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Toxicity Evaluation of Polysaccharides from Pitaya Stem on Regula-
ting Cellular Immune Function in Mice
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Abstract: The aim of this study was to investigate the effects of pitaya stem polysaccharide (PSP) on the cellular im-
mune function in mice with cyclophosphamide induced immunodeficiency. In this study, the toxicity of pitaya stem
polysaccharide was evaluated, and the immune function of mouse cells was evaluated by detecting the proliferation
ability of mouse lymphocytes induced by mitogen, calculating the body weight, spleen index, spleen immune count and
blood cell count of mice. PSP had no inhibitory effect on the survival rate of lymphocytes. PSP-1 and PSP-2 had the
same proliferation effect on T lymphocytes, but had no obvious effect on B lymphocytes. In the immunocompromised
mouse model, the splenic index and blood cell count of mice treated with PSP were alleviated, and the effect was better
in the high-dose group, but the enhancement of whole splenic immune cells was not obvious. The results showed that
PSP-2 may be the active component of PSP-1 to exert immune function, T lymphocytes are the main effector cells, and
the immune function of dragon fruit stem polysaccharide is mainly achieved by promoting lymphocyte proliferation.
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TEFRE G TP AR R DL AR A (X))
AR R AR kT SRR A KR
N T OAIERI S, TEAWE RS, B
SERAM T A Y AR 2R, X SRR AR AR Ny
RFWAL B, AMEEE T IO RA I A
W GEEABG YR N, MR TE IO 25
BEEINAEL, WD BEIIR B, X ok e SRR AT I A
MAEAEZEE L,

KR ZE LW (pitaya stem polysaccharide,
PSP ) VE R RIRTEMEZ MR —F, 2 KRR 2R
HEFEN 2 —, BAYUE . W miE S5
YIThik, REWRRmEHLRSE B, BTk
ZHERPTTETT B2 AR T TR, Ak LR
B PRI . ZEE YA T 3 R ROy
2, Hoh i SRR IR 20.53%, g im T4
KB IBOR R 7l B R IR A8, X — S5 RN Eh
50T FH IV 1 555 Bt Al 90 R 7 Tl 0 i ) 2 R
BAR P ZEE AR, 1 B I S K B B e At
RO IR T 8 S TR P D B B VR S
0 6 I S AT P Al AR AR B R ) 43 B 220
g3, IXBE LM A R AR A HAT AR T M S )
BR. WA, AR, R KO R ZE 2R
A s RN T SRR BT R R A, B
— G IR o R el S A o T R e
B, Bk e R ZEZ AR T-5E, H DPPH H i
SLEERAE I BEAE B SR B E AR, 5ok
BIEE A AR B, 31 T RE A PRR RIS T 20%LL I,
HIRMEZREASBEF FRIEENE, X2hE
W A2 P Jo BT RS Y o

B LA EBFSEAE , X0 T K e R 28 2 MR P A A
JEEYE 19 J7 TR IS i ORARGE . MW ZHERA B
FH R, BRI MEPLIA e g B IR R AR K,
& TH Ik I 40 B 1S B RE 7, G VR 2T 40 A
S AR BRI A, DT 52 o AL A 6 2 £
BUCRL SRt gs 20, b e & UV o & B
W 22 B EEAE 0.1~10.0 mg/L Y8 P9 AB A2 37E K L
LR AN A, 7E 10.0 mg/L e AT RE IR E I
AMTH, X459 A CHEN ZEUIBF5E15 H i
T 22 A EL A A T AL AR S g D e i WL AR —
Ho YIN AU I 3 b 3 B 22 W LA 3 AL A
P 3 T R R 5 38 0 28 S TR MR Tl L R
WEE R B, w0 & A 22 Ak BT 4 0 S (IR
/N SE R AT fE L L nT LA /)N Bk L 40
JHLHE 5

FF UL IR IERE, AWF5ELL Balb/c /NRH
S S, WK IR R ZE ZHERE ST,
R 7 K e 25 220 PR A0 /N BRUIbk L 200 i 34 7 5K
N, S O PR I A5 5 0 S AT /0N BR A4 A
REPW T IE R, B K RS
BAGRPETRTEN, NAREEZWEIT & N i6e
PR —E SR

1 #wRERE

1.1 ##
Bt K Op R ERRE A A AL+ VR
LA BRA w4

SCE Y. Balb/e /N, MEME, 55 H, BH
18~20 g, /MR SPF FRlsia 72, IEH A&tk (3
W 52 15 o) PR AR AT VA P K R e I = Bt 3l ) 16 B
Z BV IALHE ).

RPMI-1640 £ : RPMI-1640 ( Gibco ),
NaHCO;; HEPES, WHEAFREN 110, HFHEM, i
MREER %, 2-ME, JRZEIM¥E (FBS) 10%; BifR
g b EPER K (PBS); ZL4HMI S . NHLCI,
KHCO;, EDTA (pH 7.6 ); H#iEEME ( cytoxan,
CTX), LM EGARAR; JJEREN A
( concanavalin A, ConA ) ( Sigma ); f§ £ b¥
(lipopolysaccharide, LPS ) ( Sigma ); CCK-8 i {ll]
A& (REED ).

12 Ak

1.2.1 4RsM DB empesg s mten (1) Kk
e R ZEZHE A SHCH . 2R W T
e KO SR 2L T 2, Y/ N 200 g,
£ 2.0 MPa, 120 s (YA FHEATIRIR, TRIB)E Ml
FH20 AR 73 B AR 5% i, 8000 r/min &0 15 min,
BRECDIE , M ek 4s FIEE 1/4, 2 4 £k
FImA 95% T 4 CRIRED, MIlE
6000 r/min #.L» 10 min, BPLREGHET, HRHZL
B PSP-1, 934 2.18%, PSP-1 HEMEi&H N
44.64%, AP A ), A RAL
B RE X PSP-1 #E 47 i 4 B & 1115 21 4 b 2 b
PSP-2, PSP-2 7£ PSP-1 432y, 1/5,

ZBERCH] . FREL 33.8 mg PSP-1 Ml E 676 uL
ZHEA ( DMSO ) HL K EE R 50 mg/mL 1Y
VW, FREX 6.9 mg PSP-2 fil % 690 pL DMSO Hrid
WA 10 mg/mL AW, A TRETEEH
fife, FREATREEATIEY T, R RKS
B A AT DO IR BRSSP IRE I R A
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Yy, HURZESE IR BRI . 7R
10%J16 45 1L 74 1Y RPMI-1640 5535 rh ¥ PSP-1 &
B DMSO I BC i B o 200 pg/mL, PSP-2
Z B DMSO ¥ W e il i B2 h 40 pg/mL, FRHI &
10% 164 L3 i RPMI-1640 15 3% R 13 AL 5
R T R SRR

PSP-2 7& PSP-1 #H5rth 2y 1/5, Wik
PSP-1 fR4MHIHE R PSP-2 4 5 %, W4 PSP-1
AR FR U A 50, 5. 0.5, 0.05, 0.005. 0.0005,
0.000 05 pg/mL; PSP-2 BYRFFRIRIE N 10, 1. 0.1,
0.01, 0.001, 0.0001, 0.000 01 pug/mL. W5 F
NREL A B BH S AN ) R

(2) /DEIME AR Hl . BIEHELLSE 5 H
Balb/c /MR, TCTRFREE T BUBAESEA T A%, SR,
T4 °C, 1200 r/min B0 5 min, B.OTITEMAL
M ZLARIE LS | mL, 85T, #i & 30s; JIA PBS,
BRLT B, B, TRER 2 U VR 2 IREI A AN,
JHE 10%6 45 M35 9 RPMI-1640 5% 3% 10K 40 il
BE SmL, XTYIMRE ST IE AT AL, A
JifL e 55 Sl 4x10° 4> /mL .,

(13) Ik EL 200 Pt 3 3 % M AGE I o (DX ik 2L 4
BEPEVR FEHERR J7E 96 FLIEFEA AR FLINA 100 pL
& LH AN MOAE SER L 50 pL 55, 50 pL AUk E
Rri Z PR IR0, BAAREY 200 uL. FAEEEME 4
ANEAL, Hi 4 FLINE AN IE R X R, 2
FLICHH M A5 AR FRBE SR WA E AR IR 25 XTI, 4t
FE 5% CO, ) 37 CH: AP B 9% 48 h, Kigegh
HAT 12 h LA 10 pL CCK-8 ¥ . & i #¢
PRI A 20 B ot P 2 DK B AR AAE 450 nm b
B OD {H, VAIE# T BN A= 175K 100%, =5
FI 6 HR A A AR AR, B 0%, 34 FR I RE 5 41
AAEAT LR, @%F T, B bk EL 40 i 78 76 5L
N PES . 7E 96 FLIGFRMR P RALIMA 100 pL £
ZHANBRAE B, 50 uL A 220345 ( ConA Ak
F£ 1 pg/mL 3 LPS &K 2 ug/mL ), 50 pL &K
JERFIN ZHEREFR M, BARFE 200 pL. BEAMEE SR
4 AL, B4 LI 2257 25 A IRz 2 0%
BSR4 M 4 5 ) BHPE XTI, 553k 4 LA
225y SRR 40 M 3G 5 1) B PR IR A
5% CO, 1 37 CHEFRFE T 3% 48 h, G345l
12 h B FLINA 10 pL CCK-8 W » & BB bRic
(%) 240 BELAE o FH A B AR AXAE 450 nm AL 32HX OD
B, DI 2253 85000 BH A X HE 21 200 Ffd %) 334
N 100% , FIVEXT BRAIAE o AR IGTE A SR, AP

55 44 4
0%, T 15 A b 2H 40 8 5 L oK
122 WAKWADRamie s AR EEEN (1)

¥ /N4 . HEAS 50 2 Balb/e /MR, HirP, 28 H

(IEH ) XTREZH 10 H, SRl T AT REZ 10
H, ke RZZRGH 4 (125 mg/kg) 10 2,
K RZEZ R RIEA (250 mg/kg) 10 B, ki
REZHEFEA (500 mg/kg) 10 2,

(2) SLH/NRBRL, /NERBEBLS A 5 4,
410 H, $200 1 LB A T/AINRESH, DIESE
RBR A BRER K O Zs AR IR, AU 1. 4,
7 RNE W S AL 75 me/kg.

(3) ZHERERIECH 5 T3, FH2EK il K
T R ZE M 32 i BC R RO R T IR B
g3 ) % R RE ST AR (125 mgkg ).
(250 mg/kg ). HHE (500 mg/kg ). fRFIHEA
125 mg/kgx0.1 kg/mL= 12.5 mg/mL; 5|4 .
250 mg/kgx0.1 kg/mL= 25 mg/mL ; & ] & 4 .
500 mg/kgx0.1 kg/mL= 50 mg/mL,

CTX WMHT, AWEH T 1, iR
HEH 0.1mL/10g, %5 1 W CTX k1EfE, 4ke: T
10 d, 25 10 KALFEA LS80 /N R, PRAR T A%
o WIME], A3 O R L RNASE AU 6H R 2H H2 A W] O ik
HE B 4K .

(4) WM, [ LE/NRTETS, R
WD R Se g/ N R IR E AR A, ek

(5) N84, M T WAL, DiAHEASE
AN, TCRBUBAE, XSRS AR, T
/N R A, e E=I Nk B /AR, B
N mg/g.

(6) gt 72 28T M
gn, 2 1.2.1-(2), IWEE /N 250
£ 6 ) B

(7) T. B kE 40 Ma3G 5 68 T . s 2 M A
MR BV E 4x10° AS/mL, AR 12
MEAL, J3i 12 LRI 2253 2454 Sy 41 3 78
fyzs IR, SR 1.2.1- (3) &0 T. B k4
JHLAE K e SR 25 22V S 1% 96K EXL 200 B A L %

(8) M4, TERANSEIA S, WA
ANEA I, AERTRENPIREAL B . 2558 MRS, H
024 0 VI Y i1 R (S R N N AN R 1
g2 1 DA v A R A W (RN T3 W i O 4 4
AR T I o 7 ot 4 5 2
1.3 #HEAE

BT A SEER 25 A LIMIEESD Fon, BIELT
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TR, RHARHERTT 207

2 ZBRERW

2.1 fAHIs R bk BB 4 Al 1 5 S5 R

2.1.1  XPAREgm AP HErk I B 41 i
T T N IO RE J), WTEELE SRR &
AT 3 2 3% 20 ARG 0 P Sk I AR 25 2 M S X Ak
EL 40 A LA B RO, B T BB Y BRI VR Y
SERME 1, KPR AR B
PR X i 40 450 A 2 B0 T S ) A i sy, B
FEIZ R JEE 3 Bl N 2Kl SR 25 22 0 LI 9k 24 40 i 77
RIS . PSP-1 1E 0.5 pg/mL &4 F A
H—E AU E ], (AR B 45 0F T AT
TR A AN 6, PSP-2 7EMR 3 3 il ) 24 52 1)

200 ~ PSP-1

—_
w
(=]

100

1£3% & Survival rate/%

w
(=]

=]

/¥ Concentration/(ug-mL™")

By fE AR, JFEAWREHRBOCR . XUl
B 25 2h, JUHOE PSP-2 AIREELA 5 il
EL 200 0 348 P 38500

2.1.2 XN THE@MIEIGAFHGHa KB E
MG RE ) 2 PPN S T e i RS, A
2273385 ConA 25T T Wk AiMaig s, 4558
i 2, 7EA 245347 ConA (1 pg/mL) 551
ST, KRR ZEZHAE TR R F X T
UPI £ 400 35 R 0 o S S ) B A R RO, I
—E R R SE ZR , PSP-1 Fll PSP-2 2Kl i /)
R 50, 10 pg/mL B ABGTESCR 4, PSP-1 A
PSP-2 i SAEVR BE R 25440 38 E 2 A 5 PSP-2
A o X 6B 4l Ak 5 1 KOl S22 2 0% PSP-2 Wl fig /&
PSP-1 {2 i fig i) F= ZERUN W57 o

300
250
200
150 -

100

TE1E % Survival rate/%

50

¥eJE Concentration/(ug'mL™)

*Forns CK 2R EE (P<0.05); **Fng CK HIZERERE (P<0.01); ***R/Rx5 CK [MEFHEE (P<0.001),
* indicates significant difference compared to CK (P<0.05); ** indicates more significant difference compared to CK (P<0.01); *** indicates
extremely significant difference compared to CK (P<0.001).

B 1 ARRZEZEINEHENSERE
Fig. 1 Toxic effects of pitaya stem polysaccharides on lymphocytes
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250 PSP-2

200 -
150

100

5% Proliferation rate/%

50

Y& Concentration/(pg-mL™)

RN CK M ZFERFE (P<0.01); ***%R 5 CK HZEFHEE (P<0.001),
** indicates more significant difference compared to CK (P<0.01);*** indicates extremely significant difference compared to CK (P<0.001).
B2 KNERZEZHEX T #EHEEER N
Fig. 2 Effects of pitaya stem polysaccharides on the proliferative effect of T lymphocytes
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2.1.3 S B#ME@mpIgAERGTw HLnH
JF LPS FE AT B ik 4nffu sy, 450K 3,
TEA 2253 235 LPS (2 pg/mL) ISR, &
o SR 2L ZHELE TCREE VR FE VO I Y, PSP-1 5 PSP-2

A

BIRXS B b U 20 i 2 IRt B A AR RO . 2B TE
150~ PSP
100

501

B & Proliferation rate/%

Y Concentration/(pug-mL™)

22 FR/MNRARERIEEEE

22,1 HEum Z5RWE 4, o0 10 d 9k
XA P, £541 5250/ BRUTE A4 ) s rp 8
KRB ES, KREEARYERFE 18~20 ¢ Z
] o XU I IR B BERE 5 IR SR 25 2 M S 56 /N
R EE I G IH B 5

21
20+
o HEEEEeE
w 181
B 17h —=— 25 4CK
——
i 1sp —— R
= 141 —— =R
13+
12+
11
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It A] Time/d
B4 MREEHENLER

Fig. 4 Mouse weight monitoring results
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GPEAR T /N RS 505 1 /N R e, LR s %
FEAGIR R, F B A B I e a5 v] F T 2 1
BPERON AT o K IR IR ZE Z A CK ., AIKF) 40
AHb R 21 0 RS B EE R AR, [ =4
5251 CK B2 E 257

T &M T ConA P35 T K RZEZHE
X IR S A RO, AT L K T SR 2 Al R
AN S EAE T T AN g, ERB
64 2253 2505 UGB RRAE , T PSP-2 R RES
Horb B 3 2RO AT

1s0.  PSP2

100 |

50 |

158 % Proliferation rate/%

Y Concentration/(ug-mL™)

B3 NERZEZHEX B HE ARG A AR
Fig. 3  Effects of pitaya stem polysaccharides on proliferative effect of B lymphocytes
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AbFH Treatment

RN CK M 2R EE (P<0.001),
*** indicates extremely significant difference compared to CK
(P<0.001).

B5 MRS
Fig. 5 Mouse spleen weight index

223 &M kmmnitae R RS AR A
HATIHE, AR 6, SIEWA (25H CK) M
Lo, BT CKC R 2 A 70 ) 200 50 35 R A
111 e 7] Ak B ) e B AR S L ok — 2 W AR T
HEfABENZER., IRNEHATAKERZES
B B0 A TR /N Bl AT — B K A2 B 5 A 5 R 2K
IS

224 T, B #Emmigasehsm DMk
IR L A A R I 7, KO R ZE AR
P AR 2 K L A P SRS B v, B T RS
REPE S — RIS R . SREW, 2 ConA 7
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Number of whole spleen cells/107

O A N
2 [CK #RICK EFiE FHE RHE
A8 Treatment

**FoR A CK 255 B#H (P<0.01); ***F/;x5 CK 1
ZERMEE (P<0.001 ),
** indicates more significant difference compared to CK

(P<0.01);*** indicates extremely significant difference compared
to CK (P<0.001).

B 6 /)NGRAR A S 40 B it 4

Fig. 6 Mouse spleen immune cell counts
10 2% AR b RZH T bk L2 200 04 5P B ) A A8 s

150
ConA

100 | —L

ol *k

50

ETE R Proliferation rate/%

2

0
ZHCK FRCK AR hilE mli

N

LbF# Treatment

i LPS 5 S i A AR U AL T 2H B bk B2 400 it o H B AH
FZ55, HAEE A5 R RZEZHR/NR T #E
LG TR AR ) SRR CKZH AR oA W A AR
N, {HZ5 TR R 2 2 A /N B B Ik B 40 i IS BH
WA . XL R —BEE— 2, T e
20 it T BB S K OIE SR 25 A AL G i) T2 B
M

225 dmmpedta ZRWNE 8, HBEMIS S
(R G AR /)N RS AR HC A0 i i 40 B L 491 9 oK % 4
AR SR, X 0] BBt T BRI B R
il 5 2 AR R0 B AH BRI A . Ho, R
SR A K B 400 i T R Pl A A S SR 7 4b B
21 I T 400 6 %) BB, T K R AR 2R 2 e )
WA BEE i — D4R R AR L ], X 5 AR
P AN A I A IR 45 R — 2, X S — 5 T
R KRR ZEZHE, il s Rl A —Enfh
PREIEBRALNY

150 -
LPS

100 - —+

50+

WE%E & Proliferation rate/%

*kk

; 7, B
ZHCK #HECK G THE "RHE
Kb ¥ Treatment

*FRH CKRIZEREFE (P<0.05); **Fm5 CKBIERBEBE (P<0.01); ***R/R5 CK H2ZFMEFE (P<0.001 ),
* indicates significant difference compared to CK (P<0.05); ** indicates more significant difference compared to CK (P<0.01);
*** indicates extremely significant difference compared to CK (P<0.001).

B7 IMRKBAEMEIEEE
Fig. 7 Mouse lymphocyte proliferation rate
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P A o A T B R R e AR AL
s A BB VRICR R LIRS S 7 STIRE N IR AR 1
XA, X AR EALE R EZRA T, B Al
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TSN, TSR BRI DL 3 S
o H R E WRES S LA SR R, AN A
0 LSRR O, s N e )

2 [17-18]
=] o

e KRB R o, Ao —Fb

KL e RIRWHE 20, B2 A BI6E,
HABREIT LA E. AT ke REL
Bl D RE RIS v R AGE , (R A2 MY 2
WY ELA B e ib bk, nZmt 21 b
SRR R /I B B S35 B i /0 U A g A5
B, o AT AR 2 R SR ST P T -a A A LA
F-6 M o eS0T LU g 14 i ey R
FUANZRM DR 79 2030, /0 9E T A7 A, A
14 S RE AR B /N R S B B, IR REA R
PRI I i B SRR B BT o A5 A AT i
S JUUE £ BB L L -0 AT R C 40 Y L BB
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5000 - H40H 2400 - WRELZIHE 1200 -  HlE4Hi
g 4000 S 2200 = 1000
X % X 800 |
g 3000r 2 2000 2 600
E 2000 |- § E
400 |
#1000 - &/ £ 200l
R I $ & &
NAPNAEN WAV
% € & & # w2 @§ & & &
KbF# Treatment AbF8 Treatment AbFE Treatment
1600 RIZH 20 44 2000 - /MR
1400
> 12000 S It 2 1500
5 1000f o 5 .
< 800+ S 10} = 1000 |
é 600 E / §
W 400 st o 500|
T «- & % & 0 % Y % & TE O E S LS
9 \ \ \ 9 \ \ \ 9 \ NN
/g, %a@ /3, %ﬁb}, /,5, %5‘}, R %
KbF# Treatment AbF8 Treatment AbF8 Treatment

*FRH CK 2R EF (P<0.05); ***RR5 CK 2523 (P<0.001 ).
* indicates significant difference compared to CK (P<0.05); *** indicates extremely significant difference compared to CK (P<0.001).
E 8 /NRMAAMITE
Fig. 8 Mouse blood cell count

0 B U RIS R G I A o IR S )
[ RE X I0 B 20 L G 20 P 1 5 L S 4
RO . B, AR KRR ZE 20N T
AT /DN BRUASE Y X6 L AAC PN A 8 8 0 3% 1k A T
7%, B KIERZEZHE S H A R T
fE, MR REEZ P DI RE A PE K 3
MR R En: OKERZELZH PSP-1 M
PSP-2 Xif JE A LA bk 28 400 it 34 To B3 sk v . @2k
e RZEZHE PSP-2 7R A A 2457 R 5 T 0 4
T, RS e R S T4 LA 1 S U O 40 1) 34 B
B, HAE 0.01~10 pg/ml ¥ FE G Bl N B B 1Y
HMKR . QA 2257 L5 T 10 Ik T 41 Bf 384 5 2%
R, K RZELBE LPS iS4 T LR &
L FEREFE N, T REFEIE ConA 7550 Ik B 41
3T, I HAA—E BRI OC R, U AR
LN FEEROV AN T R4, Jf HAE
PSP-1 5 5 {5k i PSP-2 MR i, 2 i &2
TP AR RN 5 EOCER, UL PSP-2 Al R
SR EARTE T Ik O 0 AR B ) 36 P AL R 4 e @
A A PR O e 175 3 1 SR SR AIK  / BRUBE B SEA K O
IRZE XT3 G E DI RE ) T BERL N - 45 SRR,

KSR 28 20 Wl AR — o T A 2 fifp Al Tt I o AL 97
PEAR MR AR, X 4= RS e A i K 5

JRR RO RO — 2, L 7 B A B O
LR EPTE, Ko REE A/ A M 52

Kb R X ConA 5589 T ik E 4H 4 58 S
o7 R S P e e A, T T 9K B 490 T AR 2K
Jo R 25 2Bl At 2t S A A T 28N A i A
X 240 S A U B ) ORI, e ) o
R P THECR AN 3, RO R 2222 it
G B R 5 bk L A ) D RE SE B o

£ % Tk
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