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1. DMEM: Dulbeco Modified Eagle Medium 3.
2. FCS: Fetal Calf Serum

NEAA: Non Essential Amino Acids
4. HBSS: Hankes Balanced Salt Solution



YV Ol ylsan g 58 58 puld ) 93 0 i

VWAY Jaabs ¥ ooylads YY o‘,‘ga‘}:a‘tﬂ‘;&i}};a‘a‘gha&mlassﬁdﬁﬂy

Golm Sbos S 53 e a it S 5 Sl oo gl ¢ B Lama 3 —aids 55— 0Ll alad ¢ Jshe s e Slas Gl 5 ke Y J g

A ol g 03 06 5 Al

2513 0L al manr bow 5 i jled Walw 53 ke

of p Jgh Jlos

1191 /f0 T \AY/AY yars ANAY $1/00 T vya¥
N4 Ye YA oA = 1 Y&/5V T Yoen
NS p<~/~~ p<./..

Qo y3 YY=VY/e Calisen o 31 s 1y e OB oyl ol Sl
s ol ol 5l eslizad L (YY) OLKea 5 Hussain . Lals oL
axdlas ;3 Wlos S 58 1y ddes O ol Cdm (VN-V/F)L /0
b glaasl ans 2uls (YY) 0 Kes 5 Callender Law 5 (5 Ko
PrLRR W) )rlb;l}ldjjwa):é)é&@m.mTwJ{
53 5 (Y i) do s =078 L sl 31 3 a8 sls ol ool
o s 6 31 ol (LY (o) S WY opal 3 4 Slas 51 31
@ g N0 sl 06 ) Al (M) (6 Kos anlllas 3345
oslizd b (FF) 2 Kes 5 Brune .o o Sl 7 VYE Ol
w1 TADS 00 31 5 edd ag Ob el Gl Ll )
warg Lol ol Ol dss ol LS L MR UXYY s 5
o Sz dd O Al Sl s S st by 5l
oIS s Ll s s wel A 5 (€ plis L 5d
Slalllae = b axlllas o OAYO) sl e O 5L
e Sl

Jiss opo 4 A by 3 pme I 5 Sl b aslllae s
ol e Gl e S il 4 p S5 S Vel
Sl 65y Glandlas 55 (V0) OLSen 5 Garcia — Casal . 5
e s o sl Jgs O - A el s 3l (s Caco-2
55 Salle Jalse sl O asllan oyl 53 L S edalin JAT
Sl p A el 1 SGE a5 S el 0 o8l Dl
S — 52 JJ & Sl eslinad 3y 40 OAI) ol pw ) p JJ
i S B axlllas ol 3l Sl
el 0l Ol il 5l sl pal Codr s Sl Jelse

05 oS Sl say p e 52 OV OIS 553 Dbl
adllas ol 55 5 S edalin ol Cder 3 A slu s 31 (6
A slus 5 95 Ol s &_éf.a.al{gfvs;)l.ajb)z S
et 1 (B s s Glad 5 g O e clealy
S0 el Ol 3 A el s Ve 48 ails Ol anlllas
JﬁLf Pl VSOL‘ﬁCﬁé}. e e 53 ogld 542 ple
il bl e oS olSaus 3l el ol il s A slu
S ol S o 3l s Sl g Codr (gale Sl s S5
Sl A5 e

GAA ol s 5508 4 M &y 55 (W) 23K s Mejia
Sladlas 3 Lol Ol |y ool Oy A el eSe

1. Tight Junction
2. Iron Pool

B b o holed Jshe 58, oA
Js (5 S lgay 8
Y)Y +/00 T VSYVA YO /A M=YVA uls 5 g5l 06
VOV YEYFY VYo /v M=) A by 05 OU
NS N S* i §
Ao ma

g Caco-2 sld s 3l esled L In vitro & 31 andllas
Lo Ll glos ol Wilods 52ie 4 S bles 51 Caco-2 slg shos s
bl Slos st pled 5 i) 3 e (VAL oo s 1S gia
éuwﬂ S5 s See Rl fed 3 eagy bl glgdsl
S bl 308 WS el L R alie Sl
oS B O Gl Slalllan ks 5 30 0L ol @ e
— i) i S 3 el Sl eslaad 1 g Ol 4
e ol ol o 5 ol dlax 3 Cilises olie a5
J 28 5 al esl it e w0 by Dalles
VY=Y s 15 esliad 3,50 OF » ilisis

3,8 3 e 255 L e ool Sl aslizd 5> oS ge Lol
Gl o S8 5l dm JelS (S SS @ Wb ol Sk
s sz Wole ool o ol s g s
C)L’JUG.A )J JJS UU:\ ”J) J‘}J &:»a:d ”d}&)T 4; U‘):‘_g" L@_J 41»9-
ol osliid sk Kol s g Ll ol ) il
SEs Sl Jases 53 /Y 51 g8 palis (ONFYONT )
3 S b aalllas sal oty 0B (Y0) ol Jsh S S
ol Jsho JlS S S
oAl eslizad Cide a0l Al b 4 ge S 058

- T . Al 't . T

Srae g ol Oy sshee il al (S O 4 POl
Gl O ol i e b L5 O Gl Ulpee o8
e’ o ol el 3 Slles ST s 1U(YA)
S g5 Gotes e e s > Jaj 3 g o3l JAT
A sl s QL Fe® 5l addlae s 10 (Y&)od

TYNY 31 6 cpal Gl Ao s Jaw st oS 5l 0L Lo andlas
ol Code Ao s e (VAAY/EY o 13 40 Olisabsl 350> L)
ol n)jj Ao pdo U do)s Sl meS Gle sl B E
bl gy L (7)) JulKes 5 Widdowson .l &gl



bl 8 B AT et $-cacusy j A (pasling 3 / YA

b gl g pdge Al Clr 3 A s (B B 03y b
Sl iy Olalllas
)\Juj% Lee S 2 d‘e,&}- 93 LgkACMli BL) Caco-2 &Léjjlw“
258 53 b ol Sl ey (ble GLis alis laome sl
5 s Salllas ool OISl el sl b ol anl 3l
.;ﬁdrﬁ\}&”b&
S pSdasl

else sl ol eal sy Al 06 53 3 se pal
Jde 53 06 ool ol do s (al 3l sl 5 e A sl s 0
sl 39,0 oS b 5l 355 Caco-2 sld b 5l eslizad L In vitro
2GSk s el Ll o s pal b 12 S50 (g3l 8
Oty 5 ol Blepen (3l (58 OSGl o) g Wn il
Sl ol el By S5 Ol S s e el A
Ssh i) sl A el 0 S Lol L e e

SR g yaud

i el 515 35 el 5 5 Sl o ) S il
e b b e il € 30 Ol Ol 015
6325 Sl S e S 650 5 b oK Lol 5 il
o3yl slg Kan (o oS 50 S f}k‘ Kl I
s S 55 ssken b ol ol

References

1. Mahan LK, Escott — Stump S. Krause’s Food,
Nutrition, & Diet Therapy. 10 th edition. W B
Saunders Company, 2000; PP: 70-74,125-131,
782-788.

2. Stoltzfus RJ, Dreyfuss ML. Guidelines for the use
of iron supplements to prevent and treat iron
deficiency anemia. INACG, Washington DC, ILSI
press, 2002; PP: 1-2.

,dﬂ)uuﬂéﬁwumwﬁs@;)uaw\.Cwu Y

e s gluds Sliis ol = b ol 28 UL

YWY ebags Ol amsgn 5 by Olsle a8 Sle
AOYAVAAAQYOF Y lin

4. Pourghassem GB, Kimiagar SM, Abolfathi AA,
Vallaii N, Gafarour M. Prevalence of iron
deficiency, anemia and iron deficiency anemia in
high school students in Jolfa, East Azarbaijan.
Food & Nut Bullet 2000; 21(3): 301-304.

250 CekS o posplis N Sl cg soslis co ple, 0
oM G pliS Olial caa Hy (gdae o3be uJLf;— ol glie

Glpl Ll 5 1 cusl 0l Lds o RS ey Yl

S Qs s S e (Jhe Dlge a4 Gl Do e
» O) el aiS di’J\Jf Ol & L@_.T V"“J 9 U,AT u.b— 33
w@hwbgw@t}ﬁacgwu@);éﬁowbdﬁﬁ:
SOkl gy pandlae 5 (VY) (ESaa s Layrisse .ol ool
ol s sl Ol b el Gl a5 A el 5L
O pie A by Lot 8 0 ol esl o anlllas
ol a3 o b e 053 b oS o 3 o el 28

P LA Galus s gxe JOY) OLKes 5 Garscia — Casal
A el s gl anllas 3 sy Ol oLl s il s il
5NN b e g ol e Sl sl
Gl Sl e syt o eSSBS e il V/E
VN S VA X0 Gl oa O dised dww Gl S)S-B 1 5o
S Lsls 0L (¢ Kos andllas 3 (W) 0L Ken s Layrisse .34 4l
Wsd o Dl o DI 188 Zol g0 A el
A el J 3 0dd G8 ppal il I 05 el e
018) Cd 0l o3l Ol Ll (555 3 (5,50 anlllas s

S dpp B4 B Dlllas 5 b adllas i 4 g L
Sy e falS el Ol s |y ol asiles SIJTAL -l
V) Ol,Kea s Layrisse s (VF5)Y) Ol Sea s Gascia— Casal
AL e b A by Yl o W e Ol OF
A b e SIS S S a3 5 s S5 S
JSE A5 39 el S 0 (65 S AT L skalS il
woars LSl e oy s ok o LA ks oSS

O, sl Sl s ol Gtw: 5 sleds olaass sl
0V a=is NTVA

6. Reddy V. Vitamin A and iron interactions
JInternational vitamin A consultative group
(IVACG) statement. USA, 1998.

7. Koessler K, Mauer S, Loughlin R .The relation of
anemia primary and secondary to vitamin A
deficiency. J Am Med Assoc 1926; 87: 476-82.

8. Mejia LA, Chew F. Hematological effect of
supplementing anemic children with vitamin A
alone and in combination with iron. A4m J Clin
Nutr 1988; 48(3): 595-600.

9. Mwanri L, Worsley A, Ryan P, Masika J.
Supplemental vitamin A improve anemia and
growth in anemic school children in Tanzania. J
Nutr 2000; 130: 2691-2696.

10. Ahmed F, Rahman khan M, Jackson AA.
Concomitant supplemental vitamin A enhances the
response to weekly supplemental iron and folic
acid in anemic teenagers in urban Bangladesh. Am
J Clin Nutr 2001; 74:108-115.

11. Layrisse M, Garcia-Casal MN, Solano L, Baron
MA, Arguello F, Llovera, D, et al. The role of



VYOl ylsan 958 58 peld 93 0l i

VWAY Jaabs ¥ ooylads YY o‘,‘ga‘}:a‘tﬂ‘;&i‘a};a‘a‘gha&mla‘;&.ﬁﬁﬂy

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

vitamin A on the inhibitors of nonheme iron
absorption: preliminary results. J Nutr Biochem
1997; 8: 61-67.

Garcia- Casal MN, Layrisse M, Solano L, Baron
MA, Arguello F, Llovera D, et al. vitamin A and B
—carotene can improve nonheme iron absorption
from rice, wheat and corn by humans. J Nutr.
1998; 128(3): 646-650

Layrisse M, Garcia- Casal MN, Solano L, Baro
MA, Arguello F, Liover D, et al. Vitamin A
reduces the inhibition of iron absorption by
phytates and polyphenols. Food & Nutrition Bullet
1998; 19(1): 3-5.

Garcia- Casal MN, Layrisse M, Pena- Rosas JP,
Ramirez J, Leets I, Matus P. Iron absorption from
elemental iron — fortified corn flakes in humans.
Role of vitamins A and C. Nutrition Research
2003; 23: 451-463.

Garcia- Casal MN, Leets I, Layrisse M. B-
Carotene and inhibitors of iron absorption modify
iron uptake by Caco-2 cells. J Nutr 2000; 130(1):
5-9.

Sajedianfard J, Boroujeni HM, Habibzadeh F.
Therapeutic values of different routes of
administration of vitamin A with ferrous sulfate in
treating deferoxamin- induced iron deficiency
anemia. J Nutr Sci Vitaminol 1999; 45(1): 31-7.
Mejia LA, Hodges RE, Rucker RB. Role of
vitamin A in the absorption, retention and
distribution of iron in the rat. J Nutr 1979; 109:
129-137.

Fogh J, Wright WC, Loveless JD. Absence of Hela
cell contamination in 169 cell lines derived from
human tumors. J Natl cancer Inst 1997; 58(2):
209-214.

Pinto M, Robine — Leon S, Appay MD, Kedinger
M, Triadou N, Dussaulx E , et al. . Enterocyte- like
differentiation and polarization of the human colon
carcinoma cell line Caco-2 in culture. Biol cell
1983; 47: 323-330.

Hidalgo 1J, Raub TJ, Borchardt RT.
Characterization of the human colon carcinoma
cell line (Caco-2) as a model system for intestinal
epithelial permeability. Gastroenterology 1989;
96: 736-749.

Delie F, Rubas W.A human colonic cell line
sharing similarities with enterocytes as a model to
examine oral absorption: advantages and
limitations of the Caco-2 model. Critical Reviews

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

in Therapeutic Drug Carrier Systems 1997; 14(3):
221-286.

Alvarez—Hernandez X, Nichols GM, Glass J.
Caco-2 cell line: a system for studying intestinal
iron transport across epithelial cell monolayers.
Biochimica et Biophysica Acta 1991; 1070: 205-
208.

Garcia MN, Flowers C, Cook JD. The Caco-2 cell
culture system can be used as a model to study
food iron availability. J Nutr 1996; 126: 251-58.
Glahn RP, Wien EM, Van Campen DR, Miller
DD.Caco-2 cell iron uptake from meat and casein
digests parallels in vivo studies: use of a novel in
vitro method for rapid estimation of iron
bioavailability. J Nutr 1996; 126: 332-339.

Ismil M. The use of Caco-2 cells as an in vitro
method to study bioavailability of iron. Mal J Nutr
1999; 5: 31-45.

Au AP, Reddy MB. Caco-2 cells can be used to
assess human iron bioavailability from a semi
purified meal. J Nuzr 2000; 130:1329-1334.

Glahn RP, Gangloff MB, Van Campen DR, Miller
DD, Wien EM, Norvell WA. Removal of surface-
bound iron from Caco-2 cell monolayers. The
FASEB J, 1995; 9(4): A 984.

Hurrell RF. Bioavailability of iron. Eur J Clin
Nutr 1999; 51(supl 1): S4-S8.

Benito P, Miller D. Iron absorption and
bioavailability: An updated review. Nutrition
research 1998; 18 (3): 581-603.

Widdowson EM, Mc Cance RA. Iron exchanges of
adults on white and brown bread diets. The Lancet
1942; 16: 588-590.

Hussain R, Walker RB, Layrisse M, Clark P,
Finch CA. Nutritive value of food iron. Am J Clin
Nutr 1965; 16: 464-471.

Callender ST, Warner GT. Iron absorption from
bread. Haematologia 1971; 5(4): 369- 375.

Bjorn — Rasmnssen E. Iron absorption from wheat
bread influence of various amounts of bran. Nutr
Metab 1974;16:101-110.

Brune M, Rossander-Hulten L, Halberg L, Gleerup
A, Sandberg AS. Iron absorption from bread in
humans: inhibiting effects of cereal fiber, phytate
and inositol phosphates with different numbers of
phosphate groups. J Nutr 1992; 122: 442-449.
Reddy MB, Cook JD: Assessment of dietary
determinants of nonheme — iron absorption in
humans and rats. Am J Clin Nutr 1991; 54: 723 —
728.



