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Abstract: At present, all known marine-derived 1, 6-naphthyridine natural products have been isolated from
sponge organisms. Research indicates that these compounds exhibit significant biological activities in various fields,
including antitumor, antioxidant, and antibacterial properties, demonstrating broad potential for drug development.
This article systematically reviews the sources, chemical structures, biological activities, and mechanisms of action
of 42 marine-derived 1, 6-naphthyridine natural products. This study aims to systematically summarize the
biological activities of these natural products, thereby identifying novel structures and prominent active compounds
as potential leads for new drug development. At the same time, these studies lay the foundation for the development
of highly effective and low-toxicity new drugs, thereby making an important contribution to human health.
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Figure 1 Isomeric forms of naphthyridines
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Figure 2 Sources, bioactivities, and partial mechanisms of action of marine-derived 1,6-naphthyridine natural products. PIP2: Phosphati-
dylinositol 4,5-bisphosphate; PI3K: Phosphoinositide 3-kinase; PTEN: Phosphatase and tensin homolog; PIP3: Phosphatidylinositol (3,4,5)-
trisphosphate; PDK1: 3-Phosphoinositide-dependent protein kinase-1; AKT: Protein kinase B; ROS: Reactive oxygen species; MAPKs:

Mitogen-activated protein kinase; AP-1: Activator protein 1; MMPs: Matrix metalloproteinases
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Table 1 Marine-derived 1,6-naphthyridine natural products

Number Source Year Reference Number Source Year Reference
1 Suberites sp. 1991 [8] 13 Aaptos sp. 2020 [30]
Luffariella sp. 1995 [9] 14 Aaptos sp. 2020 [30]
Suberea n. sp. 2004 [10] 15 A. aaptos 2022 [24]
Aaptos aaptos 1982 [11] 16 A. aaptos 2022 [24]
A. suberitoides 2020 [12] 17 A. aaptos 2022 [24]
A. aaptos 2015 [13] 18 A. aaptos 2022 [24]
A. nigra 2008 [14] A. aaptos 2019 [25]
A. suberitoides 2006 [15] 19 A. aaptos 2014 [27]
A. suberitoides 2011 [16] 20 A. aaptos 2014 [27]
A. aaptos 2008 [17] 21 A. aaptos 2014 [27]
Stylissa sp. 2021 [31] 22 A. aaptos 2014 [27]
2 Hymeniacidon sp. 2004 [19] 23 A. aaptos 2014 [27]
Aaptos sp. 2014 [20] 24 A. aaptos 2014 [27]
Aaptos sp. 2014 [21] 25 A. aaptos 2014 [27]
3 Aaptos sp. 2010 [18] 26 A. aaptos 2014 [27]
Aaptos sp. 2018 [22] 27 A. aaptos 2014 [27]
A. aaptos 2022 [24] 28 A. aaptos 2014 [27]
4 A. suberitoides 2013 [23] A. suberitoides 2022 [29]
5 A. suberitoides 2013 [23] 29 Xestospongia sp. 2003 [26]
6 A. suberitoides 2013 [23] 30 Xestospongia sp. 2003 [26]
7 A. suberitoides 2013 [23] 31 Xestospongia sp. 2003 [26]
8 A. suberitoides 2013 [23] 32 A. suberitoides 2012 [28]
Xestospongia sp. 2003 [26] 33 A. suberitoides 2012 [28]
Aaptos sp. 2020 [30] 34 A. suberitoides 2012 [28]
9 A. suberitoides 2013 [23] 35 A. suberitoides 2012 [28]
Aaptos sp. 2020 [30] 36 A. suberitoides 2022 [29]
10 A. suberitoides 2013 [23] 37 A. suberitoides 2022 [29]
A. aaptos 2022 [24] 38 A. suberitoides 2022 [29]
A. aaptos 2019 [25] 39 A. suberitoides 2020 [32]
Aaptos sp. 2020 [30] 40 A. suberitoides 2020 [32]
11 A. aaptos 2014 [27] 41 A. suberitoides 2020 [32]
Aaptos sp. 2020 [30] 42 A. suberitoides 2020 [32]
12 A. aaptos 2022 [24]
A. aaptos 2014 [27]
A. suberitoides 2022 [29]
Aaptos sp. 2020 [30]
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Figure 3 Chemical structures of compounds 1-3
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Figure 4 Chemical structures of compounds 4-18
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Figure 5 Chemical structure of compounds 19-31
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Table 2 Cytotoxic activities of compounds 9, 20, 26 and 28
IC, /umol-L"!
Compound HL-60 K562 MCF-7 KB HepG2 HT-29
12 0.03 +£0.03 0.09 £0.03 0.40 £0.10 0.12+£0.03 0.20 +0.10 2.20+0.03
20 0.11 +£0.04 0.22 £0.04 1.20 £ 0.10 0.66 £ 0.04 0.60 +0.10 6.60 = 1.10
26 0.28 £ 0.04 0.46 £ 0.04 2.30+0.04 1.10+0.04 1.00 + 1.20 8.50 +2.10
28 0.03 £0.03 0.09 +0.01 0.44 £0.03 0.11 £0.03 0.17+0.03 1.80 = 0.40
Paclitaxel/nmol-L”' 1.5+0.1 24+0.2 32+03 3.8+0.5 2.7+0.1 3.5+0.2
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Figure 6 Chemical structures of compounds 32-35
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Figure 7 Chemical structures of compounds 36-38
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HINF-xB .3 (p50 Al p65) HIFRIEK T 5 X} HE 4L AH
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140 A 2 -18 BEAK T 579.66%, NF-xB (1] p50 I 3 &
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REWH, L&Y 12 % M. bovis BCG A &34 I PT#
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Table 3 MICs of aaptamines against M. smegmatis and M. bovis
BCG under aerobic and hypoxic conditions. MIC: Minimum
inhibitory concentration; M. smegmatis: Mycolicibacterium smeg-

matis; M. bovis BCG: Mycobacterium bovis Bacille Calmette-

Guérin
MICs/ug-mL"
Compound M. smegmatis M. bovis BCG

Aerobic Hypoxic Aerobic Hypoxic

1 100 200 200 200

3 25 6.25 200 200

8 25 12.5 100 100

9 6.25 1.5 200 100

10 25 6.25 >200 >200

11 6.25 12.5 100 100
12 12.5 6.25 0.75 0.75

13 6.25 1.5 60 25

14 25 6.25 25 25

Isoniazid 2.5 25 0.05 > 200

S54% o3 BT BB A A AR BT R 1, MIC A h 0.5~
2.0 ug'mL"'e FT LLiZAL & WILE D45 A% AT 1 WF 58 S
2B FLRALAL AN B

MR 3 Al ELL AW 911 F1 13 X M. smegmatis
J& I 9 B AR, R A S B R R MIC H N
6.25 pg'mL". FRE A HEN AT A3 B 450, A HAK
T, C-3 80 C-9 fir B A7 1 B ik H Ak ] 2 3 9 5t
M. smegmatis FIFHITE 7.

5 HftEH

Bowling ZE" N4 Aaptos nigra 15y B 1G24 &
VA2, BF SR I EATRAT B BT HIV-1 B, 3L
EC,, {55 %14 8.9 #17.7 pmol-L™'»

Luyao 2B Yk MR 45 Stylissa sp. WP 4y B 15 B4k
UL R RIZI G RAE R T G E R 24
(G protein-coupled receptors, GPCRs). 75— N 43 #T
UESE VWAL o' EIRER AR B- B F IR AEZ
AN 2 I 32 48 D4 S UG M, FIC, M8 707 4 11,9,
0.20 £16.9 pmol-L". LAk, 1540 1 X1k R 7 5244 7
(C-X-C chemokine receptor type 7, CXCR7) Flj 1k
F 24K 1 (C-C chemokine receptor type 1, CCR1) HA
YER, L EC, H53 %8 6.2 F111.8 umol- L. [FR, 1k
B4 1T LAAE 9 15 [ AR A4 1 71 774 55 CXCR3 A1 CCR3
f W Eh W5 1, L EC 18 43 79 2 31.8 116.2 pmol-L .
I1X 86 GPCRs 7E /O L5 22 3 A JR 05 e i A 242 R 4
PR BIRIT R E REAER . BHAS REW, L&Y
138 175 GPCRs, 1] B8 AR A& e 1 95 3 32 37 1 va
JT R

1 K ¥ kB 2 AR B0 T FC & (receptor activator of
nuclear factor-«B ligand, RANKL) &Rt AR
EHREREA. Wang PN Aaptos suberitoides
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AR 4 1,6-25 WE 2K K SR 77 W) aaptodine A~D
(39~42), Wik 8, 3 H XG4 39~42 AT A Wid 1%
Hr I, 78 B AT LA R 2 H ] RANKL 75 5 1 il 1 48
PR T s RH R A, G R A A A 42 0D A T TR 1 T TR
ity G €0 BH 1 20 1% Bl B A T 450 R R T A ) R R e R
HED, {49 2.3 umol-L", 1 H¥& A 40 i # 1 . [R L,
aaptodines ] # #0976 97 0 B AA S AR IR 9T 51k
PR H TR I R PR 36 2590

39 R=CH(CH;)C,H;s
40 R=CH(CH3)2
41 R=CH,CH(CH;)

42 R=CH(OH)CH;

Figure 8 Chemical structures of compounds 39-42

Ohizumi ZE ) 4 Aaptos aaptos 73 & 13 210 &
(B 3), AR IZAE M EA o- B F IR ZAEH
Wy 1, A2 LT P WL -5 b IR S AR 1) 38 G PR
Pufl. B, (&1 BERRCMERIEH. BRikz
Ab, 4B 1 R BEL T TR R AL B A X R —
TE 7 B FIARE A 3 18] A2 K i o Rk (1 g . LUt
G0 A REEMARE VR T Hh R HEAE

Sung ZEUIHE TR I, AE D 1 RE6E I 3 B2 AR KRR
2 4 4 72 PE 51455 (chronic constriction injury, CCI) i
F R PR AT N . B HLHI B LR
s mdl g sEdh CCld T mE W A KE T
(vascular endothelial growth factor, VEGF). 43 £k % 31
(cluster of differentiation, CD31) 1 . & it &l i A
(lactate dehydrogenase A, LDHA) [¥) i & 21k, K £
JEAEH . Hoh, VEGF ¥ E R8T B K5 40 e, 1M
LDHA U] 3= 25g i T4 0. B, (a9 1 001
B AT -5 A ) B2 TR 1 JoT 248 A 3 %) L A A R DA &
#1476 LDHA FRIEAH K.

Miao ZEWHF 50 K I, A6 A W0 1 %5 £ Tk JH Bk S iy
(acetylcholinesterase, AChE) 1] bt IH H i 1 (butyryl-
cholinesterase, BuChE) ¥ Lt il % 14k, L 1C, {5 5
524 16.0 F1 4.6 pmol-L", k.74 1 XF BuChE ¥ #1 il {
38 F 2 22k 5% (IC,, = 7.0 umol-L™). 3 J1 20 7L &
B, 1L &% 1 % AChE F1 BuChE f#01 J& T 18 & A4 40
i, H KA 9 58 6.96 = 0.04 F116.35 £ 0.02 pmol-L™.
UbAh, RS PR LIRCRIE AL B RS
AChE F1 BuChE &5 &, SR & HIHIE A, K A8 7 5 °H
87.6 #110.7 pmol-L"' . AN L5 R EoR, (L&Y 1 RE
% DL AROR ) 77 2 B R S B PRSI 1KLY
W4 R, B 1 B A TF K BN R /R %% ER

I3 (Alzheimer's disease, AD) Z5¥ 117 17
6 RESRE

gE LRTIR, W R VR 1,6-Z8 08 KRR =M AE DL
JRE PSRN BT B A5 2 A e rh 35 R B L R T AR
Vs o

TEPUIPIRI 4K, H 1982 4= Nakamura 26" M Aaptos
aaptos {545 /725 ) aaptamine (1) LK, 1iZ2-ML &1
WFAAWIRN . B FE RBUGE) 1 4% CDK2/
CDK4 1 PI3K/AKT/GSK3 15 5 i i 71 ] 41 A 48 41,
F T I MMP-7/MMP-9 1 ] Jifr 58 %% %, X Jili 4@ B9
I AL 975 55 44 i 2 0 L 5 3 o] 4 U

G W) 1~ 3 12 R RRURR B2 i 24 NT2 48 i OR 5
W, B RS S 251 . LI AT s FE I MY C
p53 J TNF &5 4% 0 R 7 R #EPUm A Y. Ko, (b &
W2 8 1AM XTAP JF 0% Caspase 2% Bk [ b 175 5
T2, [R5 M R 28 R A T R i 22

&1 12,28 F1 38 & 3 #ll il CDK 2 & P - 75 5 48
it G1 HARH #, DARTS SE48E 5240 &9 38 ol BB 45 &
CDK2, 7 H L=

% [EHF 70 AN [R5 38006 47 h 43 25 H B B 1,6-2%
BEATA W, XL S RI B E RS,
Pham 2205 B4k 44 6 XF L5178 itk B8 (1 1C,, 5 M
0.9 pmol-L™', Trang Z&P45 B (4054 18 %) T 40 i (1 1f.
I 1C,, 1 0.29 pmol-L™, Yu ZP i 58 & AL & 90 12
20.26 11 28 % [ 1fiL i HL-60 241 i Fr) 85U B3 ey (1C, 1
7£0.03~0.28 pmol-L™"' 2 [i]) %%,

XU AR T 1,6-Z8 0 K4k & I 2 AL
il, 9 BB 230 I R AR AL T E B BRI S
{7 3vivkzi e g

TEPUE A AR, W7 R IR 1,6- 250 R KRR &R
L 2 BT AL HLE], BLFETE bR B B2 #0H) ROS BA
J 4R MAPK FITAP-1 15 Sl 5 55 . THCR U, (LAY
17E UVB B 1N A O B4l Mo B i v 1 4k
Bl (1) 22 I8 7K, J B HE oK IR e S A RO, I AF, 14k
G DR BEAR 2 PR 2 R I SRk, AT 3
# UVB i 5 1 98 i e MPY, X S8 BB R L &1
TE J2 6 22 A0 B 4 A5 2 A P T 1 8 FE AR

TETU B TR, HEPERIE 1,6-2508 8 KR =0t £
S0 R R I B PR R T . 2R E YR A
PRARARZS 70 AT I 35 I R AF Bt B8R, Bon HAE Bt
1 T S A 1 BV 0o A S 12 55 M. bovis
BCG & I H 2 25 18 0 B & 7, MIC {54 0.75 pg'mL™,
HB A R hUBE s M = T PR 2 .
A6, A B 12 5 2 BB T 2 L 2 BTN 25 R )2 T 2
% R 2 R (1 45 4% 20 BT 181 20 22 T H0 R 22 1) 9 R 0 1
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HMIC{HTE 0.5~2.0 ng-mL" Z 8P, X LU 7745 %
B, A& 12 A BO T BB 4 % 29 E R T -

SRR RR 1,6-ZWE S8 R AR 7 1 (R 7 B AR
TR, A — SR R 2 b Bk, H AT iR
FtF B AEHUMR B AT B U, 1 78 At 45
S5k, A o P BT AR O BT ADM AR A5 1 T AT IR
AT, AR T B — 2D ¥ e i 036 B, SRR AR TR
ZIPBIT P EME . Hk, RE OF — L ix
HARRNLE AT T WP AR R, B A IR AR 421 .
B, 7EHUEE J7 1, XF T 1,6-Z% 0 SR AR 7= 4o ke 3
PR 1R, B A P AR AT, DR dn o] 3ot 2
(1% £ R A 0 386 5 I 70 A Vi M R IR B, AT 2 W
PR DS EE 0] R, 38 T i — IR AN 9T . FE B LA
PR LRI 72 Hh, 6 T 40 i PN 1S 538 B 2 T Y 52 0
W26 ¢ 22, BA I 1,6- 25 WE 28 R AR 7= G o] of 3 16 55
45 5 WX 48 R AT SR AR 2, WD R 4% L B AL A B o R
[Tk, 107 B RGN . SR AR KRIAE Firh,
T E SRR 1,6- 28 08 2 R SR P W AE 2 WD e 0 R #5
TR BIVE R, i N A e 10 R A0+ 2 o ik

TEE Tk o LT SO E MO & A 1
BTG A G RN ST I R 4R S0 B T SCE R B AT R AN
NEBK.

FIZE S AL A RS AEER G MR R
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