TAP CHIi NGHIEN CPU Y HOC

ANH HUONG CUA DOMUVAR (BACILLUS SUBTILIS THC1I)
LEN NHU PONG RUOT TREN PONG VAT THU'C NGHIEM

Dinh Thi Thu Hang', Pham Thi Van Anh', H6 Thi Thanh Xuan?

Pam Dinh Tranh' va Pau Thuy Dwong"™

"Trieong Pai hoc Y Ha Noi
2Céng ty C6 phan Duoc phdm CPC1 Ha N6i

Domuvar & mét sdn pham probiotic véi thanh phan chinh Ia Bacillus subtilis THC11. Nghién ctru duoc

tién hanh nhdm danh gié téc déng cta Domuvar Ién nhu déng rudt trong mé hinh ruét thd cé Iép va mé

hinh danh gia d di déng cua than hoat trén chudt nhét tréng. Ruét thé cé lap dwoc chia thanh 3 16 dung

Enterogermina, Domuvar néng dé 4 x 107 CFU/mL Tyrod va Domuvar néng dé 8 x 107 CFU/mL Tyrod, tién

hanh dénh gia tén sé va bién dé co bop rudt thé cé Iép. Trén chudt nhat trang, do di déng ctia than hoat duoc

so sanh gilka céc 16 sau khi uéng nuéc cat, Enterogermina, Domuvar liéu 0,82 x 10° CFU/kg hodc 1,64 x

10° CFU/kg. Két qud nghién ctu cho thdy Domuvar ¢é tac dung lam gidm nhu déng ruét trén c¢d 2 mé hinh

thuc nghiém véi tac dung phu thudc liéu. Do véy, Domuvar (Bacillus subtilis THC1l) c6 thé tr& thanh mét

liéu phap tiém nang trong hé tror diéu tri céc tinh trang lam tang nhu déng rudt nhw tiéu chdy trén Idm sang.

T khéa: Bacillus subtilis THC1l, nhu dong ruét, mé hinh ruét thé co6 lap, dé di dong cua than hoat.

. DAT VAN BE

Nhu déng ruét la mét thuat ngtr dung dé chi
mot tap hop cac hién twong co thé do lwdng
duwoc, bao gdbm hoat dong co théat rudt, chirc
nang co hoc clia thanh ruét va dong chay cac
chét trong long rudt. Sy van chuyén cac chéat
trong long rudt la két qua chirc néng cua cac
con co that ruét lién tuc va theo pha. Mét sé yéu
td tham gia diéu chinh kha ndng van dong cta
rudt gdm cé sw twong tac cla rudt véi hé than
kinh trung wong, hé than kinh tw doéng va hé
than kinh ruét. Bong thoi, hé théng mién dich,
dich tiét rudt, hé vi sinh vat dwéong tiéu hoa va
cac probiotic co thé twong tac va diéu chinh
nhu déng rudt."

R&i loan nhu déng ruét 1a tinh trang thudng
gap trong cac bénh ly dwdng tiéu hoa. Viéc st
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dung probiotic trong hd trg diéu tri cac bénh ly
nay dang ngay cang dwoc quan tam va (rng
dung nhiéu trén l1am sang. Probiotic dwoc dinh
nghfa “la nhirng vi sinh vat séng khi dwoc st
dung v&i mét lwgng phu hgp sé mang lai lgi
ich strc khée cho vat chd”.2® Hién nay, probiotic
duoc tiéu thu dwdi nhiéu dang khac nhau va cé
Xu hwéng gia tdng nhanh chong. Viéc st dung
probiotic ngay cang phd bién & ca bénh vién va
cdéng ddng néi chung cho thdy nhan thirc ré rang
vé vai trd cla probiotic trong cai thién cac van
dé vé strc khde.* Trong hon hai thap ky qua,
probiotic d& dwgc cong nhan nhw mét phuong
phap can thiép tiém ndng trong phuc héi can
bang hé vi sinh vat duwéng rudt va cai thién triéu
chirng clia cac bénh ly dwong tiéu hoa.®

Trong sb céc vi sinh vat dwoc st dung lam
probiotic, Bacillus subtilis (B. subtilis) 1a mot vi
khuén sinh bao t& cé nhiéu wu diém nhw kha
nang chiu dwoc diéu kién khac nghiét cla
dwong tiéu hoa, dé dang bao quan va co dod an
toan cao.® Tac dung sinh hoc cla B. subtilis phu
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thudc nhiéu vao déc tinh ctia tivng chiing, do do
viéc danh gia riéng biét tirng chiing 1a yéu cau
can thiét trwéc khi xem xét kha nang (rng dung.”
B. subtilis THC1l (Domuvar) dwoc nghién ctru
va san xuét véi muc dich hd tro phong ngira
va diéu tri tiéu chay lién quan dén khang sinh.
Tiéu chay Ia tinh trang di ngoai phan 16ng nhiéu
lan trong ngay, thuwéng lién quan dén sy tang
nhu dong rudt. Wc ché nhu dong dudng tiéu
héa la mét trong nhitng co ché tac dung cla
cac thuéc chdng tiéu chay.¢ Do vay, viéc danh
gia anh huwéng Ién nhu dong rudt ctia B. subtilis
THC1l (Domuvar) théng qua cac nghién ctru
ex vivo va in vivo 1a can thiét nham cung cap
béng chirng khoa hoc vé tac dung cua chiing
nay trong diéu hoa cac rdi loan tiéu hoéa. Nghién
ctru dwoc trién khai nham danh gia anh huwéng
cla B. subtilis THC1I (Domuvar) 1én nhu déng
rudt trong mé hinh ruét thd c6 lap va moé hinh
danh gia do di dong cua than hoat trén chudt
nhét tréng.

Il. DOI TWUONG VA PHUONG PHAP

1. Déi twong

San pham nghién cteu

Domuvar 1a sa&n pham c6 thanh phan chinh
la B. subtilis THC1l, do Céng ty C6 phan Duwoc
phdm CPC1 Ha Noi san xuét. Dang bao ché
ctia Domuvar 1a dang hén dich, déng géi thé
tich 5 mL/6ng. M6i 6ng Domuvar 5mL chira 2
x 10° CFU B. subtilis. S&n pham dat tiéu chuan
co sé theo Dwoc dién Viét Nam V.

Thubc va héa chat nghién ciru

Enterogermina dang hén dich, méi éng 5mL
chira 2 x 10° CFU Bacillus clausii, san phém
cla cobng ty Sanofi-Aventis Singapore Pte.
Ltd. Natri clorid dang bét san xuét bdi cong
ty Xilong Scientific Co., Ltd., Trung Quéc. Kali
clorid va calci clorid dang bét tinh thé san xuét
b&i cong ty LACHEMA, a. s., Czech Republic.
Magnesi clorid dang tinh thé dwoc san xuét tai
Nha may héa chét thir nghiém Quang Chau,

TAP CHI NGHIEN ClPU Y HOC

Trung Quéc. Natri bicarbonat dang bét tinh thé
san xuat b&i cong ty Xilong Chemical Co., Ltd.,
Trung Quéc. Glucose dang bét 1a san phdm
cla hang Thermo Fisher Scientific, Phap.

Dung cu, may méc phuc vu nghién ciru

Bé nudi co quan co lap va bd ghi nhu
dong rudt trén co quan cb lap (Two-Chamber
Isolated Organ Bath and 2 - Channel Recorder
“Gemini” 7070) san xuét tai Biological Reseach
Apparatus, Italia. Can phan tich Model 321LX
typ 2200C, hang Precisa cta Thuy Si, s seri:
327-9454-002. B6 dung cu md chudt, kinh lap.
DPdng hd badm gidy. Kim dau tu cho chudt udng,
cbe chia vach.

Doéi twrong nghién ciru

Chuét nhat trdng ching Swiss, ca 2 giéng,
khée manh, trong lwvgng 20 + 2g do Vién Vé
sinh dich té trung wong cung cép. Thd chiing
Newzealand White, ca 2 gibng, khde manh,
trong lwong 2,2 + 0,2kg do Vién Kiém nghiém
thuéc Trung wong cung cép. Dong vat thi
nghiém dwoc nudi 5 ngay trwde khi nghién cru
béng thirc &n tiéu chudn va ubéng nwéc ty do
trong phong thi nghiém ctia B6 moén Dwoc ly,
Trwdng Dai hoc Y Ha Noi.
2. Phwong phap

Nghién ctru anh hwéng cuia Domuvar trén
nhu déng ruét trén mé hinh ruét thé cé lap

Nghién ctu tién hanh trén ruét thd co lap
va ghi nhu déng rudt theo phwong phap cla
Magnus.® Thé duwgc nhin an 20h trwdc khi tién
hanh. Rudt thé co6 lap dwoc chialam 316, n =6
cho méi 16.

- L6 1: Dung Enterogermina ndng d6 4 x 107
CFU/mL Tyrod.

- L6 2: Dung Domuvar ndng dé 4 x 107 CFU/
mL Tyrod.

- L6 3: Dung Domuvar ndng d6 8 x 107 CFU/
mL Tyrod.

Nghién ctru duoc tién hanh nhw sau:

- Poan ruét da dwoc co lap dat trong 6ng

TCNCYH 200 (03) - 2026

409



TAP CHIi NGHIEN CPU Y HOC

nudi chra dung dich Tyrod trong bé nuéi co
quan co lap c6 théng khi, ludn duy tri & nhiét do
37°C nh& bd dn nhiét. Dung dich Tyrod chira
natri clorid, kali clorid, calci clorid, magnesi
clorid, natri bicarbonat va glucose pha trong
nwéc cat nhdm duy tri méi truéng nudi rudt co
lap. Poan rudt dwoc dé can bang trong 30 phuat
trwée khi thi nghiém véi san pham nghién clru.

- Ghi nhu ddng ruét thd qua but ghi trwdc va
sau khi dung san pham nghién ctru.

- Sau méi 14n thém thudc thir vao dung dich
Tyrod va do xong nhu déng thi thay dung dich
Tyrod.

- Nghién ctru sw thay ddi tan sb va bién do
nhu déng rudt trwdc va sau khi dung san pham
nghién ctru.

Nghién ctru anh hwéng ciaa Domuvar lén
dé di déng cua than hoat trén chuét nhat trang

Chuét nhat trdng dwoc chia ngdu nhién
thanh 4 16, mdi 16 6 con. Chudt duwoc nhin doi
20 gi® trwdre khi lam thi nghiém, cho uéng nuéc
binh thuwdng.

Cac 16 dwoc chia nhw sau:

- L6 1 (Chirng sinh hoc): udng nuéc cét.

- L6 2 (Chirng dwong): udng Enterogermina
lidu 0,82 x 10° CFU/kg.

- L6 3 (Domuvar liéu 1): ubng Domuvar liéu
0,82 x 10° CFU/Kkg.

- L6 4 (Domuvar liéu 2): ubng Domuvar liéu

1,64 x 10° CFU/Kkg.

Chuét dwoc ubng nuéc cat, Enterogermina
va Domuvar theo tirng 16 nhw trén. Sau khi
ubng 1 gio, & tat ca cac 16, mdi chudt dwoc
udng 0,2ml dung dich than hoat pha trong CMC
3%. Tai cac thdi diém 20 phuat sau khi ubng
than hoat, tién hanh md chudt, boc tach ruot
cla chudt. Do doan rudt ttr mon vi dén hét vét
mau den (cta than hoat) va chidu dai doan rudt
t& mdn vi d&n manh trang. D6 di déng cla than
hoat dwoc tinh béng ti 1& % chiéu dai doan rudt
c6 than hoat v&i chiéu dai doan ruét tir mén vi
dén manh trang. So sanh dd di dong than hoat
gilra cac 16 v&i nhau.

Phan tich va xd ly sé liéu

Cac sb liéu thu thap va x&r ly bang phan mém
GraphPad Prism version 10.1.2 (GraphPad
Software Inc., CA, USA). Kiém dinh sy khac
biét vé do di ddng clia than hoat gitra cac nhém
nghién ctru bang phan tich one way-ANOVA sau
do6 st dung test hau kiém Dunnett dé so sanh
tirng cap. St dung T-test ghép cdp dé so sanh
tan sb va bién do co bop & thei diém trudc va
sau khi dung thudc thir trén nhu dong rudt thd cod
lap. Két quéa duorc trinh bay dwéi dang X + SD.
Su khac biét ¢ y nghia thdng ké khi p < 0,05.

Ill. KET QUA

1. Anh hwéng ctia Domuvar Ién nhu déng
ruét trén mo hinh ruét thé cé lap

Bang 1. Anh hwéng cia Domuvar lén tan sé co bép ruét thé cé lap

Lé

Tan s6 (nhu dong/phat)

Trwée dung thude thir Sau dung thudc thir

L& 1: Enterogermina néng d6 4 x 107 CFU/
mL Tyrod

L6 2: Domuvar néng d6 4 x 107 CFU/mL Tyrod

L6 3: Domuvar ndng d6 8 x 107 CFU/mL Tyrod

12,33 £ 0,82 11,33 £ 0,82*
15,00 + 1,26 14,00 + 1,26
13,33 +1,03 11,33 £ 1,51*

Chd thich: *: Khéc biét so véi truée khi dung thubce thir véi p < 0,05
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Trén tdn sb co bép rudt thd cod lap, két
qué nghién ctu cho thdy thubc chirng dwong
Enterogermina néng dd 4 x 10’ CFU/mL Tyrod
lam gidm c6 y nghia théng ké tan sb co bop cla
rudt thd co lap véi p < 0,05. Domuvar néng do
4 x 10" CFU/mL Tyrod xu hwéng lam giam tan

sb co bop cla rudt thé cd 1ap (p > 0,05). Trong
khi d6, Domuvar néng do 8 x 107 CFU/mL Tyrod
lam gidm cé y nghia théng ké tan sé co bép cla
rudt thd cé 1ap so voi thdi diém truwéc khi dung
thudc ther véi p < 0,05 (Bang 1).

Bang 2. Anh hwéng cia Domuvar Ién bién dé co bop ruét thé cé lap

Lo n

Bién d6 (mm)

Trwée dung thube thir Sau dung thuée thi

L6 1: Enterogermina néng do 4 x 107

6 31,45+ 10,25 13,09 + 4,23**
CFU/mL Tyrod
L62:D dng dé 4 x 107 CFU/
© £ Tomuvarnong co & x 6 39,04 + 6,00 19,33 + 5,75***
mL Tyrod
L6 3: Domuvar ndng dé 8 x 107 CFU/
6 38,48 + 5,93 11,06 + 6,18***

mL Tyrod

Chu thich: **,***: Khéc biét so véi truéce khi dung thuée thir véi p < 0,01, p < 0,001

Trén bién d6 co bop rudt thd cod lap, két
qua nghién ctru cho thay thudc chirng dwong
Enterogermina ndng dé 4 x 10’ CFU/mL Tyrod
lam gidm rd rét bién dd co bop rudt thé cod lap
so v&i thdi diém trwdc khi dung thube véi p <
0,01. Domuvar ca 2 mirc liéu déu lam gidm ré
rét bién dé co bop rudt thd cod lap so véi thoi
diém trwdc khi dung Domuvar véi p < 0,001
(Bang 2).

‘
1?,0———~
v

Hinh 1, Hinh 2 va Hinh 3 biéu dién hinh anh
ghi lai nhu déng rudt thd trwde va sau khi dung
Enterogermina va Domuvar. Hinh anh nhu déng
rudt cho thay Enterogermina va Domuvar ca 2
murc liéu lam gidm rd bién do co bdp rudt thé co
I&p. Thém vao dé, Enterogermina va Domuvar
ndng d6 8 x 107 CFU/mL Tyrod lam gidm dang
ké tan sb co bop rudt thé co lap.

Hinh 1. Hinh anh nhu déng ruét thé trwéc va sau khi dung Enterogermina
néng dd 4 x 10’ CFU/mL Tyrod
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Hinh 2. Hinh anh nhu dong ruét thé trwéc va sau khi diung Domuvar
néng dd 4 x 10’ CFU/mL Tyrod
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Hinh 3. Hinh anh nhu ddéng ruét thé trwé'c va sau khi dung Domuvar
néng dd 8 x 10’ CFU/mL Tyrod

2. Anh hwéng ctia Domuvar lén do di dong
cuia than hoat trén chuét nhat trang
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Biéu do6 1. Anh hwéng ctia Domuvar
trén do di dong cua than hoat
trong long rudt chudt nhat trang

*: Khac biét so voi 16 chirng sinh hoc voi
p <0,05

Két qua trinh bay & Biéu dd 1 cho thay thubc
chirng dwong Enterogermina liéu 0,82 x 10°CFU/
kg lam gidm cé y nghia théng ké& d6 di déng cla
than hoat (ti 1& % chiéu dai doan rudt cé than hoat
so V&i chiéu dai doan rudt t mon vi dén manh
trang) so v&i 16 chirng sinh hoc véi p < 0,05. O 16
chuét uéng Domuvar liéu 1 (0,82 x 10° CFU/kg/
ngay), d6 di dong cla than hoat xu hwdng gidm
s0 v@i 16 chirng sinh hoc, tuy nhién, s khac biét
khéng c6 y nghia théng ké (p > 0,05). Trong khi
dé, Domuvar liéu 2 (1,64 x 10° CFU/kg) lam gidm
6 y nghia théng ké d6 di déng cuia than hoat so
v&i 16 chirng sinh hoc véi p < 0,05.

IV. BAN LUAN

Nhu déng dudng tiéu héa la hoat ddng van
ddng va qua trinh van chuyén cac chat doc theo
6ng tiéu héa. Hoat dong nay lién quan dén sy
phdi hop gitra co tron va hé than kinh, nhadm
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trén, nghién va day cac san pham tiéu héa. Qua
trinh tiéu héa va tao nhu dong dwoc thye hién
nhd sw phdi hop clia cac co quan khac nhau
trong dwong tiéu hoéa, bao gdm thwc quén,
da day, ruét non va dai trang. Nhu déng ruét
duoc diéu hoa bdi nhiéu yéu t6, bao gdm hé
than kinh ruét, t& bao co tron, t& bao ké& Cajal,
hormon, cac tac nhan kich thich dac hiéu, hé vi
khuan dwdng rudt va cac chat chuyén héa cua
chung. Sw rdi loan trong co' ché diéu hda nhu
dong dwong tiéu hoa co thé dan dén cac rdi
loan chirc nang rubt.®

Enterogermina (B. clausii) dwgc lya chon
lam thuéc chirng dwong trong nghién ctu.
Enterogermina (B. clausii) da dwgc st dung
phd bién trén |am sang trong dw phong va
diéu trj tiéu chdy. Tang nhu déng rudét la tinh
trang thuwdng gap trong cac bénh ly tiéu chay.
Enterogermina dwgc chirng minh cé vai tro
trong diéu chinh céac tinh trang réi loan nhu
dong rudt.”® Két qua nghién clru cho thay
Enterogermina thé hién tac dung lam gidm nhu
dong rd rét trén ca 2 mo hinh thwe nghiém (mo6
hinh ruét thé cb 1ap va moé hinh danh gia dé di
dong ctia than hoat trén chudt nhét tréng).

Nghién ctru trén ruét cb 1ap la mot cong cu
dwoc ly kinh dién dé danh gia tac dong cla cac
chat thr 1én hoat dong co boép cha dwdng tiéu
hdéa. Mac du ky thuat nay da dwoc ap dung tw
rat 1au, tuy nhién do tinh linh hoat, don gian va
kha nang tai lap clia phwong phap thir nghiém
nay giup nd van la mét mé hinh quan trong trong
so bd danh gia anh hwéng cia sadn phdm nghién
clru trén nhu déng rudt.© Maéi triro'ng nudi co’ quan
cO lap thwdng dwoc st dung la dung dich Tyrod.
Céc thanh phan ctia dung dich Tyrod cé cac chirc
nang khac nhau trén co quan c6 I1ap. Calci clorid
hé tro’ co that md, glucose cung cép néng luwong
cho mé, natri clorid, magnesi clorid va kali clorid
hé tro' qua trinh khir cwe va tai cwe clia mo va
natri bicarbonatdéng vai tro 1a chat dém cho mé. "
Két qua nghién ctvu cho thay Domuvar ca 2 mirc

liéu déu 1am gidm nhu dong rudt trén md hinh ruét
thd co lap, trong do, B. subtilis THC1I ndng do 8 x
107 CFU/mL Tyrod lam giam rd ca tan sb va bién
d6 co bop rudt thd co lap.

Do thdi gian van chuyén dwéng tiéu hoéa la
mot ky thuat lam sang va nghién clru rét hivu
ich d& danh gia cac rdi loan van dong trong
dwong tiéu héa. Cac phwong phap in vivo hién
nay chi yéu dwa trén cac phép do dbi véi rudt
non, s dung than hoat tinh hodc cac thubc
nhuém tro' khéng hap thu twong tw. Chi sb hivu
ich va quan trong nhat |14 thoi gian di dong cla
chét danh d4u trong dwdng tiéu hoa.'? Két qua
nghién c&u cho thdy Domuvar liéu 0,82 x 10°
CFU/kg xu hwéng lam gidm nhu déng rudt trén
chudt nhat trdng, trong khi d6, B. subtilis THC1I
& murc liéu cao hon (1,64 x 10° CFU/kg) lam
gidm c6 y nghia thdng ké d6 di dong cla than
hoat trong long rudt.

Cac probiotic thudc chi Bacillus da dwoc
nghién clru vé& vai trd tiém nang trong ting
cwong stre khde dwong rudt, ngan nglra hodc
diéu tri mot sé tinh trang nhuw tiéu chay do
khang sinh béng cach twong tac véi hé vi sinh
vat dwong rudt, tang cuwdng chlrc nang hang
réo bdo vé va diéu chinh phan (ng mién dich.
Viéc thay déi hé vi sinh vat dwong rudt co thé
dan dén lam thay déi nhu dong rudt. Mot sb
tai liéu da khang dinh vai trd quan trong cla
hé vi sinh vat dwong tiéu hoa trong nhu déng
rugt."41% Do vay, cac probiotic néi chung va
B. subtilis néi riéng véi co ché chinh lién quan
dén viéc tai 1ap lai sy can bang cta hé vi vat
hé vi sinh vat dwong tiéu hoa cé thé gidp didu
chinh lai nhu déng dwong tiéu héa. Tuy nhién,
tinh dén thoi diém hién tai, cac nghién ctu vé
B. subtilis trén nhu doéng rudt con rat han ché.
Do vay, két qua nghién ctru cé thé déng gop
thém bang chirng khoa hoc vé tac dung cua B.
subtilis chiing THCA1I trong viéc lam gidm nhu
ddng rudt trén nghién ctru thye nghiém, tr do
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c6 thé hd tro cac tinh trang tang nhu dong rudt
trén ldm sang nhu tiéu chay.

V. KET LUAN VA KHUYEN NGHI

Domuvar (B. subtilis THC1l) c& 2 ndng do
déu lam gidm nhu doéng ruét trén moé hinh ruét
thd cd lap, trong do, néng dé 8 x 10’ CFU/mL
Tyrod thé hién tac dung rd rét trén ca tan sé va
bién d6 co bop rudt thé. Domuvar (B. subtilis
THC1I) liéu 0,82 x 10° CFU/kg xu hwéng lam
gidm d6 di dong clia than hoat trong long rudt,
trong khi d6, Domuvar muc liéu 1,64 x 10°CFU/
kg lam gidm rd d6 di dong cla than hoat trong
long rudt chudt nhat trdng. Dwa trén két qua
danh gia nhu déng rudt, Domuvar cé thé biéu
hién tac dung chdng tiéu chay; do dd, khuyén
nghi tién hanh nghién ctu thém trén cac mod
hinh tiéu chay thwc nghiém.
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Summary

EFFECTS OF DOMUVAR (BACILLUS SUBTILIS THCA1I)
ON INTESTINAL MOTILITY IN EXPERIMENTAL ANIMALS

Domuvar is a probiotic formulation with Bacillus subtilis THC1l as its primary component. The
study was conducted to evaluate its effects on intestinal motility using an isolated rabbit intestine
model and a charcoal gastrointestinal transit model in mice. Isolated intestinal segments were divided
into three groups with Enterogermina, Domuvar (Bacillus subtilis THC1l) at two concentrations of 4
x 10”7 CFU/mL Tyrode and 8 x 10”7 CFU/mL Tyrode, and the frequency as well as the amplitude
of intestinal contractions were assessed. In the murine model, gastrointestinal transit of charcoal
was compared among groups administered distilled water, Enterogermina, and Domuvar at 0.82
x 10° CFU/kg or 1.64 x 10° CFU/kg. The results demonstrated that Domuvar reduced intestinal
motility in both experimental models, and the effect was dose-dependent. These findings
suggest that Domuvar (Bacillus subtilis THC1l) may be a promising therapeutic product for the
management of clinical conditions associated with increased intestinal motility, such as diarrhea.

Keywords: Bacillus subtilis THC1Il, intestinal motility, isolated intestine model, charcoal
gastrointestinal transit.
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