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Antiviral Activities of Polysaccharide from Spirulina Platensis
against HSV-2 in Vitro
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Abstract; [Objective] To explore the antiviral effect and mechanism of polysaccharide from Spirulina Platensis
(PSP) on herpes simplex virus type 2 (HSV-2) and to provide a theoretical support for developing new drugs.
[Method] A stand strain of HSV-2 (333 strain) was used to investigate the antiviral effect of PSP in vitro. PSP in
various concentrations was applied to different stages of HSV-2 replication cycle. Finally, the virus infectivity
(TCIDs), cytopathic effect (CPE) and MTT stain method for viable cells (MTT assay) were used as markers to
evaluate the effect of PSP on HSV-2. The quantity of HSV-DNA was detected by real-time fluorescence quantitative
PCR (FQ-PCR). [Results] PSP had little cytotoxic effect on Vero cells (TCs=1750 wg/mL), it could not directly
inactivate HSV-2 infectivity. PSP not only interfered in adsorption of HSV-2 to Vero cells but also inhibited HSV-2
replication in the cells, PSP in the concentrations of 50 pg/mL, 100 pg/mL, and 100pg/mL could significantly
inhibit virus replication with high inhibitory rate 63.94% , 81.41%, and 85.63%, respectively. FQ-PCR results
showed that the inhibitory rate on HSV-DNA also increased in a dose-dependent and time-dependent manner.
[Conclusion] PSP showed good antiviral effect on HSV-2 in vitro, which may be attributed to the inhibition of virus
adsorption and virus replication in the cells.
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NHaliyE 2 5-2 B (Herpes simplex virus,
HSV-2) kXU DNA 3 , = AR Es g B 3
R Z — , NSRS R IR AT TR A e
B R R, IR R — A B R ALY, R
T, DR R R SIS 2
& Bl TR E % 22 B (polysaccharide from spirulina
platensis , PSP) J2 M i 10T W2 g 78 Hh $2 B i) — Fp A
WZHRIEY, B TIRYEZRZHE  ILERMBT
FH, IBhER S RRIRIEE T BA MR . VIR
5t BURE AR VA TR A AR IS R, AR
—FBIZGRR, BB 5T R E
BCA BRI AR Y R 24 Y B BT ST U 2 — P,
H AT F B 2 HPm R SCRIGEAR £
H 2 5 BR T 3h 2 1k K 40 M 7K S e — BR A iy AF
3, ERANELE R, BT M TKFR S
L WETUR B R F BVLER, R W SCBRHRGE 341
BT HATE TR AT PSP AT B4l T 1 BURY)
TR R B E ], I IR 5 oG R B
% PSP AN AT B Z BT R 55 B (hepatitis
B virus, HBV) 470 JR43-Ub X Jpi 5 DNA & il , i B AT
8 ot 48 T WL A 440 i B 8 1 B RAS R 45 HL 4T HBY
YRR, SRk —BRF5T PSP IBURBEIG 1, Bl
AT T PSP HL HSV-2 MPRSPEIRHT ST, 5 R
.
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1.1 SRR e 35 5

WBE e Lo . IR E N B P e R A
bl pr AL EIRAE, SO 6,7], R
AR RN =RACRERELE, RBWIBRED6
WA WA B 3K 920 g/kg DU b, DATUZEZKIER
B 10 o/L BB IEBR TR , 2058, 4 CIRTE, I FH I
L RPMI-1640 857 £ R ZTHFWRE , WEES
(acyclovir, ACV) R AIL R} 55 25\ B A BR A | 7=
i, 35 020103, '
1.2 4 ha

RN G M Vero 4R BEAR AR &R TF 1%
RN AR , T DMEM FEREIEFRW T IA 100 mL/L
BT A 4R IILYE , 100 U/mL FHE R, 100 pg/mL 4
B/E, B37C, G 5%CO, HMIEET
3. FTE AR FARIE R GIBCO AR =i,
1.3 RELFESHENNE

HSV-2(333 #R) A ERFFF, T Vero 4
HRAEAR, BRI TF-70°CE& o LAZE v 28 5800
(cytopathic effect, CPE)JUE 50%2H 4 55 578 Gu 51 &
(the median tissue culture infective dose, TCIDs,)[!,
1.4 Z5¥EE RSN E

Vero 41 & REGIHL/E, A& 100 mL/L /)N
4 1 ¥ 19 DMEM 353571 A% 2 x 10°/mL 48080,
A 96 FLEEFEAR R, FFL 200 wL,24 ~ 48 h J5 1N
AR [ %5 B B B9 PSP (3 200 pg/mL,1 600 pg/
mL, 800 wg/mL,400 wg/mL,200 wg/mL,100 g/
mL,50 wg/mL,25 wg/mL) BMEER 6 NMEL,
F 37 C SFFER 5%C0, MAIRE N ELE s SF 72
h, BEFREEHRRT 4 b, BFLIA MTT 20 pL,37 CHE5%
FEPEEE 4 b, BOF LE eI Z H AT 200
pL, MERHEEY 5 min, BEROQNTOEE A
(B 570 nm) FHIHEZGHINT Vero HHALATINHIZ
Vero 2 JEA7-1E 2R =24 W) 240 -3 WO\ B (B 40 Yo B
2RI SEREE x 100%, ] ZE=100% - FEH 2L,
1.5 Z5WninmE st

IR A SR, #i1 3 2Ptk SR
B3 SRy 3 AN EEZE B D T 4H . PSP X E
BRI, BUR AR A9 PSP 45 100 pL 41515
100 TCIDs, HJ HSV-2 JHEW 100 pLIBA, T 37 C
Bl 2 b, SEIRFKIR 10 B, 78 Vero 41
P SE & R B TCIDsy, IR LA MTT 3460 7
g EIs, @04 PSP a4, T 100
TCIDs, HJ HSV-2 B4 Vero 48 il i [E] Bt il A AR )
HI &1 PSP(6.25 pg/mL,12.50 wg/mL,25 pg/mL,
50 pg/mL, 100 pg/mL,200 pg/mL),37 CHE
2 h, ERFEWMEIRF MY, IIAEIRI, 37 C
BIE 48 ~ 72 h, WAL MR AR AN (CPE) , MTT U
AfH, @I4H . PSP HURBAEY & HA, LU 100
TCIDy, 1] HSV-2 &Y% Vero 481, 37°CIEE 2h 7,
FUREW, TR INARIFEFEE PSP(6.25
pg/ml,12.50 pwg/mL,25 wg/mL,50 pg/mL, 100
pg/mL, 200 wg/mL), KiFF 24 ~72 h, WiFE CPE,
MTT 3 A (B, PA_b A4k 3 2 [ B 152 448 B X R
FREENTHEAN ACV 24Xt IR, BRI 6
AEFL, BT R EDER 3R,

1.6 FQ-PCR il PSP Hifis =1E AT 6 7

14 100 TCIDy, ) HSV-2 JBZ¢ Vero 4Rl ,37 °C
IE 2 h )5, FREW, AR PSP(50
wg/mL, 100 wg/mL) 43 A FBEY)E 2 h 4 h 6 h,
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P38 (PCR ) % Y 337 €5 156 BH 45 () I 3 4=

WA I DNA FHE FQ-PCR R, i

4T PCR ¥4,
L7 &

2 2 0 1) S BBV VR BE (TCsp) KT Reed-
Muench ¥, JREEIIHI %= (LIRAH T A {E-
BN FRAE -2 A E) /(IR 40 B X RSP 3 A
1E-AEE XS FRA P2 A {H) x 100% ., GETT2E4L B
FH Dunnet ¢ %56

2 # X

2.1 PSP HI4ApaEEE

PSP X Vero 40l i34 58 TG BH B AE FH, H. %t
Vero 413 HE M A% (TCxo 47 1 750 pg/mL) , Yo
T Vero A& B AT, ST AURRGE , B H %4 R I
B S R BT
2.2 PSP MREMNEREIER

CPE J: 46 45 52 5 7/R 4545 TCIDs, (CPE) ¥
1072, {568 PSP X} HSV-2 T EBEXKIGIEM .,

2.3 PSP #ifks s WA

G5 L B RS [ B 4 PSP 24 AR [ 75 5
RANMLRAR R BEE PSP YR AL R
REWT R RIFHERCHR , UL PSP Al
Tt HSV-2 [ Vero ZHHLEG IR I, (F8H KB 582
PO, T R 25 ACV S5 B W IR O3 46 7F A A
§9(£1,2),

1 PSP 3t HSV-2 W B & il B 250
Table 1 Effects of PSP on HSV-2 adsorption and replication

PSP concentrations (g/mL)

Groups

6.25 25 50 100 200
Adsorption CPE 4+ ++ + + +
Inhibitory rate (%) 20.78 53.90 66.45 71.43 81.82
Replication CPE +++ ++ + + +
Inhibitory rate (%) 36.06 57.46 63.94 81.41 85.63
®2 ACV X HSV-2 W R EHIARME
Table 2 Effects of ACV on HSV-2 adsorption and replication
PSP concentrations (jug/mL)
Groups :
6.25 25 50 100 200
Adsorption CPE +++ ++ + + +
Inhibitory rate (%) 16.67 26.58 43.12 53.16 53.57
Replication CPE +++ ++ + + +
Inhibitory rate (%) 26.32 60.12 71.56 80.09 83.76

2.4 PSP HfREEMERA

S5 R EA R TR MR B A PSP 40T BH S5 3 47 41
HSV-2 BB MR ASVER . MTT 45 R0 s, BEE
PSP YR EERYSE TN, M I R B WA E , R R
WHRBROCHR , HP 50 pg/mL.100 pg/mL, 200
wg/mL ¥ BE 1) PSP ] {40 j 55 A8 AN B At <47
(25%), X958 2 6 M 2558 63.94% |
81.41% . 85.63%, HBURETEMENL F 5T R4 ACY
(F1,2,F1),
2.5 PSP ¥f%E DNA EHE{ER

FQ-PCR I 75 A~ [F] 1) & 1Y PSP 1E i 2h . 4h,

6h.18h 4H}T 7+ HSV-DNA ¥ 0%k, Z5REME
PSP ¥ & K AE R Bk ) B4 38 0, PSP % HSV-DNA A
IHIVE IR B3R, BA RIFAFI MM 8L R
(i% 3) o

3 W W

3.1 HEBHREHEWEERE

B BTG PRA FH BRI IR B A A 20 £,
Ho 2/3 AR TR IANTAY , HERBA RN
s 5 02 T A R HP Y SC B , B0 DNA A B, 41
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1 PSP 3§ HSV-2 4R HI1E
Fig.1 The effects of PSP on the CPE of HSV-2
(A) Normal Vero cells; (B) HSV-2- infected Vero cells at 48h post infection; (C)HSV-2-infected Vero cells treated by 50 pg/mL PSP at
48 h post infection; (D)HSV-2-infected Vero cells treated by 100 pg/mL PSP at 48 h post infection; x 150

53 PSP Hi HSV-2 {E BB R
Table 3 The time-dependent manner of PSP against HSV-2

Time HSV control 50 wg/mL PSP 100 pg/mL PSP

(h) Log (copies/mL) Log (copies/mL) Inhibitory rate (%) Log (copies/mL) Inhibitory rate (%)
0 5.46£0.21%
2 5.78+0.35 5.36+0.56 7.20+2.13 5.02+0.29Y 13.15£2.17
4 5.89+0.236 4.86+0.39Y 18.34+1.82 4.35+0.18" 26.15+1.76
6 6.21+0.37 4.12+0.71% 33.66+1.96 3.67£0.37% 40.91+1.93

18 6.76+0.11 4.08+0.63% 39.65+0.95 3.59£0.62% 46.89+1.59

Compared with the control group, 1)P < 0.05; 2)P < 0.01

ARG SN R IE X 5 IE R RS F B A
PRI IR , MBS M, BEAR % DNA &L, JF
2115 EE DNA SEREER B3 4 i R % 1k
SRE T = BERE BT AE Y, A RR A EEI R HSV
B DNA & BBV , Eo A 55 — 2D B R 1b 2 PR R
T, 5 HSV 4 A5 A4 f iR v BE A2 RO A SR Do
W T 2 ORI PRIG T TSV N 8 R L 1 i i
Yy, BEETZREMR, T EX TR &M HSV
Y TRONME S F L, BRI R M SRR E
Ch N a2 Ve A7 L 7 i B [
AT

EASHENRSIERNTR

A 1958 4F Gerber ZEMIR BN AL (Gelidum
cartilagenium)%mﬂjH@gﬁﬁﬁﬁ%ﬁ@ﬁﬁ B Fl
JRIRRIRTE, PHERBWRINBER LS L
AP, Bt FEELSHENIUREIEME
BRI BT PSP HUREA/E R ST 2,
I APl R R T A TR e iy ok fh e By
2B R R AR BRI 20, BR e B 10 ) 4
fEp 7 (A AN 7 | LA BN I L R BR B A
NG R B %5 ) S A AEDS), Ayehunie 550
57 5 B i T MR B 98 22 B P A 1 T K 2 40 A L A
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C R R T RIFRIZG FIRT R . Rechter 407

OBORIRE TR DR (O S R
2 IR TR A 35 B BRIFRIPUR MR, =t
E 435 HSV-1, HSV-6 Ko A 25 58 i [ 6 25
1 BY A3 Sk P 058, T % EB 25 KBk A
R HIVE RS, HYUES RS e YL A8
EMEIRTRZFEAR R,
3.3 PSP #i HSV-2 {EFHIFFZE

BATHIBTHARF ST 220, PSP ZE{R N 4P X} HSV-1
B8 B R HIVE R, T ELX Vero 40 B AYEE AR
AN, ASBIFGRR PR AN B 3R, BT T PSP it
HSV-2 W18 F B AT REML . 1 56 AR I8 351 2 19
PSP YR TR A il AR AT, 45550
PSP XF HSV-2 TCE B RIGEVER, AT 30 1575 25 W% b
KRG 20 M N B 1 2 1 7R LR R b A FQ-
PCR AR M — 4 ATk SR PSP s 316
HIBT AR E R, 45RIRFRH , PSP Al A & 30 195 25
DNA W EHI, EKEZE PSP ¥k B K A R st a] ) 1y
i, PSP X HSV-DNA R4l /E AR oo, BA
RIFEIF BB LR
34 FHRREE
B 9% 45 S 5 B PSP & Mk A BB 2 4

HSV-2 JRBEAEF , MoVEFE & A= 76 30 08 25 W0 I
BEFEHSELAT L, HEARFETF ACV, B R
Gyre et 2t W B F PSP N RRLE Y, BB
TCRE , i e, IR B SHEA B B AR G2 8 35
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