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Figure1l View of aLycium barbarum plantation in Yinchuan city (a) and China/Ningxia Lycium barbarum industry fact data (b) (data source: The
Ningxia Hui Autonomous Region Government and Ningxia Beryl Goji Company)
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Figure2 Chemical structure of zeaxanthin dipamitate (C;2H11604; CAS No.: 144-67-2)
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Tablel Contentsof carotenoids in fruits of Lycium barbarum and Lycium ruthenicum after saponification (fresh weight)?

% HA GIER U] PERER: ] B
T H A
Mifd % 22.05+2.40 14.41£2.76 77.16+28.26 381.60+26.78
B- e 5 - - 3.00£0.05 17.59+4.81
B-EAE % 12.91£2.29 10.18+2.76 16.70+3.45 28.99+6.46
J58 53 44.36+2.38 21.70+3.23 105.36+28.26 508.90+20.31
R AR
Mifd % 7.97+0.45 6.59+0.48 4.65+0.43 -
B- e o - - - -
B-TAE % 18.01+1.04 8.48+0.65 3.22+0.44 -
MR 34.46+2.18 25.97+2.00 9.57+2.00 0.01+0.00

@) (g o BEL. o A R 5]
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Table2 Geneinformation involved in carotenoid metabolism of Lycium barbarum

HE4 A BEAE I (bp) FILWR K ¥ (aq) AR %38 Ik
1- 5 S AR -5- 5 2 G 1 1(DXSL) 2154 717 b
1- 58 SEUAR P -5- B R 6 L 2(DXS2) 2139 712 2
INATF LR A BEFL(PSYL) 1239 412 2
INAF ML TR A EF2(PSYL) 1323 440 =
INA ML R B ATF(PDS) 1749 582 =
C-9E bR R (Z-190) 1122 373 &
- bR WA (ZDS) 1767 588 2
W% N K FHEF(CRTISO) 1815 604 i
F 4T Z L EE(LCY-B) 1506 501 2
F AR e LA (LCY-E) 149 498 =
A AR 5 4 R I LA (CYC-B) 1572 523 =
PASOMIET % | % IR (L (CYPI7A29) 1818 605 b
P4507I | K e¥2 L (CYPI7CL1) 1644 547 =
R ML R BT & b KB ILF1(CRTR-B1) 915 304 &
AR ML R BRI & b R BFR 1L 2(CRTR-B2) 939 312 &
Tk ¥ K I AL (ZEP) 1989 662 2
S T A S AL (VDE) 1413 470 I
9- A A S A B b 2 XU A R L(NCED1) 1824 607 2
9IS EH B b 2 XU A il 6(NCEDG6) 1764 587 2
HHAH N R ZE AN E LA (CCD1A) 1623 540 i
RTHE | 32U 4 B 4(CCDA4) 1800 599 £
A ORI E MRS HA(CHRC) 966 321 I
PR 1 1(0r1) 906 301 i
P& 3R 1 2(0r2) 945 314 i
PO H 21(HSP21) 711 236 =

RITPrL, TRMCLORMAR TR EA LA
T2 Ty B RS 3R, Bl S v iy e
W N B ARH A, B AR 17 R T AL S )
N R BRI

3 FRdel I M PR IEHLHIRT 52 3k i

i RC 21 28 6T JHT- 200 6L AT R 0% O 4/ B S el
IR R AR Kim&E NS i & 3, b fE ML
P2 Y A AT 2T 2 AR % 0 2 A AR A BT R R R
(Rattus norvegicus) |toZi fid £ B+ Fn-A B IR Y fiE
71, M HE 2% i B U ALk 1 R 1Y Kupffer 48 i 4 i [
o FIVE AR I BT FIAD £ 2R B AR BE ) KR
R (silybin) M1 5. #5380 B A 45 4L (bile
duct ligation, BDL)l#& BL2k & 1 JE I i AR S 47
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Yefb by, kP SE6/E 4 H T IR25 mg kg M HIAL
AFEGE, RE—BEFS . FLF 4 A T
AR IR T AR B T M YRR B R RO AT
20 AE K B LOJE 02 PR TR RS PR g D P B A v & B, H 26
5~10/# 45 H # B 25 mg kg #IAC 2T 2 fE % 18 1o P35
MAPK I % {3 o0 R 405 7, o — 4 (R A
TR IR, MFCLL Z A& PR RN 0 JHT- 440 6 44 e s 5 —
TR EAEP2XT, IR R Z RS K21k, (55
13X 34~ A2 A T i T R 41 P9 AM PK - Fox O 33
B, R B TR A W K Y = s, HINLRP3
RAE/IMEIIE B, 3K BN S22 ) R0 . AR T
FEAL R BN 5 45 R (XiaoSE N, S5 R TR).
A, ABFFY LA K BRAE RT3 B (Hepatitis
B, HBV)#: /N (Mus musculus) & IR A5 PE NS
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Figure 3 Structures of three carotenoid glycosides isolated from dry
fruit of Lycium chinense

Jif 4 B & (non-alcoholic steatohepatitis, NASH) #1
Hr, A2 mg kg HIFC LT ZE X C R R . AR
7 A3 25 L AT 2 i RS 2 B W s RO, B R
IR B A W2 BT An] W] 8 B9 @A T (LTS8 N, 4551
REIR). o TIRE AT LR, @il VAR ZHF
5 N 3546 A [ B JBE 14 I PR 91, e L 3 58] — e

B AT A B W Ah TR B 2 W ok IR B ks 2 RN
AT RS P g o 2 B 0 88 40, X6 19 N 1 B 1 it
B HEERE L.

Il PR 136 T7 AR (an 2 vl . AR
T J- B A0 R ) B e AT 380 SRR AT I RS A (22
F T A BRI B P 0 IR e RS S e HE R L FAR KL
W Sk L, 1R 22 RRE AR ME T 52 B JH B AR T R 1 A A7
P i) P9 22 K T2 355 o 1 i O 3 T T A0 i RS A
(AR B8 2 7 R AR AR SR IS TR R i, X T
SV T e o A R T I 2 9 W DRI T 8O A 2
2 PO (H 2 ORI L 2 A R R A
FET- R, SR MR ACRIRAL. R4l & B,
16T 40 5 35 5L b 74 380.5 pmol L~ M4 41 %2 hif
DRTE S = N[5 i 1 B et ) R N 1 e W
o7 AR RE 35140 B BB 7 LA SR YT SO I i 40 i A A
M, H 322 ML 2 38 1 Raf /M APK G [ 4
1 5 4% microRNA-210 32 ik 7K F-. #microRNA-210
() 2R 3R AR B Ry, Y2 R e T AN B AR B B 0 e
F1 R RLIA YT I iR 12,

E K 2 (zeaxanthin, 3,3- K E-B-THE K)
55 H R o3 S M A 8 K (Tutei n)— 2 B IA Sk & P R
YA, XTI AN BB | Bk

£3 BAMABRBTENRTHERE MREWREE (N 450 nmb Rl & B FoR) R4 E?

Table3 Relative carotenoid contents (expressed as proportion of total carotenoid peak area at 450 nm) and spectroscopic of carotenoidsin green

and ripe fruits of Lycium barbarum?

B N ELRI ) S L IM-H mz M+ i
KIE PRRTE%) KHIE PRRTE%)
al-trans-violaxanthin’ 13.2+0.3 n.d. 600 601
all-trans-neoxanthin’ 6.1+0.1 n.d. 600 601
all-trans-antheraxanthin® 3.5+0.6 n.d. 584 585
al-trans-lutein’ 36.1+4.2 n.d. 568 569
all-trans-zeaxanthin’ 6.6x2.7 0.6+0.2 568 569
all-trans-p-carotene’ 21.2+0.1 0.8+0.2 536 537
9-cis-B-carotene 4.4+0.7 n.d. 536 537
13-cis-B-carotene 2.0£0.5 n.d. 536 537
all-trans-lutein monopal mitate n.d. 1.5+0.4 806 807
all-trans-zeaxanthin monopal mitate n.d. 3.4+0.2 806 807
all-trans-B-cryptoxanthin monopal mitate n.d. 51x1.1 790 791
all-trans-antheraxanthin dipalmitate n.d. 1.0+0.2 1060 1061
all-trans-zeaxanthin monomyristate monopal mitate n.d. 1.9+0.4 1016 1017
all-trans-zeaxanthin dipal mitate’ n.d. 80.4+0.6 1044 1045
all-trans-zeaxanthin monopal mitate monostearate n.d. 1.1+0.1 1072 1073

a) *: flIFREY) SE; nd.: TEREAGTIF
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SRR B AL S5 B A B AR VA ek, B-
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B B R ABE DR L 2 7E 2 Rl A3 21 T UESE.

4 JEp

SEIF. BHE A — B R BRI B
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Z MR WA B WA AR R, (R R
REMEXT HA B WG, LASCH W22 & B R | #2240
13 FES R 453 005 7 3 48 - 1 DR B VR R 75 1 — 25 0 5T
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FER AR, TRECH S A A RCRAR (M AL 2L R
28 1A BCH A A 288 ) D R E A 2 R 45 an 1)
fig, WRERARMANE L Z —. EORIIHFELE
HR T 0 AR RN Sl AR HR A I R N HR AT 2T
Ko H U o 2 5 B & RUHIR Y7 3K e,
o7 e e Ay B ) o A
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R 2 M 5K M o AN TA), MAC 20 38 02— 2K R
YR E. A I AR YR B AR A R N B
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MR E K G # AR T, SELaEW
MIFC LT R RE AR I, EA BEFEHE s, H
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R, M2 E W —R (G mo) kA T B AL
BRIR-MIATLLL Z J59~24 hifil 3tz A4 1y ik ) 141,
Ui B R AL 1 M AL 2T 2 HL AR BR AL TR R M AL 21 AR
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W, P R B O A R SO IE SE oK B RN TR
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Wolfberry is atraditional “affinal drug and diet” in Chinese and Eastern cultures, which is thought to nourish the liver,
kidneys, and eyes for over one thousand years. Modern scientific studies have proved that wolfberry and its derivatives
could prevent and treat a variety of diseases of the liver, gut, retina, neuron, and kidneys. However, due to its nature of
mixture of a large number of constituents, it is quite difficult to delineate the major effective constituent and therapeutic
mechanism responsible for those beneficia effects. This review will briefly introduce the recent progress of the botanical
characteristic, metabolism, structural classification and disease therapy of the major constituent—zeaxanthin dipamitate
(ZD)—and its derivatives from wolfberry carotenoids. In most published literatures, the health-promoting properties of
wolfberry were investigated from Lycium barbarum polysaccharides, which were mixtures of mostly carbohydrates and a
small part of pigments/proteins. Recently, we isolated wolfberry into 5 parts, including polysaccharides, lycibarbars-
permidines, polyphenols, phenylpropionoyl phenylethylamine, and carotencids. By using several disease screening
models, we found that the carotenoid extract of wolfberry could, at least partly, represent its disease prevention and
therapy functions. Since ZD was shown to be the major constituent (~81.5%-87.5%) in total carotenoids of wolfberry,
we considered that ZD could be a representative constituent of wolfberry. Thus, we firstly investigated the molecular
mechanisms for the storage, synthesis, and degradation of ZD and other carotenoids during Lycium barbarum growth.
Then we isolated and characterized all 15 carotenoid constituents from wolfberry. It was found that free carotenoids were
the main pigments of immature wolfberry while esterified carotenoids (e.g. ZD) consisted most of the pigment materials
in mature fruit. Thirdly, we reviewed the protective effects and possible mechanisms of ZD and its derivatives on liver
diseases (e.g. acute liver failure, alcoholic liver injury, non-alcoholic fatty liver disease and viral hepatitis), stem cell
injury and transplantation, cardiovascular disorders, eye diseases, and other digestive system syndromes, including
tumors. In addition, possible future research directions and contents of ZD will also be discussed, such as (i) can ZD
represent most of the beneficial functions of wolfberry, or synergistic promoting effects are existed between ZD and
other distinct constituents from wolfberry (e.g. lycibarbarspermidines or polyphenols)? (ii) what is the optimal
consumption dosage of ZD in daily life and is there any adverse effect of this kind of carotenoids? (iii) what is the exact
metabolic pathways and tissue distribution after ZD consumption? We strongly believe that delineation of those
questions will definitive promote basic study, clinical application, and industrial development of wolfberry in the world.

wolfberry, zeaxanthin dipalmitate, metabolism, ther apeutic mechanism

doi: 10.1360/N972017-00262
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