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Abstract: The potential of Haematococcus pluvialis powder in alleviating urinary tract obstruction-induced renal fibrosis
by ameliorating mitochondrial dysfunction and epithelial-mesenchymal transition (EMT) was investigated in this study. Various
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methods, including the CCKS assay, immunofluorescence, mitochondrial membrane potential measurement, mitochondrial reactive

oxygen species detection assay, and immunohistochemical staining, were used for validation. The results demonstrated the ability

of H. pluvialis powder in mitigating renal pathological changes in rats induced by unilateral ureteral obstruction (UUO) surgery.

Compared with the model group, treatment with H. pluvialis powder significantly decreased fibronectin 1 expression (65.52%).

In vitro, H. pluvialis powder ameliorated transforming growth factor-f1-induced changes in EMT markers in HK-2 cells, with the

positive area fraction of E-cadherin increasing by 51.35%, and those of N-cadherin and vimentin decreasing by 62.30% and 39.36%,

respectively. An increase in mitochondrial membrane potential and a decrease in mitochondrial superoxide accumulation were also

observed. Subsequently, astaxanthin (AST) was used to intervene in the rat UUO and HK-2 pro-fibrotic cell models. The results

revealed that H. pluvialis powder outperformed AST at equivalent dosages/concentrations. In summary, this study found that 4. pluvialis

powder could alleviate the pathological progression of renal fibrosis caused by urinary tract obstruction via mechanisms that include

improving extracellular matrix deposition, reducing renal cortical injury, modulating the EMT process, and mitigating mitochondrial

dysfunction. Therefore, H. pluvialis powder shows potential for the development of functional foods with renoprotective effects.
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WA Bk ¥ (Haematococcus pluvialis, H. pluvialis)
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531 H. pluvialis ¥y 86 F TI097 F4EAG i, JGH 2




MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.2
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R R ER A IR 2w\l s 32 R0 € i R AR
(Specific Pathogen Free, SPF) 2% SD K. (Zh¥ 14 Al
WE4m 5 :NO.110324231106182758), /i & (180+10) g,
AR (bs) AEMEARER AR, ALy
By35A5 (3% 1 3L A T B S 56 3 P 4 BRI A A
far ) BIVFRT, JIRA5 20 m R0 3 2 G 2 1 Ak
(HNUAUCC2021-00089) 5 N'B /Mg L gz 4, Fifg
K LR R AR DMEM/F-12 (1:1) HiF74k,
i 24 MLjE (Fetal Bovine Serum, FBS), & EK € /R
Bl A\ EEASINE R (Astaxanthin) #y R, 2%
HPLC=97%, dtEZEFERHARAR: FiEfHRIE
FW CUHL, 1000, HBFERERAEVRHEA R A
CCK8 4 JIfa 164 i A Wl 551 s 8 o 28 4 R A B vl 7 A
WG & (JC-1). BCA HEFKRENE A&, Alexa
Fluor 488 #7 it th = $it 7y i IgG (H+L), Alexa Fluor
488 R0 L E P R 1gG (HAL), L2 = RAWH
RBFFCHT: SRR S AR ERE (MitoSOX
Red Mitochondrial Superoxide Indicator), 3 2% 4% &}
B (B B A BR/AF]; E-cadherin Polyclonal antibody
$3%5: 20874-1-AP). N-cadherin Polyclonal antibody (#%
‘5: 22018-1-AP). Vimentin Polyclonal antibody (%5
10366-1-AP), B =& EVH ARG R AF .
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World BV,
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A H KK G 3 — JE 0 IE R E B 3R S
BENBENL 7 A, A8 R, fEIEMAT 7 d,
UUO+H. pluvialis HF1 UUO+AST 4143 5l 4 52 i B
H. pluvialis ¥y GfllE N 83333 mgkg ) Fl AST (F&EH
25mgkg ') FIHEH AL EE, H—, &fa—REBE
A 24 ho Hod, H pluvialis F1 AST ) #1481 45
) R DU A BE H. pluvialis ¥y F1 AST ¥ T4 # 35
KA. ZEEEERE, X UUO 4. UUO+ H. pluvialis 2H .
UUO+AST @47 & 5. AR B T 33 5 Bk B2 B] 4
B J5 LS 87 2 S0 BEAT R TR 8 AT R F A4k
B, BAYAH Je 5 G AT R 5L . RS
FRIEMEGE IR, SRR E IR 2. 15 AL
B A H IR R SR A KRRL, A2 AR G 53 & H R
B H. pluvialis. AST, FF%: 14 d, B3 K RATIRE,
BARE 14 R, WA KBTI AT, WidkE
R A 2R R WA B R A E T 4%

REHEER, BHATHOK. IR R AL, H15 A
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KA NE /NE B (Human Kidney, HK-2) 4]
Ml | Eilg RS MR ARAR. ¥ HK2 BT
DMEM/F-12 (1:1) $53pErhiE o — Bt E]. frgt iR
A, B HK-2 40 fh TS50k, L4 p 2%
FEL) R 2x10° A, Bl K 7S FLAR B T 40 e % 97 4 vh 1
F7 24 he FrdiMOIRES e E 58 AR S50/ 418 IE
W (Con). M4 (TGF-B1). #5254 (TGF-B1+
8 ug'mL "' H. pluvialis. TGF-1+16 pg-mL "' H. pluvialis.
TGF-1+24 ug-mL "' H. pluvialis, TGF-f1+16 pg-mL"'
AST). Hrf, H. pluvialis F1 AST B 1] 9 H 38 7 &
FRELIE B W BE H. pluvialis ¥y A1 AST ¥ T DMSO 1,
DMSO 715 775 AR BT 0.1%. FFRF 48 i
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FERGFRIE AL 48 h g BT EAT 5 S se i 41
124 el HmzE

¥ HK-2 40 b T 78 96 LA, AEALYH M %5 )i
2920 5%10* 4>, i B 40 e 3 58 3R 57 & (Cell Counting
Kit 8, CCK8) iVl H. pluvialis 13 1. B 5% 96 FL
BT R AR 9% 24 he 25, UMK
FE (0. 8. 16, 24, 48, 96, 192, 384 ug-mL") 1
H. pluvialis #- ¥ 48 ho Kb HE 25 1 J5 &L M 10 puL
CCK-8 Vi, fEANMfuss M thiIeE 1 h, KI5
N BE T 450 nm KA E R
125 RARAFER

¥ LR UCEE B HK-2 40 M 75 PBS H P =K,
FH 2 S8 HEE A 5E 20 mine [EE 45 R IET 10 min, )5
7E PBS "k =¥k, J Triton X-100 i&1L 10 min. B
J&, TESH AR HON 10% 111 2F M35 (1) PBS & 141
30 min, 2RJ5 AN )—#$1 (E-cadherin. N-cadherin.
Vimentin) 7£ & AR5 H0N 10% 1L =E LG+ 4 T
B, —PiE 4R PBS Peik =k, FHIMAAMN
P E 1 ho Z0M0AZ A RIFH A DAPI e &
30 min. JE, AHPURGERE Fd . B R
BB T OGO LR A B P .

1.2.6 L&A B A2Aem)]

8 JC-1 G751 S A WU AS ) Adh B 5 HK-2 411 iy
(MBS RELAT, K Fod b 35 A R 40 P FH TR ¥ PBS Pk 9
Wa, FHIC-1 Je TAEMAL IR A AL, FF7E 37 Cil
%5 20 min. 4R )5 JH Hochest 33342 X} 4 il #% 4 {4,
30 min, e gE A PBS PRk Mk, 1E LT HOEIE
AR U,

12,7 ZALKE I

A8 FH 2 R A v e A U0 4K ) B A T S [ Ak B S
HK-2 40 () 2R AR GE P SAHERR IS DL, R FoR Ab FR LT 1
Y1 ARG PBS BRIk P UG, KL B AL 4
R S RE TR A B4R, JF7E 37 CRAME
30 min. 4R J5 H Hochest33342 % 4 il #% % % 30 min,
Jeta 5h A PBS BRI K, TEILRERME (ERE
) TAER.

128 %EiaER

F ZHZENE S um JE LU DR HEAT I e Ak
H, JEE S R KA. AL 2R M5 S 30 min B
AR R LSS, BEJEFH—PU (FND 764 CHIRE
AR . YIRS U E 50 min, PBS Vi,
FASLFHIARC ) DAB & (g b3, SRIT S P s,
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PR EART . HERAKMP e R, ZbRaE, R
ARG GAM % 3 min, BAKEE F, TORE R NS,
129 #AELIT 504

Fr G SEBRER M AT T B =k, A RARL. 52
96 HHE SR FH SPSS A 34T G vk ar A, BUE BLI B
+SD FoR. KA BN R T7 2 5 b A 2 5 LSO B0
HATG . P<0.05 INANERASRITFE L. H
GraphPad Prism 2| 26 2 14 .
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2.1 H. pluvialistp#% 5 5 T 5T A

SRR, H pluvialis {5 B #T RKRIFE R
B E R, AR NIRE 2 R B iR E TS 3%,
HEFEERAR. AR RAER. BEAR. W
AR, P LAE Sy — Pl 22 0 ot 2 1 U B L AR RS R
H, BT IR, o- 0 JBKER 25 A A1 fig 7 iR,
DA S B-tHEE NSRRI A A RN . T
ekk s, H. pluvialis 7 AR 11 PrAALEE J155
SR, AR ZLEREE VR K B A P 8, FL 4 B e 517
o HEBEKR. ZHE, ROEEN H pluvialis $y 3
DLURETECH e A () 2500 o A2 W L s 0 I R A5
X2 H A A H pluvialis $RIVEF S RS2 —.
DRI, W 9840 R T B 5 R B BE 1Y) H. pluvialis ik
ITIEF SRR (B 1D, RERWAE H pluvialis ¥y
Y BE LT e i, T RURSCH A BT, 5 Sk
WA REE H. pluvialis $3 3317 -

) O[5
8 800x 2 500x .

1 H. pluvialis B EE S BERELE
Fig.1 Morphological alterations of H. pluvialis powder with
and without cell wall disruption
VE: “BRAE H. pluvialis %7 EB ¥ 4% 5 4 “HP”, T X
AAR .
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Fig.2 Cell wall-disrupted H. pluvialis powder ameliorates
pathological changes and fibrotic lesions in the renal tissues
of UUO rats
E: HAEFAM, *P<0.05; HAAEAL, "P<0.05.
T AR, (ab) KRB M AR 202 # 4T HE . Masson.PAS % &,
AFR Fy 20 pm, a A B EREMIL, AKAEH A 63%, b A
B R AR RO T, AR KRAEHH 40x; () A HNEL B
FR Masson 4 & F AR 4F 4 & AR o 4 4% ) Tmage] #4772 547
(n=8), A+ HEERRIRLL; (d) 5 PAS & ¥ Bl 3ka
MR b AR R Image] ATE B0 (n=8), L P Hae
RENE R ITAR
Bl S AR - 4 (Hematoxylin-eosin Staining,

HE) Yuft, EMER S K (Periodic Acid-Schiff, PAS) %t
BRI LFY (Masson) SetaiFfliflEE H. pluvialis At i

HYUEHR M RER IR . HE iR, 5
IEHRBAHEL, UUO KEHILEBUK, B &3y
SN I RARTE, REE H. pluvialis K3 AST 7] ANGE B
ANE OB ANERG,  HABREE H. pluvialis ¥ 1) BGE SURAR
F AST ([ 2a. 2b). Masson JefalE R, UUO KREIE
B NVE S NERER 3 W R R DI G I (1] 2a. 2b),
il BE H. pluvialis %3+ AST W] LLig /> UUO K B /3K
ﬁ*@ﬂi‘ﬁiiﬁiﬂ, Hﬁﬁ% H. pluvialis %3 (FECRR T AST
(B 2a. 2b). 73 7 5HE NE RV NBR IR R
HE AR ﬁfﬁ‘%‘ﬂﬁﬂs&)@uﬁ R (B 2c. 2d).
R EIR, UUO KRB /NE AR /INER h R R T A 7 2
SERIN, TR EE H. pluvialis ¥3 A1 AST 13697 BEAK
T UUO K BRI SR £ e T AR e 8, B 2 e Al
(P<0.05). PAS Jeti iR, HIEH KR, UUO
KRB INE A B /N [ 46 21 (0 PAS BAPE 2 IR 3 5
B (B 2a. 2b), e BoRTEE H. pluvialis $3 Fl
AST AJJEZ> UUO K EF/INER A SR 2017 PAS B R 5
Jit, HAEE H. pluvialis By IRCRIET AST (B 2b)o i
— A R IR 820 (Mesangial Matrix Index, MMI)
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DATH AR 43 H0% 20 B 1b B /NER IR PAS e 45 JL ik
ITRE BN, FHTVPAS B /N BRE [ 2 156 o 14 A= i A%
. AR ER (E2d), UUO K RE/NER MMI 10,
ik B H. pluvialis ¥y F1 AST 7897 7] P &K UUO KR
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H. pluvialis ¥ 7] UL L Jl /> 40 fg /£ 5 (Extracellular
Matrix, ECM) VTR 250385 5 B B9 3 R 42 ' 41 Ak,
B NERER AL SRR FE AR LT AST.
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Fig.3 Cell wall-disrupted H. pluvialis powder modulates the
protein expression of FN1 in the kidneys of unilateral UUO rats
E: BERA@IEAZ, FERKFNL (a) @it fEM1K
e EIRAR M E IR AR ALR T FNL & & 69 Fa R A KT, KRS
A 63%, ¥R A 20 um; (b) 1% A Imagel 3t % & L4045 R

Fal@RAATEESAN (n=8), L FREHSRAIIRER,
ST TR A NI EE H. pluvialis $3 7T LAdE i
5 Keap1/Nrfy/HO-1 18 1 K Jak 2 il 2% 2% 175 5 O F 4 95
WEFT A T AR L ER B S0 TP — AR IR
JAE A 1. - AUILENE B TGF-4 fRiL, e
T EME R BT, RN O AR,
1M S AT 4R . O T BE— D SR EE H. pluvialis
Ty xh B MELT AL AR R, S AL R T VR
2o 1 1 (Fibronectinl, FN1) 7E KRA AP £
IEAH DL, FNT H 240 AN ot h i) — FhRE s, (E
AL RS, N1 EEAS M BRF A ET.
S B Gt I E B T4 REoR, HIEHAHML,
UUO B o FNT &R F I RIE 3% B, fFE &
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Ji2 JER AR R A B IR £F I G, R BE H. pluvialis Ky IR
J7 JE FN1 & ) BE M i FR 2 30 2 PR K 65.52%
( B 3a. 3b), 5 X M4 AST I W6 J7 2 R M 24
(P<<0.05). ZE L Frik, #EEE H pluvialis ¥y v LLiE ik
P800 JR 45 A BHL P K B 23 Hp 4 4 A TR 7 9 3R R
KR UUO B SN B 2R 41k

2.4 BiEEH. pluvialisty X HK-2 48 1 T W 8 25 &

TE R HIAR N BIF 78 R IR BE H. pluvialis 3 0] LA
B 3% UUO S80S 47 44k P 1) ECM TR AN Jii
i, CARRARLF YL 7 IRIE. Rk, #E—DHE
MR BE H. pluvialis ¥y /& 75 0] LLIEAR A1 25 TGF-A1 i
SNE NG g RS E. &l
1b CCK8 &k Aar I A~ [6] 711 & B B H. pluvialis ¥3 (0. 8.
16, 24, 48. 96. 192, 384 ug-mL™") Xf HK-2 4§
Mo 24tk . SR BN (B 4a), 0~96 ng-mL ' 1)
Wi BE H. pluvialis ¥y % HK-2 40 I B R & EE R, H
il B¥ H. pluvialis #7780 8+ 16+ 24 pg-mL ' iy HK-2
IS ) OB A . WA AR B I HK-2 4 AT
A, SRR, WEE H pluvialis ¥ A2 IOAs 4 i
ARIRS UL (K 4b). HIHERILBE H. pluvialis
k% HK-2 288 JC B 80, 1% 305 R HL 8.1 16,
24 ug-mL " [BEE H. pluvialis ¥ 347 20 LK FHE A o
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Fig.4 The impact of cell wall-disrupted H. pluvialis powder
on the viability of HK-2 cells
: (a) M CCK8 kM mie® A (n=3); (b) £FF
FZ a9 BEE H. pluvialis 4L 2T HK-2 @069l R A (n=3).




MR B @B

Modern Food Science and Technology

2026, Vol.42, No.2

2.5 W EEH. pluvialisty i
o %L

TFE?EH (RIS, PRI BH 2 5| EC A SR /N ()
WA, B, RESEUERUK. BEGRK
AR R FR, PUARA BB, &
FEREE ECM IR EMT FIZR Rk ThRg g™,
AL, WS B A R R, A
EMT &5 A4 Kk e o0k . EMT FRFIELE T b 2 4
fbrEY, Flan B-¥545 8 (E-cadherin) FJHk2, [H
oA AR EY, B0 N-F545 8 1 (N-cadherin). %
JEE A (Vimentin) (1)73A . DA i@ I IF v 460
E-cadherin. N-cadherin PA & Vimentin & [ )R IE .

TGF-p1
a CON TGF-f1  HP (8 pgmL ") HP (16 pg-mL ') HP (24 pgmL ") AST

TAHHEMT R % & 5

Nuclei

3
lil

Merge

TGF-p1

b TGF-f1  HP (8 pygmL") HP (16 pgmL"') HP(24 pgmL™) AST

Nuclei

N-cadherin

Merge

TGF-p1
C TGF-f1  HP (8 pgmL") HP (16 ugmL") HP (24 pgmL") AST

NlJLICI......
Vi'ncntin . . - . . .
Merge.-...
151
d, 4
<
ég 1.0+
Q
fa)
;_ug 05
0.0

d. 2or *

§ ﬂﬂﬂﬂ

c@ *z'?" o

LS}

N-cadherin
IntDen/Area

SRS TRt
T o \>8@ P,%‘\\b
TGF-p1
Croups
d3 3.01 "
- #
8 20r
EX
> 2 1.0+
. QR VAR VAR VAR Vi
C G &
< N \>% \>% \>%
TGF-p1
Croups

5 fB% H. pluvialis #%t TGF-1 5 HK-2 4R A
E-cadherin, N-cadherin, Vimentin & B KI5
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