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Abstract: Humic acids are compounds resulting from decomposition of organic matter. Despite their common presence,
our knowledge of their biological effects is limited, and current findings are controversial. We decided to evaluate the
immunological effects of two different types of humic acids, differing in source and biochemical characteristics. Using
both components either alone or in combination with the well-established yeast-derived immunomodulator glucan, we
measured their effects on both the cellular (phagocytosis and tumor suppression) and humoral (antibody production and
cytokine secretion) branches of immune reactions. In summary, our results suggest that humic acids are biologically ac-
tive immunomodulators affecting both the humoral and cellular branches of immune reactions. In addition, the two hu-
mic acids studied here are working in synergy in stimulation of the immune reaction, supporting further studies of these

natural immunomodulators.
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Fig.1 Potentiation of in vitro phagocytosis of synthetic
microspheres (HEMA particles) by intraperitoneally
injected glucans and/or HAs
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Fig.2 Potentiation of in vitro phagocytosis of synthetic
microspheres (HEMA particles) by intraperitoneally
injected glucans and/or HA
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Fig.3 Effects of glucan HA combinations on

Con A-stimulated secretion of IL-2 by spleen cells
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Tab.3 Effect of HA samples and glucan on cytokine secretion
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Fig.4 Effects of two intraperitoneal injections of tested
HA —glucan combinations on formation of antibodies
against ovalbumin
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Fig.5 HA glucan therapy of BALB/c mice with Ptas64
mammary carcinoma
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B TR ER A X KRR B R I P 2 T 453 49 R RE 2 Nz B =5 i

M, ¥EE, B, FRED, REE’ (LHLEXATARERMZAM, #Mit K& 435100; 2. KX
XEREERGFIR, HiX 430071)

WE BN UBRHERFBRNXT KRGO EETRGRKERMNAEZM, 7i% SDXREVS ARFARA.
WEIZE, EBERN 50. 100, 150 mg 40, HFBMMARES 3d, 2K -d ' &KIEEHEXR R LR
TR B E R G EEY, BRI 1.5 h BiEiE 24 h REXNKBRHEINEEHITIES; TTC FeEN R WIEILIARTD;
FREZNEMSKE,; SRAAXEEINEE IS LWE (MPO) &M, AXRBZ (EB) &illEMmiERE
FERIIR{A 2 B, ELISA 54N TNF-a F1 IL-18 BI& 2, Western blot i5 & M % M2 A NF-«Bp65 &EH
MFRiE. EFR 3 MFIENHEBERNEER B E X RGN EETIRGIHEREER, 4/ mEx
1R, S5EEEE 50 mg iAITAMLE, F|EER 100 mg iAITHAE SEEIE K R ZBRFEIE S Fn 45/ x 48
TR, 2HZBEREFRITFEENX (P <0.05) , BEBEN 100 mg iAITHSHBERIN 150 mg iA
ITHZBIESERITEEN. BB 100 mg fEA BMERELMM AL S/KE. EB 2K MPO iF
T BEIG TNF-a #1 1L-18 BIFRIEF R D i EAZ MR NF-«Bpos IEHEZ (P <0.05) . it
BERINAEA SN ENRFEESSEE. BERMKM, BEEAMNRE, FRRNXREAELH IL-18
5 TNF-a &2 RINE NF-«Bp6s BIiE{, BEMELMEETIRGRRERLE, 8RNm0 E
EERGEERPER.
KA HIEER, RBLMEEERG, RERR; KR
FESZES: R452 MHEKERIRED: A WEHRS: 1672-2981(2016)02-0145-05
doi:10.7539/j.issn.1672-2981.2016.02.009

Effect of sodium fulvate on inflammatory reaction after cerebral ischemia
reperfusion injury in rats

LIU Chi', ZHENG Zi-long', ZHOU Jian', CHEN Mei-xin', WU Jian-hua® (1. Department of Neurology, People’s
Hopital, Daye Hubei 435100; 2. Department of Pharmacy, Zhongnan Hospital of Wuhan University, Wuhan 430071)

Abstract: Objective To determine the effect of sodium fulvate on inflammatory reaction after cerebral isch-
emia/reperfusion (I/R) injury in rats. Methods SD rats were randomly divided into 5 groups: a sham-operated
group, a control group, sodium fulvate 50, 100 and 150 mg groups. Sodium fulvate was administered twice
daily intragastrically injection for 3 days before the operation. Focal cerebral ischemia/reperfusion model in
rats was made by transient occlusion of the middle cerebral artery for 90 min followed by 24 h reperfusion. The
neurological function was scored and the infarct volume was measured after the operation. Brain edema was
measured with dry-wet weight. Myeloperox-idase activity was determined by spectrophotometer. The permea-
bility of the blood brain barrier was evaluated by measurement of the Evans Blue content in the brain with spec-
trophotometer. The brain content of TNF-a and IL-15 were evaluated with ELISA method. The content of NF-
xBp65 protein in the nuclear extracts was detected by Western blot. Results Compared with the model group,
sodium fulvate (50, 100 and 150 mg) could improved the neurological function and decreased the infarct size.
Compared with the 50 mg sodium fulvate group, the 100 mg sodium fulvate group better improved the neuro-
logical function and decreased the infarct size (P << 0.05). However, there was no significant difference between
the 100 mg sodium fulvate group and the 150 mg sodium fulvate group in the neurological function and infarct
size. Sodium fulvate (100 mg) reduced the permeability of blood brain barrier and brain water content, inhibited
the myeloperox-idase activity, and decreased the content of TNF-a and IL-1p in brain tissue and the content of
NF-xBp65 protein in the nuclear extracts significantly (P << 0.05). Conclusion Sodium fulvate can obviously
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improve the blood brain barrier permeability, reduce brain edema and the infiltration of leukocytes, reduce isch-

emic brain tissue TNF-a and IL-1§ of the content and inhibit the activation of NF-kBp65, could protect cerebral

ischemia reperfusion injury and the inflammatory response. Sodium fulvate has protective effects against cerebral

ischemia reperfusion injury in rats.

Key words: sodium fulvate; cerebral ischemia/reperfusion injury; inflammation reaction rat

ERIM TR M E % (ischemic cerebral vesscular disease,
ICVD) RlaRERLRREZE LR, = ALEHIEMETEN
FEREZ—, BM<SHMEAELNEHTIAFITNEE
FERS, KETEASEEERIME ™ ERHRMA 5| EA A %A
EMEA TR, Hit, RRENLEZBETE
M FREEERmMBGG, EBEFZLEERLT, BEIARE
TEERBRRILATS AR ELRRG, RMSSHEMT
E RO BRI E RS U

kM BE#EER, ROBEIXEFEESHRE
TERE g, RIME N EINEERERR, BAEFHIE
b, FHIMUAMMZE. KERENRER. MK
B A4S ERM S REMEZE D, FEt, HHRAER N
AT L RA B2 R B e R ML 7 S S d6 1. MEERIER KL,
TNF-a. IL-18 R EEZREBKEF. NF«B BRIERMN
MEEESESSF, ERGROFEIRGHRER
B O IR IEA Y, 0 NF-«B B9E T, PEMR
BREFRIFRIL, ARG EEERG.

HERNEM (FERNB) £SAEFAE 'B&7"
FIREBRKST, HEWMRALEHETMRAKRY
FHEANBREMEHNEN XS FLEY, EFFELLR
RAMRIFER. BRItR A ERERNGERS S
AABEMMBEIRINGE, FERBHRKIER",
AXEEFAXRRBGMEETRGER, ARES
EESM XY B BRI A i P RAER ORI, $RITEERR
SR B R 0L - R S 45 49 RO AR 3P 4E AL,

1 #l
1.1 iRZ5

S=FKEmEmK¥ (TTC, =HE Sigma 2 8) ;
B E ki (MPO) IXFIE (AEREREWAF) ;
TNF-a. IL-18 ELISA iIXFI &% DAB E&iXFlE (R
X{ELEAT) ; NF-«Bp65 B5EEHIIRR f-tublin B
eiEILR (ZEE Santa Crusz 27)) ; EHEBM (=
BHEEVMREERAR, #tS: 253021606, B
REE 99.5%) -

1.2 EEE

M SD KR, KE (270+£20) g FER (RN
RELGENYFER, FAHES: No. 4200500039) .
2 AL
2.1 SHHERBRZ

185 A SD KRR, IRIETASLIEHE K 5 4A:
BFEARAE (55 R) . FEIMEETRGA G51) .
EERBMEFIEARITHE O0mg-kg ', 10R) . &

[EEESRFIERTFE (100mg-kg™ ', 55R) . #E
BMEFIEATE (150 mg-kg ', 10 1) , &HFEE

MIRITHAARE 3 d EB L FARFI=EEHEERN.,
2.2 kb AR I R A R M

RE Longa iXHl E X R 3 kL {4 s 5k I 55 i £ #5i45
WA, KR 10% Bk & SEEEEREE (0.3 mL/100
2 /., 5% MBERESEREMEHRITH 1.5 cm FAR
P10, REANTEFEK (CCA) . Fsbshlk (ECA)
RIEAZEK (1cA) , &iLlECAEZLIREESZ, &
fLICA BIEISN Gy ST BESh Rk (PPA) BFIEZLRIZRAE A,
E ECA R IRELZ, F CCAIRMDIR. ICA IR IHS
Bl FE, F ECAIESXAHRBBETH—0.2
mm BV EYIO, FiIFLiE KiRLEZ ECA #iN ICA,
BT R ICA HIBHEKR, BEB/ANEKEEERE
HAXAHEY (185+0.5) mm BRI EERMES
Bf. BE15hfE, HREXBESMBHHLNEE
i, SR REPRBERNIRE 25C, ERREHISE
37°C, HBERK, BEFERMAXRMERE, 8%
AFE, HAEFEMEMFIK, WEALEFRFEYE, Hi
EFdEEANAFIENR, BFARARERL, EBR
T&ImNE Kb kg igin/E LAk H.
2.3 FHEZERFEITES

W2 1E 2L B9 Bederson 1 E4 iR 1E AIESHR A 12,
BHA 84S, KRFE S 160 24 h Fif1T 1| B ERFEITE
4%, 24 h M 3 RHEEERFETTESD B FIEE AIEMIETRR,
EE

=1 EBREITSE

Tab 1 Bederson score method after modification

B (item) 0 4 (0 point) 14y (1 point) 243 (2 points)
RES=H, BRI ETE Tz i W8 =] B e & 0 B
17 B2 E BRI X TR EERB FERBEERIERE
ol 380 oK BRI X 45 SR RN RE R RE] EAERM
KRB e S I 3o I #8 E BL R THE BRAE bk $iika3
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2.4 FEFBSEAAFRNE

KEEEM 1.5 h Bi#EE 24 h /5, ZEFHERE
3%, FrkELEFME, TEHKXHEEFKER
kA mampn, XBRERBR. DRAEARKRT, &
HLUKEL 15 min, FEHBETERE, IERERER
IBMSITIRS 3 mm ERBE, FUEFKA BN 2%
S =3 EmMEM (TTC) AN, 37 CKBENx
& 30 min, RFH 10% BERSHAEREE 24 h,
HEFABESLEEHH (Adobe Photoshop 9.0) 4%
HE—EBE TTCL£EeFEAGHNRXIEAE, BH Image
BgmiRt B kHE B ANESEEN, ERXm
H=s BERmAERZHN X BE,
2.5 EKENE

KEBERIL 1.5 h BEiE 24 h 5, BFSLEU, 4
BrmMmpELERERE, BEFEETEESE, &
HASKERTRITE: RALASKE (%) = GEE—
FE) /iBE X100%.
2.6 TNF-a. IL-18 B9MUE

KEMELM 1.5 h Bi#EiF 24 h j5, BIKEUR. BY
BRmMMA AR AL, RE, REEMHEMEEEAS 1 100
NEBEKKBEIRE, HIK 10% 53, 4°C, 3000
remin” ' B, 15minfF, BLEFR, — 20CHR%E
MER, HRETERER, 4CBELERLER,.
TNF-a. IL-1p B9 & FA B Bk %2 & W Mt % (enzyme-
linked immunosorbent assay, EILSA) .
2.7 MPO iGN E

KEMBERI 1.5 h BiEiE24h 5, BFSLEUR. 4
SR MIfK AR, FRE, fg=ET— 70CHEM, F
ARFIERENSEN R, EMRERBIK 5% HE5
%, FEiRIRE MPO IXFIEHERIZE.
2.8 I Fi; o B i 1 [ A 7B

RAFEXHE (EB) - BN E M A% 5 EiEiE
T, KRMKM1ShBEIE2ZNEEREEKIEAN
2%EB 2mL kg™ ") , 1hlg10% K& KREERET
ORFEFAETEEK 500 mL » kg !, BTSKENEN, FRENER
mMpALEERET 4 mL BELRD., 60 CIEE 24
h, 1000 r * min~ ' B 5 min, HXEXREIT U =632
nm) MELERODE, RIFFEHZITEHEBEE.
2.9 Western blot i5#MZ M) NF-«Bp65 & HFKIE

AKEBHKEZFAMBAL, BRELRERK
Fo BRO0.5 g AL AFIREIZER. | gHEAMAS
mL A MEBE DR, FAHBSARSBHITHE, 4C.
3000 g B0 10 min, X EFER, BSR4 MZ,
B ERNMEZIMAN 4 ERRZERIRIUE, AR
SIREESI4R, Tk L2 THBEBIFHZEE 30 min, 4T,
12 000 g B> 30 min FIRELER (REAR) . B
Brad ford protein assay iEMEEZERSE, B 20 pg EH
Z+ IR BB (SDS) - BAGELREATHEIKE,
TS ZE PVDF &, 5% BB 931 PVDF BE 1 h,
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—i4CHEBEIE®, PBST % PVDF B& 10 min X3 )X,
HIBEZHIEE 1 h, PBSTE® 10 minX3 X, KRG
ECL #&i&MF PVDF BEE/EA 1 min, EF X HXFRFE
h, BBX2~5min, B®. EH. Kik. BEFE.
X B B & Kodak BERREG ST IE, SRELE RIS
TR S p-tublin X ZEE, KA RI{ER B NF-
xkBp65 IEFR7E B ZH LA A B AZ HOFE XT RILRIE, RIE=
NF-xBp65 &£ A ZEE/ NS p-tublin B E{E,
2.10 FitFAE

SZF SPSS 13.0 BF#HITHITE DT, LWEABH
ERHH + FREE Gxs) TR, SHEERILER
AESH, AELLERA ¢ WIE, P = 0.05 AKWIEHR
#H, P<0.05 AERBHITFEEX

3 HR
3.1 FTEEERIN ) BEERRHEHRMAEIES EEERE
A

ABBERIL 1.5 hBi#EE24 h 5, BEEHKXRM
ZERBEIT S REESLAR S RFAAHEILARIEM (P
<0.01) , RABERNT), SEEHAMBLL, HFHRM
REFARMEXRMERMEITSS, S/ MEREAR (P
<0.05) . 5SEBEW S0 mg ATrALLE, HFERM
100 mg iR TLAFA 150 mg IR Fr A E eI E KR EHR
FAIF S FIGE D NAESEIR TR, WES SO mg HZBER
HEFITEENX (P <0.05) , BEBEHM 100 mg A
FTHSHEBERM 150 mg BITHZBERERITEE
X BEIFESR I 2 BR 5 X Ao BRI 7 8 7 PP R R
G MmAET, FAVBEM 100 mg BEEENEATHUATT
A RK2) .
R 2 HEEEEAXT ANk I B E X R AR BRI 4 R B 1 SE AR FR Y
20 (n = 10)
Tab 2 Effect of sodium fulvate on nerve deficit score and cerebral
infarction volume after cerebral ischemia reperfusion

injury in rats (n = 10)

ZH 51 HEZERBETTESY (nerve FESEARTR
(group) deficit score ) /4 (infarct size) /mm’
RFARAE 0.1+0.2 —
e kidbec] 5.6%+1.0" 2384227
50 mg EEEETNLE 43+1.1" 1974237
100 mg EEEENLE 3.1+1.2% 176 =17
150 mg EH B EETNLE 3.1+£0.9 173 £20"

i 5BRFARALLR, "P<001; SEBALLE, P <005;
S5#EBieh 50 mg AAELE, “P < 0.05,

Note: Compared with the sham group, “P < 0.01; compared
with the model group, *P < 0.05; compared with the 50 mg sodium
fulvate group, “P < 0.05.

32 XTEAMIRIE. FEE 7k 2 R IR B P A 4 A 82 0

KEBEERIL 1.5 h Bi#EiE 24 h 5, EEZEFR MMM
HIMZEZR MPO BgiEfE. S7KER EB 2 EHMAEST
BRFARA (P<o001) . SEBAMRLL, HERMWAE



ERIMM AR ZAZR MPO BEETE. WMALASKEREB &

EYRARMEEK (P<005) RE3) .

xR 3 HERNEGRMEZEIRR MPO &t MEKEREB &
=1:0E |

Tab 3 Effect of sodium fulvate on MPO activity, brain water content

and EB content after cerebral ischemia reperfusion injury in rats

MPO &% ke EBEE (n
a5 (n=28) (n=123) =138) (EB
(group) (MPO activity) ~ (water content) content)
/Ue-g ! /% /mg g !
BRFARE 0.16+0.02 77.8+0.5 43+0.6
HREIZH 0.38+0.07" 82.24+0.8" 8.8+0.7"
100 mg EEERAZA  0.23+0.06" 79.2+0.6" 6.1+0.7"

i SBFEARALE, "P<001; SEEALR, P <0.05
Note: Compared with the sham group, ~P < 0.01; compared
with the model group, “P < 0.05.

3.3 %f TNF-a #1 IL-18 & 28I

BFARAKRRMAL S TNF-a # IL-15 B EEER
K; S®FARALLE, HBHEKRFMMNAIREEALR
TNF-c FAIL- I8 2 2R EBHE (P<001) ; 5EH
ZHTHEE, FEERSN 100 mg A TNF-a F1 IL- 18 IS E R
EZRD (P<005) (RE4 .

F 4 HEBRNITEMEZELIKRR TNF-a & IL-18
CENEE 0 =238)
Tab 4 Effect of sodium fulvate on TNF-a and IL-1/ after cerebral

ischemia reperfusion injury in rats (n = 8)

a TNF-a &8 IL-13 88
2R 51
(TNF-a content) (IL-1p content)

(group) _ _

/mg * mL /pg * mL
BRFARAE 1.24+0.13 294323

HREIZH 2.14+0.25" 58+6.5"
EEERN 100 mg A 1.6+0.21° 43+5.8"

i SBFARALE, TP <0.01; SHEAALLE, P < 0.05,
Note: Compared with the sham group, ~P < 0.01; compared
with the model group, “P < 0.05.

3.4 XFtZihiRMITh NF-«Bp65 EHERIEHIZM

BRFARA P F NF-xBp65 B HEMRALR
RIERSE;, 5BFAALLE, BERAZMIEY R NF-
xkBp65 EAXRIAAEEE (P <0.01) ; SHEEALLE,
=[S R M A A% iR ¥ th NF-«Bp65 B HRIEHEMFE(R
(P<o0.05) (WLE1D .
4 g

&R E#RZE PR w G S KR Eh Bk ZE SR K
Ebfl, KEiPEhBkIEZE (MCAO) Zhifi&E il
BIESIERZEPRREM, BALEEALEERE
KB B MEETIRGER, MEHREER
xR B M B R G R RIPMER R E A RELEH, &
LIS R KA EEERN T LA B 4E/ MR I T T i

NF-xBp65

BFARA

-tublin

HREIZE EEELN 100 mg 42

BFARA WRIE  EIBERN 100 mg 4

B 1 EEBRNITZMIREY S NF-«Bp6s EEMEM (n = 5)
Fig 1 Effect of sodium fulvate on the content of NF-«Bp65 nuclear
extracts (n = 5)
i SBFARALLE, "P<o0.01; SHEBALLE, P < 0.05
Note: Compared with the sham group, ~P << 0.01; compared
with the model group, “P < 0.05.

TEIEIRTE, MEWAESIALER, *TELMmEETRG
BHEHRIPMER.

Th 4 SR 06 R IIf R 338 B8 14 HIF Sk 2 E B2 B 2 B BRI S
HAABEHRGNEERERz—, LHERKRMEET
MEARZE ., EILiS 6 5 E R R 2w 5 b b I 5
R — PN EERRE.

IMAREFE (blood brain barrier, BBB) f&fF7E Tk
HEASMFEZEH—NE XM ERSE, EB 22—
IiZ AR BBB BUEEHRBRER Lk, KRiH
REASAXEE, KWNENRALRHTHEB FE,
AUEBA B EEHEAS, RANKGLEETR
BBB BUiEE A E1% 50, BBB IF=E, WMELiE
BBB WIS SEUME R Rk, RALRSKENH
DERIEIN, RRAAEKENNEZES )2 K BB K Bf
MEEER, TEREEIEEGASTmME ZRA ",
AFIG BB ANKALASKEREHRS, BRIHEL
mBEEIRAZET™=ENMKM, AERRNTHR
J5, EB EE2ERMALS/KEAEMEM. RPEBIRN
&t A 2 oS0 2 1IN A 5% B 18 555 1 LA R IRk 4 i oK B

Fq 8 10 B2 O\ B B 48 B O 22 2 AR A 40 B AR EA 4%
A, b2 FAMNESERREEN, NS S,
Hor MPO 2 2 T fasF B 198, ME MPO i&EER
R E Y, KRB ERBRSBFAREHE
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bk, #EEI/EPRERIN T 24 h &, MPO EEEZ1En,
FAABLIN X B XERBHMIZE, M A EEERINGTT,
BEEERMMPO &, RPEBHRMERERES
40 AR AYR I,

TNF-o X EHBEEFHREZERFHIATF, BIHRE
g, EIMANEAMBIEERFESHM S THREM
KENFRFRIE, 0 BBB BYiBEEE, MiNERKSLME
EERG, IL- 1 EERHECNHERERMAMEN
Bix/ EWEMARSE, EEFESHMXENRHZE,
Mt FHIRIE, EIMBAMRE, HS0ERYER
kBhEOFEAE, {B#E NOS &R, 1 NO ARigEm, F&
MEMSEMMABESE, BISHMMABETFRE
BBz, @i SMIREFEIRGHET 'Y, B -1
A TNF-o MRIEF URERIER N, *Th6hiEiEiE
RGE—ENRIPMER. AR LZDRELMEEE 24
hEAES IL-14 1 TNF-a KEXKIX, EEHBRNTE
ERRRBM XMALP IL- 18 5 TNF-a IS E, MM
R ZRERMAIER.

NF-xB R RERMMNEEESES ST, 7ERL
MEEFRGHORERMEPEFOIRTERD, Fk
B NF-«B A5 28 & B F 3 IL-15 1 TNF-a BIFKIE,
Mt —SHIr MG, MERKN, 2B
TEGRI X FhME. BR&E. BiE, MMinZEELNEEE
15, MAERNSE P LM EERRNANZMEY
NF-«B p65 EAMKIEK LA ZER, XRAER
T §7A AT LU 400 s B B I 75328 5 #5145 h NF-«B ROE (L, B
TE o R I B 52 R S TS R SN AN AT HD ) NF-«B B9 (LA
BT —FIRT,

F EATIR, HIEBERENXT N B I /S E IR sh i 4
BI4ERA BP0 BBB @iEME. BRMkM,; BEAME
BRI, MEABMXBKALN D IL-185 TNFa IEE
AR %] NF-«B B9iETL, MTHDEIRER B, XThaEe
MEEIRGFERIPIER. ALBERAIGKRABTT
BBk I B IR G IR T — N RS, HBTIMIE
RIMEFFFH—S W RFIESE,
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Synthesis and Antibacterial Activity of Silver
Supported Fulvic Acid Antibacterial Agent
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ZHANG Lin, ZHU Bao-wei, DU Guo-feng, YUAN Lei, FU Xiao-wei, LI Si-qun, YAO Shi-nan
(Yingkou Institute of Technology, Liaoning Yingkou 115000, China)

Abstract: Preparation and antibacterial activity of silver-loaded fulvic acid antibacterial agent were studied.
Silver-loaded fulvic acid antibacterial agent was prepared by the complexation between Ag” ions and fulvic acid in
aqueous solution. IR characterization proved the formation of fulvic acid-Ag" complexes, and thermogravimetric
analyses showed that the fulvic acid-Ag" complexes exhibited higher thermal decomposition temperature than fulvic
acid. The fulvic acid-Ag’ complexes were blended with polyvinyl alcohol to obtain antimicrobial plastics.
Antibacterial experiments approved that PVA plastics had excellent bacteriostasis against Bacillus subtilis and

Escherichia coli.

Key words: Silver-loaded fulvic acid; Antibacterial properties; Thermal decomposition temperature
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1.2 MEFIERREZEREHETE

KRR S IEIR LA 1:3, 1:5, 1:7
110 EER LR A YIAIETE 60 CAF itk
S 3 he ROVESHRGE, FARRIMIRA Y 105y
B (5000 t/min, 5 min), SRIGEUH B IRIRUIGE
I AT TR 24 h, FJE EIAT15 3 R 25
M2 R AHLE A, IO/ FA—Ag(1 : 3,1 :51:71:10),

R AT ARk Fadifil 4 BB 5 R
CARTRE EVARIIURE LA 29 1) Jo e HA i R AT57 AL
Brbdekr, BPASEIR O k.
1.3 EMERE MR

4 QB/T 2591-2003 YEATHUEPEREML . AL b
AEPR. FHEEER] (70 B ) HEHRE 2,
1 min J5 FHTCHK YR, ASR TG KB it B 35 10
RAAEFRERKGE T, Hil B e (5.0~10.0)
x 107 cfu/mL (BRI ; 43 0.2 mL 256 FH A9 P&
WOINAERAPEXT BERE S L 28 % REAE o RN bR 9 R
mh b, REEmB)S, & (37 1) CHiFF 24 he
BUH B SR 24 h BRES S I AR BRER K, 4R
Ji . 8RR, B A TR SRR R SR A |
TE (37 4 1) CTFHFE 24~48 h J5 76 R4
1.4 AORBEENK

AAEST, FRBUR RN 5~10 mg FEdh, LA 10
°C/min FHEHCERR P THE A 350 C.

2 R 5Te

2.1 FA-Ag RIIMEFIMLIIMEE S

WIGIR Y AgNOs I B/, ok AR
MR A B, HIEREER 75 A4
KMV

M 1 AT FA-Ag RANPUREFIZE 1 650 em™ B
I E— AR TE 5515, 7E 1 400 em™ BRFIT B0 —
ANIIBIABRIG, T SCHER ! H R R (1 R AE I Ay R
B veso (1720 em™ ) F1 vOH (2 000~3 000 cm™' ),
X P R R N 2R S IR 5 A RAET
SV o

P Nakamoto i, HAJEELNALM C=0 AR
BIGHF N AE 1 650~1 620 cm™, T LA FHRIZE & 194
JRER IS WIZE 1 630~1 575 em™' . Vinkerf 7ERFST
JEE R S — e 4 Jm A 1 4 4% B L AR e
HEN SRS COO RZ4EIRBITE 1 630~1 615
em’, BTFRISEE 1600~1 580 em™, T & F—3h4r
B PENIZE 1 615~1 600 em™ . SR I B4R IE
BRERELTE 1 650~1 550 cm™ Fil 1 400 em™ [T H LA
AEAIRIRTE 1 700 em™ 2547 B3 G IAr e
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Fig.1 Infrared spectrum of Silver-loaded fulvic acid
antibacterial agents
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Fig.2 Thermogravimetric analyse of Silver-loaded fulvic
acid antibacterial agents
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Table 1 Antibacterial rate of Silver-loaded fulvic acid
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B A BB G s 2 I (KG-1a) \ K B L ARAE A 28 468 4L 2 I (PC12) An AR ML AR R &1 % 29 fiEL (K 562)
B BTG AT RAE A . P 2R B B ES (3g) L 230 T A3 B B BS (3h) AR A 5% e 4 bl Ak 6 = A 5 4w
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Synthesis and Anti—tumor Activity of Fulvic Acid Organotin Carboxylates

CHEN Jin', HUO Cuimeng', DAI Bencai', WU Chuanwei’, ZHAO Yongde'
(1. Institute of Chemistry Co. Ltd., Henan Academy of Sciences, Zhengzhou 450002, China;
2. Zhengzhou Winsen Electronics Technology Co. Ltd., Zhengzhou 450001, China)

Abstract: Eight new organotin carboxylates were synthesized from fulvic acid and organotin compounds. Their
structures were characterized by IR, elemental analysis and ICP—MS, and antitumor activity was determined
by the MTT method. The results showed that they exhibited a good antitumor activity in vitro against KG—1a, PC12 and
K562. A good antitumor activity of fulvic acid triphenyltin carboxylate (3g) and fulvic acid tricyclohexyltin carboxylate
(3h) was exhibited against the three kinds of cancer cells with ICs, value of 10.79-29.22 mg/L"!, and the best was
10.79+0.37 mg/L™'; the ICs value of fulvic acid dimethyltin carboxylate (3a) and fulvic acid dioctyltin carboxylate
(3f) against PC12 cells were 34.41+0.61,52.41+1.58 mg/L"™" respectively.

Key words: humic acid; fulvic acid; organotin carboxylates; antitumor activity
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Fig.1 Synthetic route of fulvic acid organotin carboxylates
ISl A YA
1 SCIeERSY

1.1 IR FI 58

SGARF : B IR CE ], IS KA BESEE, & 5 82.1%) ;s A WL &9 Cor b ali, bl dir T 55 (Bl
FRAF]D s MTT A4l Bz T35 C RO R A FD s g0 A all, 5 RIEEBHE AR AT B 4R =4
Jiiz oy A ali, R T REEE BRAL Sl E R A FD .

A : N 2B 1 7 A0 (KG—Ta) « K BRUEF I iR il 50 W8 45 980 20 AL 4B (PC12) A NS 4 i D 11 IfiL s
IR (K562) 3T 2 PR 22 Red At . HUZSHE BRI 20, 72 5T 8 40 10% /M- 113 , 100 UmL H %3, 50 pg/mL 5
BRI, T 37 °C, 5%COMH B 3 M b R 5% .

SEEGAX A : LT2002E HL 1R CH I 1T R 2P AXES B8 A BR A 71D 5 6700 A8 37 AR 3 21 /M S i (S ]
Nicolet A 5] ) ; NEXION 300X HE JEHE & 25 & 148 i 1% 4% (3 [E PE A 5] ) s Vario EL JG & 4 #71X (1 [E Elementar
AEIDR
12 ZBHE
1.2.1  BAH1 sy iy

D RALEFRASEE . P52 RALBE ST  iF g o 80 H i . AREX & 100 g RALIEE T 1000 mL 2581
KA, SERERAILIZR )T S , JEWH NaOH V719 pH 2= 10.0, #HE 1 h, 28 7E &0 LB 20 min, B ZIEWHAH .

DB TACHM PR AL EE . FREX 500 g 0017 Y &1~ 52 Mt A« FH P A AR B M AN B 36 7K VB A JliE 24 h,
TBOUR AT #h7K, 25 B8 /KR e 22 e 38 /K HE H 5 FH PR RS ARFR 1) 5% HCLIE IR 4~8 h, BUS BRI, 2555 17K
e F A s IRV R T B A AR 20 50 mm; FH 3000 mLL 25 5 F Kk Pk T, HiE 10~15 mL/min, 15 3
001*7H" 7 8 T A2 # b i .

D ARAT e . W T AL B S ) JE M R VA U NN 500 g 001+ 7TH BY B8 128 B it g, 50 °C M E IR IR 2 h, &
B OB, 500 mL 25 B3 T KPR, W R BETR .

DOENEZL . PP IEOR I R BT A NG A AT A A A He, LI 1.0 mL/min Ai AT, WO
BN IR T ERAE T 70 CHET, 13 3ER 3 Al A 16.5 o, RIZE IR, WK% 16.5% .
1.2.2 B iRfd403a~3e.3g~3h a9 & & A HLBL S 20.005 mol) « 35 J& T (A8 SC 4 T = i F 4418
1036 11, 10.36 g, 0.01 mol) . = ZJiZ(1.01 g, 0.01 mol> £ 50 mL A0 100 mL J B3, B R0 B, I
N6 h. 12 L 3E, 44 70 CCHLT, 53 H ML & 3.
1.23 BiriLA4n 3009 6 BEAL I (1.81 g,0.005 mol) B JE 12 (10.36 g,0.01 moD) 2> T # (1 )
2% 50 mL A7 ZK SN 100 mL S RS2 A, B3 I, [R13a0HY ZK SO 8 h. ¥ #1 2 Ja i 3E, 7K ¥k, 70 CHET, 15 21
9.21 g PR ¥ B [E AR — 57 SR B FR R ik (36) .
1.2.4  Fuhbsg &t JEd MTTEDNR H ARG P00 N S0 Bl 1 ips 48 i (KG-1a) K FRVE E IR 5T
WE I8 2 A L (PC 12D R N A P 35 5 1 00003 248 i (S 62) FRIPT g vl 14, 1 009 S} 35 S R

EOXT 50 A R 110 4 i o) s P 20 A, R S 220 D9 5100 AN /mL, BRI 96 LI FRAR A A HL G BE %
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FRIERL, 24 h 5 IINAS R R FBE PRI it iR (B 7 AR, 435314 5410204080+ 160320 mg/L) , FEANIK JE ¥ 4
AL, 48 h JG I MTT W, 251 100 s 7E 37 CHAF T TR R 57 4 h, FR R 40 BB KL
MM &5 A 150 WL DMSO 3 ## . 40 5 FE d 2H L 23 B0 BREE CAS IDARE & ) R0 BH 1) R 28 CBHA: 245 R 4D , 75
Pt AR A L0 Y 570 nm ALFF 1062 CODDEL . AT 625 B S BT T 0 2 2005 AN R R VR S 1
iR 4 i 410 1) 2R

FrJeg #1228 = O AR ZH OD 4 — £ 4 25 OD B /% FE 2H OD B *100% .

BP5 DA xs RN, K SPSS 22 84T 43 M » 11 5 ICso L, 15 5 BE 20 EL B SR FH ¢ 462 36: , P<0.05 5% P<0.01 R 78 %
FEGIEE .

2 HRE5VHE

21 EMMEHERE

TP LA B S R TR (3a) - AR T (0 [ A, U 92.8% . TR(KBr, em™) : 3424.2938.2677.2492.1624. 1474
1397.1165.615.551.463. JGE&E 7 HT(%):C,50.90; H,5.08;N,3.27;Sn, 13.6.

= LA B T FR IR (3b) « AR # 0 [H 445, U 2R 89.7% . IR(KBr, cm™):3436.2939.2677.2490.1633.1473.
1398.1035.609.459. JTEHT(%):C,43.90; H,4.08;N,2.27;Sn,0.94.

=R ERES (3e) KR A EE, I 73.5% . TR(KBr, cm™): 3447.2973.2938.2739.2676+2490.
1632.1473.1398.1137.613. JCEHT(%):C,45.30; H,3.87;N,2.42;Sn,2.23.

TR B RN Bd) - IR O E 44, W 88.7%. IR(KBr, cm™) : 3406.2938.2677+2490. 1632, 1473,
1398.1169.602.467. JLEH(%):C,46.72; H,3.94;N,2.55;Sn,3.20.

=T R IR RS (3e) : BEEE 0 [E 4K, UL Z 71.6% . TR(KBr, cm™):3446.2938.2678.2492.1474.1399,
1135.616.459. JGED M (%):C,37.71; H,2.27;N, 1.55;Sn, 0.089.

TR A B S R TG (36) « R (A [EAA g, WK 76.3% . TR(KBr, em™):3429.1632.1401.1156.599.470. 7T
M1 (%):C,43.80; H,3.86; N,2.01;Sn,0.54.

SR B R NE (3g) : AR I A, % 90.3% . TR (KBr, cm™): 3431.2938.2675.2489. 16341399,
1132.615.460. JTE3HT(%):C,44.33; H,3.57;N,2.39;Sn,2.21.

=R ERES (Bh) AR O E K, UeE 77.8% . IR (KBr, em™) : 3433,2937, 26772491, 1632
1399.1134.615.472. JLHE DM (%):C,43.02; H,3.35;N,2.20;Sn,0.17.
2.2 SHIRIE

K IR TR HTFICP-MS X HAMUA YIRS AT T 3RAE. 78 Hbrb &ML s B, 78 3400 cm™
Foda A B A I B2 A I R SO s 1600 em™

P A9 7 2 M ST U C==C PR 31 1 B AW
;ﬁ% EF' E,(] =0 *D CcOO- E,(] Zixir*;—\r 1EF] éﬁ?}feﬁ] lll%; E Tab.1  The in vitro antitumor activity of target compounds
1200~1000 em™" 2 Fik 3 C— O~ C (1 i 45 4% 2y e o —— ‘CS"’;:;'L ) —
7E472~459 cm™ il 616~599 em™ PHALHT HHBLHTR 25 (X IR LR 0;0.0: 0+0.07 0+0.05
g v, R WAL A T Sn—C M Sn-0-Sn 3a 163.52+1.17%%  34.41+0.61%*%  293.29+4 42
B LD AN R BR T RS R YRR AR I R0 3b 113.210.40%%  50.88+1.12%%  126.26+2.86%*
A, B G WA S W TR E W A 4, X AIE BH 72 3c 171.69+0.90%%  170.21+2.32%%  267.86+4.24%%
R T NS B B & . TCE 4TI 3d 102.63+0.50%*%  59.09+1.40%%  158.37x1.19%
ICP-MS #f—5 34F T H A& M 25y 3e 146.971.17+%  162.05+4.87+%  96.49+128%*
. 3f 130.01£0.55%*  52.41+1.58%*%  53.06+0.58%*
23 HiBMEEE 3g 14.8620.21%%  17.75:0.60%*  26.71x1.26%*
KA MTTIENE T B bt & #0%F KG-la. 3h 14.05:2.27%  29.22+1.05%%  10.79£0.37+%
PC12 F1 K562 [T e v M, seat el R IR 1. 1 144.88+1.03%%  93.34+1.92%%  280.09+4.20%*
SpIG 4E R . HARAL AW B g 1 = JAH 9.17+0.24%* 11.66+0.45%* 8.31+0.50%*
60 0 ML 5854047 S I B 410460 1 P L 3¢ T R EATIALLLEL *P0.05: #1001,
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rh 3g. 3h A5 5 b0 1A 0 ) = R0 4R, ICso A 10.79~29.22 mg/L™"; 2 Ak A W3k 1 = o il 88 &4 i 1167 4400 1)
T ME AR T X IR 245 W4, FL AP 3hot K562 B35 P (10.79+0.37 mg/L) #2230 % B8 24 13 14 (8.31+0.50 mg/L™)
3a. 3¢5 PC12 41 A (¥ 4 i 4 A 47 3 1Cs0 43991 8 34.41£0.61.52.41+1.58 mg/L™".

3 &g

DERIDE T 8 4K WARIE (3 8 IR A WS R IR AL &9, FHx HibAT T 45 AL
WP E I S E B« & R B RS 6 KG—1a 400 . PC12 41 . K562 4H i 554 # i/ F .
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