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Abstract: Green walnut husks of Juglans mandshurica is the exocarp of the immature fruit of Juglans mandshurica. It has been used
for thousands of years as a traditional Chinese herbal medicine. It is mainly used for antipyretic and detoxification, antibacterial and
anti-inflammatory, analgesic and anti-malarial, and so on. In recent years, its anticancer activity has attracted widespread attention
from domestic and foreign scientists. Modern pharmacological studies have shown that naphthoquinones are the main anticancer
active ingredients of green walnut husks of J. mandshurica. In this review, we combed the naphthoquinone chemical components
extracted from green walnut husks of J. mandshurica and described the chemical constituents of naphthoquinones with strong
anticancer activity. It provides an important scientific basis for clarifying the pharmacodynamic basis of the anti-cancer effect of
Chinese medicine green walnut husks of J. mandshurica.
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Table 1 Naphthoquinone compounds from green walnut husks of J. mandshurica

HEX 53

= I e AN VAT S
T &Y AFR ¥ B SCHR
1 1,4-Z8 (1,4-naphthoquinone) C10HeO2 158 2
2 #ABkER (juglone) C10He03 174 3
3 2-Fi3E-1,4-25f (2-methy-1,4-naphthoquinone) C11Hs0: 172 4
4 23-THIRSFE-1 4-ZE0E (2,3-dimethyl-5-hyroxy-1,4-naphthoquinone) C12H100;3 202 4
5 23-&-5-FRR-2-HIE-1 4-Z80E (2,3-dihydro-5-hydroxy-2-methyl-1,4-naphthoquinone)  C1iHi0O3 190 4
6 2,3-EA-5-F2%-1,4-Z5fR (2,3-dihydro-5-hydroxy-1,4-naphthoquinone ) C1oHs0s3 176 5
7 5-§33E-2- 2% E-1,4-250E (5-hydroxy-2-ethoxy-1,4-naphthoquinone ) Ci2Hi004 218 5
8  8-§83L-2-2.%H JE-1,4-25ME (8-hydroxy-2-ethoxy-1,4-naphthoquinone ) Ci2Hi004 218 5
9 34-°45-6,7 ZFH-1-ZE/E (3,4-dihydro-6,7-dihydroxy-1-naphthoquinone) C10Hs03 176 5
10 5-F%HE-1,4-Z56 (5-methoxy-1,4-naphthoquinone) C11Hs0s3 188 6
11 2-38%-1,4-Z%% (2-hydroxy-1,4-naphthoquinone) Ci10H¢O03 174 6
12 2,5-Z¥8%E-1,4-Z8F) (2,5-dihydroxy-1,4-naphthoquinone ) C10HeO4 190 6
13 3,5-°¥84E-1,4-Z8) (3,5-dihydroxy-1,4-naphthoquinone ) C10HeO4 190 6
14 5,7-2F32%-1,4-Z5f (5,7-dihydroxy-1,4-naphthoquinone ) C10H6O4 190 6
15 58-_F%-1,4-Z8lE (5,8-dihydroxy-1,4-naphthoquinone ) C10HeO4 190 7
16 5-¥p3:-3-F%-1,4-250% (5-hydroxy-3-methyl-1,4-naphthoquinone) C11Hs0s3 188 8
17 13-&-5-#F-0-FF-1 4-Z5fF  (1,3-dihydro-5-hydroxy-2-methyl-1,4-naphthoquinone)  Ci1H10O3 190 8
18 5-§2%E-2-FI%E-1,4- 28/ (5-hydroxy-2-methy-1,4-naphthoquinone) C11Hs03 188 9
19 8-Fadk-2-F4HHE-1,4-Z50% (8-hydroxy-2-methoxy-1,4-naphthoquinone) C11HgO4 204 7
20 2-HAAFEEHIHEER (2-methoxyjuglone) C1iHsO4 204 10
21 3-HEKEHHBEER (3-methoxyjuglone) C11Hs04 204 10
22 3-ZAKEHBEER (3-ethoxyjuglone) CiHi004 218 10
23 S-JRHL-3-HEIL-7-FIE-1,4-25]  (5-hydroxy-3-methoxy-7-methy-1,4-naphthoquinone)  Ci2HioOs 218 11
24 B-EHALIABKEE (B-hydrojuglone) C10Hs03 176 12
25  o-EALEIBkER Co-hydrojuglone) C10H1003 178 12
26 ARk ZERR [(S)-regiolone] C1oH1003 178 13
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Table 2 Naphthone compounds from green walnut husks of J. mandshurica
B N Wy
TS HaEy) 77 Pt SCHR
27  (48)-4-F23E-a-PUSZEM/ [(4S)-4-hydroxy-a-tetralone] CioH1002 162 14
28 7-HEAHE-a-PUEZER (7-methoxy-a-tetralone) CiHi20: 176 5
29 48-"3Kk-o-JUAEZEN] (4,8-dihydroxy-o-tetralone) CioH1003 178 5
30 4,5,8-=FHk-a- VIS ZEH (4,5,8-trihydroxy-o-tetralone ) CioH1004 194 4
31 45-Z5Kk-0-WUEZEN] (4,5-dihydroxy-o-tetralone) CioH1003 178 8
32 (4R)-4,5-—FF-a-WUEZEHH [(4R)-4,5-dihydroxy-o-tetralone] CioH1003 178 15
33 4,8-RFE-5S-HEI-a-USZER (4,8-dihydroxy-5-methoxy-a-tetralone ) CuHOs 218 8
34 8-FFE-4-2F I -a- VIS ZENH (8-hydroxy-4-ethoxy-a-tetralone ) Ci2Hi403 206 16
35 4,5-0-F A X FH:-o-IUEZEHR (4,5-O-isopropylidene-a-tetralone ) Ci3His03 218 16
36 5,8- K4 HEI-a-TUEZER (5,8-dihydroxy-4-methoxy-a-tetralone ) CuHnOs 218 17
37 6-FHE-o-VUEZ (6-hydroxy-o-tetralone) CioHi003 178 18
38 5-FSE-4-WEIHE-a-VUEZER (5-hydroxy-4-methoxy-o-tetralone) CuHi203 202 10
39 (4R)-4-ZAHE-5-F25E-B-IUEZEMA [(4R)-4-ethoxy-5-hydroxy-B-tetralone] Ci2His0s 232 19
40 (4S)-4-HEIE-5,8- - S -Z5M [(45)-4-methoxy-5,8-dihydroxy-B-tethalone] CuHis02 178 20
41 4-ZEFHE-5,8-F3-3,4- A ZEWi (4-ethoxy-5,8-dihydroxy-3,4-dihydronaphtalen-1-one) Ci2Hiu02 190 20
42 4-THEIE-5,8-TF3-3,4- A ZER (4-butoxy-5,8-dihydroxy-3,4-dihydronaphtalen-1-one) ~ Ci4HisO2 218 20
43 4,6-"F3-3,4-"4-1-ZEf (4,6-dihydroxy-3,4-dihydro-1-naphthalenone) Ci10HsO3 176 18
44 (4R)-34- A -4- T A IHE-5-FH-1-Z5[ [(4R)-3,4-dihydro-4-butoxy-5-hydroxy-naphthalen-1 Ci4sHisOs 434 21
(2H)-one]
®3 FEKRPER @) HELED
Table 3 Naphthone (phenol) compounds from green walnut husks of J. mandshurica
- N N sy
TS HaEw) 753 TR E SCHR
45 (4S5)-4- ¥3 B -o- VU & 25 T -4-O-B-D- It i ) %) K% 1 [(4S)-4-hydroxy-a-tetralone-4-O-  CisH2506 337 2
B-D-glucopyranoside]
46 (45)-4,5- — & FE -a- VU A ZE W -4-0-B-D- Mk W % & B HF [(45)-4,5-dihydroxy-a-  Ci7H2207 338 2
tetralone-4-O-B-D-glucopyranoside]
47 14.8- = ¥ K % -1-0-B-D- Wt W4 # 4 % i 1,4,8-trihydroxynaphthalene-1-O-B-D-  CisH150s 338 20
glucopyranoside)
48  1,4,5- = FZE-1,4-—-0-B-D-ML % & HEH  (1,4,5-trihydroxynaphthalene-1,4-di-O-B-D-  C22H23013 500 20
glucopyranoside)
49  1,4,5-=§FZE-1,5-7-0-B-D-ML 5 & HEH  (1,4,5-trihydroxynaphthalene-1,5-di-O-B-D-  C22H23013 500 20
glucopyranoside)
50 1,4,8- = 5 25 -1-0-B-D-[6'-0-(3",4",5"- = ¥2 3L 7K W Wk ] b g 4 & BE T (1,4,8- CasHsO12 520 20
trihydroxynaphthalene-1-O-B-D-[6'-O-(3",4",5"-trihydroxybenzoyl)] glucopyranoside )
51 (45)-4,5,8-=FHk-o- U ZEM-4-O-B-D- ML I B FE T [(45)-4,5,8-trihydroxy-o-tetralone-  Ci6H2009 356 18
4-0-B-D-glucopyranoside )
52 (48)-4,5,8- =2 H-a- DU S 25 HH-5-O-B-D-ML Mg & A HEEF [(45)-4,5,8-trihydroxy-o-tetralone-  C16H2009 356 18
5-O-B-D-glucopyranoside)
53 4,5,8- =25k -a-ZE M -5-0-B-D-ML W7 %) W1 (4,5,8-trihydroxy-a-naphthylketone-5-O-B-  C17H2309 371 18
D-glucopyranoside)
54 a-PUEZEN-5-O-ML R 4 B (a-tetralone-5-O-glucopyranoside ) Ci6H2005 308 18
55  6-Fadt-a-DUE ZEMA-4-O- ML 2 BEH (6-hydroxy-a-tetralone-4-O-glucopyranoside ) Ci6H2007 324 18
56 (48)-4,6- — % 3 -o- VU S 25 M -4-O-B-D-ML W] % B [(45)-4,6-dihydroxy-o-tetralone-4-  C16H2008 340 22
O-B-D-glucopyranoside]
57 48- = F& H 2% W -1-0-B-D- Wt W W & B H ( 4,8-dihydroxynaphthy-1-O-B-D-  C17H2207 338 23
glucopyranoside)
58  4-¥2FEZE-1-0-B-D-MLIMH# & FEH (4-hydroxynaphthalene-1-O-B-D-glucopyranoside) Ci6H1807 322 24
59 4,5,8-=§2Fk-o- TN E ZEWI-5-0-B-D-[6"-0-(3" 4", 5"- =2 FL K W k) - i 4 A& BEFF (4,5,8-  C3H2012 390 24

trihydroxy-a-tetralone-5-O-B-D-[6'-O-(3" 4" 5"-trihydroxybenzoy)]-glucopyranoside )
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Table 4 Antitumor activities of naphthoquinones from green walnut husks of J. mandshurica
. ICso/(umol-L1)
K T &Y
HepG2  HL-60 SMMC7721  MCF-7 HeLa  SGC7901
RS 2 HIBkER 34.70+0.91 93+1.2 — 2547£0.67 2.23 21.20£0.56 25
7 5-FRHE-D-LEHE-14-ZEE 3251 — — — — — 26
8 8FRIL - A1 425 — —  >100 — 9.424+0.39 — 5
10 5-F%(JE-1,4-250) 68.72 85.4+7.6 — — — — 6
11 2-¥3R5E-1,4- 250 251424  11.0£2.6 — — — — 6
12 2,5-Z§HE-1,4-2500 50106  63.2%4.1 — — — — 6
13 3,5-"fkk-1,4-Z50 7.0+0.5 >100 — — — — 6
15 58-"fkk-1,4-Z50 22.1%+4.1 23402 — — — — 27
20 2-FEAEIEEABR DR 22.38 — — — — — 28
21 3-HIEE IR 43.54 — — — — — 28
22 3-ZEEEHABER 30.42 — — — — — 26
ZEEXK 27 (49)-4-FE-o-TUEZER  67.95 — — — — — 28
29 4,8- I o-PUER 25 — — 138406 — >100 — 29
38 5-FRHk-4-H A K -a- P4 88.23 — — — — — 28
%5
43 4634 T51- 23894043 — — 22.4240.77 — 2814081 30
ZET
Z M 47 1,48-=3%Z-1-0-p-D- 83.32 —  88.0+5.1  >100 — — 24
(W) et e ] 5 R
50 1,4,8- = ZE-1-0-p-D- 78.61 —  62.0%2.0 52.50%16.30 — — 24
[6-0-(3",4",5"- = & %
% FTE)] et e 4 2 0
58  4-F2 I ZE-1-0-B-D- L IR — —  86.5%19.1 >100 — — 24

HEPETY

“—7 RRTIENE

“_ indicates inactivity
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