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[ Abstract | Objective: To investigate the changes in gut microbiota structure after Tangnaikang ( TNK)
intervention in Zucker diabetic fatty rats ( ZDF, fa/fa) and ZDF (fa/ + ) with spontaneous type 2 diabetes
mellitus. Method : Six male ZDF (fa/ + ) rats were set as normal control group, and eighteen male (fa/fa) ZDF
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rats (mean value of random blood glucose in different days =11. 1 mmol-L ") were set as T2DM model group and
divided into model group (normal saline, 10 mL-kg '), TNK high-dose (TH, 3.24 g-kg™') and TNK low-dose
(TL, 0.81 g-kg™') groups depending on their body weight and random blood glucose (RBG), n =6 in each
group. After 6 weeks of drug administration, blood was taken from abdominal aorta to detect their fasting plasma
glucose (FPG) and fasting serum insulin (FINS) , fecal samples were collected from the rats to detect microbiota
by reverse transcription-polymerase chain reaction (RT-PCR), and amplicon pyrose quencing was taken to analyze
the changes of microbiota in 16S rRNA V4 region. Result: Both TH group and TL group had significant differences
in FPG and FINS as compared with model group (P <0.01). There were significant differences in flora diversity
and structure composition between various groups. At the family level and below, the abundance of Lactobacillaceae
was increased in model group as compared with control group (P <0.05) ; while as compared with model group,
the abundance of Lactobacillaceae was decreased in TH group and TL group without statistical difference, and the
abundance of Prevotella was significantly increased (P <0.01), in addition, Prevotella had a positive correlation
with FINS in ZDF rats. Conclusion; The ZDF (fa/fa) and their lean llittermates ZDF (fa/ + ) had significant

differences in microbial composition, and TNK may improve the blood glucose by affecting the abundance of

Prevotella and the Lactobacillaceae in intestine of the ZDF rats.
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Tangnaikang ( TNK) ; Zucker diabetic fatty (ZDF); 16S rRNA; Lactobacillus; Prevotella

(fa/ + ) KEL6 H, 40y 5 b 5 48 A48 50 56 B R A7
BR/A 7], 4 A IE 5 SCXK ( 51)2012-0001,7 Ji#%, £
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DS AR HE T 0

L2 i RElzas (EERELA, 85
57330) ,Phusion ® High-Fidelity PCR Master Mix ( 3
[E Biolabs /%], #25 F548S), TruSeq ® DNA PCR-
Free Sample Preparation Kit( 2 [# Illumina 2\ #&] , 52 %
FC-121-3003) , Trizol i 7 & ( 3€ [E Invitrogen /3 A,
It 15596026) , £ 1 il ( proteinase ) K ( 1 [5 ¥R 72 24
A5 1245680100 , Ji I 2 ik f 12850 0 R 25 A
& (b 5t b AR L B R A A R w4145 40
A HY-10069 ,SHPTT60110) , 5| Fr 3t FE 2k K
HRBHE (b ) A BR 2 5] & i, V4 X (253 bp) -
515F-5"-GTGCCAGCMGCCGCGGTAA-3’", 806R 5'-
GGACTACHVGGGTWTCTAAT-3", Bt 5 Wik i b
S BERE ] A, i AS Lol f HAE =
FA AR . 3 ¢/4%, 1 ¢ WORIA X T A2 2
3.61 g L5 FTH 22K EL &, # A 30 min f54 C
TRAT

L3 ¢4 3KIS BY i @ AR 50 AL (SE[E Sigma
v H)) , HiSeq2500 7Y 5 38 &2 U /3 A% ( 3€ [E Illumina
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ZAH) , T100 AU B PCR X ( 3£ [# Bio-Rad 24 #] ),
DL-CJ-2NDI B v T4 £ (AR 3K ey IR A3 il 1
AIRAF)
2 HiE
2.1 p# RBUE N MRS 1 JE S, M ZDF
(fa/ + ) REVE N IE 8 4, T % il 15 RF R 5 5 e 1
ZDF (fa/fa) K25 T BB 25 5 A IR w2E 7
PMI Labdiet 5008 fi 4}/ 5 4 J& , B AL A 73 {4 =
111 mmol - L' 3%, Ry UK B, 36 18 L, ek i K%
BEAL M 4 23 )2 BEHL 23 D 3 20, W T RRE AR L )
(0.81,3.24 gekg™") 4 BRI (£ LK 10 mL-
kg™') %6 Ho G2i4134% 0.01 mL-g™'-d ™" i1k
AR MERE B A2 1 R, TE 5 2 S AU 2 0] 5> A4 [ 551
HAEMEOKES L6 A, KRER¥YAmRE.
oK,
2.2 UM RABRFREEIN HE 6 A ORI R R
FEIK 10 h, T 1% NG be 22 40 BRI, 2 32 3h Bk B,
o3 B ML, B I OR B 2 B I ( fasting plasma
glucose, FPG ) I =5 i Ifil ¥& B8 & & ( fasting serum
insulin, FINS) ; B Bl et 268, — 80 C %4+,
2.3 40T DNA 21, PCR 9738 g R B 240 ik
EEOE PO E, A R W, R AR I A
Proteinase K K ¥ 1 M , 01 (8] R 50,55 °C 0% & 46 b i
H 2 hJ5,12000 r-min B0 5 min, WHCEE, A
BEDOVEW, B HE 10 s J5 & UK F 5 min, IR E L,
BT A SR INEE IR A5 oK FCE 20 ming B
O JE B AR TTE W 75% £ BE 1 mL 52 0% 2
ULE D, 3 B, B OUTTEE B TR, I ARLUZE K
50 wL,ZE A A RNase A 1 L, HiffliR 515 37 C
A 15 min, DIFRES 09 5L K 4 DNA g A , i
# Barcode WJ4F 5514 ,16S V4 X 5|4 515F-806R ;
Phusion Master Mix (2 x ) 15 wL + Primer (2 pmol -
L™')3 pL + gDNA (1 mg-L™")10 L + H,0 2 pL,
98 CHZA M 1 min;98 C 10 5,50 € 30 5,72 C
30 5,30 MEFR;72 C S min; LA 2% B s Bl 5E KX
PCR =¥y AT LUK A I . L 2% 19 B s A e Pl Dk
4lifk PCR =¥, & % 400 ~ 450 bp J¥ 51| F 47 9 47
P El, fff FH Mumina 2> &) /9 & 2 5 ) & TruSeq
DNA PCR-Free Library Preparation Kit i 17 3 J# #4
i, 23 Qubit i 5 ASCER I G A% 5, HiSeq [ 4L
.
2.4 ZEifeEdrk: SR SPSS 17.0 gRit i, &4
AR DL x x5 oK ) LB B R Jr 22504,
A1) B L B T-test 8 Wilcox Bk 1 4G 46 5%
- 100 -

Tukey £ %5 , F T 70 At 4H () 9 Fb 22 A6 1 25 S 2 15 3
2. L P<0.05 WESGIT¥ER,

3 #£R

3.1 i BEX) ZDF KB FPG K FINS fgssm 5
IEH AR RUEL B, M AU 2 K 4% 45 25 4K R FPG I,
FINS BJ @ F+ & (P <0.05,P <0.01) ; 5## 44 1t
B AG A KR FPG K- 3% TR (P <0.01),
FINS 7K BB F (P <0.05), W& 1,

*1 MW RS ZDF xR FPG & FINS B&M (x £s,n=6)
Table 1 Effect of TNK on FPG and FINS levels in ZDF rats(x +s,
n=6)

21 51 #l&/g-kg™!  FPG/mmol-L 7" FINS/mU-1 !
EH - 4.02 +0.48 15.03 £2.22
LAY - 24.87 £4.62% 18.66 =1.31"
T B 3.24 13.38 +6.05>% 23.74 3,479

0.81 15.98 +2.77%% 22.95 £4. 892

FHEHARD P <0.05,7P<0.01; SH A HE P <
0.05,”P<0.01(£2[),
3.2 B FHEXT ZDF KB 1E BAE 16S rRNA 1 52
Wi BEAS 24 > ZDF REZEMAEAR T, A 23 D
AF& . A 16S rRNA V4 X, pa dE g8 A B
2 459 7614, &k Fy 5 EM f5 3845 1 297 571 4>,
Horp IR R BUR Be 334 508 4>, 5 S EEY 25.78% 5
BAUZE Jr B 353 116 >, 4 SRR 27. 21% 51097 A
Jr B M B R 50 A 2 A 359 795 AN, b B Y
27.73% ; BRI FREAR 0] 2 2H A7 311 424 A, 5 &1y
24.0% , KRB 47 425 4% 64 808 1, 1K
56 416 4, -4 K K 253 bp.
3.2.1 ZDF KR 71 6 B 4R A4E 2 25 550 (0TU)
Gt ARTRRE G T R A AR B OTUs £ it 2 T AH 2L
PE >97% 1) OTUs ik, AT il o Bl AL i 30— 5
Fe BB | DA b BB B 55 00 R 4 el A0OR A Y
ity 2 B Sk s Rt 4, LT 4 s e N R s 1 & B
P, JF 18] 42 S WA i v ) b ) o AR R MRS It 2k DL
P 1, WS B v 0 2 2H 09 ) b 20 A 1) 22 RE PR ALY 2
JE RV oy BOE H ALK
3.2.2 ZDF REUEWREZ RIS
RER ZREIE S 3 5] 8 2R ) Alpha ZHEMETE BT,
1 B F A 48 %1 ( Shannon’s diversity index, Shannon ) J
- 2% 48 £ (Simpson’s index, Simpson ) , L & il &£ &
TR oA 0 R A S BE L W B R 5 S 0 A
T RETE K X 5 B SRR 20 L A B 1 2 TR (P <
0.01); SIEHH LRSI #2257, Wk,
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Fig.1 Rarefaction curve about effect of TNK on abundance of gut
microbiota in ZDF rats BEEC BEM

F2 MWEWEMNZIDF ARBERHESHEUERBAENIME(x +5,
n=6)
Table 2 Effect of TNK on gut microbial diversity and evenness in

ZDF rats(x £s,n=6)

21 51 /g kg™ ! Shannon 5 %% Simpson $5 %%

I - 6.927 +0. 379 0.97 +0.01

R AY - 5.891 0. 5592 0.89 +0.05%

T T 3.24 6.648 +0.357° 0.96 +0.01%
0. 81 6.378 +0. 351 0.95 £0.02%

3.2.3 TR RJE KB REARE 2 S o A AEiE
ooy 3P b, el A 2 A T A BN T T 2= R
(ELRR) 123 2900 o A2 AR 43 2R 900 b i 4 —
/N R ERZOK T 19— A>3 28, /N B R B A R/
HHXFEERNRIEL., 227395 Biomarker #2 f
AT O, 20001 5 3R s R 20 (4 ) rh e 3 B
P RTA B M 280, 2 4071 i 38 7 ¢ 0 21 531 v ol
B EEAE B ME Y R, ST RER R Y Tl 4
Fro LDA H 73 A HAR K 7R T LDA Score > B
(HCBRONBLE S 4) A, B4 A et 22 5 1)
JE7R T AN )20 v A i 22 e B EE W R
FEIR BT Y 3 AR 3R 22 53 W b 1 52 i R/ (RIS LDA
LK 2,3,

ARG 3L Ko LDA-tree W] LU HY, LR FT 3
9 FURF L SR T A AR O IE 2 5 R 4 )
AWEZEFOYM, LK 2, HAFETIKFETEH
TR TR A R SR @A 17T 7K T 25 MR A2k T4 i Ay W i B

Biomarker,

Score) ,

55 790 et 2 5 A T B AR ) o 2 TR A 2 R I
JI_LIJEI 30
TERRK P L, 16 BORE S AR i 78 B KF b R

FEHES AT 10 f9 OTUs #4759 b v B, A= i A
X ERETE BNE . ZDF KR 32 DL IR I R

| ! | | |

Bacilli _
Lactobacillales ]

. Lactobacillus
Oscillospira
! Clostridiales
-4 5) 0 2 4
LDA SCORE(log 10)

B2 ZDF AREEEXRBEMENEZEREEYNH LDAENH
Fig.2 LDA histogram and LDA-tree of 16S rRNA gene from ZDF

and normal rats
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PP A \\ o
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Fig.3 LDA histogram and LDA-tree of 16S rRNA gene from ZDF
rats intervene by TNK

S24-7, 98 H W Rt
Ruminococcaceae , T B2 JiE T £t Lachnospiraceae i 3
X% S PSR AT 25 5 WA VR AT, SRR AL L
B ZH Paraprevotellaceae B i AR (P <0.05) ,
HERAFBE R Lactobacillaceae Wl 3 T (P <0.05) ; 5
B2 LA, W i B 55 1 it 4 Prevotellaceae B I3 Tt
- 101 -
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E (P <0.05) ; #imt BEAK 57 B 4 Prevotellaceae i 3

ThiE (P <0.01), WK 4,
1.00

M Prevotel lacese
W [ Paraprevotellaceae]

0.00

El 4 ZDF XRBEMEWRIKFE LB FE
Fig.4 Histogram of relative abundance of gut microbiota on family

level in ZDF rats

1EJ8 K F b, e BB AS FE L TR TR K CF ROk
JEHEA T 10 89 OTUS BEAT W) Ffids B, 25 B Rl A X
FEALE Z MK, ZDF K 2 L K
[ Prevotella | , Prevotella , % W2 i 1K # J& Treponema , B
YR JE Oscillospira , 3. R #T B J& Lactobacillus }y F ,
TEXT1Z S R LT JE4T 26 5 W A kB, 5 IE
WA W, BRI Prevotella i & %A%, Lactobacillus
B THR (P <0.05) 5 55 A6 B 20, 0 1iif e vy o) & 20
Prevotella B B T} 15 (P < 0.01) ; 4 i B AIK 57 & 4
Prevotella & FFE (P <0.01) . WL 5,

B 5 ZDF XRBEMEWREKTE LYHMBEIFE
Fig.5 Histogram of relative abundance of gut microbiota on genus

level in ZDF rats

3.2.4 ZDF Rl i £l EWr o
#r (principal component analysis, PCA ) §8 &% K2 & 2
WA i [ 22 53 1) A1 A A il , DT RS 22 248 B8 1Y 22
S SUWRAE R AR bR 1B b g TR 8 2 AR B R T
F T B o 2 TR AR A A s A AR AL U AT
15 PCA PRI BB T . I AR BT FE Y 23 S
A E R AR R, S AR W W B2 &
B, 31X U I 2% 2 A R i 8] £ i T TR R TR T R — AR
- 102 -
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8.94% ., WK 6,

e H
L L
20 M
M1 ° C
M5 p
[
101 wil i/
- %
< X .
< )
N
=
S 0
Ay
-104
H
201 Y
30 20 -10 0 10
PC1(14.46%)

B RARIR 1 ARE N TR RE IR R G R
6 ZDF XRFEMEMER S TN

Fig.6 Principal component analysis of gut microbiota in ZDF rats

3.2.5 ZDF K F 15w B 52 1) UPGMA H 280
Br Do TWRFEAS [RIRE il 18] B AR B0, 38 2o X A il B9
PR B REREIEFT UPGMA 284 #7444 S8 1Y
BHM, 5 IE R 4 A, ZDF JE R BB ]
JESE 2 JRRETE ] A B D B S L 5
T2 LA, i T R e 1) ek 2 KW i R AR R i 2 UL AT
WD AR Bk /b, JREBE B 1) BE B I, (H RS
Mo W T,

0 025 05 075 1

0 0.04 0.08

7 ZDF KRIHEE B UPGMA BEH 4

Fig.7 Upgma cluster analysis of gut microbiota in ZDF rats
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R BRIV i B 3R 5 A UK TG AT 8 4 X o BE R A
Ko WA 8,
4 itig

AR TR Wy 3 A LA 4 B, rp R o 3 | T
J i, X AR fa ek AR . R RY,
T2DM 5 i 18 B HF 2 1) A7 76 % VDB 22, 0 PR s 18 &
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120009 o Th , 7 B 5 AR T2DM K BUA Py 4 5 K P A

pro.on4 S T T, o 8 ) S AU, 2 vt e T

w20 it 5200 ZDF Sk B 3 b 3L R T T R T k3 DR
%4mw HLAE AL T RE 5 26 e AT

A% 52 v 5 TE 4 G, R R 4 K B IR G

. T ) 0 AR NG A 2 e e, T B 7S G ) e 4

L) T L T L) L 1
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Fig.8 Correlation between gut microbiota and FINS of ZDF rats

HAewE IR A LB, W F A E W B
SR QIN 5 PIHESY A H T2DM HE M i P J
B iR v T B2 R 0 7 A 5 02 TR 8 1Y 2 TR ek 2 A OG
NI AL AW

ASE B T R I 4 S s L YRR N A ) B
BRI AR E, IEH 4 AR A RO i R T
J& ZDF K B0 B B B 2 #£ 1 ——Shannon Wiener
FRECA 22 5, B B w5 R 4 2 W Bl Ao A i 22 R R
Y5 SRR 2 i, B ALK . B RE 2 AR T B
5 T 100 1 3 TR RS AL S oy A AR O o i — 20X
IEHA[ZDF (fa/ + ) KE ] BRI [ ZDF (fa/fa) K
] B Wi B T 15 ZDF (fa/fa) K U 18 08 #F 2547
Fr & B, T2DM K B 5 1E 8 41 K By 1 25 22 = 1
YRk Ry FURRAT R A0 B KO LLF AR R 49 S DL
Yyfh, 5IEH 4l ZDF (fa/ + ) KE L4, ZDF (fa/fa)
KB 18 N FLIR AT TR B LR AKF 3 A5

Jo T8 TR 2 JERE TR ] LT R R 2R A
AR, JERETH ] — KIS, ZHON L R FH T,
FLRAT RS TIEREW ], fe K BE kKL & W4
FLIR , BH 1E A 35 R AE M b B2 i G B 0 B e 2 3k A 1
97 A B s T R R B A A
() e 2 A W R PP, 02 H AT R B o )i I 2R AR TR
iz —o HESCHRRE, ILMAT W 5 T2DM E R %
Pt RSz & B, T2DM K R I P 3L R
FFEA B TE X 5 3T IOk A 16S rRNA X} ZDF Jif:
BRRE BRI, LRI EE FE S ZDF
PR BRI TR B A L
T2DM fizp il 1 B 19 B 5% v Al B HE 2L R AT T T
THE B B A BT T U, FLER T
WEERSTIEWA, AL TR, —JHS ZDF
RS B 09 1 1 T BESE A — S A e L B
—J5 1, FLER AT & ] BH 1k 95 It & X B 38 B AR RN e
AL, 400 o D AT, PR I N R B A AR R
T )R A . REARY A K R 38 rh 2L IR AT TR B

IR TR 3 T i o VR A AR B v 570 6 2 K B B
A2 SR B IR R B 5 K R R &
FEIEMK, Prevotella J& THIFFw# ], & —Fh & &
AR AR BT, 5 M T 00 30 o A 56 A T IR
WA EEAEHAL, Be R R B ) 20, BRIE A
I N I v 18 v IR 480 B A L 491 I R R
PUFF B 1707 1 3 300 9 — T [ Ab 52 5% BF 5 4R i
PR HE T /N B 3 N R AR TE AR R T R W
A5 20 2 14 [R] I, 5 7R R TG R Y 5 B2 A B
B, 46 s 8 TR IR IR R T RE A BT RG0S BURE D
i AF o MR R Bl s I IR | L 37 TR 5 3R T L R i
I IR AR A A 5 3 R IR TR A K

BRI L2 g B N, BT G h A S (&
Wit 2ol F /AR S AR AR, BRI A
A IR TR, ARG A O R T b &
2y 2 BATHURE IR P2 AE B9 AR I o 76 i 18 T 1 1Y
WEFEh R, NS HOI T IS RE BT TR 5 B8, 30 ) 5
PR 77 A FE AR PR B0 458 15 g T 51 =2 Ji) 1) O
EEIREEAER " X GARSR A Rk
b BET BE T FUE ZDF R BT BT T D R
BETR ] B2 3Gy &5 8 — 2, 7E B AN 38 59 iIF 5
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