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Evaluation of anti-radiation and excretion-promoting effects of highly active small molecule pectin on internal
contamination with radionuclides

LI Juan, ZHANG Xin, WANG Shuang, RAN Yong-hong, ZHAO Ya-zhen, HAO Yu-hui  (Institute of Compound Injury,
Department of Military Preventive Medicine , Army Medical University , Chongqing 400038 , China)

Abstract: Objective To explore the efficacy of anti-radiation and excretion-promoting of highly active small molecule pectin on
internal contamination with radionuclides. Methods A total of 210 male Kunming mice were selected,and 60 of which were intraperitoneally
injected with pectin solution of different concentrations before and after the irradiation. The survival rate of the mice was counted and the
effective pectin concentration was obtained. A total of 90 mice were injected with the effective concentration of pectin and irradiated with
different doses to observe the survival rate,and analyze the effect of pectin on the survival rate of the irradiated mice. A total of 20 mice were
selected for the pectin anti-radiation experiment. The routine blood test was detected ,and the tissues were taken for pathological section. The
oxidative stress indicators such as superoxide dismutase (SOD) and malondialdehyde ( MDA) were detected to analyze the anti-radiation
effect of pectin on the irradiated mice. A total of 40 mice were selected for modeling internal contamination of radionuclides,the serum renal
function was detected. The tissues were taken for pathological section and the uranium content was detected to analyze the excretion-promo-
ting effect of pectin on internal contamination with radionuclides in mice. Results Under the same irradiation dose,the final survival rate of
mice injected with pectin of 25 mg/kg was the highest. The MDA level in the pectin group was lower than that in the control group,and the
SOD activity was higher than that in the control group,and the differences were statistically significant (P <0.05). In the pectin group, there
were inflammatory cells in the kidney tissue with a certain degree of fibrosis;the red blood cells in the bone marrow were significantly
reduced, and the vascular cells,fibroblasts,and bone marrow cells began to regenerate ; the intestinal mucosa was arranged regularly with com-
plete continuity , without hyperemia or obvious rapture. The results of routine blood test showed that the proportion of mononuclear cells in the
pectin group was higher than that in the control group,and the difference was extremely significant (P <0.01). The contents of creatinine
and urea in the pectin group and the DU group were higher than those in the control group,and the contents of creatinine and urea in the
pectin group were lower than those in the DU group,and the differences were statistically significant (P <0.05). The renal uranium level in

the pectin group was lower than that in the DU group,and the difference was statistically significant (P <0.05). Conclusion Highly active
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small molecule pectin can reduce the renal uranium content in mice and improve the scavenging ability of oxygen free radicals, which might

have the effects on decreasing the contamination of radionuclides in the body and reducing the accumulation of radionuclides in the kidney.

Keywords : highly active small molecule pectin;depleted uranium;radionuclide ; NaHCO, ; chelating agent

F04l (depleted uranium, DU ) #1A Fy & — Bl B 2%
) A TR PR PR TS 36 ) AP T 13 e 3
FOK MK A ARSI R T R
TR, —E L s AN fRE ™ . Wi
AT T AL ZR A5 015 Tt 32 2 A0 A% R AR
FMNTG Y AT W A R AR LR AT A
FEA T ZRMEHER], IR TS DU 25 iE
P (B 2 R HER o A i R
A% R AR HER = & 3 = 1 F. £ R ( diethylenetriamine-
pentacetate , DTPA ) 14 171 JIi il 7 45 A Ay 2 4 PN 25 5 il 14
bR (HEHEA W i BOW M VR IG 75 45 AR
FMS . NaHCO, K1 UK AR T2 4 DU, HA RN
R B  ZER SRR, O HL AT DLl B TR G U, (H
NaHCO, 9255 RCRAR, IR T . i TR 2 HE
SER BT R HER BB 5 0 RO E ST K e 2t
W, KRR LA HR AL TT . AT,
RN 24 BA W) 8 ny Bt 84k B 3t
S PUANT LR TR DR R IE B TS PEVE R . %
Oy T A% S 5 (low-molecular-weight citrus pectin, LCP)
SRR FLE I pH (AR BE K il KSR R e (C6H1007 )
ARSI 4 43 IR/ (B AR B A SR e 2
Wang 21 % 51 LCP 1] A5 23040 il 15 1 6 40 B 19 74 4 A
WeRg. PR AE A B LCP B /N B i i 1 2

KR KA IR %T LCP fE PR A &7 T Y T
REMEAHRADITE . I, AWFTERSRE LCP XS TR P
EN R SIUE W ST ITe 375 @8

1 ##57FE

1.1 #RELELH &

ELHI/NER 210 L HEPE, AR JBE (20 £5) g, 1 Tl
FEREBERFIR D)L miE Ny 7RI (A
L5 :180810) f WL KA AW R TR S & i Bho#
S E AN 45 38 AR )RR BR 23 RIHR B T & 5 3 g Al
5 B DU S (2 mg/L) b i 45 42 8 R T BTy 2 2R
$AI s NaHCO, (43 #r 4 ) W T F R 120 Ak 27 350 A R
N RO A AL 1 AL B ( superoxide dismutase , SOD )
T PEASI 3R] 6 (S0109) Wy T F g 38 = KA Y EARAT
R 5 BE S o % A6 AE T [ 9 — 1% ( malondialdehyde,
MDA ) T4 I 1205 £ (MAKO8S-1KT) g -F~ P4 A ¥ B 7
Bar (b)) 5 A IR A IR H K RS0 T 55K
(P D A BRZ ] MARS BGHE A R GE T CEM 2
] s MUA Bl 70 A A (4 *5-: 050302 ) I 16 501
AP 2 A AK Tl b 5 5T i 5 B 0 A D A 5
O BT mL g K TR, — IR AP T
£ EFM OSSR T EETY 6. L8R R
FEDLIE 1,

1 SEWARERRE

1.2 RIRWRAFE R

L2.1 ARG, AR E R 60 HE

H/INELBEHL A3 Sy %F BB 2H .25 mg/kg FE2H .50 mg/kg
IR 250 mg/kg FHE4, A4 15 K, XFIBAL: R



B FE K%24E JREG ANAT OPER SURG  2021,30(9) http ://www. jjssxzz. cn 745
5 AASAEATAEBE,S d J5RASGAGE 5.5 Gy BRI 1K, 2 z®
=A

MR 1.2 Gy/min, HA4 3 4IHT S d 43 50 W 5
500 wL AN[EHEEE (25 mg/kg .50 mg/kg 250 mg/kg) S
AW, R TGS d SRR 5.5 Gy dRid 1Kk,
BN, 2 Gy/min, 48 85 IR 1 5T 500 L AS [F] vk B2
(25 mg/kg .50 mg/kg 250 mg/kg) FRIHEW, B K1 IK,
HEES do BRICSEASA/MRIET R, H % 30 d,
1.2.2 R[alfE B e AR R IR FEifiEih A
RO E Je , 418 90 HELHH/IN B REHL ST 3 Gy XJ B
41.5.5 Gy X4 .8 Gy XJHR4L .3 Gy 4l 5.5 Gy
R 8 Gy el RF2H 15 H o XFREZL |1 S d AR
EATb RS d J5 5 B LAEFI & 3 Gy.5.5 Gy.8 Gy
HEOL RN 1.2 Gy/min, RIS AT S d BT
55500 wL SRR (25 mg/kg) , B K 1S d 553
PLEHI & 3 Gy.5.5 Gy.8 Gy %@ 1 ik, s RN
1.2 Gy/min, 5 & J5 I8 & 4 35 500 L 5% W
(25 mg/kg) R 1K, LS d, B RICES /DR
FET ARG, H 2 30 d,
1.3 RIR#FAAKER

20 HEEH/INEBENL 2 i BRZH R, B 40
10 Ho X R4 HT S d AMEATATAEEE,S d 5 LS &
5.5 Gy @R 1 R, #F K 1.2 Gy/min, B . Hij5 d
JEFEE 1355 500 L RIS (25 mg/kg) , K 1 1K;5 d
JaLLERIES. S Gy 48R, 3 A K 1.2 Gy/min, f{ 5
JE I 15 S00 WL SR ik (25 me/kg) , BER 1 IR, 3%
Zr4 d, 4 d SIS R R ; BOCEE A i A kA T
S PRYL R BUFH 2Lk AT SOD (MDA 454804k 1/ 848 A
ORIl
1.4 RE{eHE £

40 HE BN BUBE HL 43 o BRZH . DU 4
NaHCO 2 B2, A5 241 10 H o Xf B4 . A fioak 2,
DU 41:3 mg/kg DU 354525 1 Ik, NaHCO, 4 :
3 mg/kg DU IS 25 25 1 UG 1 b J5 1B 1 4t
500 wL 5% (%) NaHCO, , 5K 1 IR, %4k 4 d, BRI :
3 mg/kg DU TS 4525 1 G 1 h J5 I8 s T 4
500 WL (25 mg/ke) , 45K 1 WK, 3%E%E 4 d, DU 3
B 4 d S USRI BRINL I G DU I3 B D RE 5 BB 210
T ERY) 7 A I 2
1.5 “%itsae

NEHGETH AT SPSS 21. 0 5%k Jor I 55 55 B4 #4747
BT, GEi B RS0 £ bR 22 (3 +5) RoR . 4Ll 22
S BRI R R J5 22 530 #, AL IRV P G LU Bk T g
B (LSD ). P <0.05 BinEZRARITFEE L,
P <0.01£/RZ AN B EEG IR L.

2.1 REFAGERER

FE IR FE N [) e B SR Je X6t /0N BRUAE 16 56 110 532 Wi B
50 mg/ kg LA 250 me/ kg FFRLL/IN U ZAF T 5
PR T X IR, 22 A geit 2 (P <0.05) 525 mg/kg
FBELH /N SR LA TG R m TR IR, 2 A gt &
(P <0.05), WLIE 2, WUSZRITER B AT 55
11 25 mg/kg FHk BEHEAT S, PRITMLHR L TR AN IR
R HER A /N BRAE TG R 1 52 ), 25 2R 187, 25 mg/kg
TICHET ,3 Gy IR 5.5 Gy P B &A% %
PIRT 3 Gy W HR41.5.5 Gy X A4, 22 A Giit=r i
X (P<0.05) ;8 Gy R mAAATH R 8 Gy X4
Fig, 2R G 2E B X (P >0.05), WK 3. HIL,
25 mg/kg R IEATHEE 3 Gy F15.5 Gy 5 /N R &
TR

* ;G xf R AL AR, P <0.05
B2 TRKERKRABEER

% :P<0.05
B3 AEEHAERKANFEER

2.2 B4 HIBATAE M 25 R

AR A AR R R I 25 SR 7, SR 4] MDA K-
RTX A, Z R ALt #E X (P <0.05) , BLHI X}
MR 37 B T B R e 41 ™ 55 SR I 41 SOD i )
TR, E R A SR (P <0.05) , B AR
WL BR A B R RE T X R4 (I 4)



;N
R
dn
>
Eh
BT
e

746

J REG ANAT OPER SURG 2021,30(9)

http ://www. jjssxzz. cn

a:MDA;b.SOD & 7 % 1 5 bR ALIER P <0.05
E4 SRR SR
2.3 HE &% 3%
B LHZUD B g K B, % BRAH B /N RN, L%
A REAMEERIE, TCLF etk (SEfh) s SR A %t
ANH , A7 AE — E R BE LT 4 fb s DULL'E /N R B , %

PEANMLIZ I8 2 , 2T 4 AL B ™ B ; NaHCO; 247 2 P4
J A — B R L AL (18] 5) o

GEINPUE S S/ IRONEEIVIN =g EEPN EA
SRS, SRR 2T 200 ] S s/, I A 2 L 2T A4
H RN IR A (L 6) .

L300 WS R B, %) BRZH /N BN ST R A
HEFIZEEL, LB R I 5K AL/ R BT 54k
GBI, Lt se e, e i W IR (K 7).
2.4 A Bk 25 R

IME FA SR R, 46 5.5 Gy fal)E, LKA
FAZA N L X IR AL, 25 S B B R ST
X (P <0.01) , HARSMA# M55 08 4T LA, 22 5+
JTgiit g (P >0.05) , ULIE 8,

5 REABAAREYH HE XfLE

Eo6 HAFHALREYH HE 3t

E7 &HEBALREYIR HE L&



BBF A%$2E ]REG ANAT OPER SURG 2021,30(9)

http : //www. jjssxzz. cn 747

#: 5 rki, P <0.01
B8 ImEMiailggR
2.5 wiF BHsesm
W0 DU Ja, SR 4H A1 DU ZH LT B JR X & B 14
R ATBAL, 22 SERATS 58X (P <0..05) , et
WIEF R R E S #ILT DU 4, 2K B A5 3 X
(P<0.05), WK 9,

w5 AT RBALILE P <0.05;#: 5 k4, P <0.05
9 FHEMFESINEEITL
2.6 BihAsEHMLER
S DU J5 WA /N BB 2H 2L, 22 0 T e s A )
Hogh &, 5 R Bon, R4S 8 & 248 F DU 4141
NaHCO, 4, 5 HA G124 E L (P <0.05) , Uil
I RERAEAR /IS B P Bl 5 5 (151 10)

R Y E i P <0.05
10 SmmeSalsR

3 itig

PR — TP A% 2, DU 2 K 8K il ik 4 3 72 1Y)
AlF=gn . DU RHAL SO v R 2
5| e A B B4 1) DR PR 2 — , Ak 4 Bk T 5 L &
Pk . DU AL A A £ A R R 4 fik AN
TRU TEHEA MG oAb 2 S5 K 2 B W00 pH (&
A48 784k i HL DU AT 5 A M (45 Rl o 25 45, 4
P ) PA B0 AT ok 4512 B s ™ EE AR T . R A
BFE TR DU AT REVEAR /N (R 0 R
TR A3, B 5L P DU R st
I R T LA 2 3850 DU )5 B 2 a2 HL i i ot A 4y
ik /> DU L

EEA TG YT 4w v R, FHEE A 7 s Al A
AR P P B8 o i A AU 5 e v o 3
BEARCHT ZHFIRIT 2 &R 0 20 Fig o
B, AT PEE A0 G I AT DU 7R 28 B R A DU
I HA B, AR R . IR T LR AT L
0 E REAR DU T G 350 007 (%)l e B, I 88 3 Jon e A 1)
M, Fukuda 287 & BEXF 32 DU V5 Y2 B 455 111 5% T L
WA LR SR F 6T 7T A ROk > Ak,
4 mg/kg DU(pH 1) J5 1 120 min Py I FH L 40 56—
TR, PT FAATC PR VBRI S 5 v 178 b el 55 o % ' R 4 v
BOVREE o X SRRA TS R ACHER ORI, th T
G AT pH R A A B, X DR B B
1A AH, L, AR TR AL S ERE A HVEIR YT
B PERP R AR . KRR RN
Il A R T A P A B A WF 9 SR P46 A 5 1 SR e
LCP, iR T RAR SR 43 0t 0 K A 5 I A W i 55 1]
R, R ST, HLLCP (1 B 450 A AR5 i BH 2 1
SELREST S PR R AR SR 5

TR Iy —Fh e £ 4, A5 I 45 B s | ok
JE 8D I TE A R R IR TS | B S kOR AR R AL I
ORI, Edivisinghe 45 BRIFSE & IR, PR
K U110 B E 35 SR R T 2 AR A N Bz R BT A A A S
FINGTH , HICATA0] 40 M 5 P AE 5 AR 4t (50 pwg/mL)
PR g R e ] A 0 B I £ A R B AL, LA AT
fuf B 5 BRI (B34 600 wg) AT 56 Hy £ 14 £ 11
P A G, B ICT 2R TE B ; 7 5 T MR e SR 1 1) 1
AEBE £ AT DASE AR 5 LA AV PR U &, 5 T
FEXT A 0 2SR L 3 P 45 1 HEAT RO TR A R — B
AT B RNBUAE ST A TE S 0 I R T o SR
WEHEAT 43 BT, 308 3k SR B B AE 1 SC 0 R B, VR B
25 mg/ kg FE A T AT LA BH S R AT 5 /N BRI s B



748 BHF K ERE

J REG ANAT OPER SURG 2021,30(9)

http ://www. jjssxzz. cn

2, HEHl g v, IR B B o 4 B el
BEARFEEA AT RE o

TERE AR 25 )5 T, — Se A 93 35 38 3 % R AR 72 SR b
HEF P MR R AR R A (B . Amirian 451 34 fk
o BME (oxidized chitosan, OC) FIEL: AL R i ( amidated
pectin, AP) F 3t 1 J5L v SR 1 AT T S K BEJRE . AP-OC
KR FT LA DAy 200 f6 5 4 A3k B e ) BB I5R , R) g 3k
oy A7 B Y O E R R AR AT 7 T M. i T
Ho IR A7 A0 T R AT PR K BE 7 | B4 B A= W R i v LA
K e IR AR S 255 L3, AP-OC 7K 88 e 16 457 1 B0k}
TR RRHGUT R oA RLAF AR, SRR AESE R Ep
IMEARIE T T AT — R IVK A e AT A
Py, Horh WSS I AR TP BL 5T SR R 0820 DU 7E 4l i
IR X AT RERE T RS AR Y 27 B 5
DU JE LY DU-5¢ M A= 1) 19 00 P AR AR T e
P AN, th s> 1 A DU A, DA T & 4%
BRI o AWTEFEIE L 0] DU /N USSR VE SR, &
PR SR EE N B DR (H G SRR
FHURRIBLEA R — D05 . LA BIFIE R AR
RSk RS i 4 g 18 LA AR 4 AT, Sureban %5 7 4
FERE R BN 4 B y-IR 48 5175 19 a8 1 40
JRLBR K B LA A S 1 S 3 v A B, SR TT LA
Bij 1k H R S DR )V A i 4 T A e 2k, IR
PERRE P o WA 2 B AR Wy R AR B B AL ) O i
JEFFBFSE , Agarwal %51 75 g R BE T 4385 1 KRl 40
B R , AR B2 2K AR5 1 A AR A AE =
PR IR AR A I R 7 TR 1 A GBSO | ik e F 5%
AT LA 7 DR 2 4, 0 6 O 000 A Py s E sz DU
TS YAEIE TR A FAEE A5 Tl

25 LR AR R RR T R R AT G
AN BB AP VE T, TR SE TR BB PR S 5 g i DU
HE 3 B RL, (H I 0 0 S B2 A2 HEDIL A 75 23k
— B,

[ &% 30ik]

[1] Faa A,Gerosa C,Fanni D, et al. Depleted uranium and human health
[J]. Curr Med Chem, 2018, 25 (1):49 - 64. doi: 10. 2174/
0929867324666170426102343.

[2] Venus M, Puntari¢ D, Gvozdi¢ V, et al. Determinations of uranium
concentrations in soil, water, vegetables and biological samples from in-
habitants of war affected areas in Eastern Croatia ( ICP-MS method )
[J].J Environ Radioact,2019,203:147 - 153. doi; 10. 1016/j. jen-
vrad. 2019. 03.004.

[3] 4 M, X F . B PER R AL HE 25 ) BB I it sE i S [ ] S5
BidPmin, 2017,37 (3) :44 - 48. doi: 10. 3969/j. issn. 1004 — 6356.
2017.03.011.

[4] Yue YC, Li MH, Wang HB, et al. The toxicological mechanisms and

detoxification of depleted uranium exposure [ J]. Environ Health Prev
Med,2018,23(1) :18. doi:10. 1186/512199 - 018 — 0706 -3.

(ST RFEAS, 7 i, 420 55, 45 WO PR A% 3R i ) 4 e 0 5 i e
[J]. P EB 22 ,2016,25(21) ;2446 —2449.

[6] Xia YG,Huang YX, Liang J, et al. Comparable studies of two polysac-

[

charides from leaves of acanthopanaxsenticosus :structure and antioxida-
tion[ J]. Int J Biol Macromol,?2020,147:350 - 362. doi; 10. 1016/j.
ijbiomac. 2019. 12. 244.

[7] Martiu GA,Mihai M, Vodnar DC, et al. The use of chitosan, alginate,

[

and pectin in the biomedical and food sector-biocompatibility, bioadhe-
siveness ,and biodegradability [ J]. Polymers ( Basel),2019,11(11):
1837. doi;10.3390/polym11111837.

[81 FRJF . A AGAR 43 + R e oT & [T ], 0 b %2 42 5 1), 2018,
12(36) .167 —168.

[9] Wang S, Li P,Lu SM, et al. Chemoprevention of low-molecular-weight
citrus pectin ( LCP) in gastrointestinal cancer cells[ J]. Int J Biol Sci,
2016,12(6) :746 —756. doi:10. 7150/1jbs. 13988.

[10] #zlEfe, V8 WG, XU . AR A R I 45 A B2 018 3% /08 Bl
BRYLFIEAN 2585 e A K R RE R sem [ ] T AR B2 22,2014,
35(9) :1309 —1312. doi:10. 13820/j. cnki. gdyx. 2014.09.003.

[11] Soltani M, Zarei MH, Salimi A, et al. Mitochondrial protective and
antioxidant agents protect toxicity induced by depleted uranium in iso-
lated human lymphocytes[ J]. J Environ Radioact,2019,203;112 —
116. doi;10. 1016/]. jenvrad. 2019. 03. 009.

[12] Somen Joksi¢ A, Katz SA. Chelation therapy for treatment of systemic
intoxication with uranium:a review[ J|. J Environ Sci Health A Tox
Hazard Subst Environ Eng, 2015,50 (14 ) ; 1479 — 1488. doi: 10.
1080/10934529.2015. 1071154.

[13] Fukuda S,Tkeda M, Nakamura M, et al. Efficacy of oral and intraperito-

neal administration of CBMIDA for removing uranium in rats after par-

enteral injections of depleted uranium [ J]. Radiat Prot Dosimetry,
2009,133(1):12 = 19. doi:10. 1093/rpd/ncn318.

W27 BRIBER , G A0, S5 SRR UM Jr vk B A 2 U R DL IR

ST, P EE A, 2015,15(7) ;1 = 9. doi; 10. 16429/].

1009 -7848.2015.07.001.

[15] Edirisinghe SL, Rajapaksha DC, Nikapitiya C, et al. Spirulina maxima

(14

[N

derived marine pectin promotes the in vitro and in vivo regeneration
and wound healing in zebrafish [ J]. Fish Shellfish Immunol, 2020,
107(Pt A) :414 -425. doi:10. 1016/]. fsi. 2020. 10. 008.

[16] Amirian J,Zeng Y,Shekh MI, et al. In-situ crosslinked hydrogel based
on amidated pectin/oxidized chitosan as potential wound dressing for
skin repairing [ J ]. Carbohydr Polym, 2021, 251 117005. doi: 10.
1016/j. carbpol. 2020. 117005.

[17] SRIEAE, 2= B0y, 45 KAV B 38 e SR M ok 2% il S50 400 M 2
PR FEVE R [T]. 25224k, 2011,46 (5) : 513 - 520. doi: 10.
1007/510008 —010 - 1224 —4.

[18] Sureban SM, May R, Qu D, et al. Dietarypectin increases intestinal
crypt stem cell survival following radiation injury [ J]. PLoS One,
2015,10(8) :334. doi:10. 1371/journal. pone. 0135561.

[19] Agarwal M, Pathak A, Rathore RS, et al. Proteogenomicanalysis of
burkholderia species strains 25 and 46 isolated from uraniferous soils
reveals multiple mechanisms to cope with uranium stress[ J]. Cells,

2018,7(12) :269. doi:10. 3390/ cells7120269.

(G- )



