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Experimental study on hyperglycemia induced by high—fat diet in rats
and its correlation with intestinal flora and metabolites

PAN Hong, WANG Qiao—mei
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Abstract Objective: To explore the effects of high—fat diet on intestinal microflora and insulin resistance, and
the role of intestinal flora in the occurrence and development in the pre—diabetes diabetic rats. Methods: Rats were
fed with high—fat diet to construct a high—fat diet—induced obesity group,the control group was fed normal diet. The
blood and feces of rats were collected and the dynamic changes of fasting blood glucose, serum insulin, fecal free
ammonia, short chain fatty acid and intestinal flora were measured in two groups. Results: The fasting blood glucose
level of the model group was significantly higher than that of the control group at the 6th week ( P<0.05 ). Compared
with the control group, the serum insulin levels of the model group were significantly increased at the 3rd and 6th
weeks ( P<0.05 ), and the fecal free ammonia levels of the model group were significantly increased at the 3rd, 6th

and 9th weeks ( P<0.05 ). The levels of acetic acid, propionic acid, butyric acid and total short chain fatty acids in
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the feces of the model group were significantly lower than those of the control group at the 9th week ( P<0.05 ). The

results of intestinal microflora diversity showed that there were significant differences in intestinal flora between

the model group and the control group at the 9th week. Conclusion: High—fat diet can lead to unhealthy metabolic

disorders in rats, including the high blood sugar, insulin resistance, fecal free ammonia levels, fecal short—chain

fatty acid metabolism and intestinal flora structural disorders, thereby increasing the incidence of type I diabetes

mellitus process.
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Fig. 1 The dynamic changes of fasting blood glucose and insulin in

the two groups of rats

AL Ha i

T AR A R BRI TR 5 3R KT 5 6 JR B Ik
S, Bl 5 5 PR T B, 150 B 2 A 2 R R 3
B 5 FRAHEDT ; X B AL AEF 5% 30 [ i 3 i 5 25K 78
B ARk, 55X R LA Fb , i A2 K BRUFE 2R 3 R R
556 A ) I3 TR 5 2 K7 B2 1R & (P<0.05 ), DL
& 1-B.,

22 RERZEEIF A S RS2k

TR R BRSS9 9t B8 0 KT AE 5 6 S Bk E]
WA, W5 S PR 12 T [ 5 0T LA ) 5t 2 18 3 v
P SN RRAIA LL, A R RRUAE SR 3 R 5 6 SRR
559 A ) 2 Ui B8 2 K7 B 2 1R (P<0.05 ), DL
K2,

-u EHA (model group)
—o- XA (control *group)

54

(=3

(=]
|

*

'

(=4

S
I

w

(=3

(=]
I

ammonia) / (ug*g™)
[\&]
[=]

> e T

WEEKFE (level of free
g

0

0 2 4 6 8 10
FFfE] (time) /week

B2 2H@XREEFESKFHNEEN ( SXRAMLL, ©P<0.05)

Fig. 2 The dynamic changes in the level of free ammonia in the
feces of the two groups of rats( compared with the control group,
#*P<0.05 )
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Fig.3 The dynamic changes of short chain fatty acids in the feces of the two groups of rats ( compared with the control group, *P<0.05 )
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Fig. 4 Cluster analysis of the community structure similarity of
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5 2 11 4R BRI T T R Y PCoA 3 AT 141
A LA H P B S 0 B 2 A X, kel R 4 R B
AR, B I B R 22 e AN . &R (BR 8 5
) XS IR R B EOR, U 2 20 22 6] (Y i 1 A AT
e 220 o

60

401

20+

o
T

1

PC2(25. 84%)
&

+ % HE4H (control group)
+ A (model group)

-20 0 20 40 60 80
PC1 (48.52%)

B 5 2HKXRBEEE PCoA HTE
Fig. 5 PCoA analysis of intestinal microflora in two groups of rats
3 iFig

P E PR IR IS 2 Al 1, H T2k 8.3% 1Y
BAE N BB R PR, T E 2030 48, AB0K L&
5.92 12, 3 T2DM 5 90% LA |50 T2DM J§ T
ZIR PR R A 2%, 5 2 s AL A R R AEH
HRE B AMETIRESZ AT ¢, o L B E B A (i

Wi Had

0 L 1
-80 -60  -40

S

(T




| T T

- 284 -

——

LYo mREE

Chin .J Pharm Anal 2019,39(2) ‘ JPA

TREZEF R TR B B 6 B A R AR
W, BEPE 2 & A2 T2DM Rl S fa ke IR & 22—, If:
H T2DM A Bt 25 80% VL MAEREE . BF5E & BR,
Bl I B IR I 7 R RE A A E I [ B R A T
AR A 2R B 5 T, JC S8 e 1 W DR s 1) L
AR Cani 25 P UWETE R B, BRI BT RETRZLG /)N
S T 38 e, DD S T R R R Y Rk R
AR 5 AT A W T A7, AR BT s G IR AR W LR 4R
AN ORI I 240 32 T A PR I g 7 A 2 1 2R354
YIARE, e &% S/ BUT BUBER . Remsberg 2451
F9E A B, v JI I i o 75 5 M T PR AR 5 P el s, ofl
TR & A AR RE SOV, e 2 P BUIL Bl T2DM 45
RBHESAE . ASHFFE 38 12 0 5236k Fl e 22 W v g
Tk, &5 SR AE SR 6 J] e 1 AR KRR IARH(E K T 11
mmol « L™, HL I 7 85 5 KK EAE4E 6 J8 i S B H5 42
R T IR R T, U A I AR R
PR 5 ZE BT, SRR A REAE T 40 M X B 5 R AR R AN
J (A AR 1 AL PR 200 Az B, 1] FH sl D 2 il i
BTRE R KRR T REE & T2DM 1k
SR K A FHBILIR] Ay 38 i i — 20 o0 A=)
I T AR

B EIFR T 25K AU RF B 5R
(MGWAS) %, % T2DM & i A & &
AT A B, 45 3% 7 W 38 B IEZE T2DM & 9 ALl
VE R ) T D REME IR 1A 2 BE AT IA N A7
AN e T R, B S R R A
h T 20 W = AR I 7R N T2DM A AR 1Y)
B A FE R AR 207 1k LA R AR R A RS
6 0 2 2, I T R i T R 1) sh S AR b IS
mIRREE S HE R BN R, SR ER,
TR KBRS 3 J5 5 6 FAISE o JH B2 (7 B &
IR B3 T X IR (P<0.05 ), 1B N s 2 35
2 F A A3 6 P R I A PR S BR A 1 , — B 43
QAER Y A& O A R, — B w
BELEF ISR K 2 S BUR B A BUZ B, P2 A 2 1)
27 R, ARBEITSS AR, T2DM K R TE il
PRIRELE R R 4 i 1D R 1) Bh A AR A Ay T 45 SR i
N, ALK R R IR T IR R B R i
PR 7K R T X BB 4H (P<0.05 ), #OK#E £ I HF 5%
B, B DI Re Y A AR, 38 7 P3G N AENE RIS K&
TAL P HE R B 0 AR SR T2DM K
B B A o e ik S 3 T A T R R P 1 E G RS

AL Ha i

IR, R T H#E—2E 00 T2DM J& 51776 18 R
SER I AR A TE UAE Y S T2DM 1 2 56 R 41
AT IRIRATHT , A B 2 =2 [0 1) B o R A A 3 2
S0, U s B R 1T LA 5 | B 1 A A A, T
T2DM & ik A% ol = i 18 TR R ) A8 4

25 B S BRI B 2 3l O RUIEJHE , £ B 144k
AR A ZE LR, 2R BUAE OE3S & , JBR
By BT, 2007 2 2K Ty, ZE A BE A 1T R 1Y
R REAR AN 7 8 A A 25 A0 ], TN EE T2DM &9
HERE . T X e RSP0 B i PR RS A4 S R s v
JEREE S T2DM /7= 1T 58 -5 M3l e iE A ¢, (0T
B IRAMIICUES . BLAL, RRIE B IR 23 il
KRR AT 1224k, R AR T I AT AR 224k 5
Jr B R AE ™ P AR SR HEA TR, B0 Ty T
A, BB PR A RIS TP 7 LA AT

Sk

[1] LONG L, WANG J, LU X, et al. Protective effects of scutellarin
on type I diabetes mellitus—induced testicular damages related to
reactive oxygen species/Bel—2/bax and reactive oxygen species/
microcirculation/staving pathway in diabetic rat[ J 1. J Diabetes
Res, 2015, 15(10): 1

[2] MUSSAVIRA S, DHARMALINGAM M, OMANA SUKUMARAN B.
Salivary glucose and antioxidant defense markers in type Il diabetes
mellitus[ J ]. Turk J Med Sci, 2015,45(1): 141

[3] BARAZANDEGAN M, EKRAM F,KWOK E, et al. Assessment of
type Il diabetes mellitus using irregularly sampled measurements
with missing data[ J ]. Bioprocess Biosyst Eng, 2015, 38 (4 ): 615

[4] BREHM B, LATTIN BS, BOBACK J, et al. One—year comparison
of a high—-monounsaturated fat diet with a high—carbohydrate diet in
type 2 diabetes[ J |. Diabetes Care, 2009, 32(2): 215

[5] PAREKH PJ, NAYI VR, JOHNSON DA, et al. The role of gut
microflora and the cholinergic anti-inflammatory neuroendocrine
system in diabetes mellitus [ J |. Front Endocrinol, 2016, 7(3): 55

[6] de La SERRE CB, ELLIS CL, LEE J, et al. Propensity to high—fat
diet—induced obesity in rats is associated with changes in the gut
microbiota and gut inflammation[ J ]. Am J Physiol Gastrointest
Liver Physiol, 2010, 299 ( 2 ): 440

(7] ZoNg, Peik, s, 5. 3 FORE I GG dexs/ s iE
PSRN ™ HE s [ ] £ Bk, 2012, 33(3): 225
LUO JM, RAO J, FENG JY, et al. Effects of insoluble compound
dietary fibers on short—chain fatty acid production in the intestinal
tract of rats [ J ]. Food Sci, 2012, 33(3): 225

[8] KUMAR V,JAGANNATHAN A, PHILIP M, et al. Role of yoga
for patients with type I diabetes mellitus: a systematic review and

meta—analysis [ J |. Complement Ther Med, 2016, 25( 4 ): 104

S

(T




(J‘PA oS RE

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Chin J Pharm Anal 2019,39(2)

- 285 -

van der ZWAAN GL, van DIJK SE, ADRIAANSE MC, et al. Diagnostic
accuracy of the patient health questionnaire—9 for assessment of
depression in type I diabetes mellitus and/or coronary heart
disease in primary care [ J ]. J Affect Disord, 2015, 190( 13 ): 68
MOTAWI TMK, EL-REHANY MA, RIZK SM, et al. Genetic
polymorphism of estrogen receptor alpha gene in Egyptian women
with type Il diabetes mellitus[ J ]. Meta Gene, 2015, 6: 36

X R XL ACEZR S AR R SR B[ T 1. AR AR
N w24, 2015, 17 (4 ): 337

LIU ZM, LIU ZY. Research status and expectation of metabolic
syndrome [ J]. Chin J Geriatr Cardiovasc Cerebrovasc Dis, 2015, 17
(4):337

MELANSON EL, ASTRUP A, DONAHOO WT. The relationship
between dietary fat and fatty acid intake and body weight, diabetes,
and the metabolic syndrome[ J ]. Ann Nutr Metab, 2009, 55 (55 ) :
229

CANI PD, BIBILONI R, KNAUF C, et al. Changes in gut microbiota
control metabolic endotoxemia—induced inflammation in high—fat
diet-induced obesity and diabetes in mice[ J |. Diabetes, 2008, 57
(6): 1470

REMSBERG JR, EDIGER BN, HO WY, et al. Deletion of histone
deacetylase 3 in adult beta cells improves glucose tolerance via
increased insulin secretion[ J ]. Mol Metab, 2017, 6(1): 30
BAEEA, B, AR BN - A b I s 2 R

[16]

[17]

[18]

[19]

[20]

o 2y R AU SR B AN RE RS RS [T 1. v D PR
43k, 2015,23(5): 475
HU YM, XIA JJ, REN W. Progresses of sodium glucose co -
transporter—2 inhibitors on improving insulin sensitivity and islet B
cell function[ J ]. Chin J Diabetes, 2015, 23 (5 ): 475
QINJ,LIY,CAIZ, et al. A metagenome-wide association study of
gut microbiota in type 2 diabetes[ J |. Nature, 2012, 490 ( 7418 ) :
55
BEVEEE, T U5 B A A A 5 AR B R TTERE[T ).
UL Gl R, 2015, 43 (4): 75
XIAN LJ, TANG Y. The relationship between gut microbiota and
human disease [ J |. Prog Microbiol Immunol, 2015, 43 (4 ): 75
LI X, ATKINSON MA. The role for gut permeability in the
pathogenesis of type 1 diabetes—A solid or leaky concept? [ J ].
Pediatr Diabetes, 2015, 16( 7 ): 485
R, ok, FREEbR, A 1B RO 5 Il R M i AR AR DG
PERFFEERE [ ] ] P EFLA Tk, 2013, 41(8): 48
GUO X, ZHANG Y, GUO JL, et al. Research progress on relationship
between type 2 diabetes gut microbiota and probiotics[ J . China
Dairy Ind, 2013, 41(8): 48
CHASSAING B, KOREN O, GOODRICH JK, et al. Dietary
emulsifiers impact the mouse gut microbiota promoting colitis and
metabolic syndrome [ J]. Nature, 2015, 519( 7541 ): 92

(ARICT 2018 4F 8 J 16 A& )

Wi Had




