[ Downloaded from tumj.tums.ac.ir on 2024-06-26 |

o] s

mmmmm

) 3 23 Saal (G103, wda b PH g pgnedls Lilie I 51

oS>

. e

A VAR FARIERNL RN | £ A 7ARYA SRR VR VAL L} VRVIVA DRECOF PR
G el SN sben 5 el SLESl G b Sl (Ses o ladel lossy Sl iis 5 4
i el O ls (St ey 5l laoms Loyl 5 4 p10S i d Ceal 4 S 0,8 bl Jul
S e 33 S sS 03 5 il pH Jal, 3 55 0T 306 5 5,108 e 80 ey 0l b 5 o sladnd
ol axllas 3l Ga 503 oy gladenl Gl 53 ege LB S S 0355 (8l aee PH SOT 03 50 (el a2 5
Doy ey 3 e sladid Cds ey (sl pH jfﬂ}&dﬁ Jolize S 3 oL

03551 O3 Sl 3,8 o3l anloans (Wistar rat) ol e Jige YO 51 ooas i opl 53 fewipw Ao
L LeEGS s .43 S a5 Everted Gut Sac (EGS) 5 ol > Lol 3l r).;jjj I eFFS S S S exs,
! JUaS! (S5l Aol (55l 3L 3 LEGS 0303 13 3l g b ey 525 L LaOT Gk 53 500y 3L Jglons
L3S (S eIl Cilise GpH )3 pseeslS CLs 55 5 55> 53 BGS e Al

WS B PH U e OF i 3 peeslS (5l A 5 3 ise Sl Al Sl pH ks et
0320 IV SUXY o s Sl aal Gl e s p3eo3l8 36 Ol e AT 5 VIO L lapH s S5,y sba
AP<e/00) Sl EAS 0 3TN w e S ode lgs Ol /0 5 Y0 el SbapH s 45 1>

Soler S ol o355 Sl PH 5 0d &y 0355 55 < ladewd olir [2alS sl 0503l O g St

s e Jals r).:uls

dﬁ&)ﬁjd&@«fﬁw)% d}‘wjé.w‘o.lai

5 S syt bdde glie o LaJm:a (sl ol

'35 ol 52l
TGk g

S pilS gl (Ol o7 L =)
Il g8 I Sy ke

Sy oS> e il w005 =T
Ol oSl el S o sl oSl
oLl sl pgle ol SCll> oK jd 0051

Ol ciolis cislio A=y o oDl ST

*
Szl oSSl bl ! 1 s 0y 53

ale ¥ 5 Ll s (3Ll (S35 0l
AFASYYIVAYY oils oKl

E-mail: basati-gh@medilam.ac.ir

PPN TR

T S e e S oy Sl s Y g
GOlS wes el 53 e Dbl LS J il L
oL JSERETC T P WP RN P RS J IR PRV S
Olgoas s fogs T isly o Il 53 a5 e 56 3 0335
bkl Dl 5 WS e oo ey s Jll gladkly
S Aol JUE] ks o 85858 o 5B 53 edas 5ba

3 e bl lasll 4 by 5l e s U

Tehran Univ Med J (TUMJ) 2014 April;72(1):1-6

http://tumj.tums.ac.ir

S e s by Sadpd sleesslp 00s >

e g b Ol Gl s Gl e (ol jie
Sl o xS essy ed) 5l bl Gl fes s
s s J el b i3S e Jie 355 g sebinl Sl 3 Olidr
OAd s Y.Jdajf&u' Ol ey i sladsly K
o Sl e (glhhe e e Jus 5l Sl s Y pans

L) b o By ol b 5 (S Anlel e a3 ol

y

F LY gladaion ) o ylacd WV 0,50 VFAF oy s8 (g (oS posle ol€utils 1 Sid sy 0uSabil aao Il ”\/”


https://tumj.tums.ac.ir/article-1-5915-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-06-26 |

OllKas 5 sy polol salipe ¥

030305 oS Ay o iy il (5,5 o bl Dl
Sladenl Sl il Lyl o s il el L
D ) I A i LI IR
W38 B s 3 se e GUPH 53 O sladeud Sl
Gl Ll s o Jlemlay ppeslS spd o willy o
Ot 1) o gladenl Gl o35y Gionl sladS s Sos pH

Al e g sline

PR UV

sls 5l Rat a&alesl slase 5l oomo Jiash opl s
O35 p S YO 35 3 3  (San b, A eslin] Wistar
L gduazes ab g e slaos S 5 olal j b Lo, . xils
S5 s 2510 Jald oS 8 oS Ol 05 5w paames 53 5
Sl Ol 3 pH L6 oS 05,8 s o S 15 bl
25 Skl Sl s pseslS 05 U 305 S 0o
SUPH L3 oz ladenl lor g pseslS O 6 A 05,8
R
g,mgl.{a o5 &l Everted Gut Sac (EGS) 4¢ by,
S 5l der Ly 53 PH 5 05003l 50 5 o sladensl LS
Sor S 0355 03,5 £l Sl 45 o ks i3 S ealizal EGS
S Sns dokome b (555055 g b OF Sl i (520
b s oS Mo (5 Slo PoA (slaasS O p i35 5 paio s i
5 0 sl Gl OF Lauy 53 o5 SIS ahe G 51 eslinal
Jolb 6 wsgy g 5 s e B (1 JSE) A5 wsls essy
355 3 ol et Ll (b 5 Ikl sbad s
Lol s 5 ol 033 05 oSome sy 5 L 0T oo S
S 3 Ay 5 Ol SO glos 51 S e ) el
lasl ool edd s BGS 5 Ad 035 0 8 S 3 o 4
INUERY
ool (& Se3lul sl BT o ladd (Sl
> a8 sl (6 e g3 Sl oy ) Ga ol 03 o
Sl G S el e gl b o gl )
sge ple S p A0S b 5 edd s abpse S 4 e

G e o gl b plale i e s s
O s ol T e ety Sl s IS e e S ey
Ll o algsa soopl Ol bl b jeie Ol s |, pH
SUSS o 4o A mds 1 gladel Ol o
S S il e 02 e 5o el Loyt Olaztle S 55
sprsn Sop sbd s 5l ol Glp 1 g $355 A
a--‘)ﬂ@

LY wil o meme iS50 glajbtle s fos S LT )
55 gt Lol Gl bl (Unstirred Water Layer, UWL) Sl of
Sl UWL s 55 sl e sprsa Oladse ln
Il 3 e 53 e o sladd b o slaid
e L UWL J1 G sladd sl e Gl i3l
S el 3LaslT sl o go o 31 ey Wl
@ oogs S dm bees LS e poler w0 23 S e b fus
5T ol o laded 5 L35 o i ol PH L slasb
s L Sl el Sl S pon oplply L5 S e K5 et
Tl 03 Ghel SledSs s 55y DU L bl S s
Vs 8 e e S S 635

b s 5 o Sladend 003 W 2T w5 3 53 a5 L
Sl Ky 53 e 8l sl Spslre s WOT 35 15
bz S ol ke S 8 bl oz sladd
38 o 36 sl ke sladeul Sl fos 53 LOT <IN 555
Ll o bl (S ol s Sk Sl
S e
porliyl Wl lise Tl d S 5 il O ke peeslS
Lol b LS ppeedlS des S5 S0 co |y S8 6l
S Lled LIS psasls A5 5 eals STy sdre e ) SIS
e5353 ase agrlye Nasd LB gl 53 sl el el
(Brush border) Sl sums adl> & 03 2.8 Conl 40 2 p 038 L
b a5

G S apd e el LS Gl gl glalas
ISyl slis 53 (DMTD) z3 5 55 g5 Jols 3ok 5l psuesls
Sa0g S o ol S L aslS Tl 2l i 3
5 IS Sl sl Y el 5 LSS Gl S

F U oylass WV 0,00 N FAF 003,08 o er Ky pale olSiils s Ky oaSCiils aloeo


https://tumj.tums.ac.ir/article-1-5915-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-06-26 |

¥ S ol oop slowd (lsa sy cda s buno pH 4 4 guoolS Joliie /5

VY Jsles pH 5 4ads ¥ Codeas Lo Y MM Chale L S
2l 3 5 LEGS 05l 351 Sl ey i 4, PV °C (sl
3550 8l JUEl O dowl (Sl S 0T D soe 5 0
RO SN ]

el pgaslS IS 358 o sdalin ¥ lased 5 &S £ 5 0ka
S ad sl v g O gladeal Sl s 3 alS
53 e Cdy" Jlade 4 anly J2alS cpl 5 Ad S8 esy,
AL dame 3 s 5e CACL Ol a2 4S5, 5bay 35 Lo
S ok (S kel o

SLpH s o gladal Ol eSS 56
Ly S8 35 05955 i 3l Glalesl ol plal (51 niilisis
Glarws  alal g e 095 Dl s 5 4 EGS
S VIO K0 X/0 spH syl s 3L 53 5 54 LEGS 15 S
Lol LS pam e S LG s ols s LSS Ay
S Skl e 135 4S5 s Lyl 5 50 Y mM ke
(8 15 50) A5 (5 So 3100 assl Jlas|

S sl AN 6 SH P el 5l &S sboles
s S o e Solite Cilse slapH js O sladld Cils
LS oles A (o Al pKa 5l 5enl) il slapH s oS
B GbpH & Cos O gladad Gl gy p e

S S (o Al pKa Sl YL

s Se) Sty el ol
o

e
‘J«/

(a3 ¥ )5 2d L e
¢

J 8 «/0 mM 1\ mM V'« mM
CdCl, o o)

EGS L 5§ Sl gl dol Sl 5 (CACI2) pgooslS LS 56Xl o

35 5l 1y Sl donl Sl 50 4 atly i b S p sl O

Tehran Univ Med J (TUMJ) 2014 April;72(1):1-6

http://tumj.tums.ac.ir

Sladel & Juate e Qa0 e 5 A8 M 4sed 3 392 s
5 rShaS sl DLl 45 sl w5l eslizal b o
SO b gl 3 0T ol Ol 20 56 ¥Fe s sb )3 oS 03 8
Al Dl bl K, @l sy cpl o3 A (6 ,Sesll
s 13 s e gl 3 S ge
On el Ll Ol Hleel ol iwﬁlﬁa Oy gt Waesls
= 5 4325 5,56 Mann-Whitney U test 31 eslisal b laey S
w5 a5 lsbee P<4/r0 ala bl ol s 3 18
Wesls ks 5 a3 sl VPl s SPSS il 5 5l s
A eslanad

asly

53 ek g GLEGS oz sladenl Cdr s pH 56
Cdeay MV OC bos 5 Y mM clle 4 Sl ol (g5l sla 5L
Y 5 AO VIO SO OO /O X0 YO clapH L3 «ids T
JUsos Sl 35U 51 5L 5550 GpH el | shieay il 4 ST
() 513 a5 3,5 e3lized ol (glo3 28 PH. 63 5ukme (5115 &S
sddagd GLEGS 1o o sladewl Sl 55 o gsls 4 IS 306
S s S ez 038 Sl s bl sy sl
2 S kg el LS W6 3L s S Olpes o S
Al gyl 45 CACL Y pe s Vo 5 S 00/ 5L sla il

T T T T T T T

Y/o Y/o /o /o £l0 /6 Alb /0
sl 3L J 5l PH

(aads ¥ 5ol e e p 8 50) Sl ol
& N

EGS b g Kol donl Sl 5 O3 o PH 12N Hls 903


https://tumj.tums.ac.ir/article-1-5915-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-06-26 |

OLlEas 5 (558 olol solisee! ¥

e 0503 b e s agrlse 8 el ) 2,80 18 a5 0 e
Sy oy 1l (Sl 3l 4 03 28 ol

o3l 553 LRl L L aalllae s oS 3l Jlal ol
Dl Olge Sl Olosas 5 edd Sk p 5250 4 ] Ol
S pH i L byl s il sl [hals 55 Sl dl
Yol s O glady S i U5 pselS Sles
S Osle g8 S Sl denl il O Gladal L 15 e
ekl Sl et Cdr Bl G S s LSS
AU S e Sasl Sl and B pl Kpde 03 a5
Syde F0S Sl LPH s o gladedd Ol (Sls5L
ekl Ko 5 Teds B85 o il Sl ame 3 1
S el Dol 53 s dalp ) CdT L 0 Sple
L g 2l g K55 0

Na'/H' b Law g5 0355 55 (ol sledS 5 Soo pH s
L1y eds Wy H Wig a5 BBM 3 &l exchanger (NHE3)
S S Tasde slml XS Gaigs e 3 spre NaT
Sl (] XS o a5 1) il 5l p a8 DS S SLS 3
S3s S 53 s NHE3 (slaiis 655 1 pseeslS Jloimlay &5
laesl Sl 5 w2lIS STUWL 5035, seonl (sleulS s oo pH
o Lol o Sl Aol 15 s e D13 S50 cos | oy
e ) 4 a5 e o3y pselinl Sl sk 53 pseslS 5t
ey 3l (Slpe 4t L2 Glasads g 5 Lo & ol &
65 SlapdKe Jlazml Jagn cal s Jmgnl b s pd e
Loy oo sl s pH e gesls Jlie GGl
Ly ool 53 5 b s e |y 518 (6l ame Slacw s 3
313 0L aalllee ol s IS by ol 03V 5 Lo 2
Sladenl Clor Jlals el 50 4 anls ad b 4 pseedlS O &S
Ll g osde n SES ey 5 S al Kb o
L pseesls O oler A pl S S en s, (iomb slapH) (s
Aas e Jals

Ol b Gl 2 b Sl e Jol dlie (al ik
Joe 53 G Rl Conds o5 1 pSow Dl any I
Lo ool (i e olRils Copae AAYeTY U8 LY s
Al Ol Kby o sle oSl o San

[ cdel, 6 —
CdCl, &l

55 Sl A i

z
2
L

(W™ s 2 ey

/0 /o /Y
03011553 3L Jlome PH

uLl:.'iuLgLAPH BE) sS:.‘J_" .¢\:.w| C.J‘Aj. a‘k‘ﬁf.’-""bg -\5)5 ;‘ ZV)‘A_,.Q.S
IO 5 ¥/0 deml GLAPH L3 Syl Aol Sl s 050038 052 ks i1 EGS Jaw 5

S5 AeS

Sow

.

r Sl 3 SIS sy Go b 3l e slpe JUl 5 ol
Do pon sdes sba 5 ol Glad SKse s LU S ey
5055w eagy JIs 5ol OF (b5 5,8 e e 4 b
J=1 SR s gadane Jelse d= b s S e 55l il
el 5115 PH Ole ol 53 5t Lot 0 sladeul ol
O Gladeud Gl pH S Gl s Al e ek
Cr Skl Sl Wiy 3 el L OT I SIS e
W3S I s
ol PH Sl ol 0L aallias ) b oS bokes
ol Ol ghesl GLpH 3 S(gy5ba o35 s o 2 slade]
e R nl e St e S BB e o slade
e sl e oo gla s Bl (L1 Cdeas Ll
& o (FAH) @555, o sbadal Olpe ol o m
Cr bl Jase Bl L5 (FA) €555 0z slade
Brush-Border Membrane =15 5 > daw O N85
LS S Sl Ol sl s s Tl sz (BBM)
Aol Sl Ol JalS e 550 4 ly D g pselS
GLpH 55 Gl ppesls Olee Jl cnl Js 208 0 S
skl GlpH 51 56S (A (S5l Al pKa 51 50S) (g

L oS gl aly ol 5 il e (Sl deul pKa 51 5 5)

F U oylass WV 0,00 N FAF 003,08 o er Ky pale olSiils s Ky oaSCiils aloeo


https://tumj.tums.ac.ir/article-1-5915-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-06-26 |

o Emami Razavi A. et al.

References

1. Bevan C, Kinne-saffran E, Foulkes EC, Kinne RKH. Acute cad-
mium uptake by winter flounder. Toxicol App! Pharmacol 1989;
101(3):461-9.

2. Foulkes EC, Blanck S. Cadmium inhibition of basolateral solute
fluxes in rabbit renal tubules and the nature of cycloleucine uptake.
Toxicol Appl Pharmacol 1991;108(1):150-6.

3. Bevan C, Foulkes EC. Interaction of cadmium with brush border
membrane vesicles from the rat small intestine. Toxicology 1989;
54(3):297-309.

4. Shiau YF. Mechanism of intestinal fatty acid uptake in the rat: the
role of an acidic microclimate. J Physiol 1990;421:463-74.

5. Kojima S, Kiozumi M, Honda T, Shimizu T, Moriama Y, Sueyoshi
E. Studies on poisonus metals: Effect of Cadmium on small intes-
tine absorption of L-histidine in rats. Chem Pharm Bull 1986;34(1):
372-7.

6. Kim KR, Lee HY, Kim CK, Park YS. Alteration of renal amino
acid transport system in cadmium intoxicated rat. Toxicol Appl
Pharmacol 1990;106(1):102-11.

7. Igbal J, Hussain MM. Intestinal lipid absorption. Am J Physiol En-
docrinol Metab 2009;296(6):E1183-94.

8. Waisberg M, Black WD, Chan DY, Hale BA. The effect of phar-
macologically altered gastric pH on cadmium absorption from the
diet and its accumulation in murine tissues. Food Chem Toxicol
2005;43(5):775-82.

9. Viera C, Viera A, Katarina H. Morphological changes in duodenal
epithelium of Japanese quail after chronic cadmium exposure. Pol-
ish J Environ Stud 2010; 19(2):275-82.

Tehran Univ Med J (TUMJ) 2014 April;72(1):1-6

http://tumj.tums.ac.ir

10.Ryu DY, Lee SJ, Park DW, Choi BS, Klassen CD, Park JD. Dietary
iron regulates intestinal cadmium absorption through iron transport-
ers in rats. Toxicol Lett 2004;152(1):19-25.

11.Rossi A, Poverini R, Di-Lullo G, Modesti A, Modica A, Scarino
ML. Heavy metal toxicity following apical and basolateral exposure
in the human intestinal cell line Caco-2. Toxicol In Vitro
1996;10(1):27-36.

12.Moshtaghie AA, Sabet-Jahromi M. Identification of transferrin in
cytosol isolated from intestinal mucosal cells. Biochem Soc Trans
1993;21(1):718.

13. Alexc Connenwirth, Leonard Jarett, Gradwohl's Clinical Laboratory
Methods and Diagnosis. 8" ed. St. Louis: C.V. Mosby Co.;1980; p.
191-2.

14.Shiau YF, Fernandez P, Jackson MJ, McMonagle S. Mechanisms
maintaining a low-pH microclimate in the intestine. Am J Physiol
1985;248(6 Pt 1):G608-17.

15.Shimada T, Hoshi T. Na+-dependent elevation of the acidic cell
surface pH (microclimate pH) of rat jejunal villus cells induced by
cyclic nucleotides and phorbol ester: possible mediators of the
regulation of the Na+/H+ antiporter. Biochim Biophys Acta
1988;937 (2):328-34.

16. Aspenstrom-Fagerlund B, Ring L, Aspenstrom P, Tallkvist J, II-
biack NG, Glynn AW. Oleic acid and docosahexaenoic acid cause
an increase in the paracellular absorption of hydrophilic compounds
in an experimental model of human absorptive enterocytes. Toxicol
2007;237(1-3):12-23.


https://tumj.tums.ac.ir/article-1-5915-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-06-26 |

monthly

I ( ) ] \/ I | Tehran University Medical Journal, April 2014; Vol. 72, No. 1: 1-6

Original Article

Reciprocal effects of cadmium and pH on the intestinal absorption of

Amirnader Emami Razavi
Ph.D.!

Gholam Basati Ph.D.2"
Soheila Abdi Ph.D.?

1- Iran National Tumor Bank,
Cancer Institute, Tehran University
of Medical Sciences, Tehran, Iran.
2- Department of Clinical Biochem-
istry, Faculty of Allied Medical
Sciences, llam University of
Medical Sciences, Ilam, Iran.

3- Department of Physics,
Safadasht Branch, Islamic Azad
University, Safadasht, Iran.

*
Corresponding author: Publications and

Scientific Journals Office, Ilam

University of Medical Sciences, Bangan-

jab St., Tlam, Iran.

Tel: +98-841-2227147

E-mail: basati-gh@medilam.ac.ir

fatty acids in rat

Abstract Received: 11 Nov. 2013 Accepted: 11 Jan. 2014  Available online: 01 Mar. 2014

Background: The intestinal absorption of fatty acids may take place through simple
diffusion as well as through protein carrier mediated transport, although the relative
importance of each pathway is dependent on the ambient condition of entrocytes. Cad-
mium ion influences the absorption of fatty acids in entrocytes. However, the effect of
cadmium ion on the absorption of fatty acids in different pH values has not been evalu-
ated yet. Especially, the luminal pH of small intestine has an essential role in the ab-
sorption of fatty acids. In the present study we aimed to evaluate reciprocal effects of
cadmium ion and pH of intestine lumen on the absorption of fatty acids in rat model.
Methods: In this experimental research, 3 months old Wistar rats (45 rats) were used
for experiments. After killing the rats, their intestine was removed and the duodenum
and jejunum segments were dissected. Everted Gut Sacs (EGS) were prepared from
these duodenum and jejunum segments. The sacs were filled with buffer solution and
incubated in a medium containing an appropriate concentration of oleic acid. Then the
amounts of oleic acid that had been absorbed into the EGSs in the presence and absence
of cadmium ions under different conditions of pH, was measured.

Results: Findings of the study demonstrated that the luminal pH of small intestine was
effective on the oleic acid uptake and the inhibitory effect of cadmium ions on the up-
take of the acid was influenced by pH condition, so that this inhibitory effect was 32%
and 36% at the alkaline pHs 7.5 and 9.2, respectively (P< 0.05). At the acidic pHs, 2.5
and 4.5, the inhibitory effect reduced to 11% and 5%, respectively (P< 0.05).
Conclusion: Cadmium ion decreased fatty acid uptake by small intestine in rats, and

the acidic pH of intestine lumen could attenuate the inhibitory effect of cadmium ion.

Keywords: animals, cadmium, fatty acids, intestinal absorption.
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