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Protective effect of xanthophylls on visual function and its
application in adolescent vision maintenance
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(1. Department of Aerospace Hygiene, Fourth Military Medical University, Xi'an 710032;
2. Department of Aviation Physical Examination, Air Force General Hospital, Beijing 100142, China)

Abstract Xanthophylls is a kind of dietary carotenoid, which is mainly located in retina, and plays an important role in
antioxidant and blue light filtration. Lutein, zeaxanthin and meso-zeaxanthin can enhance visual performance by
decreasing chromatic aberration and enhancing contrast sensitivity, and they can also prevent age-related macular
degeneration and retinal light-induced injury.

Keywords  lutein; adolescent vision; myopia; maintenance of visual function

PLE Dy e B S T AR B R T AT AU 022% . R TLA 41U B R
gy, ERE RO E AR E RN Z — o i RBFIE SR IE A AR DA TR AT B
W™ FoE A AET R R C R 550%~60%, frf e BN R, Har S ARERT & 0 Bl ey
29,5 iSO LR E BA30%, i TARES IR HAESM R E A EZE LI B, 20y

7% H A (Date of reception): 2017-05-28

iB{E1E#E (Corresponding author): 574, Email: qilinsong06@gmail.com

E £ 11 B (Foundation item): 4% 7% & % B Bl A #R8 (KZ2016018) . This work was supported by General Hospital of the Air Force Research Project
Foundation, China (KZ2016018).



172

MRB}2£4R, 2017,32(3)  ykxb.amegroups.com

G FTE ORER R, I B, BZERTR R R
EINRE, WX BUREE | LR AR, A RS e
FAARE I FTARRE Sy, B 2 BRI A g5 5 88 g
SEMEAL P, Ak, e a IR iR
KW AT AT R SRR 7, B e LT U | B
R 22 . 3958 X UM A, HEPLR) vl BE 5
FRRMOCUE S AP A O . A SOt i 3 &K
Wy B AE IR A B A 6 A0 5E D RE Y R e 2R AT
] B 45, I X LA 7 A0 AR AL ) 4 T BEAF AE /Y
VERIEAT 34T

1 MHMEZREYMREARPHSH

KHE P RERACRY -0, BAIk
W EOL MR IBOETE , AE R S B T g 2
A, W D F e H AL S S5 A8 RN il M 0 S
BRI R, FEOREMTERMEKE
. MERMERERLEEENG R, Higid
o HEARE SRR, FER A TIRG A5
i T KRBT IR B2 4Lt
ERM M E R B, AR R ERE
RMNHEREKRER, FEZMH RN R
Ry, AR AT LUNRCR A axX e (R B AR
FF A A D B R DX, R IR BB L T
BN e e B0 B IX I8k, RS R . A
BEPLMXE, EXRERMEESHERNIE
Zy2.4:1, T BAE AR R0 R 320 B R i 0 L
R B, K B E i L A AR R R B
TEALR B Jil i1, KB R 5 M B R & 10 e
N1:2. BoneZEU WS A HL . fEEBEPLM, EoK
R SNHREARBER 2L FEAER, JFH, X
3P R AL W BEX LT 2 S A7 7E . N IH IE E oK
R Y HOA R BRI, REETR
WA ZArp, T B R S B OK B R R AR T
B, R BAFAE T I E SO SR, 2
FEIE T R B I R IR R AT A P B R K
., H EIR T BE K B ER AT A B XY
Ta, RPN NI BE K B AT g, JF R I
Wz 5 B AL JIEE 2 21

DURR T 8 B XY i 3 38 28 00 3R W ol R Ol
BEMR, WO R EEE DTSN ARZ AN AR
2o MR R OK R A R KR IR FE460 nm
b, 3 A TR OISR K e e R R O, LU
A S Ol )= L O 7 e S A 1P = A

TR e 2 4 B 3R K 9 3R A A oY e
HLEE . AT AR R SN A i, BN PR
AT LAY B o A 40 el i, P T D A R I
ol T A A AR FESE ) b, rh R
K8 R AL — DA, (HFEAE E, WA
HAAMEL X FHER, EREE. K
T 5K B3R BT SR O LR ARAE AT, i R
HAERR A E R M I sk, R EoK
B R RN TH e R K BTSRRI R i
(9 0 A B AT R SGE , FOR B 3R A T e ROk R
B 22 114 73 A T P A0 o e L % SR A N A 4
HPE R X, EE S GUA Y R, B R AL
PR R R Xk B R A LT A i % i Y X
W, EERFEOCIREAEN . WA AR AL
(14 1 P AT o e R o 58 ) A IO 0 5 L B e R A
JE, BE AR IEAL 5 IE T AR B AT

2 EHBEEREMIEINEE

UTAE SR KR A BF g R W . BB 3R T i
ZAJ7 R m A Y RE . WG By Uk A AR AT s/
6, 22 I T B v PRABORE SO e AR . PR
KB ZR AT R 5O R S A R, AR RO IR
S I [R) RN 28 4% 3o B, T4 5 BB DB

5O P 2 2 2 g R IR BB Y ANl . AH T
THA KOG, RP K O TE R &= AR B AT 5
RE AL IO 0, AR R g AR
Stringham%[”]ﬁfﬂ: R T B D 28 W i 0
460 nm Ak BEURPE R A, B 7R B BE 6 3R W] 0 Wi
M REEE, IO LA, R O R O ek
T, JFH, EEAREEBR, XML
(R T A2 PR R AR, AN (LR ol 1 it e B €5 3R % R )
AL I 2 DRI PO B S MR AN GE , A I e
FAAEN,

O Ry RO AT AR S RE, I A AE S BOHAE
HF R R Y K R Stringham%[lg'zo][ﬂ@ﬁ%%\%%; 4
TR FDCERE B KR ECT, &% SR
R PRAE A R B, SR BB R AT U
HERER, FERE;T RN AT, RE
g E N, o] o R ROt e RE L IR
POLR AR, JF H, YRR R E R A R
PER S VLIRS U ) W

O 7 K S I ]2 DA 40 D) BE 1Y) B B4R A
Z— o ERTE N IR BRGNS R OE E A



2 K B LS DI RE I PR APV E T AR AR D e OB s, 45 173

BLRET ], RSO 6 R I H S AR K R D) BE Y B
. A RS RO R A,
DIV P S P TR B g, AL T AR S BB X M BT
BESF X AR WD 7O S A r O R R,
MR 7 AR ] . I o, &b 50 i 2 5O 0K
R, YN K B E B 46 % . Hammond
SIS R 3 H R H AN SR # K (10 mg/d)
L EKBR (2 mg/d), AT P& R R R
WU T, JF ) W R A 25 40 B KOG
WK ], HAA — AR TR, AL
B R A . eI RE R AR R AHE, Wb
BT R B TR L AR S R AR B,
EAE DI RE B3R W, X Al BE 4 i I
R PAE B A W AN, B A B — o iy #8 B il
T RE,

BIE A 3R AN AR 2 e T RE L H R AR 2
ST Hamsh, ARt eoR: fhsE
FEAFE R E ERER M. JFHAEZE AN,
R R EERH, BRI E K B
HEHEPIRI B TAR R RN O ROk
F, LR R AT A RE T . X s g
PR . ANIRARNE , X St R B AR R R B b
NHINFIBE Ty, e HoALH ] BE 52800 8 b A B
SR [a] B R A A T OC R, XL hE
AR R il 3 5o 200 () A BB R, DR/ Bl 8 A% 3 1)
I fa]

SEHMBESFTLFMAN

NPT RN A5 B 909 2 38 it 490 38 3 3K
R0, LEHURE | X U RO | ST R S
PG T BE 1) T B P 2, I R A A D R R B X
IRERI T #E s RIEE, X FL AR | a7 AR ES ) 2
RGNS BT, AT N Z A4 A
FIZ TE 75 20 4 1 T 43 SR s

IR T A AR WL JEDE AR I, R R
HOEGOMERNEEGERHEE, £F2 kiR
RIRPEZE, PEAERIFERE N EZERKNZ
—o IRE, BAMEMARREZEDEIRLL L,
TN DR, BaEEkE—, REFDFEF I
B, h/NFEAR HRIEFH S0%~70%, Hrh
HikE Erik80% L b, I H Sk ek 3
SO e A K = Ak N U K S W (A Rl

WO B 3 L A R L R Sk R 1 TR B 2 )
M, 4 R 280 A AR IT R Rl T O, AR il
WK SBOEMM KA SRR, B IR 36 R
SRR A BN . ARk, ARE
EESE: MR ERSIRMAFIMNER, Liewss™
K ILHBE 0 R % S AR 2 oA e, TR B AR B
K5 B0 R R R DG, B AR Gl R
A B 0 R B B B IS A A O B
E, MEKPOH TELRENEROER, EER
UHE A NE (IR G I E) 11 (7 S O S v =RV | AN
FER R . BRSSO E E R A R . B T
PR, IRFZE AR K, B R % %
MR A, JF7F o B AR POt B, Hogy
M IR AT 68 A 3 AR HR R il A 48 4, S B0 AR A
Do 5 JEE 3 A R, o O 7 v B R AR,
b A LN T o (A NSVl 5 o PR e /A
MM A e E BB RV R, EAEN T
BB R B, van der VeenZE PO E]F:45
HTBEEE o KR B £ 3R B EL A A G
PR, TS R A A A A DG . X SE bt
FEHEIR, BRI R0 R A R R B3R
YIAH G, AHN R 32 5 B B 00 38 % & A5 & 4 il iR
MR, AR EZ MRS, XN BIA T
AR BRAL T 0 5 o

N A B A S AT 55 R T 5 R AL 5
PR AR B B M L A, BRI A AT
HRE SR UL PR L9 W e i A IR W, (HAR 2 D AR AR
A TR St g I R AR T BT, E LR
hAER . P of th Z ARSI, 4 e AR
IE L OEMEON Eedee . IR E . ROzt
&, FEIRTEFEE TR, W TR X b R
JEE R ST ARG SE D R R BEAR, i T ) TR R
Mo B BESPIBI LB TR R
AT 2% ff A% 57 AEAR, B SUIR IR A . SR
A DR R & S ah( DOR | Db o) o
5 TH B SR . PR AR R S B R A
B AR, A T B R nT R R R T
BEo [AIEE, 20N sh s s . rh
PR L A I R T G S R B R R A,
il 2k SR AR L SR L, DT 4 A0 T ) 235 4
Uife . XEEWFITHEIR . mh B R W i A e g
B EAAE FH AT U8 A A0 IR0 S 41 it 5 D' A5 515 A 45
L RIEE IR H L T RE .



174 MRB}2£4R, 2017,32(3)  ykxb.amegroups.com
4 #iE 32(2): 86-87.
4. Scripsema NK, Hu DN, Rosen RB. Lutein, zeaxanthin, and meso-
BHOENKRGEREELCTFEZR RN ERE, & zeaxanthin in the clinical management of eye disease[ J]. ] Ophthalmol,
RLE DI RE R 257 & WO Y 45 B RAE 55 . B 2015,2015: 865179.
25 E A I IR 440 1E R T RE S BT Bl i B & 5. Stringham JM, Garcia PV, Smith PA, et al. Macular pigment and visual
HARGHIAEERREY EAR, CAEMR [4'6’37'38]%\% performance in low-light conditions[J]. Invest Ophthalmol Vis Sci,
B AbFTm R AT AR A ) A R R S 2015, 56(4): 2459-2468.
TEETE bR, SR, BT MRS IR E T AR I 6. Nolan JM, Power R, Stringham J, et al. Enrichment of macular pigment
e & R AESE H mii& 2> , H /0 AR B B BE D, % 2R enhances contrast sensitivity in subjects free of retinal disease: central
FHEWAEEEYS%2H, XWHEEITFZ205% retinal enrichment supplementation trials—report 1[J]. Invest
B RREA X IR . R, 422 %Rk s g e St . Ophthalmol Vis Sci, 2016, 57(7): 3429-3439.
TR 2 AT BB (e 2. EUE S 7. S OCH, B DR TORER SR S
MR S YIAEE, MU s O E S EE S 2370, HBRIRFHA YL, 2007, 31(4): 229-231.
AR K BRI IE M R R, e WEI Lu, HUANG WenLi, FAN Ying. Lutein, zeaxanthin and AMD([J].
PR E IS, International Review of Opthalmology, 2007, 31(4): 229-231.
2/% AR , IH‘ /ﬁf % gé % Dﬁ: GBS DA ﬂﬁ o /ﬁz 8. Bone RA, Landrum JT, Fernandez L, et al. Analysis of the macular
JH e 470 %A RE T F G R I 5 41 i 1 25 A4 A ) pigment by HPLC: retinal distribution and age study[]J]. Invest
. DTS IE 0Ly . XF R FE % 9 50 Opbthalmol Vi Sc, 1985, 29(6): 843-849
:J:Elb )F,—T; , # nJ ﬁg 5 %5 /> ﬁi T A A A ﬁ%ﬁ %ﬂx ﬂ] £ 9. Bone RA, Landrum JT, Hime GW, et al. Stereochemistry of the
KR, EMYMAN T EZ LY, IR EHOER human macular carotenoids[J]. Invest Ophthalmol Vis Sci, 1993,
BENE(E, TR0 A B B B0 5 A 34(6): 20332040,
@J - /:Hg: A FH 1 ,ﬁ; JEE| , {B /ﬂ"’] %5’ E g i WF ?.E g/ﬁ iF . X 10. Bone RA, Landrum JT, Friedes LM, et al. Distribution of lutein and
B 57 AR AT BE 22 48 B T [E 35 /0 48 1 A0 i AR i fat zeaxanthin stereoisomers in the human retina[ J]. Exp Eye Res, 1997,
HE. JEAEA T MBS R L si) 21118
11.  Snodderly DM, Auran JD, Delori FC. The macular pigment. II. Spatial
distribution in primate retinas[J]. Invest Ophthalmol Vis Sci, 1984,
Sk 25(6): 674-685.
12. Beatty S, Koh H, Phil M, et al. The role of oxidative stress in the
1. TR, EHERE, R 2 IR ET AR LI R R A S R pathogenesis of age-related macular degeneration[ J]. Surv Ophthalmol,
BrJ]. B2, 2010, 90(7): 439-442. 2000, 45(2): 115-134.
XIE Hongli, XIE Zuoxie, YE Jing, et al. Analysis of correlative factors 13. Bone RA, Landrum JT, Fernandez L, et al Analysis of the macular
and prevalence on China’s youth myopia[ J]. National Medical Journal pigment by HPLC: retinal distribution and age study[]J]. Invest
of China, 2010, 90(7): 439-442. Ophthalmol Vis Sci, 1988, 29(6): 843-849.
2. MRz, BRIEE, FEh3E. AN [R5 01 i 5 A4 o P 14. Johnson EJ. The role of carotenoids in human health[]J]. Nutr Clin
BRI RS R[], o E SRR, 2012, 30(1): 61-64. Care, 2002, 5(2): 56-65.
CHEN Yunyun, CHEN Shihao, WANG Qinmei. The correlation of 1S.  Kim SR, Nakanishi K, Itagaki Y, et al. Photooxidation of A2-PE, a
two different subjective image quality metrics to two different optical photoreceptor outer segment fluorophore, and protection by lutein and
quality metrics[J]. Chinese Journal of Practical Ophthalmology, 2012, zeaxanthin[ J]. Exp Eye Res, 2006, 82(5): 828-839.
30(1): 61-64. 16.  Junghans A, Sies H, Stahl W. Macular pigments lutein and zeaxanthin
3. FEARE, ARAEE B, A 3 as B RAT A DL BRSO B STHIE as blue light filters studied in liposomes[ J]. Arch Biochem Biophys,
TR ——E 1 J]. 25 FE A4, 2016, 32(2): 86-87. 2001, 391(2): 160-164.
QI Linsong, ZOU Zhikang, TIAN Qing, et al. An empirical study on 17. Stringham JM, Fuld K, Wenzel AJ. Action spectrum for

medical selection of flying cadets with distant vision between PLAAF

and USAF[]]. Journal of General Hospital of Air Force, PLA, 2016,

photophobia[J]. ] Opt Soc Am A Opt Image Sci Vis, 2003, 20(10):

1852-1858.



2 K B LS DI RE I PR APV E T AR AR D e OB s, 45 175

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wenzel AJ, Fuld K, Stringham JM, et al. Macular pigment optical
density and photophobia light threshold[]J]. Vision Res, 2006, 46(28):
4615-4622.

Stringham JM, Hammond BR Jr. The glare hypothesis of macular
pigment function[ J]. Optom Vis Sci, 2007, 84(9): 859-864.

Stringham JM, Bovier ER, Wong JC, et al. The influence of dietary
lutein and zeaxanthin on visual performance[]]. J Food Sci, 2010,
75(1): R24-R29.

Stringham JM, Garcia PV, Smith PA, et al. Macular pigment and visual
performance in glare: benefits for photostress recovery, disability glare,
and visual discomfort[J]. Invest Ophthalmol Vis Sci, 2011, 52(10):
7406-74185.

Hammond BR, Fletcher LM, Roos F, et al. A double-blind, placebo-
controlled study on the effects of lutein and zeaxanthin on photostress
recovery, glare disability, and chromatic contrast[ J]. Invest Ophthalmol
Vis Sci, 2014, 55(12): 8583-8589.

Nolan JM, Loughman J, Akkali MC, et al. The impact of macular
pigment augmentation on visual performance in normal subjects:
COMPASS[J]. Vision Res, 2011, 51(5): 459-469.

Vishwanathan R, Neuringer M, Snodderly DM, et al. Macular lutein
and zeaxanthin are related to brain lutein and zeaxanthin in primates[J].
Nutr Neurosci, 2013, 16(1): 21-29.

Renzi LM, Dengler MJ, Puente A, et al. Relationships between macular
pigment optical density and cognitive function in unimpaired and
mildly cognitively impaired older adults[J]. Neurobiol Aging, 2014,
35(7): 1695-1699.

Bovier ER, Renzi LM, Hammond BR. A double-blind, placebo-
controlled study on the effects of lutein and zeaxanthin on neural
processing speed and efficiency[ J]. PLoS One, 2014, 9(9): e108178.
Bertram JS. Carotenoids and gene regulation[J]. Nutr Rev, 1999,
57(6): 182-191.

Liew SH, Gilbert CE, Spector TD, et al. Central retinal thickness is
positively correlated with macular pigment optical density[ J]. Exp Eye
Res, 2006, 82(5): 915-920.

BB, TR, KA, S AR E B RS S IR Y
AERPEDFFELT]. AR R 2%, 2011, 27(5): 486-488.

TONG Nianting, WU Xingwei, ZHANG Wei, et al. Correlation
between macular pigment density and ocular axis length in young
people[J]. Chinese Journal of Ocular Fundus Diseases, 2011, 27(5):
486-488.

van der Veen RL, Ostendorf S, Hendrikse F, et al. Macular pigment
optical density relates to foveal thickness[ J]. Eur ] Ophthalmol, 2009,
19(5): 836-841.

BRI, PhELL, IRAEIE. 1208155 DA R IR 7 40 B b g

32.

33.

34.

3S.

36.

37.

38.

PP )], s E AN, 2015, 9(12): 179-181.

LUO Miaoging, ZHONG Yuhong, XU Junhui. Treatment analysis and
nursing intervention of 129 teenage pseudomyopia cases[ J]. Chinese
Journal of Modern Drug Application, 2015, 9(12): 179-181.

WRAIZ, WEZEF, TR IS, 45, LA e SO IR G YT 7 D4
JEYEARIE TS 57 [ 7], E PRIRRLARE, 2017, 17(1): 121-124.
CHEN Lirong, YAO Junping, ZHANG Yizhuang, et al. Clinical
effect of esculin and digitalis glycosides eye drops in the treatment
of teenagers apparent fatigue caused by ametropia[ J]. International
Journal of Ophthalmology, 2017, 17(1): 121-124.

TENLE, XU, B SCHE, 45, iR AL I 57 IR R )],
rhE I PRI 24, 2010, 13(4): 419-420.

XIA Liying, LIU Weijia, GE Wenjin, et al. Clinical observation of lutein
on alleviating visual fatigue[ J]. Chinese Journal of Clinical Healthcare,
2010, 13(4): 419-420.

R, MRIGEW]. BT TN 9 R Dl B 2 A LS RE R 2
W[ J]. E R, 2008, 30(5): 438-442.

MA Le, LIN Xiaoming. The responses of visual function to lutein
supplements in people with long-term display light exposure[ J]. Acta
Nutrimenta Sinica, 2008, 30(5): 438-442.

Sasaki M, Yuki K, Kurihara T, et al. Biological role of lutein in the
light-induced retinal degeneration[J]. J Nutr Biochem, 2012, 23(5):
423-429.

Barker FM 2nd, Snodderly DM, Johnson EJ, et al. Nutritional
manipulation of primate retinas, V: effects of lutein, zeaxanthin, and n-3
fatty acids on retinal sensitivity to blue-light-induced damage[ J]. Invest
Ophthalmol Vis Sci, 2011, 52(7): 3934-3942.

Renzi LM, Hammond BR. The effect of macular pigment on
heterochromatic luminance contrast[J]. Exp Eye Res, 2010, 91(6):
896-900.

Richer S, Stiles W, Statkute L, et al. Double-masked, placebo-
controlled, randomized trial of lutein and antioxidant supplementation
in the intervention of atrophic age-related macular degeneration: the
Veterans LAST study (Lutein Antioxidant Supplementation Trial)[J].
Optometry, 2004, 75(4): 216-230.

LS| A WhH, AR I ER 2 B L S RE A R R
R HARTE AR T i R A ], IR, 2017, 32(3): 171-175.
doi: 10.3978 /j.issn.1000-4432.2017.06.11

Cite this article as: YAO Lu, QI Linsong. Protective effect of
xanthophylls on visual function and its applica-tion in adolescent vision
maintenance| J]. Yan Ke Xue Bao, 2017, 32(3): 171-175. doi: 10.3978/
jissn.1000-4432.2017.06.11



