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Many studies have investigated microalgal natural products for their high social and economic value,
such as unsaturated fatty acids (e.g., eicosapentaenoic and docosahexaenoic acids), astaxanthin as a
cosmetic ingredient, and botryococcene as an alternative fuel to petroleum. However, only a few have
examined the potential of microalgal substances as drug candidates. Their diverse habitats suggest that
microalgae are potentially rich sources of novel drug candidates. Therefore, in this study, we aimed to
investigate Haematococcus extract to identify potential blood pressure-lowering candidate compounds.
We successfully purified three compounds. Chemical structure analysis revealed one compound as
adenosine and the other two as carboxylic acids with diastereomeric ring structures. Overall, we
successfully identified three blood pressure-lowering compounds in the Haematococcus extract. Further
exploration of different microalgal species can aid in the identification of more promising candidate
compounds for drug development.
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TNET, 7aL IR FinE OMMBEBEEIX X >R
JB-CRIV - IXTINEETHZ VI HENS, E
WEFEMIBRE LTRIHEINTE /2, £z, H5EOMM
AR HRE OB WY E % S U TERNICE X
3T EMHSEMNTIR > TET (AlJabri et al 2021), Z5 L
A ED S OIE & LT, A v XU XD VP R
IYNFY T VO XS BRI (Lane er al 2014,
Jakhwal er al. 2022), {EREMERIE LTOT7 AZFH T
(Patel ez al. 2022), AWML LTORMNIAa v Y
(Kojima & Zhang 1999) EWRIF 5N %, &5 LicEFzk
RS, 7B OMHEBIC N 9 5 BBkD—DIE, ZNHH %
T 2YENTICZORMFIFIENEZL L TE TS, &
51, MMEEIE B eREEE LR T A RE LY K 0 &5
SHEBLHENT LMD, 2010 FLARE, A—RY=Za—FI)b

BEAEMRENAARAERE LTHEDTSNTWVS GEE
52011, Pk - fiHH 2015, hoik - 5#EiE 2016),
TAHIEEE 2 N A A< AER E UTHAT % 72 ORI
&, BEHEMTHEML TW2E00 (HF2023), MHTERD
FEET MBI OV TORIRIFE DL, hniifEo s
AKHAMBEZEE L TOBAREEFIEHICEVWEE I BN S,
—J TN EAET ZRRYNE, dkk O NEOEHICEHEL
b > T&E 7z, RHC, MHIEEHDO X 5 KA Bk DORIA
MG ERZRFEENMEE > TV, ZOXH&HlE LT
B, BT YHE LT EREININT TR IRNT T
JUNEF5N% (Hirata & Uemura 1986, ) 117 + £ 2013,
Rinehart 2000), ZDX 51, KIRVOHITIZR)) x4 g
WZ2RTEDNH2Z D, EFEGLEMEAIF K
ELTANHODORBICET 2 KERAEEEZELTWVS, o
THMEENEA T 2K MEICBNTE, TDOX S &Mn
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itz a9 2MENLBIFHET 5 E 2T,

ZFTTAMBETER DT AT T ZMGET 272, NED
e R G I AR S DA BTG P 72 7= 9 R IR 72 T e X hh B W
SAET S il iz, ML REIEEOHRN 550,
MFER RERZRSTAEBNEMICHER Uiz, BEARSI1E, BIfE
L ESPEEE > TVED, BERREREICBITS
FRERNE VIR TH S5 TH S (EEFHE 2024), 1fi
JEGTW A THREI SN TS D, ZohTtsl oy —
TIIVFT UV VRDPREMAESNTOEEDD—DTHS
(Patel ez al 2017, Takimoto & Murakami 2019), [+ FFAE
HZ2RIXTF RRIVEYTHET VIFT 1T, &
EHEMBA TSR T VI T Y /=T LTAERE
n, 2BOTOYvy IR R E RS, 20T 0
YU TICBWTEELRREZHS DN, 7T IF T
ZHai%2% (Angiotensin-converting enzyme, ACE) &PFHEN 3
2N BENIRMERTH S, > T ACE DIFMEZHEFTN
7 o472 N DOEEANET BN, E 7z ]
I3RS EHHFFENS (Nicholls er al. 1994, Bavishi
et al. 2016), FHE, ACE 3@l EEHEEHEICHS T 2 6%
AR —7 v O—DTHH, ZOHEFERNIAT STV IV
EDITHE L L THEFZ L TWS (Rosendorff 1982, Plosker &
McTavish 1995), AKBIFETlE, ACE {HM:IHEZEMEFHMEOHE
L UCHAL, Haematococcus ¥zt k & UCEMhn
MEMEZER LT,

Haematococcus Flotow (GGREEREYIM, FRig) &, A
TREEENEMEINTVWDE T ARXFY VF 2R T 5
M TH S (Khoo er al 2019), Haematococcus DT A X
FHUFVEER, mOCIRE P EERE L VWS A LA
FMICE S ENIFICHEEE N, WIRERET % EEICE T
% (Wan er al. 2015), REEEMTONTWSERRTIE, @
WM CITE X ¥R, SERFZIRE Lz aiiREisthic
EEWZ T 2 BRSSO — I TH % (Oslan er al 2021),
TD2RMEERIT ARZFY VF VLB TRENE
FETH AN, BRI TORNER, 7AXFYUFUER
BN TEGEM ORI b % (Aflalo et al. 2007, Oslan
etal 2021), &L, T ARFY F UERETOMILIC ACE
FEEE O K D @ iEm B O EENED SN 5E,
Haematococcus DF|AMEN & 5 L HIFE NS, €T TA
WZETE, 7 A2FY > F EREID Haematococcus 7z W
T ACE [HEWE 2R LTz,

MHEEBE
REBESRMN

AW TR U 7z Haematococcus sp. dSgH-K1 #k1&, 2017
12 A 3 HIBREETIUIRIITO/NE Ik iz £ 0 657
HERENL U7 TH B, T OREEKIE, At OLR
FHREER 100 umol m2s) IC KD 12 h /12 h Y1 5
JUF, #125°C T 8 L O AF6 15t (Kasai er al. 2004) Z &I
AU A—RFx—FR MV (10 L, 2251-0020, Thermo Fisher

Scientific) IZBWT, 5% CO,7%Z 1 L min!' Tl LIZERET
gLz, 2B LICEERDY: 4 L) ZHINL, Wl
FE (#110°C) THR1ZEL THIIEZ HRTER: & ¥ 7z, UNFERED
HZMEIIE RN 02 g L1 TH O, siRDIR, BRMERER
TRz 2L T\ e, MlahERICHE L5 1iE
T, HIBERZIAS Uz, 5 RIORINTES N/
BHERZE 1 DI, MHHORE & Lz, X TOHER
V)= NYFHNTITV, EAEINCIG S NTZIRFTIRIC DWW T
BOKPE RS R MR BV (Ichimura & Watanabe 1977)
ZHOWTETH S L Z2HENDT,

aiimt & ACE FEEMEDER

Y U7z dSgH-K1 BRI &k XA &2/ —)L (89 80%) 1Ti
HLUCHEIC 1 EEE LI 2T, 2 B E U CHEY Z
U7z A & > THIREFRE ZHL D BRO Th S IA I 2,
V28 UMY 21572, T O Y278k L Bk T 7
WEROCTR-RIMEETT o 72, F5NEBTFIVEZAF
Pl 80% AR/ —)VEHNVTE SIZHE-EIHZTT- 72,

IKIE, NFHUE, 80% AR/ —IVE, FTNENDMEIT
DWT ACE [HEEMZFHME L7z T A, 80% A X ./ —)VE
WCEEWTEIEE RS Tz, ZTTTD80% XX ./ —)VE% W
A—=ThZLruax ~T57 14— [COSMOSIL 75C,-OPN
(Nacalai Tesque), 715 Lt 4 X 50 mm LD. x 150 mm, H
& F] ML, 600 mL3D5DICnE LTz, BoNizFhn
Zhomisy (Fr.31-35) zZaigdE s~ 757 0 — (PLC
silica gel 60 F,,, 0.5 mm, Merck) & U ifH & s ik 7 1
< %57 ¢— (HPLC, COSMOSIL C,MSII 775 L\, 4.6
mm LD. x 250 mm, Nacalai Tesque, 7t ;= ~U)l /7&K
THE L, LS 3154A, 32534, 3254A %1587,

3154A D¥ESY

WitlA—T > T L oax s T5 T ¢ —DWisy 31 Fix 2 [0l
D PLCHE (1[EHE ;20 x 10 cm, BEATAK ~FY /B
FETFI)U=1:4vv, 2I9H ;10 x 10 cm, EEE Zno
TRVL ) AR/ —)V =2 :1,vv) THEEL, HPLC (B#IH
7Y b= MU /K = 5-15%, v/v, 30 min O FRIEE L)AL,
ik 0.6 mL min'!) TR LU=,

3253A & 3254A DFESY

WitlA—T > T L oax b IT T ¢ —DWisy 32 Hx 2 bl
D PLCHE (1[EIH ;20 x 10 cm, BEATAK ~FY /B
FETF )L =2:1,v/v, 2[EH ;10 x 10 cm, EFIVARE ~F1
Y WEBTFIV = 1:4,v/v) THEEL, HPLC (BBEiHH 7
= RUIL /K = 40%, v/v, T 0.6 mL min) TR L7z,

ACE PRE M

XKD ACE JEPEF# O FHMIC I, ACE BHEEIG MR E 3+ v
L (DONINDO) ZRW\ iz, BEHHYE A 2/ —VdH 20
WY AFIVZIVRF Y R CHES R EEICTAMR U Tz1kic, 78H
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IKTTHR U Tz, BHEEMEE, ST ORE R T F Ko
BRICA U A mEOWEE (450 nm) ZIEICHE L, WOt
DWEICIX, SpectraMax iD3 7' L— U — & — (Molecular
Devices) %Z Wz, FEREIRKZHWTEIRE L, AL,
ACE BEERIIND XA T 4 7 a> s a— )V B W 7%
Ay, BERRERIBFINORY 7 7 ay ba—)Vic B 3001
&7z A, RO EZ A, £ 5K, HEER (%) =
(Ap — Ay / (Ap — Ay x 100%, [Fl7E L 7B OIEMRTH L, Hf 4
T2 AR DR E R HPIEF/E F T ACE iSRG Z 5 L, ACE
TR (%) (= (Ag - AY) / (A, — Ay) x 100%) 2RI LTz, &7z,
7T/ R GREER T3 2RV,

HE T ACE FEEMEDLEMEERE

ACE FHEWE Db AAE R, H R T BCD 1 RTHEST
I, [AIFERZARBE L (COSY), HEMZ B MDYtk
(HMBC), RE#ZETIe—L > AMESEE (HMQO),
B —N— TP =R (NOESY) DO 2 Ktk
Y3 (NMR) (600 MHz, Brucker AVANCE II1) 730¢i%:
&> TR LTz, CORFHAERNE, 2T CD,0D Z Wiz,

BR

Haematococcus sp. dSgH-K1 #£D 80% X % ./ — Vil 7%,
BRI/ I T7 0 —EHAGDETHEE - FBRHL, 3/
D ACE HEMEZ B L7z, DUFICFEMZRT, £ 80%
AR/ —)VIli53 7% COSMOSIL 75C,-OPN {A 7% v 7z 4 —
TUhILIA NI ST 4 —T 5 DDMWBITHT (31-35
#H), TNZTNO ACE BHFzEEZFM L7z (Fig. D Th &K
D, 34 LN OE I ACE FHETEHEZ RS NN B, 5
B, 31 FEOWDHS 1 (3154A), 32 BDOHEZHH 2 fd
¥ (3253A & 3254A) DOIEMEYIEHBECHTI LT,

ACE Inhibition Rate
100+

80
60-
40
20

ACE Inhibition Rate (%)

0_
31 32 33 34 35

Fig. 1. ACE inhibition rate of each fraction. Samples were added at a
concentration of 1.0 mg mL'. Each value is the mean + standard error
of the mean of triplicate determinations.

3154A DERE L HEIEREAT

31 HZBDOMED N5, 3154A & £ FF 72 ACE FHEYIE 0.2
mg ZHifEd 2 T LTI Uz, Fig. 21T 3154A DR F—
L3 NS SRR S O HPLC Fv — b 2R T,

3154A DL E R AL MICT B 72, 1 /Xt (H
NMR) MU 2 2%t (COSY, HMBC, HMQC) D& fE NMR
ARY FIVERIS L, TORE, BN METH-
7z BC NMRIEHAM I T IV 25 2>, — )5 T
HMBC, HMQC D75 2 Kt AT R VI DWW TIZ A A HH
EMESNIzT &5, BCNMR DL 7 MEIZDWTIE,
N5 2 XT NMR OfEzZEIc L (Fig. 3).

H NMR A7 MUZEBWT, 4-5 ppm D 3 ARKDTFF )L
EHEDER E7 v k2, 8 ppm (LD 2 KDY 7 F)ViENTH
FRyragsrHEREOTO b eiiE L, £z, HMBC,
HMQC @ 2 X7t NMR A7 bbb, D7ad e s 10 o
REMAEL, ZDS5HD 5 (63-91 ppm) MEHRERES

A
80% MeOH Layer
ODS OPEN 50 x 150 mm
| COSMOSIL 75C, -OPN
31 32 33 34 35
PLC: 20 x 10 cm
4 Hexan: EtOAc=1:4
y
PLC:10x10cm
CHCl:MeOH=2:1
A 4
HPLC : ODS 4.6 x 250 mm
5-15% (30 min) MeCN/H-0
A J
3154A
(0.21 mg)
B 140- 3154A
z 1204 4 (0.21 mg)
£ 100
E 80—
£ 60
g 404
20- L
0

I T | I | 1
0 5 10 15 20 25 30
Retention Time (min)

Fig. 2. Purification of 3154A. Purification scheme (A) and HPLC chart
that showed final step (B) of 3154A.
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{EENTZAFVIRETH S LHEE SNz,

HOT 'H-H COSY AR MVh 5k, HEe-H4, HI-H2-H3'
DORMBEDBE E Nz, & 51T HMBC AXZ MUZHEWTIL,
H6-C3', H4-C3', H1-C8, HS8-C4, H8-C5, H2-C4, H2-C6
DEAHEMNEEE Nz,

D EZHRE LT PRS2 #E LTz & T A Fig. 4 IR T 1
EWMEEN, ChE 7T /Y EeE—THotz, BEHROT T
J YV HNMR AT ML (L a5 2012) & 3154A D
FTNERHRT B L, IRIENED DL VONENDH S E
DD, EHICRO—HERT D, 3154AXT7 T /2
LE—TH5 EMEm LTz

3253A & 3254A DEiS C &SRR

2F DO 5, 2EDPLC &3¥AH HPLC I & % 1%
HIZ X 5T, 3253A & 3254A O 2 FHOEEMEZ NZF N
0.22 mg & 0.08 mg 2137z, FEELAF— L LGRS RS D
HPLC 7+ — k7% Fig. 5 1SR Y,

3253A & 3254A @O NMR A7 MUVIIEEIHEL L Tz
TEMD, B X UlxAkEEZ 5N (3253A DA
7 FIVDH Fig. 6 1779 ) 'H NMRICEWT 5.74 ppm D
YTFNEA LT o VickEAE LT MY, 419 ppm DY
T FIVIKBEDODL RE Lo O b e#fRENG, 1.75,
145, ZLT126ppm DT> 7 Ly bi&, 3D AF VI

DR R T %, F7z, BC NMRM5, REF 7% 1118
B33 nhb, E5IC, 1747 ppm DY 7 F)IViE, 5
WWARZIVIRFBEDFEZRT . 113.3 ppm idA L7 1 VR,
67.2 ppm MU 88.9 ppm & ZFNZFNEEEFR TFHEE LIz AF
VIREN CHEIURRE, 20-50 ppm DT FFIVEAF IV, A
FL VKRG AF VikFEHR EHEE NI,

Th5DEHRE COSY, HMBC, HMQC IZ 5 2 HEHD 5,
ME DL EREE 2 Rt LTc & T3, BSEREDHIVR
THO, WFIFA—DFHEETH2 T LhrRmEI N (Fig
7o FTTRIC, TNE 2D HWISVAKRIEADORBRICH
DT RV EEZ, NOESY AT MUZEEI U (Fig.
8). i Al 3252A T, 1.75 ppm & 1.45 ppm, 5.74 ppm &

8.31
142.4

417 595 =" —N
i;g.an 43 0 916 '\/7 1213 o /’,‘\ -
HOT um 150.2 7~ kﬂ'-‘“-ﬂ HO Kk* d \
s e N‘\(
: S ) ) -

H 755 OH
8.17
154.0

cosy
—~  HMBC

Fig. 4. Chemical structure of 3154A. The numbers in the left panel
indicate the chemical shift values of protons (top) and carbons
(bottom). In the right panel, the thick bonds indicate correlations
observed by COSY, and the arrows indicate those observed by HMBC.
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Fig. 3. 3154A NMR spectra of 'H (A), COSY (B), HMBC (C), and HMQC (D).
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80% MeOH Layer

ODS OPEN 50 x 50 mm
COSMOSIL 75C ; -OPN

31

3253A
(0.22 mg)

32 33 34

PLC:20x10cm
Hexan : EtOAc=2:1
A J
PLC:10x10cm
Hexan : EtOAc=1:4

\ 4

HPLC: ODS 4.6 x 250 mm
40% MeCN/H,0

3254A
(0.08 mg)

Relative Intensity

Relative Intensity

B
— 3253A
< 0.22 mg
600
400+
200
0 T - T T 1 1
0 2 4 6 8 10
Retention Time (min)
C
300
250 - <+— 3254A
200 0.08 mg
150
100
504
0 I T T 1 1
0 2 4 6 8 10

Retention Time (min)

Fig. 5. Purification of 3253A and 3254A. Purification scheme (A) and HPLC chart that showed final step (B for 3253A, C for 3254A).
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Fig. 6. 3253A NMR spectra of 'H (A), 3C (B), COSY (C), HMBC (D), and HMQC (E).
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1.47
27.43

2.02,1.53
47.98

3253A

242174
46.44

176
26.97
OH
c 2.47,1.42 1.59
Ho 1057 25.31

410
65.26

3254A

2.01,1.30
50.72

1.30
30.3

25.78

HIRS « R - 1R

Fig. 7. Chemical structures of 3253A (A, B) and 3254A (C, D). The numbers in the left panels indicate the chemical shift values of protons (upper)
and carbons (lower). In the right panel, the thick bonds indicate correlations observed by COSY, and the arrows indicate those observed by HMBC.

25
Fig. 8. NOESY spectra of 3253A (A) and 3254A (B).

1.26 ppm DT NOESY AR MVICHHBIM A S Nz DIkt
L, #Al3254A T &, 4.11 ppm & 1.59 ppm, 4.11 ppm &
1.29 ppm, 1.59 ppm & 1.29 ppm, 5.77 ppm & 1.32 ppm D
7Ty T FIVORT NOESY AT MVOHBENH 5N
Too TORRDS, WFIL Fig 9 ITRTKIICHWICYT R
T LA —DRRICH BRI TH 2 LR L7z,

[BIE L7z ACE PEEHRID EIEREER

RAZIC, AHFFECHUEE - [FE L7z ACE [HEME OVE = i
U7z (Fig. 10). 9, 3154A T T /¥ ThofzT b
5, RO 7 7/ ¥ 7% FWT ACE ISH S 2 8RR LTz,
HR2DWEEDT T/ UFET, H25WEIEFEE FOZRMNT

| 05
1.0
5
20
25
| s 30k
]
357
R~
b | A 40
45
50
55

45 40 35 30 15 10 05

2 (ppm)

25 20

ACE WEMZRIE Lz FEWTHT T/ ¥ VIREICBIT % ACE
W7 7 v VIEEE RO ACE fEPEIC 3 2 ARG & LT
B U7 (Fig. 10A). ZOHKR, HEHEITRE 16 mM T
T h—ICEL, TN EEERENES S TEEERIIZE
—iE (PHER : 40%) TH->7,

JIT, 3254A FHfm U TE hbhofz7z8, 3253A
D ACE BAEEMRBR 2 Uiz, 77 /> > L RRRICREL
DIEJE D 3254A 171E F B B WIZIEFIE RO T ACE i& 1
EHEL, IEFEE FOEMEE 100% & LizFotExEe LT
Xk U7z (Fig. 10B), 14 mM » 5 300 mM D& & T ACE
BEL S5 6 1 0 SR FE AR AE LS B9 L, 300 mM T DB # % (3,
45% To o7,
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Fig. 10. Effects of adenosine (commercially available) and 3253A against ACE activity. ACE activities were measured in the presence of various
concentrations of adenosine (A) or 3253A (B). Each value is the mean =+ standard error of the mean of triplicate determinations. Veh.: Vehicle that

is a solvent in which ACE inhibitors were dissolved.

3253A

Fig. 9. 3253A (A, B) and 3254A (C, D) are diastereomeric stereoisomers.
The arrows indicate correlations observed by NOESY.

8

Al FEEIEEETIA BT LTz Haematococcus sp. dSgH-K1
¥Rz #EHC, 3RO KR % ACE =GO H 5 ifn 1%
TERYEREME LTRE L, TD3BD 1277/
Y, B0 2D HWC YT AT LAY —ORRIC & 2 BURAE
EELDHIVARVETH STz TOIVRVBIZTINEXTIC
T X ) FRRT 2 R ZJED Nectandra oppositifolia Nees &
Martius <X U —d— )L FAL R ENTED, fikvusR/
V= EENRENTWS (Alves Conserva et al. 2021, Wang
et al 2023), LML, THNETACE KT 28z iR~ 7 0l
37K, SEH ACE HEHAIE LTOWD TOMETH %,
TT /Y VEHBEOMKE T E L TH 5D B EYICEE
MEYE TH 3, IHIC, B bR U E LIEMAEIYS
KBV TIXHERCENEE LTEBEEEL, ZOMRDO1D
MEETERATH BT ENHIENT W, LA LZDOE
RE7 7/ B EN U THREINS L EZSNTED
(Guimaraes et al. 2003, Antonioli ez al. 2023), TN F T ACE
FHENROGHIC DOV THANS N LidD > 7z, RO
oS, 77/ ACE ORHE %2l U C i E i B 5

LTWauaetebs T EAVRBI N,

ACEDRBEIZ 7 > I T 1THY, ZDCKEHD
HisLeuOH) 1" 572% Y XTF RN OBRICER#H TN
TYoEnzd, —4T, "EBHRKRDRXTFF (Phe-Ala-
Pro(OH)) $#EH &5 EMHLMNTEN TS (Cushman
et al. 1987), fit>C ACE I, “NEEHHKRTF KD C K
INIES % Ala-Pro(OH) & WO EIFIEFEHT 2 £ E X b5,
ARWFFECHAE U7z 3253A KT 3254A & 701 > DLk
Wtk B b, ETEROIBIFEN S 1 REBNTAIEIC
WRFIIVEZGELTHED, BREIEE IV ARFIVEONE
BB LA TH B HED TN B, Lizh> T 3253A & 3254A D
71 IVRF 2 VE D -Phe-Ala-Pro(OH) X 7F KD C Kiig A )V R
FUNVEE, BREEEN T T VORZEMT 22 LIC&>T
ACE OREGRFEAICHA ST 2 AREMENE Z 5N 2. 1> T
NS 2 DOMHIESARSE ACE [HEYE S, BB EAIIC
WUTARDEHELHETE T LICK->T, ENREELER
HLTWSOhE LA,

Haematococcus 1%, S8 HIBILIERHZRT 7 A 2FT
FUREAT B ENHNSENT VS (Aflalo et al 2007), T
ORI EFIRE T T A2 FT U F U OERZITD R
WA, SRVOEIRET RS WVRIREGZ EO X L AICE 5 E N
RHCHID T, TAZRETYVFUZEHKT S (Aflalo er al 2007,
Oslan ez al. 2021), > T, fIEEEZR W7 A2F5
FURELETIE, 2 BRFEORE, AIbMifazigE ks e
TARFY U F R EEER ST EEMHVONS (Oslan
et al. 2021), & T AT, SO TITMBZIEH LS
EagESICHBL, VAZFY UFUFEEEITDENS
Too T AREFYVF U EEREL TWARW Haematococcus HiiE
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