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Lutein is a carotenoid and it has antioxidant effects. Lutein may have a protective effect on ischemia reper
fusion (I1R) injury induced by free radical species. However, little is known about the protective effect of lutein 
on IIR injury in vivo. The present study was undertaken to clarify the protective effects of lutein on I/R injuries 
in the rat small intestine. Administration of lutein before intestinal I/R attenuated the damage to villi and decid
uation of enterocytes and suppressed the increase in lipid peroxide. 
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Lutein is a carotenoid that is present in deep-yellow veg
etables such as spinach and kale. It has a structure similar to 
that of beta-carotene, which is the forerunner material of vi
tamin A. I) Vitamin C and vitamin E have received much at
tention recently due to their antioxidant activities.2-4) It has 
been reported that lutein modulates cellular oxidative status. 
Since lutein has maximum absorption at 445 nm, it can act as 
a blue-light filter (400-460nm).5-7) It is well known that 
carotenoids, such as lutein and zeaxanthin, are macular pig
ments that are located in the macula lute a, yellow spots, be
tween incoming photons and photoreceptors. Since yellow 
spots contribute to eyesight, the lack of the macular pigments 
bring age-related macular degeneration (ARMD).8-10) Lutein 
has been shown to play an important role in the prevention of 
ARMD, cataract and other blinding disorders. It has been re
ported that lutein improves visual function in ARMD pa
tients, according to the results of the randomized, double
masked Lutein Antioxidant Supplementation Trial 
(LAST). II) Recently, it has been revealed that reactive oxy
gen is responsible for ARMD. The protective effects of the 
carotenoids on ARMD have been extensively studied. 12-14) 
Besides ARMD, it has been shown that oxygen free radicals 
contribute to the development of ischemia-reperfusion (I/R) 
injuries, cataract, glaucoma and cancer. In this study, we fo
cused on the protective effect of lutein on intestinal IIR in
Jury. 

Since a large amount of oxygen flows in tissue at reperfu
sion, reactive oxygen is thought to playa major role in IIR 
failure. Reactive oxygen participated in the IIR failure have 
received attention. 15-19) It has been shown that oxidation can 
be prevented by pretreatment with an antioxidant such as al
lopurinol or N' -nitro-L-arginine methyl ester. 20-22) Disrup
tion of the intestinal mucosal barrier predisposes to extralu
minal egress of potentially harmful bacteria and/or their tox
ins. Attention has been focused on the role of the gastroin
testinal tract as a source of pathogens that may cross a dis
rupted mucosal barrier initiating a septic process and perpet
uating multiorgan failure. 23 .24) 

The present study was undertaken to clarify the protective 
effect of lutein on I1R injury of rat small intestine. 

MATERIALS AND METHODS 

Chemicals Lutein was kindly supplied by Kemin Foods, 
L.c. (Tokyo, Japan) and by Koyo Mercantile Co., Ltd. 
(Kyoto, Japan). All other reagents were of the highest grade 
available and used without further purification. 

Animals Male Wi star rats, aged 7 to 9 weeks (250-350 
g in weight), were obtained from NRC Haruna (Gunma, 
Japan). The housing conditions were the same as those de
scribed previously.25) The experimental protocols were re
viewed and approved by the Hokkaido University Animal 
Care Committee in accordance with the "Guide for the Care 
and Use of Laboratory Animals". 

Intestinal I/R Model Surgical procedures were carried 
out as described in a previous report with some mod
ification.26) Rats were not fed for 16 h prior to the experi
ments but were allowed free access to water. The animals 
were anesthetized with sodium pentobarbital (30 mg/kg body 
weight, i.p. injection). Through a midline laparotomy, each 
rat was subjected to 30 min of ischemia by occluding the su
perior mesenteric artery (SMA), and reperfusion was pro
duced by removing the clamp. The abdomen was then cov
ered with a sterile plastic wrap. Experimental rats were killed 
at 1 h after reperfusion, at this time tissue samples were ex
cised. Lutein was administered in emulsion as a 0.2% liquid 
solution (0.5 mg/kg body weight). 

Tissue Sampling The l5-cm-long portion of the intes
tine was excised to measure the protein and lipid peroxide 
contents and the amounts of lutein that accumulated in the 
intestine. The intestine was cleansed in ice-cold saline and 
then homogenized in 2.0 ml distilled water using a glass 
Teflon homogenizer with 20 strokes. Protein content was 
measured by the method of Lowry et al.27) 

TBA Analysis The amount of lipid peroxide in the intes
tine was determined as that of malondialdehyde (MDA) by 
the method of Ohkawa et al. with some modification. 28

) 

Thiobarbituric acid (TBA) solution consisted of 2.6 mM 
TBA, 918 mM trichloroacetic acid, 0.3 mM HCI, and 1.8 mM 
2,6-di-tert-butyl-4-metylphenol (BHT) in 22% ethanol. The 
reaction mixture contained 0.2 ml of tissue homogenate, 
0.2 ml of 8.1 % sodium dodecyl sulfate (SDS), 1.5 ml of 20% 
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acetic acid solution (pH 3.5), and 1.5 ml of 0.8% aqueous so
lution of TBA. The mixture was heated at 95°C for 60 min. 
After cooling with tap water, 1.0 ml of distilled water and 
5.0 ml of n-butanol were added, and the mixture was shaken 
vigorously. After centrifugation at 3000Xg for 10 min, the 
absorbance of the organic layer (upper layer) was measured 
at 535 nm with 1,1 ,3,3-tetraethoxypropane (TEP) as a stan
dard. 

Measurements of Intestinal Concentration of Lutein 
The protocol used for analyzing lutein was kindly donated by 
Daiichi Pure Chemicals Co., Ltd. (Tokyo, Japan). The con
centration of lutein in the intestine was determined by HPLC. 
One hundred microliters of sample was diluted twice with 
distilled water, and 200,u1 of ethanol was added. After vor
texing, the sample was extracted with five volumes of a mix
ture of n-hexane and chloroform (4: 1, v/v). After shaking 
the mixture vigorously, the sample was centrifuged at 
2000Xg for 10min. Eight hundred microliters of the organic 
layer was evaporated to dryness under a nitrogen gas stream. 
The residue was redissolved in 0.2 ml of mobile-phase solu
tion for HPLC injection. The concentration of lutein was de
termined using an HPLC system equipped with a JASCO 
880-PU pump with a 870-UV UV-vis detector. The column 
was a GL Science Inertsil-CN (5 ,urn in particle size, 4.6 mm 
in inside diameterX250 mm). A mobile phase containing 
n-hexane/dichoromethane/methanolldiisopropylethlamine 
(750/250/411) was used. Column temperature and flow rate 
were 30°C and 1.5 mllmin, respectively. The wavelength for 
detection was 444 nm. One hundred microliters of sample 
was injected into the HPLC system. We used lutein in corn 
oil as a 20% liquid solution for a standard solution. A stan
dard solution of lutein was prepared with n-hexane/ethanoll 
acetone/toluene (7/6/5/5). Good linearity was obtained in the 
range of 2.5-1 00 ng/ml (r value >0.999). 

Histological Study Samples of jejunum or ileum were 
taken after reperfusion and immediately fixed in 10% 
buffered formalin. The fixed tissue was embedded in paraffin 
and thin-sectioned (5.0 ,urn). Slides were stained using hema
toxylin and eosin to evaluate the intestinal morphology under 
a light microscope for classification. 

Data Analysis Statistical significance was evaluated 
using one-way analysis of variance (one-way ANOVA) or un
paired Student's t-test. A value of p<0.05 was considered 
significant. 

RESULTS AND DISCUSSION 

Intestinal ischemia-reperfusion (I/R) is a grave condition 
caused by acute mesenteric ischemia, small bowel transplan
tation, abdominal aortic aneurysm, traumatic or septic shock 
or severe burns. Ischemia itself produces the intestinal dam
age, but the major damage is caused by reperfusion. 1S

) I/R 
occurs in other tissues, including the stomach, pancreas, and 
cardiac and skeletal muscle. IS,29,30) Production of free radical 
species in tissue is known to cause many pathological disor
ders. 16

-
19

) Therefore, free radical scavengers play an impor
tant role in the prevention of various human diseases. It has 
been reported that the transport of lutein in Caco-2 cells is 
facilitated and involves the scavenger receptor SR_BI.31

) In 
this study, we investigated the anti oxidative activity of lutein 
using a rat I1R injury model. 
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Fig. l. Effect of Lutein on the Protein Content (A) and the Amount of 
MDA (B) in the Small Intestine after i.v. Injection (0.5 mgikg Body Weight) 

Each column represents the mean with S.E.M. of 3--6 measurements .• p<O.05; "g' 
nificantly different from the control. t p<O.05, significantly different from that in the 
absence of lutein. 

In the first part of this study, we investigated the time 
course of the effect of lutein on the protein content and the 
amount of MDA in the small intestine after i.v. administra
tion. Treatment with lutein by i.v. injection 6 h before is
chemia prevented the decrease in protein in the small intes
tine (Fig. lA). Moreover, the increase in lipid peroxide after 
I1R was significantly inhibited by the treatment with lutein 
(Fig. IB). These findings suggest that lutein that accumulated 
in the small intestine reduced the tissue peroxidation and loss 
of villi following I/R of the small intestine. 

Oral delivery is generally the most desirable means of 
drug administration, mainly because of patient acceptance. 
convenience in administration, and cost-effective manufac
turing. Lutein is now used as a supplement. Intake of antioxi
dants from nutrients as well as nonnutrients is related to 
health outcomes. Plasma concentration of lutein in rats 
reached a maximal level at 3 h after oral administration (un
published data). Lutein was therefore administered orally at 
three hours before ischemia. The gastrointestinal tract works 
as the first barrier to the absorption of nutrients. The absorp
tion of drugs from the gastrointestinal tract is one of the im
portant determinants for oral bioavailability. In the second 
part of this study, we investigated the protective effect of oral 
administration of lutein on I1R injury in the rat small intes
tine. Treatment with lutein by oral administration 3 h before 
ischemia prevented the decrease in protein in the small intes
tine (Fig. 2A). The increase in lipid peroxide after I1R was 
significantly inhibited by the treatment with lutein (Fig. 2B). 

Multiple erosions were observed microscopically after IIR 
injury. Damage to the crypt and shortening of the villi are 
typical histological findings after I1R injury. Although pre
treatment with lutein prevented damage to the crypt, the loss 
of the villi was not attenuated by pretreatment with lutein 
(Fig. 3). The recoverly of intestinal mucosa starts on the 
crypt layers. Thus, crypt layers play an important role in tis
sue regeneration. Intestinal mucosa is sensitive to I1R. In the 
case of intestinal I1R, the crypt has high reproduction ability 
in order to keep intestinal mucosa normal. It is possible that 
administration of lutein strengthens the tissue reproduction 
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Fig. 2, EtTect of Lutein on the Protein Content (A) and the Amount of 
MDA (B) in the Small Intestine after Oral Administration (0.5 mglkg Body 
Weight) 

Each column represents the mean with S,E.M. of3-7 measurements, * p<O,05. sig
nificantly different from the controL tp<O,05. significantly different from that in the 
absence of lutein, 

lOO/lm X200 

Fig. 3. Microscopic Appearance after Hematoxylin and Eosin Staining of 
Intestinal Tissue after IIR (X200) 

(A) Untreated control intestine, (8) IIR-treated intestine, (e) IIR-treated intestine 
pretreated with lutein by oral administration. 

ability. 
In this study, pretreatment with lutein could not prevent 

the loss of villi but could prevent IIR injury of crypt layers. 
Since intestinal mucosa has an extremely high reproduction 
ability, pretreatment with lutein advances the regeneration of 
intestine, and decreases the tissue injury from IIR. 

Acknowledgements We thank Kemin Foods, L.c. and 
Koyo Mercantile Co., Ltd. for providing lutein and support
ing this study. 

REFERENCES AND NOTES 

1) Sommerburg 0., Keunen 1. E. E., Bird A. C, van Kuijk E 1., B,: J 
Ophthalmol., 82, 907-910 (1998). 

2) Loong C C, Chang Y H., Wu T H., King K. L., Yang W C, Wu C 
W, Lui W Y, Transplant, Proe., 36, 2438-2439 (2004). 

VoL 29, No.8 

3) Lassnigg A., Punz A., Barker R., Keznickl P, Manhart N., Roth E., 
Hiesmayr M., Br. J Anaesth., 90,148-154 (2003). 

4) Molyneux C A., Glyn M. C, Ward B. 1., Mierovase. Res., 64, 265-
277 (2002). 

5) Kruger C, Murphy M., Defreitas Z., Pfannkuch E, Heimbach 1., Food 
Chem. Toxieol., 40, 1535-1549 (2002). 

6) Suddon 1. M., Ajani U. A., Sperduto R. D., Hiller R., Blair N., Burton 
T C., Farber M. D., Gragoudas E. S., Haller 1., Miller D. T, Yannuzzi 
L. A., Willett W, JAMA, 272,1413-1420 (1994). 

7) Iannone A., Rota C, Bergamini S., Tomasi A., Canfield L. M., J 
Biochem. Mo!. Toxieol., 12,299-304 (1998). 

8) Landrum 1. T, Bone, R. A., Arch. Biochem. Biophys., 385, 28-40 
(2001). 

9) Broekmans W M., Berendschot T T, Klopping-Ketelaars L A., de 
Vries A. 1., Goldbohm R. A., Tijburg L. B., Kardinaal A. E, van Pop
pel G., Am. J Clin. Nutr., 76, 595-603 (2002). 

10) Beatty S., Boulton M., Henson D., Koh H.-H., Murray l. 1., Br. J Oph
thalmol., 83, 867-877 (1999). 

11) Richer S., Stiles W, Statkute L., Pulido 1., Frankowski J., Rudy D., Pei 
K., Tsipursky M., Nyland 1., Optometry, 75, 216-230 (2004). 

12) Bearry S., Koh H.-H., Henson D., Boulton M., Surv. Ophthalmol., 45, 
115-134 (2000). 

13) O'Connor L, O'Brien N., J Dermatol. Sci., 16,226-230 (1998). 
14) Skrzydlwska E., Sulkowski S., Koda M., Zalewski B., Kanczuga-Koda 

L., Sulkowska M., World J Gastroenterol., 11,403-406 (2005). 
15) Harris A. G., Leiderer R., Peer E, Messmer K., Am. J Physiol., 272, 

HI71 O-H 1716 (1997). 
16) Granger D. N., Rutili G., McCord 1. M., Gastroenterology, 81, 22-29 

(1981). 
17) Genesca M., Sola A., Miquel R., Pi E, Xaus C, Alfaro V, Hotter G., 

Am. J Patho!., 161,1839-1847 (2002). 
18) Koike K., Yamamoto Y, Hori Y, Ono T, Ann. Surg., 232, 90-97 

(2000). 
19) Chan K. L., Zhang X. H., Fung P. C W, Guo W H., Tam P K. H., Br. 

J Surg., 86,1427-1432 (1999). 
20) Udassin R., Haskeo Y, Samuni A., Gut, 42,623-627 (1998). 
21) Meli R., Raso G. M., Gualillo 0., Pacilio M., Di Carlo R., Life Sci., 

61,1395-1403 (1997). 
22) Vaughan W G., Horton 1. W, Walker P B., J Pediatr. Surg., 27, 968-

973 (1992). 
23) Cicalese L., Siteri P, Green M., Abu-Elmagd K., Kocoshis S., Reyes 

1., Transplantation, 71,1414-1417 (2001). 
24) Sakai T., Yamashita Y, Maekawa T., Shirakusa T., Okabe N., Int. 

Surg., 85, 27-29 (2000). 
25) Itagaki S., Chiba M., Shimamoto S., Sugawara M., Kobayashi M., 

Miyazaki K., Hirano T., Iseki K., Drug Metab. Pharmacokinet., 20, 
72-78 (2005). 

26) Megison S. M., Horton 1. W, Chao H., Walker P B., J Surg. Res., 49, 
168-173 (1990). 

27) Lowry O. H., Rosenbrough 1. N., Farr L A., Randall 1. R., J BioI. 
Chem., 193, 265-275 (1951). 

28) Ohkawa H., Ohishi N., Yagi K., Anal. Bioehem., 95, 351-358 (1979). 
29) Dembinski A., Warzecha Z., Konturek S. 1., Ceranowicz P, Dembinski 

M., Pawlik W W, Kusnierz-Cabal B., Kaskalski J. W, J Physio!. 
Pharmacal., 55, 811-821 (2004). 

30) Reiter R. 1., Tan D.-X., Cardiovase. Res., 58, 10-19 (2003). 
31) Reboul E., Abou L., Mikail C, Ghiringhelli 0., Andre M., Portugal 

H., Jourdheuil-Rahmani D., Amiot M. J., Lairon D., Borel P, Biochem. 
J, 387, 455-461 (2005). 


