o] s

mmmmmm

F G slodadin o) o lad VY 0,50 NP Sut g8 Ol (b aple ol€tils (S35 0uSitils alao I l ”\/”

Sy 3 @y Gl g103g) i 5 e PH g pgredlS’ Jolike &1 )]

oS>

.

WAYAYA ST ATAYA Y sk YRRYAAY e sl
O g 4 als JEEL ) sb e 5 ealu JLESH G b Sl (Ses 0 Sladel Slossy ol i 5 4
el U 2l Sy s 5l Lyl 5 4 oIS a el Sl 4 ST 0,8l Jul>
D3 i 2550 S S 0355 il pH Lyl 5 55 01 36 5 5108 o 6 e s 3l Lo 55 o sl
Pl adlas 5 Gaa sl O sladead Gl 3 ege B S S 0355 (e PH 4S0T 035 e 4 S
sy ey 53 o Sladel Ol ress; lame PH 5 p 50008 O Jilize DS S5

03551 O Sl 38 e3linul anloans (Wistar rat) ol e 5ge YO 51 oo Jidss cpl 53 fpwip i
L LaEGS s .3 S a5 Everted Gut Sac (EGS) 5 ol > Lol 3l P35 5 pross Luand =S o33,
o JUS| Syl ol (5l 3L 53 WEGS 0ol 13 Sl b i 5 b 10T G5 55 5 ey 3L slows
3 S (6 S o3Il Cilise GLpH )3 p5eeslS CLé 55 5 55> 53 BGS e Al

w3 S 1,3 pH 5L coss O ol s p5e03S (ol A 53 e Sl Al i H i claazil
5225 Y8 SUINY e Sl bl ol Jles 53 pgenlS 0 Ol5e AT 5 VIO LB SapH. 3 &S5 sbas
(P<e/00) il a0 5 ) 4 o e ode 5les Olis FI0 5 Y0 sl SLapH 5 oS -

olee 1 355 Sl PH 5 003 Sy 0355 03 o ladenl odr 2818 Esly 05200l 0 g St

.J.A:v.a JLALgb‘:y:E

a3l pH (o slada u.;\;- ‘r}.:n:ls ‘;.{..Jf olals

df&)f} CJ.C«‘U‘\SJ.S& JL@,«MJ{ J_j‘ 4-_:.&1_9 sl 0l

E) o:}s :)jﬁ-ﬂ LAJ}L» 6[.1.9 “ LAJ.M:A ‘Lf.’j‘ﬂ u.?)l.a.?

‘éﬂ) g_;"\"\ _)JUJ:A‘
*YL’LLM__, r‘;&_;
TSk g

ol S szl Il 30 55 STL =)
Dl Ol Sl Sy psle

Sl oSl Il o 09,5 T
Ol @3] @3] Sy o sl oS5
oLl carly pgle odSCl> 5 5 00,5 -1

Ol cciolico ccdnlivo dmy o oMl 35T

*
o8l (oSSl ULt @Dl 2 e sy 8

ke e 5 Lzl s @3l (S ke
CARASYYYVA Y il Ll

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

PRV

T S e e T oy Sl ) Y g
SS e 53 e Sl S8 ms J L
o 03 Sl S A e Ol e b5 el 01 S
Ol 5o ba e i3l gn J3lad 53 o 5 e 56 53 035
O sl s S e e e s Jlanl gladeul
S Aol JUED k5 o 85854 s 5B 5 edkes sbas
3 e sladed Ll 4 o 5l e s U

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

http://tumj.tums.ac.ir

G b s by Sadpd gbeesslp 00s >

oo B ek Ol Gl Gose Gl e slhe
Sl & Su S ws) e S b Slafes s
s o Jm ol b 03,5 oo Jie 0355 g selitgl Sl o OLidr
EWAN RS Y.JJ;wa.J Cde ey ey gladsly S
o Sl e ol (LS e fus 51 Sl s Y pas

Ll ad b cpdor By ol e 5 Gl Al n el b | Wl


www.SID.ir

OLlEas 5 558, polol solisel Al

030038 4ty o i ol (555,8 ©r ladend i 35
Sladel o il Ll i o 3 s il sl U
2o B Regn sl e s B G Ces oy
Wb S 3 s 3ee ilis GPH s O gladnl il
s byl cod Jlasla ppeslS sl il S
Oyt 1) o Gladewl G o35, Gonl sledS 5 s pH

IR PRI

sl 5l Rat a&alesl Glaise 51 ooms Jiask opl o
O35 p S YO 350> 3 se3p 5 (Sad o, b eslina] Wistar
LAd ghoans ab g e glaoy S o ol sba o, il
50 05 25 V0 Jald plUS 8 &S Olgm 055 aes fgemes 53 5
Gladesl Cdx 53 pH 36 (S 0p 8 s o S 15 el
225w el o 55 e 58 O 6 5505 5 3 w0z
SUPH 53 o ladal i 05000 O 0t 058
W3Sl e 3mSR
ML{A o &l Bverted Gut Sac (EGS) g 53,
S5 5l oder L,y 53 PH 5 pseslS 36 5 o ladend JU
S 55 0255 035 o Slom &5 o fond th3 5 eslieul EGS
Sl Sis Jsbome b S350 p e b OF Sl stoms (550000
L5 o381 (5 b FoA (slaasS O psis35 5 pinsis s
g 0l sl glodly O Jauy 53 a8 ST ahee Gl oalized
Joli S ensy 23) 5 s mhan B OV JSE) A 40l eas)
Y S PR B (WU IS N NS W
Lol s 5 edd 035 68 Some a5 L 01 oo S
S K3 Ay 5 Ol SO ghos 51 S e 5 bz
b3l eslel eds 45 BGS 5 Ad 033 o 8 S 35 ol 4
s S
Sl (6 So3ul sly hT o sl (Sl
o 03 n S ealil (g e g Sl sy Sl G cpl 00
Sl S as Ol Jol e el b gladd )
slye b Sl e s S L 5 ekl Jds abse S a e

4 e o bl oS bl pde e Jus
OB Jde el T e Slada O s S Al e S s
Ll b alefa ool 5l ebles b yasis il s 1) pH
GLS pow s b dns mbs ) o gladesd Sl s
S S Al e 03 o 5o el Loyt Ol S 55
sprsn Sop sbd s Sl o Glp 1 g S35
® sl e

oY il e pamme J S50 bbb bs s oS il )
53 Gk agl <l bl (Unstirred Water Layer, UWL) sl ol
ey UWL 5ls s opsle sprpn OWsss lp
ol 53 bademe 55 Jiloe o ladnl b glatd
Cdr 5 UWL 51 Cpr sladead slaagise Gl 3l
5o sladd gl oo o e ey 5l sy Lol
© 055 3l A e LS o polexr ans b 08 e b fes
T Ol oz ladead 5 138 0 w520 b PH L glast
s Lie el SLasl S sma ol pls (s S e G5y s 0l
Tl 53 Gl SladSs S sy DU L b pl S s
W'”qu‘ Cole S S 0255

b s 5 gladnd 002 M 5T 03 53 a5 L
Sl Ly 3 g Bl slie Syslee 3 OT (3 5 15
Lo (S ol Al @S 28 bl o ox gladad
I8 o 36 sl ke Sladenl Sl Jos 53 LOT <IN 655
iy o 5 o sbdel (S ol Ss Skl
Ot e b 5l 33,8 oo judd S5 0335 (o5 53 PH il
padigl Llp oo e Ll 5 Cod 5 5 il G ba o geslS
Qe b 5 g pgmedlS das 13 S0 co 1) 1S (6l e
S Ll LIS pselS W5 5 eals SRSy edre e S0 NS
P35 ose aglsn 3sd IS Sl s sl Sl el
(Brush border) Sl s 4l @ 03 28 ol &0 2t P28 L
T s g g 5

Gl &S apde el S Gl ghed gladass
I glis 53 (DMTI) md )b 5o 56 ol G b 5l seeolS
Sds &S o il S b aslS Tl 2 s 5
3 SIS Sl eyl Y ol 5 S5 Gl S

F U1 ) oylad VT 0,00 NP 500,008 oo led S pale olCitily o iy 0aCiils alo


www.SID.ir

¥ ol cop slawd) sloa sy cda iy Lo pH g o groulS Jldie =L

SV/E Jsles pH 3 4235 ¥ Sodess L35 ¥ mM e | Kl
2 L 3 BEGS 05l s 5 B0 50 Y °C (sles
3550 48l JUES) © el (58031 g LaOT Dl yiome 5 0
58 s 5l

el pgaslS IS 355 o sdalia ¥ Llssed 53 S 45 0kes
S5 Slad s Lo s ladeal Cdls  lide 3 lals
33 sy g Cdy' Jlie w0 ansls JalS ol 5 A3 S S eng,
535 e 3 s se CACL Oy 4 4 &S5, 5bay 35 lama
A ks (SAS e ol 2

SUPH 53 Cor sladed Gl paeslS LS U
L) So S 025 prs55 Sio Sl ol ol el (gl rlisa
Ghows Bolal g e 055 Dl 3 5 48 EGS
S VO X0 X0 slapH sl sl 3L 3 e S LEGS s S
G opsedlS WIS pam s s LSS 5 ol s LSS AT
S Sl o 43 S 4500 Clis Ll 5 0 ) mM ke
(13 503) A (683100 al Jas!

oo 2 el LIS G0 Al @l S bl
S Aok o Slite il GpH s o gladenl s
LS ol S (@ Al pKa Sl 5 00l) (sbesl glapH 5o &8
sl GlpH o cod o gl Ol 6y el

25 5eS (o Al pKa Sl YL

%) Sl el
A

e
)J«/

(4235 % 53 1) s o
-

J=s «/0 mM \ mM \ e mM
CdCly Ol e

EGS b g gl ol Dl (CACI2) sl 4 AS 360X s gl

25 e 1 Sl el il 53 4 el s b S penlS 0

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

http://tumj.tums.ac.ir

Sladesl 4 Juate e GO 5 o 5 LS M 4503 53 352 50
S pSeS sl Sl 55 Sl e Sl eslinad b ooy
SO b tmlis 53 OF o Olpoe 20l ¥F0 2 gad gl )5 S 03 S
el Sl b dlol Ky ol sy cpl o3 A (6,8 eIl
s 13 s o K g3 3 g ge
e sl LA Ol Hlaecl il #,.Ske & gty Laesls
M= 5 4325 5,50 Mann-Whitney U test 5| oslecal b laoy S
S Lo 55 lsbee P<o/r0 pmha s bl sls 235 18
Laosls Jelos 5 25 8lp V8 Gl s SPSS i3l 5 51
A oslanad

Laadl

35 odd wg GWEGS Cx cladl Cdx s pH 3G
Sdeds MV OC bos 3 Y mM e 4 Syl il gsl= sla 5L
WY A VIO SO DO D X0 YO spH s dids ¥
Ui, Dbl 3L 5l 5L o, 50 GlpH el ) sheas . Las 4 S
AV 15 503) s S eslinul Coul (glos 1S PH 03 sdes (gl4ls 45
b GLEGS (O skl Sl 3 0 5uaslS IS 36
S L S gdwares 035 Jlexr 3 Shbesl s glas
P S a5 paedlS LIS WL L s J RS Ol ey S
Ll 13 45 CdCl, Ngo e Ve 5 S 00 /0 5l sla iy

T T T T T T T

Yo Yo Fe o6 S/6 N6 MDA/
Ol 3L J ke PH

(s ¥ 5o 2 e e 50 50) Kl ded s

EGS L 5 Kl deal <ls 5 Ol 5 PH 312\ Sl gl


www.SID.ir

OLlEas 5 558, polol solisel ¥

e p5edS L p s agrlpe oS ol ol 2,5 IS a5 e
S pb s Bl (Sl a3l 4 03 28 ol

0303 53 Gl b b adlles s oS 550 Jlesl el il
Sl Ol Cod Olenas 5 old St a8 4 ol Ol
Sl pH & L BT s adl al JLals 50 Sl dd
YWoochle 53 Cd' gy & i Olg o paesls ol
S Osle i S Sl el il O ladenl b 15 e
ekl 5l o ladend Gl il S S s S
U S 3 Cusl Gl ad B pl disd e 035, ppass
ybe oS Fomb GLPH s oo sladenl Gl (S5l
kB s 5 ek 5 o Sladeal el Bme 53 15
O el Sy gl s iy Ll | Gy Lo Sele
L o o s S5

Na/H" ol Law i 6355 53 Skl SlacdS 5 Seo pH s
Ly eds Ay HY Wiy 0 «S BBM 5 &l exchanger (NHE3)
SR K P phie sl A G ey s sym e Na©
Sl pl LS o 4 55 1y b s 31 5y sedlS DI aS Sl 3
S3o e 53 s NHES laiyis 55 e 500 Jlaimlay oS
Sladd Sl 5 2308 HUWL 5 035, (5ol (5belS 5 Sn pH
oS el Sl el L s e 13 30 co | o
i il oS 5 e lessy pdigl Sladsle 53 0 eslS S
oy 8l (Slpme 4t ol Glaiads g 5 Lié & ol &
S5 SlameilSa Jlzml (tassy ol s Jmal b Vs ps e
Loy o sbaded Gl pH 5 ppelS Bli 6 ),
bl cpl o3 s Al it 1 1S Glae lacm s
2la LS aallles ol s JST 5 sbay ij P S ey 2
Sladenl Ol Jlals ol 5o 4 anls b b 4 pseelS O &S
Ll s 5 o e Dn S S ey 03 S dd b o
L psee3l8 05 oles Sl onl S8 0255 Gl sbapH) (st
Aas e Lals

Olpe b Slidos = b 5l pand Jols dlie cnl g/ 30uln
Jie 53 s Bl oy 655 2 oS S an S
Lo ool (Siy ppde olKils e AYYY S L " il pm
Al o O (S p ke oSt (g 1Ken

[ cdc, s —
CdCly ¢yl

15 Sl i e

z
P
o

(s ¥ 3 2 e g

t0 vib
0l 3L J s PH

s LapH s S gl Aol s bl}:aﬂrxﬁ:\s LS SISl g
/0 5 /0 sdel SLAPH L3 Syl deal Cdir 1 050038 0 Lles i1 EGS Jaw g5

Y J.-(,S

e san 3 SIS esy Gob 5l e slse JUl 5 ol
Do pon sdes sba 5 ol Glad s bug L &S ey
508 aessy Sl 5l OF (b5 5,8 e Shse 4 b
ol SR o o Julgs Jl ol b s S e o)l i
Coeal GLls pH Ol cpl 53 oS dzes 55 © o ladnl Ol
o et Sl pH S Gk ol 3 TSl e sles
e kel Sl gy 3 ppeeslS L 0T I SIS e s
23S B o 25
o PH i s 0l el () mls 45 sbolea
o Olgee el GLapH 3 S(g) kw035 s oz Lo
e R pl g St e S AB b o sled
e gl Y ol e Sl e ClE I e Ll s
6 Cud (FAH) €55, oo gladud Ol Sl da o
o Sk g sl s (FA) 655 o sl
Brush-Border Membrane =~ _J=Is 5 > = c]a.ﬂ O N85
LS oS sl Ol Sl s s Al e (BBM)
Aol dor Olpn (1Al Corse S ails Do pseslS
GLpH s Sl ppesls olee Jl nl Js 008 0 S
kb GlpH 51 508 L (Sl el pKa 51 505) (g

Ll oS eSS baly pl s il e (Sl Aol pKa 55

F U1 ) oylad VT 0,00 NP 500,008 oo led S pale olCitily o iy 0aCiils alo


www.SID.ir

Emami Razavi A. et al.

References

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

. 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.

. Bevan C, Foulkes EC. Interaction of cadmium with brush border
membrane vesicles from the rat small intestine. Toxicology 1989;
54(3):297-3009.

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

. 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.

. 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.

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

. 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.

. 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.

1

—_

12.

13.

14.

15.

16.

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.

.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.

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

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

Shiau YF, Fernandez P, Jackson MJ, McMonagle S. Mechanisms
maintaining a low-pH microclimate in the intestine. 4m J Physiol
1985;248(6 Pt 1):G608-17.

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 Nat/H+ antiporter. Biochim Biophys Acta
1988;937 (2):328-34.

Aspenstrom-Fagerlund B, Ring L, Aspenstrom P, Tallkvist J, II-
back 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.


www.SID.ir

monthly

I ( ) ] v 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.>"
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, Ilam University of
Medical Sciences, llam, Iran.

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

*
Corresponding author: Publications and

Scientific Journals Office, [lam

University of Medical Sciences, Bangan-

jab St., Ilam, 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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