R B VA T,
“21VI R R A BRI A2 s A — kAT S B g Ok
%#,0.45 um) 5T, 372 3 mIWIUEIR , BELIE IR H 2.1 I R €
TEAUFUEREIE o 2558, 8 S A R8BS 0 S ok BRAK IR
R A R U 1A A8 TG A 8 AR A, 6 I — R PR 2 g 4 Ok
Z,0.45 pm ) X2 e TR A FR I8 B
24 TREMRAE

2,27 I00F X6 B SV TR LA Fhas P RHA 30 min A EC
FER 4L AN 4 T R A 145 80 pl, 32,17 T | (g%
FAFHEREIN A e ST IR, PRI 10 T 4 A T
AHRE AL 28 PRl RS A — B, I At R LB Rk 2%
PR (pH 5.0) 7% HY A JEAH G 1 (2385 ] . &5 SR, 45 i o e
LRAYES R VA A SR B B A G T
25 ZMXRER

TR SRR AR AR % 3 o RS B PR, PR ER 2% e
W (pH 6.8) Vil BT B Ry 56.1 pg/ml B RATE A Th ol g
RT3 1) Xof R 5 VR 5 BB R X B i 3.5 5, R S B L T
PR 2% W (pH. 6.8 ) VA fif il LT i VR J3 A 43.4 pg/ml VA
SRy TN S P YA O R L ke R AT 38 R AR i o B
A RS VRS A e, PR IR R 2% bl (pHL 6.8) F AR il i R A
P 3 ) 5k e BE 4 B R 0561, 1.12.,2.24, 449, 5.61.6.73,
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Fig1l HPLC chromatograms
A.blank excipient; B. blank solvent; C.reference substance; D.test sam-
ple; L.maleic acid; 2.folic acid; 3.enalapril

11.22,14.03 pg/ml F1- R i 3¢ B 49 51k 0.043 4,0.086 8,
0.174.0.347,0.434,0.521,0.868 . 1.085 pg/ml & 41 /5 H ¥4 FiE 114
X HE T AT o AR UK 285 R4S % IR V5 80, ¥ A HPLC
A, # 2.1 TR A 35 A5 A AR 2 e SR TR A . DA T
(o) M A bR TRV (v, pg/ml) P YNAR RIS LR [l )T, 15
TR ] 11 I 5 2k »=0.021 7x+0.020 5(»=0.000 9) , i@
6] 9 7 2 24 y=10.007 6 x+0.002 6 (r=0.999 9) . 45REH, T
A A T8 3 1) R P i ) J i A R P Y L 49 531 0,561~
14.03.0.043~1.085 pg/ml.
2.6 BEERR
2.6.1 AUERASEERE O BUU2.2.17 TR By N BE S VRO A e
“2.17 TN S S E SR B IR L SRR o 25 KA
I R 0 1 FLAY RSD 435147 0.36 % .0.21% (n=5) , LAY
ARG R
2.6.2 "PIEPRSEE R —HERR S (S 0 20111130-1) , 43931
TEA TR AR | (Waters £l Agilent) , BT A [ i A B2 45 6 ATk
PR 58 2% v (pH 5.0) A0 BT v, I 5 JF 1 H 305 B FI RSD, 45
A, E SR BRARTIRE A1) | R - X8 3 3 43 310 100.2% ,99.9%
H98.7% .97.9% ,RSD 435} 2.7% .3.1%F11.9% .3.0% (n=
6) , LEHAS J5 7k 0 i Dk 2 B R AT
2.7 BEMRE

ILe2.2.27 T F 4 FRgs H A BT 45 119 30 min B IRORE 9 4t 5K
Fn VA TR (L5 20111130-1) 3% &, 70l T IR iE 0.2 .4 .8 .16
h B IRORE 452,17 30T (0% A R RR I e S A, 2551,
AR ) iR W TR AR Y RSD 435314 0.39% ,0.20% ,0.38%
0.32% F10.08% .0.23% . 1.45% . 1.04% (n=>5) , Ui B 4 Pz i
A Tl £ ) B SR VA VRE 16 h AR E T R AT
2.8 EEIRE

A3 BRG4GB IR A AR XS T A T R
40% .80% 120% o 43 K 5 BRI 2k R RIS 357 1) i - 2 %o
RESLTE A INRR R 2% vP iR (pH 6.8) i I 1 o A Bl B
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W4 1294 1.39 mg/ml 111 pg/ml VA L /E R T Sk R ARTIR
1 X R 2 VRO P PR B SR I AT K s iR R Ak
7 e BIHEA IR A RS B PRI 38.9 mg, T 250 ml i H , 4%
I H B 3 IKT A SR S I T DA R AR IS 5 ) e Lt O
TROFITIH FROGT B T A5 A o, TR D7 KOT- ATl 45 3 40, 0l
FH 4 B0 A ) 25 (0t R VA T, PR 2.1 I 0 i A
FEDE H S MR A RSD, 4551 W3 2.
29 HSAHENE

B3 AR A0 B 42 2.2.27 T AR, DA IR £h 2% il
(pH 5.0)900 ml ¥ A, 563 K 50 r/min, AR EEHRAE , 48 30
min B IO R 5 ml, 28— WPk AT g2 OK &, 0.45 pm) 8
i, 7525 3 mIWINEW , LBV A o (sl B VA, $ 2.  R
A ERED E |, O SR A TR B 25 R L 3.
2.10 AHMZERLE
2.10.1  HRRFRARE R H ih &bl e 2,227 W~ Jr
ARE, 3 B AP A 06 S R R AR AR R R A (S
20111130-1) 5 T2k FRARTR T F - (45 12 Jr) A TR A0 it
B, # 2.1 U S S A RE DN S | I3 545 B IR e R
AT ) AR e B2, il i 25 SR L3R 4 FH 2.
2.10.2 MR H BRI Fiee2.2.27 300 R Oy IR
IR 5 28 vf W (pH 5.0) XF T ke 8 4 8 3% A ik 1R A (L5 -
20111130-1, 12 Jy ) BEA TR AT 330, $e 2.1 U T €833 2% 1
ERRINAE | T F 54 B 1) A5 i i iR SR B B, 2 1V S
2, I A K A5 rpm i By R 0 L A T LA B
R 5 3,
3 iTie
3.1 DREEAEFIMERR S DREREIBLF H D RER ik
AR R AR MA H B LR RAR U

Vst R R SR VA [ A ) P o e ) T B
TR 75 481 1 551 -5 SRR 3R R 5 AR M SRR AR SN F B
SR A= Wy A B A L, B AT T T L B B SR
R, ORI N A . TR BRARAR SR R R B 2
— ISR RARHR G FI G A= W 257012 4325 (BCS ) 2y T 25 (RIV ey v i
Pk ) A I TR i 70 T S R AR R iR A T
Vs R A AR R LR, % AR SN 38 1 o it — Bk
HATBMRE X o ARSI 182 2R A il 551 vh SR R ik
HIE L 4 TP A T s s il 2, k30 A0 il 70) £ £ 4 Fil
A JF R 15 min BAUA R4 F 859% AL, iRk A SN
R B AR R
3.2 OSRERKARE FIMBR F 5 0B 8 75 HI 7 ch M BR Y A S A
HEEnNER

N FRAAR N R A 05— FE R R R T 2l
W, R R A 3232 K 25 7 (pH 5.5~7.0) ST 3t , W2 Wit & 37 A %o
g, {EpH 1.2 .pH 5.0, pH 6.8 =FA A T, M- BRYA 1Y
4398 1.6.3.0 719 pg/ml, PRIZ 370 A iR SR A pH 5.0 (1)
Vs H A SO R A v R R B AT UE LA e v B R A
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F2 ERERRER(n=9)
Tab 2 Results of recovery test(n=9)

A P AR I
8 MAR,mg R mg MR, % FERRE, % RSD,% AR, pg  WEEpg  FfeE % THEEE % RSD,%
ik 40% 1.100 1.109 100.82 1017 072 9.1 9238 100.76 1010 048
1.100 1.108 100.73 9.1 95 10149
1.100 1125 10227 9.1 932 101.16
80% 2062 2102 101.94 1842 1872 101.63
2.062 2110 10233 1842 1868 10141
2062 2075 100,63 1842 186 101.09
120% 3435 3510 102.18 2763 2780 100.62
3435 3513 10227 2763 18 100,54
3435 3503 101.98 2763 2768 100.18
SRRV (pH 1.2) 40% 1.093 1,090 99.73 99.9 041 918 912 99.29 9.9 13
1.093 1.088 99.54 918 89.7 97.73
1.093 1.090 99.73 918 929 101.21
80% 2.048 2033 9927 1837 1812 98.64
2.048 2048 100.00 1837 1827 9946
2048 2045 99.85 1837 1840 100.16
120% 3415 3425 10029 2755 285 101.09
3415 3430 10044 2755 2805 10181
3415 3430 10044 2755 243 99.56
TEFRER G 40% 1110 1.110 100.00 100.1 0.15 872 86.8 99.60 1010 0.74
(pH5.0) 1110 L 100.09 872 87.6 10046
1110 111 100.09 872 879 100,88
80% 2.081 2084 100.14 1744 1768 10138
2.081 2083 100.10 1744 176.9 10143
2081 2087 10029 1744 1783 102.24
120% 3468 3470 100.06 2615 2628 100,50
3468 3458 99.71 2615 2645 10L.15
3468 3470 100.06 2615 2645 10115
BRI 40% 1.103 1.069 96.92 977 0.79 889 90.1 101.37 101.4 090
(pH 6.8) 1.103 1.067 96.74 889 8.8 100.98
1.103 1.070 97.01 889 904 10165
80% 2.068 2024 97.87 1777 1815 102.14
2068 2005 9792 177 1822 10253
2.068 2033 9831 177 1826 10276
120% 3448 3365 9759 266.5 2693 101.05
3448 3420 99.19 2665 266.5 100.00
3448 3360 9745 2665 268.0 100,56
*®3 HEBAHEMNELER(n=6) HE
Tab 3 Dissolution results of the samples(n=6) LSRR MR A MHBR B H 2 R 0.8 mg, i 37 e LR 3]
1447 20111130-1 20111130-2 2011130-3 AT TR FIA 8 I 1R B ) 39 B R A 5 v £k A EE B, 2011
DRMAAEAE R, % 1002 9.9 1003 A T A 2 W B 2 i RO BT e T R
RV 9 | . . « - ’
THRRIE, % il . 23 FiPIEH R T H AR A 2 5 RS R £ B (H H

R4 TMEIFIPDREBEABEMELTEHN RN ERBHE (n=12,%)

Tab 4 Cumulate dissolution of enalapril maleate of 2 preparatlons in 4 mediums(n=12, %)

i k R (pH 1.2) BRI (pH 5.0) TG (pH 6.8)
' DRMEIEA S BRRIGREAM R DRRIGREAS  DRRIIREAN G EH&W%FE%I)# DRMIHEATRE  DERIEAL SRR R
10 60.2 99.] 780 94 512 972 678 99.4
15 924 %5 977 9.7 872 970 939 92
2 9%.8 99.6 99,0 93 95 97.1 994 994
30 99,0 95 9%.9 1004 1002 973 9.6 %5
4 %9 99.6 99.0 1016 1002 973 9.5 93

ARG ) A E AL AT A ISR . ABETELL RITE pH 5.0 3 H A0 BT b v BRIA Hh IR HEAT TR 45CR B
pH B R G AR R 2% th i (pH 5.0 ) ¥R A %, ERR R U A M- 5 R Byt SRV A HE , JHC i vl
S, AT IR H H 2 2 , OF S HARE R B pg it BTl PRARENE P R AR Sk B O 5 SR BUE T
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i min M1, min
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= T S8 /X
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B2 PRI A D SRERR AR L I 7E 4 FiA H A BT A A H Al
&
AJK;BERRRTEWE (pH 1.2) ; CHERRERZE 1V (pH 5.0) ; D.BERRELZE nhifk
(pH 6.8)

Fig 2 Dissolution curves of enalapril maleate of 2 prepara-
tions in 4 media

A.water; B.hydrochloric acid solutions (pH 1.2) ; C.phosphate buffer solu-

tion(pH 5.0) ; D.phosphate buffer solution(pH 6.8)

R5  DRERRADE FIMBR ;5 R ER 8805 HI 7 o M BR FE R ER
iR (pH 5.0) FRRBHE (n=12, %)
Tab 5 Cumulate dissolution of folic acid in Enalapril male-
ate and folic acid tablet and folic acid preparation in
phosphate buffer solution(pH 5.0) (n=12, %)

Al /min A A RTRAI A WA
10 432 884

15 541 93

2 63.6 9.9

3 714 100.6

45 93 1023

60 843 1028

90 90.0

120 9.1

R B ), BN A S AR MR PN B R A R B T RE S
gL i il 8

1 G Ok, 22001 i R Bk T A R T3 AR RN
PESE IR A AR R T2 5 & 50 05 R A7 e 22
S, 25 SO 1) B RV O Rl RE 5 4% B il 700 (R 1 A
S
3.3 BAHNRAERE

T Sfe TR ARG A 12 v kg 52 5 R v A B R
B 2 A F Ay Hor, R ERARIR R FIAE 4 BN A
PR VA B YA 4 (32~49 mg/ml) , MIAE A 4 455 o il 28 o, it

—a— IR

—m= LR R
53 4'5”%'0 590 105 120
i [f],min
B3 DSRERRARE I ER f 5 R BR B8 05 0 55 op I BR E R R
48 i (pH 5.0) FRAYFA HH H 4%

Fig 3 Dissolution curve of folic acid in Enalapril maleate

0

and folic acid tablet and folic acid preparation in ph-
osphate buffer solution(pH 5.0)

A—3, 15 min FFE HEEH K5 85 % LA L, PR L0 A 5
O BEANSZ I H A J5T pHAYSEIR 5 17 PR 78 ik 32 5 18 HH A I
FA9 pHURH AR, 1 Hh A o g 1 , 9 e sy, TR R R ER
2% 0 (pH 6.8) 1, 5 min BV TA R 76 L (H R R e
AN TR X 4377, AN AR AT Ml S A 5 (7 PR £ S, TR I A
ZEHE T E B R X T i BEIR R 52 vh
(pH 5.0) A I 5 B of i S 3 | 1R 1 o i I 7 1 B )18
A,
Sk
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