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between heparin and gut flora. The in vivo distribution of fluorescein-labeled heparin that is orally administrated by mice was
observed using fluorescein microscopy. In addition, the stability of heparin in simulated gastric and intestinal fluids, as well as
the in vitro degradation of heparin by gut flora were detected by HPLC. The results show that orally administrated heparin was
mainly distributed in the gastrointestinal tract of mice, and exerted structural stability under the condition of simulated gastric
and intestinal fluids in vitro. However, heparin could be degraded by intestinal flora cultured in medium containing heparin. In
order to further study the effect of orally administrated heparin on intestinal flora in mice, the fecal microbiota 16S rRNA
fragment of C57BL/6J mice was tested by the Illumina Mi-Seq high-throughput sequencing technology. Compared with the
gut flora of mice that orally administrated by saline, the biodiversity of gut flora in mice with orally administrated heparin was
decreased. The difference of microflora structure was not significant at the phylum level, and the relative abundance of
Alistipes, Parasutterella and Akkermansia was increased at the genus level, and the relative abundance of Bilophila,
Enterorhabdus, Ruminiclostridium, Prevotellaceae_ UCG_001, Ruminiclostridium-9, Bacteroides, Lachnoclostridium,
Candidatus, Saccharimonas, Intestinimonas and Dubosiella was reduced. These findings indicate that heparin could influence
the gut flora of mice. In addition, no obvious toxic and side effects were found in mice that orally administrated heparin,

suggesting the safety of orally administrated heparin.

Keywords: heparin, oral administration, gut microbiota, degradation, gastrointestinal tract
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3.5 kDa B M4 W E MR #h -7k T /5 154 3 Texas
Red tRid I E .

C57BL/6J HEtE/NEL (e : 6-8 J&) WA
HR LS G, /N ICRE R A (SPF)
9, TEVE R R AL s b0 1 B B SR S v AR 5
TRFEIREE Hy 12 h YGIR/12 h BRREAE R, Rkl
(22.5£2.5) C, IR REHE N 50%+5% . £ C57BL/6J
HerE/NRAEE 24 h )R, TR S59OCRF RIER
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Table 1 Primer sequence of heparinase

Primer . ' o Size
name Primer sequence(5'-3") (bp)

A-F  AGAAAAGCATCCTGCGTCTGAGTC 24

A-R CTTGATCTGTGATGATAGTCGCACCT 26

B-F ACGGGTAAACGTACAGGCTG 20
B-R ACGGGAACGGTACTATCACCTAC 23
C-F GACCGAACGGGTGAATGTT 19
C-R  ACCTATAGCATACCGGCACTGT 22
D-F  GCATTAATCACCCTCTGCCT 20
D-R  AGAGCCCCCTATTTCTCTGAGT 22
E-F AAGCAGGCCAGAGGTTACCT 20
E-R GCTATCTGTACGCCTACCACTTTC 24
F-F CTGGCAAGAGATAGAGGGAGTTAAT 25
F-R  TGGCAAAAGTAACGACACGAT 21
G-F GAGCAACCTGCCGTGATAAAGGT 23

G-R GGTTTCGGTAAGGAATCAACCAGTCT 26

AG-DHELge il BB AR, 5 UM
UM, AR R BN E SR E I IE S, T
FAEHC, BD M BN i (m) A (g) . 45
LI mg/10 g Ik E FR
1.2.14 SirzEa

i SEm A Y e B, A SR L
P +hR MW 22 R0R o AW GE T2 V22 R
Origin Lab # 4 (Origin Pro 8.0, Origin Lab Co,
Northampton, MA, USA) k17 818 J5 22 5 by
(ANOVA), P<0.05 k25 A guit#m L.

2 HER54W

21 ARKAFRANRIEASTH

i SR o3 B W 1 IR e R
10 hJm, /DRUEL . BFC BL B B B D
LS RO, W& 1 R, 256
PR FE /NI E /N IR BE R LR 2
fai i (8 1A); e NG o T R i
B FR ] TR I B OB PR A7 (K 1B), [F]
I LT P R AR I B DO 2R A5 5 . R AT
R 10 h R EZERAET BB F, Raim
AGFRBEN S i SN A o ph I AT LASE
N A RIFR S, B M IE PRS0 R R A
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Fig. 1 Distribution of fluorescent heparin in tissues. (A) From the top to the bottom are the stomach, stomach section,
small intestine and colon tissue. (B) From top to bottom are the heart, liver, spleen, lung and kidney tissue sections. The
left side of the figure is the famous field, and the right side is the corresponding fluorescent picture.
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Fig. 2 High performance liquid chromatogram of heparin in simulated gastrointestinal fluids for different time periods.
(A) Standard heparin. (B) Heparin in simulates gastric fluid. (C) Heparin in simulates small intestine fluid. (D) Heparin

in simulates colon fluid.
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PRSNGSR E AR (K14 A), H)
PR BGS [ xHz L 17 PCR 473, i@ 1 B
BWHEERS B VKA IS 2915 /5 1 DNA - HLUK 50
(&l 4B). FfxF DNA #EA7E . 2ifk 5% ),
£ NCBI #4774 Lux), oo A 51478 75 5]
1Y 7 51 55 Z2 K SUFF 7 Bacteroides thetaiotaomicron
7330 i f5 ) BF K B 1 (hep B) AH DL JE 15 99%
(Sequence ID: CP012937.1), G 5|¥4 #4453 15
Y1) 5 it £ 4 K BUFF 7 Bacteroides cellulosilyticus
WH2 % % 14 JIF 2 il 11 (hep B)AH UL B 35 97%
(Sequence ID: CP012801.1), AT 11 & LAAF KA
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Fig. 3 Chromatogram of degradation heparin in vitro. (A) High-performance gel permeation chromatogram of heparin
after fermented in vitro at different time points. Blank: Anaerobic broth medium. (B) Chromatogram of in vitro degradation
of heparin substrate after culture of intestinal flora with (+HP bacteria) or without (-HP bacteria) heparin medium.
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Fig. 4 Electrophoresis of bacterial genome and PCR
products. (A) Agarose gel electro-phoresis of bacterial
genome. M: DNA marker; band 1 and 2: bacterial genome
of two samples. (B) Agarose gel electrophoresis of PCR
amplified. M: DNA marker; A-G: PCR amplification
products by primer A-G (Table 1), respectively.
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F1% g TEL BT AR KR A T 2% A0 A 08 204 0L 7% e ]
(APTT) T Xa [HF{E1E. 4208, SEFR
HALE, FEBUBES T B W T S A Pt
(L ES 2) Rfﬂiiﬁ%%ﬁﬁﬁ&ﬁ@:%ﬂ?imﬁﬁ
BEGPE, 2S5 RN O IRBUBERT KRR $E T 2%

2.4 ORRBF R R/ ER R0
241 DIARAFR X/ U 8 B R B AR S 1
e

A 338
V3-V4 [X,

B E B AR 16S rRNA 1)
SBTES 10, 20, 30 KA HP 405 WT 4

®2 ZMSMEFMEBEERERREFREENE
Table 2 The anticoagulant activity of heparin after
in vitro degradation by cultivated intestinal flora

Sample APTT FL  AntiXa FL

(Wimg) (%) (IUimg) (%)
HP 163.93 6.1 216.25 109
Degraded HP 158.69 104 184.64 94

FL: fiducial limit.
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WT ZH A1 HP 2H vh &R % H 435 LA B OTUs,
Dy Fcts AR Rl 7Ed#E 25 10, 20, 30 KHf
HP 41 OTUs ¥t H¥ M+ WT 4l (3% 3). X A
AT A RS 4], Goods_coverage %% i JLF
SERBEE (K 3), R T ik T LR AR 8 i
BEMELSZLH K. 4007 Alpha ZREME R B, TE0EH 45
10, 20, 30 Kif HP 415 WT 4 2= 7 A B3,
{HAETE H 55 10 KAF5 WT 4440 He HP 45 b Shannon
F1 Simpson {23 F % (P<0.05), DA |45 321,

THE 2 Rl /D B I 1 PR R 5 R A

R TR UE FaR R WA T Venn i
I3Hr, FABFRMT (PCoA) FIEZE4MHr (K 5).
W& 5A s, K4 OTUs J& WT 2070 HP £ 4t
AHy, DECRL AR OTUs, Hr¥EHE 30 d
Je /N BUEE AT ) OTUs $d £ . PCoA 14 45 7R
T HP /NI A E R RE S WT 4AH U AFTE 22 5%
AFELAH [7) Ak AN ] R B8 1 /)s BRUR) B  E 25 S /)
(Kl 5B). RHEaPrindi] WT 418 HP 4 EY
REZ AIAETEZE Sk (8] 5C) . 3% B2 St — HIF 52
THEE I RARE— R LR @ C57BL/6J
JIN BRI B T TR TR 5 4

*3 AEEBHEE HP AR WT H/NRIFEEFS F14iEE
Table 3 Diversity of gut microbiota of HP and WT groups after different time of oral administration

Richness Diversity
Group Ace Chaol Shannon Simpson Goods_coverage Reads OTUs
10d WT 465£15 478+30 6.71+£0.11 0.981+0.002 0.999+0.000 59781+10437 431+14
10d HP 47148 48145 6.42+0.10* 0.970+0.004* 0.999+0.000 63457+£3306 443+7
20d WT 473£13 479£17 6.52+0.17 0.979+0.003 0.999+0.000 62239+£12331 442+11
20d HP 474+7 479+4 6.50£0.06 0.973+0.001 0.999+0.000 63837+£1666 449+4
30d WT 46348 476+13 6.39+0.19 0.976+0.003 0.999+0.000 59555+3583 429+15
30d HP 469+4 470+7 6.00£0.49 0.956+0.016 0.999+0.000 5494045534 433+15

WT: control; HP: heparin; data are expressed as XS (n=3), *P<0.05.

A C
PCI1-PC2 20d WT2
20d WT 10d WT 204 W2
A 4 e
[ /13
01 e 10d WTT
. - ke
=] - ] I
an < 00 10dWT 30d WI2
9 oo 22 30 d HPG 20d WT 304 Wil
S-01 e *30d WT - 2041
4 . 10d HP 10d P2
—0.2- 20d HP . HL;HFI‘
©30dHP 0d s
6 2 . |
10 d HP 20d HP 02 0.1 00 01 02
PC1(32.59%) 0.02

E5 EBMEXN/NRMEREFEMFI

Fig. 5 Structural modulation of gut microbiota by hep
shared OTUs in the gut microbiota among the WT
administration. (B) Plots shown were generated using
Clustering analysis of variance from PCoA matrix scores;

http://journals.im.ac.cn/cjbcn

arin treatments. (A) Venn diagrams showing the unique and
group and heparin group in different time points of oral
the unweighted version of the UniFrac-based PcoA. (C)
WT: control group; HP: heparin group.
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Fig. 6 Response of gut microbiota at the phylum and genus levels to heparin treatments. (A) Relative abundance of gut
microbiota at the phylum level. LEfSe analysis identifies the gut microbiota phylotypes with the statistical difference in
abundance between the WT and HP groups. (B) After 10 d. (C) After 20 d. (D) After 30 d. Only the phylotypes with
LDA score higher than 2 were shown.
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Fig. 7 Effect of oral heparin on mouse growth. (A) The curve of body weight change in mice with heparin
administered for 30 d. (B) Effect of gavage heparin 30 d on colon length in mice. (C) HE-stained of colon section of
mice after heparin administration for 30 d. (D) Effects of gavage heparin 30 d on spleen weight index in mice.
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