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Design of swelling gastroretentive drug delivery system for sustained
release of metformin
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Abstract Metformin is a recommended first-line therapy drug for type 2 diabetes patients. However,
compared to other oral antidiabetic drugs (OAD), metformin has a large unit dosage, with bioavailability
of 40-60%. This limiting bioavailability is because metformin is absorbed only in the upper
gastrointestinal tract as a BCS class 3 drug. Hence, we propose that applying the Gastroretentive Drug
Delivery System (GRDDS) and extending drug release time in the stomach will result in improved
bioavailability. We selected the swelling type delivery system, as it is considered the most stable
gastroretention technology compared to other GRDDSs. We modified the swelling excipient by using a
natural swelling excipient to form a swelling tablet made of carrageenan and hydroxypropyl
methylcellulose (HPMC). Our results indicate that the swelling complex tablet made of carrageenan and
HPMC has a good swelling ability and shows required sustained release in a dissolution pattern. In
addition, the carrageenan complex has a better swelling ability than the marketed metformin tablet, as
determined by the ratio, (swelling ability)/(excipient weight). Taken together, our results indicate that the
carrageenan complex can be developed as a good swelling excipient. Further optimizations are required

for the commercialization of the carrageenan complex.
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o4 A% A9 14.4 %E ZFAISFR AL 20508 00E =
W g 7 odEk B dS AR AAEL 9l
on, I F® A8A AFE 20109 4,4019 4,
20164 9,3009] Yoz HA} Aol Agdshke FAloIth
[2-4]. o]t Z2 AollA 2 B Ty 13 A=A
HEZZF2 Aol & & oflgt o8 g 53
AgAQ 712 FERLE AT 7H7) Aot HERZERS
2o et SollEe o AT R ¥ B4
Zh= BEAISHE ERAA Class 111 sidsts &
3] Folg7Fo] 500, 750, 1000 mgZ T} ekZo] H]
o wj-¢ A E-8el ojzgol ojtt. &3, o]
OFE2 P ARoAT FE FLEH FAlO IE
FTgolA ZIEAAE Lol e AGTERE 4
A7t 2% ARE At HE HEc= TS A9
$517] Fot7] wZe] GerEAIAY Aol 8
40~60 %= H2 HoltH5-8]. wetA HEZ=YIY} Z
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A FEE F FFERAER UESE AAIF AL
=H(GRDDS: Gastro Retentive Drug Delivery System)
A-gst= Aol BREHASIH9,101.
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2.1 A|ef g 77|

AL HEXZHY HARI(metformin-HCl, Farm-
hispania SA, Spain), 3|Z&d & @ A(hydroxypropyl
methyl cellulose, HPMC2208 METOLOSE 90SH-
100000SR, ShinFtsu, Japan), °F]RE7IEFHiota-
carrageenan, GENUVisco , CPKelco, Denmark), 2}
EQA U4slE(lactose monohydrate, DAEJUNG,
Korea), XH|=(polyvinylpyrrolidone, PVP K-90,
BASF), ZHol24F ukaug(Mg-St:  magnesium
stearate)? |24 EQRAF A4, Milli-Q Direct
8), oMA|ELto| EH(acetonitrile, HPLC grade)& AR
391, A 71712E 4% TP A(manual presses,
Carver 3912, CARVER, USA), 1% dAAZ20tES
T (HPLC, Shimadzu 10A, SHIMADZU, Japan), &
Z7|(dissolution tester, Distek 2500 with auto
sampler 4300, DISTEK, USA), A¥Azx~7], A
(calipers, Digi Kanon ULJ-20, NAKAMURA Mfg,
Japan)g ARE-SIGIH

22 HEZ20 W24 Al HZX
HExZ=R BHey GA9 AxSE == Fig. 19+ 2
on $ATMGPOR AFFAE AZeTH19.201. W
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Fig. 1. Manufacturing process of metformin
sustained release tablet

2.3 HHel =4

S|l A g 2 EYHSE 1), T2
A3lal Modde 4.0(Design of experiment software)
£ 0|83} 2 levels, 2 factors, 3 center points2] 4

HAGHDOE: Design of experiment)©] we}t Table
1.3} Zo] 771x]9] 2402 HFAE A=

Table 1. Composition of metformin sustained release

tablet
(mass fraction)

Metfor Carrage PVP

No min HPMC enax;g Mg-St K-90
E1-01 76.5 5.0 5.0 1.0 2.5
E1-02 76.5 15.0 5.0 1.0 2.5
E1-03 76.5 5.0 15.0 1.0 2.5
E1-04 76.5 15.0 15.0 1.0 2.5
E1-05 76.5 10.0 10.0 1.0 2.5
E1-06 76.5 10.0 10.0 1.0 2.5
E1-07 76.5 10.0 10.0 1.0 2.5

2.4 M9 WY Tt

A9 7] A7T =ol, FAE FGoA1 AFH
H(pH 1.2, A1) 900 mL7} ©Z1 vl ol do] okd &
SAEH A2EE)ol w2t Ho] 2&&= 37 £ 05
T, 374 50 rpmolA BIAIF . B Bk ATt
of w2 A9 27, =ol, A wskd gho] HEQ=
grlelgal Z4Zk SI(Swelling Index), DI(Diameter
Index), HI(Height Index)2 E@3F¥cH21]. SI, DI,
HI= Eq. (1), 2), 3)= 2t

s= MM o
~w, 2
e T
DI = ==+ 100 Q)
HI = ——— % 100 3)
H(]

2.5 M9l MYs Bt

slgdz oA FEpr|d B3 HlExZ=T HA|7} A
ol met A7t 7hsdt S ZEeAl ERlsh]
Qs AxE BAE A2 384 A SSAIEH A2d
@WEHoz AFAN 900 mL(pH 1.2, A1), 37 +
0.5 €, g&4= 50 rpm9] 2104 §&3t3l o I
Azt 5| AL Bgstol gl B A2 B 9
o 5P| AAES A(sinken)E ol83I3IT 121
HHL Distek DS 25002] Evolution 4300 autosampler
(Distek Inc., USA)JE °183t9 05, 1, 1.5, 2, 3, 4, 6,
8, 10, 14, 18, 24A17to 242} 2 mLA A5kl 53]
|E29Z B35t HA-2 HPLCE ol&-sto] 45t
et I 242 Table 201 YeRHITH22,23].

Table 2. HPLC condition for the assay of metformin
dissolution rate

Parameter Condition
HPLC Shimadzu HPLC (SCL-10A, Shimadzu Co, Japan)
UV-vis Detector (SPD-10A, Shimadzu Co, Japan)
Column Agilent ZORBAX SB-C8 Column (4.6 x 250mm)
. - - o
Mobile Acet?mtrllle : Water (Triethylamine 0.1%, pH
hase 3.0) =50 : 50
p adjusted with phosphoric acid
Flow rate 1 mL/min
Wavelength 236 nm
Retfention 235 min
time
Injection 10 4L
volume




QAR &38| =5 2] #2138 A3E, 2020

o
LR

2.6 AR Exiet
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AlukE 2 HAAE, AADT Bl ste] B8-S ERlIs)
ack A A9 Table 3.0 UehfAct. Alw
AR FgE0 ol TE HWEEZZYO 2 1000
mgl. 2 1AstYon slZzaHz o A9 Fialr|te] &
T2 7 14, 15 %A vlad ugEr Ao s WadS
SthalstSit). Table 39] Ao wet 242 494 24|
H AR 2 271 384, A4, Eol, FAE S
AT A (pH 1.2, A1)o] 71 H[A] goi
37 + 0.5 TollA BaAFY. B4 B7k= At o
£ ZAY 474, #ol, FAY H3tE o] HEQR Bt
st} T3 iR-R -2 Qoil tfxte] HE
e E5M Frrelda 1 32 4 rSI(relative
Swelling Index), rDI(relative Diameter Index),
rHl(relative Height Index)Z ¥ 35} 2™[21] Fig.
7~1001A4E =2F-R(Control-R)Z E7]3}t}. S,
DI, tHIE Eq. (4), (5), 6)<} 2.

H|@ T}

(o)
z4e

M, —M,
rSI=rxX ——

0
% 100 (4)
M()
DI = rx ———% % 100 ®)
DU
rHI = rx —~—% % 100 ©)
HO
AT A F(mg)
(oM r& = gz v g A Fmg) )

Table 3. Composition of metformin compared to the
marketed control drug.

(mg/1Tab.)
N . Carragee _ PVP Lactose-
No | Metformin |HPMC nan Mg-St K-90 Mono
E2-01 1000.0 |209.0 | 2239 224 37.3 0.0
E2-02 1000.0 [209.0| 2239 7.5 37.3 14.9
HEz=RZ A FIA I E2-013%

[e)

E2-02 2% 492.6 mgelRltt. tixw9] B+ dAF2
2171 mgl & HEXZZRIO ¢F 1000 mg A LJet #
PA9] T k1171 mgl & Aol ok 2.38H]0]
o}, kA r = 0.4210]c} Mg-stoll 2Jgt B34 z}o]
T @A ERlsh] fsl e 7 7HAIE W AIEs
I Lactose-MonoS L& ARSI} ESE 279
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gtefo] 7B £ E1-02, 04 Ao] =2 B.g A
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Fig. 2. The swelling index profiles of E1-01 ~ 07
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Diameter profiles
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Fig. 4. The diameter index profiles of E1-01 ~ 07
tablets for 3 hour
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Fig. 5. The height index profiles of E1-01 ~ 07
tablets for 3 hour

Dissolution profiles
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Fig. 6. The dissolution profiles of E1-02, 04 tablets
for 24 hours
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Fig. 7. The swelling index profiles of E2-01, 02
tablets and control drug for 3 hour.
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Fig. 8. The oblong diameter index profiles of E2-01,
02 tablets and control drug for 3 hour.
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Fig. 9. The height index profiles of E2-01, 02 tablets
and control drug for 3 hour.

Diameter profiles
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Fig. 10. The diameter index profiles of E2-01, 02
tablets and control drug for 3 hour.
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