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ABSTRACT Objective: To observe the effect of chlorogenic acid ( chlorogenic acid, CGA) on the glu-
cose tolerance and its curve characteristics in high fat diet-induced obesity ( diet-induced-obesity, DIO)
rats, so as to provide scientific grounds for the development and utilization of CGA in early prevention and
reversal of prediabetes. Methods: Eight of forty-six male Sprague-Dawley rats were randomly selected as
the normal diet group ( CON group) , and the rest were fed with high-fat diet. After 4 weeks, 24 high-fat-
induced obese rats were screened according to the criteria and then randomly divided into high fat diet
group (HFD group) , 50% CGA group and 98% CGA group. The CGA groups received intragastric ad-
ministrations of 50% CGA and 98% CGA orally via a gavage needle once a day for 8 weeks, respective-
ly, while the CON and HFD groups received a carrier solution ( phosphate buffer saline, PBS). Their
body weights were measured weekly and oral glucose tolerance test ( OGTT) was performed every 4
weeks. Fasting insulin and insulin release were measured at the end of the study. Meanwhile, HOMA-IR
and visceral fat percentage were calculated. Histopathological examination by hematoxylin and eosin stai-
ning method were evaluated in the pancreatic tissues. Results: Before the intervention of chlorogenic

acid, blood glucose levels 120 min after glucose loading (P <0.05) and AUC-G (P <0.05) were in-
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creased in the HFD group when compared with the CON group, and the time to glucose peak was delayed
after 4 weeks of chlorogenic acid intervention (P <0.05). After 8 weeks of intervention, the HOMA-IR
index, the insulin levels at 0 min, 30 min, 60 min, and 120 min after glucose loading and AUC-I in-
creased (P <0.05), and the histopathological examination showed obvious hyperplasia of pancreatic is-
lets (P <0.05). Compared with the HFD group, there was no significant change in glucose tolerance
and glucose peak time in 50% CGA and 98% CGA groups at the end of 4 weeks of intervention. How-
ever, after 8 weeks of intervention, OGTT-60min, OGTT-120min blood glucose (P <0.05) were lower,
HOMA-IR index and OGTT-Omin, OGTT-120min serum insulin level decreased (P <0.05), the time to
elucose peak shifted to an earlier timepoint ( P < 0.05), abnormal islet hyperplasia attenuated (P <
0.05) in 50% CGA and 98% CGA groups. Also, the OGTT-30min serum insulin level was decreased
(P<0.05) in 50% CGA group. Conclusion; Delay in time to glucose peak during the OGTT was one
of the manifestations of impaired glucose tolerance in DIO rats, and 50% and 98% CGA could improve
the glucose tolerance and delay in glucose peak time.

KEY WORDS Chlorogenic acid; Obesity ; Impaired glucose tolerance ; Oral glucose tolerance test glucose

peak time

I W PRI C R tH P A , b B AR
BB PRI 5 3k 10. 9% , B PR BT A R R
35.7% WA, i — 25 & R kB DR Y R
I8 89.9% , - 34 N0 1 B R 5 & RSk T
IR PR A AL 3 2 1 100 52 8 (impaired
fasting glucose, IFG ) FUARfif 3 5 5 (impaired glucose
tolerance , IGT) , IGT Lt IFG 5 7 fh [z It R g
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n=8), FFLk IR 1A EHR F% s CON ZH 45 2 3% 3 1) B
IR, CGA Ao | 4T 50% H1 98% CGA [y
W (ERAESE Y, W B AR ARAS 5 A4 Y FHECA R
AW, il 80 mg/kg, 0. 1 mol/L (BERR 22 thEh
75 ( phosphate buffer saline, PBS) fit il ik & 30 g/
L BiRCELA, 1 k/d, It 8 Jil. CON Z1A HFD 2
LT AR PBS(pH =7.4)

1.3 WEdshr 5k

1.3.1 (AR FANRT 5250 101 18] 4 J8 B 14 B it
MEEhR, CGA T8 FIR, REAS B, R
G4 2% (53480 I E 244 (0. 3 mlL 4 100 g) 5
FEE SRR , A (SR AL T REE 9) 115 Lee’ s
SR Lee” s H8%1 = TRRE(8) x 1 000/ FAK (em) ]
R AL LI 3 B B o) B B SN M 4L 2, PR B, 1133
P 7 71 23 L [ OB T A 077 Jo o + R S I
i) /A x 100% ]

1.3.2  FEMm & RSB R RIRPTIs & 1
CGA T-HIHT T 4 i T 8 il RifkfT OGTT,
KGR, EHA T 50% WEEER (2 o
ke), BY BRI, M B (Y ( ACCU-CHEK Advantage,
Roche, DE ) il 72 OGTT-Omin, OGTT-15min, OGTT-
30min , OGTT-60min FI OGTT-120min ) Ifil 4, 2 45
I AT F M A 4T A1 (area under curve-
glucose, AUC-G) """ [ ik 3 K B3k A7 AR Pyt R,
ELISA #: ( Millipore , EZRMI-13K ) &l OGTT-Omin
OGTT-30min , OGTT-60min % OGTT-120min [fil i
B3R TR & i 4R W A (area under curve-
insulin , AUC-T) FIES B HY [ £ K AKH045 4L (homeo-
stasis model assessment insulin resistance, HOMA-
IR), HOMA-IR = FBG (mmol/L) x FINS (nU/L)/
22.5(FBG: fasting blood glucose, =5 i Ifil ##; FINS.:
fasting insulin, 25 JH S &) .
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(4.5 mg/dL) , JEG b ST ARG A T 3 B0 4 1R
P20 Rk AE A R, 28078 OGTT-30min
PR 3 5 KB, FLBF I %, 16 3 K B
APREIGE(ELIT 1] — e OGTT-30min 2 75 *", PR tE A

WFZE 8 MR (E A (6] 4> < OGTT-30min 1 > OGTT-
30min P,
1.3.4 JREWHER A CCGA 1118 AR ,2% (it
TEATE0) G B L SRR R A BE R BRUFS BURE A 2 21 T
TR [, ] 85 JBR B A S U0 7, HE 2, 7l 2% B 1l
BE T B EAS 10 4> 10 LB R R S 40 H
JHAR,
1.4 Sit2#ohr

K SPSS25. 0 #K 4, 1E 3553 A B T = BT Rk DU
X +s 5, B4 (CON 415 HFD 41) [a] b4 ok
SEREAS ¢ KB, 240 (HFD 4 .50% CGA 4 F1 98%
CGA A1) 8] Fe B R R R 2 07 22 70 0 AR IE S 73 A
() TRk A A B (R IMA, B KRB 6o, A
(CON 41 5 HFD 4 ) [a] Lt % >k F k57 #F 4% Mann-
Whitney U BEFIKHK: , 240 (HFD 4 .50% CGA 44 il
98% CGA 41) ] b % Al Kruskal-Wallis #5354
AT RER H R 5 K 50 (Fisher KA K55 ) , P <
0.05 I\ R 2 HAG == L,

2 #HR

2.1 CGA X} DIO KRBT it A& 17 5w

CGA T i 8 J& A, HFD £ K B & (¢ =
~-7.222,P<0.001) Lee’s 6% (¢t = -7.433,P <
0.001) F1 P JIEBE Wi & 43 btk (1= -10.154, P <
0.001)#i Z#& T CON 41 (% 1), 5 HFD 4 #
k. ,50% CGA 41F1 98% CGA 41k B i (F =
0.388,P =1.000,P =1.000) . Lee’ s $5%( (F =
0.501,P =1.000, P =1.000) 1 pq Ik §S i & 45 Lt
(F=1.885,P=1.000,P =0.298) ¥R&{%, (H LR T
GiitEm X (FE 1), W CCA dAR R N
WERE IV E 43 LU Lee” s $%k22 S ¥ 04127 5 Lo

F1 CCA XJ DIO KRR Lee’ s FEEUR
PR 5 A 2 PR (& 5)

Table 1 Effects of CGA on body weight Lee’ s index
and visceral fat percentage in DIO rats(x +s)

liems  n Body weight/g  Lee’s index plﬁ:{i‘j‘g‘e%
CON 8 498.9:29.3  26.9:0.5  3.0:0.4
HFD 8  674.4+62.2% 29.1£0.7°  9.01.6°
S0%CGA 8  649.1%50.3  28.80.6  8.92.6
98%CGA 8  655.0466.3  29.1%0.8  7.2£2.0

CON, normal control group; HFD, high fat diet group; CGA, chlo-
rogenic acid. # P < 0.05, compared with the CON group.
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EI A SN -

oz )

- 272 - JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES) Vol.52 No.2 Apr. 2020

5 CON 4 Ak, CGA T-Tii i, HFD 41 K Fj OG-
TT-120min I8 (¢ = —4.046,P =0.001) 1 AUC-G
(t=-2.979,P=0.010) 75 (& 1A.1D) , T i 4
J&& OGTT-60min (¢ = —4.426,P =0.001) ,OGTT-
120min [ 8% (¢ = -5.138,P <0.001) F1 AUC-G (¢ =
-4.969,P <0.001) ¥ 75 (& 1B 1E) . T 8 J&
# OGTT-60min (¢ = — 4. 606, P < 0. 001) , OGTT-
120min [ (t = —4.412,P =0.001) 1 AUC-G (¢ =
-3.090,P =0.008) ¥ F & (£ 2, K 1C . 1F) , 0G-
TT-15min [ ## (¢ =5.201,P <0.001) i Z &%, OG-

TT-Omin [ TCH] B AS b, 5 HFD AL, CGA +
i 4 J& A, 50% CGA Fl 98% CGA #H K fl, OGTT-
60min ,OGTT-120min [fil f F1 AUC-G ¥4 JG B g 28 1k
(B 1B 1E) ; THi 8 J& 4 ,50% CGA H198% CGA 4
) OGTT-60min ( F =8.526,P =0.007 ,P =0.004 ) il
OGTT-120min( F =5.379,P =0. 020, P =0. 046) Ifil
WHEFEAC, AUC-G T i 3 8k (F =3.237,P =
0.094,P =0.149,3 2 & 1C 1F) ; k4, 50% CGA
F198% CGA 41 6] OGTT 4B} [i] /5, [fi B A1 AUC-G
S TG E L (P>0.05,& 1),

A OGTT-0w B OGTT-4w C OGTT-8w
= 15 = 15 —~ 15 48 o CON
2 “H& wug = HED
: E H Tt
£ ol i £ o} * 98%,CCA
2 6F 3 of 3 6

i 0530 %0 120 i 09530 60 120 . 0530 60 120

g Time/min £ Time/min Z Time/min

o o o

DT@ OGTT-AUC-G-Ow E = OGTT-AUG-G-dw = OGTT-AUC-G-8w

—= £1500 * —= £1500 —= £1500

£s £E S E ol

S 71200 S 71200 S T 1200

L2 900 ¢-2 900 £Z 900

S 600 £ 600 3 600

C 2 C 2 g &

=7 300 =7 300 =37 300

< < <% o

=5 S O F £ S O & > EE S O & &

== S 0\&‘\ d\c‘l'v == S c\&‘\ d\él'v S RS o\c(’C 6\0(’“

= SIS =z o z S

Group Group Group

n=8. CON, normal control group; HFD, high fat diet group; CGA, chlorogenic acid; AUC-G, area under curve-glucose; OGTT, oral glucose toler-
ance test. A to F, changes in the AUC-G and the OGTT curve of DIO rats before CGA intervention and after CGA intervention at 4 and 8 weeks. * P <
0.05, compared with the CON group;# P <0.05,50% CGA group compared with the HFD group; & P < 0.05,98% CGA group compared with the HFD

group.

1 CGA X DIO K U &t 52 1]
Figure 1 Effect of CGA on glucose tolerance in DIO rats

2.3 CGA X} DIO KEL OGTT Hja M (ELr A iy e

CGA FHi4 JEA, 5 CON 41( <30 min,8 H;
>30 min,0 H) AH [k, HFD 20K B OGTT 75 45 4 1%
{EBHE ( <30 min,3 H; >30 min,5 H) i EFIER
( Fisher }5Hak, P =0.026, & 1B) . 5 HFD 414
b, FHi4 JEA, 50% CGA F198% CGA 41Kk BlUEi%
IR S TE] ( 52442 : <30 min,3 H; >30 min,5
H) Y708 #7224k (Fisher AFHKG %, P =1.000,P =
1.000, & 1B) . CGA F-7i 8 A4, 5 CON 41 ( <30
min,8 H; >30 min,0 H) ]k, HFD 41k §. OGTT
A2 E R E] ( <30 min,2 H; >30 min,6 H) &
2458 ( Fisher K HK I, P =0. 007,18 1C), 50%
CGA ZH K [ ) 25 Wi e (B I 8] ( <30 min, 8 H; >30
min,0 H) L FHiF ( Fisher ¥5Ha655%, P =0. 007,
1C) ;98% CGA 2H K 5l 4 45 Wi 0 {1 6] ( <30 min,7
H: >30 min,1 H) FZERi# (Fisher 5K, P =
0.041, & 1C) . WA CGA ZH 8] K Rl 7 % B3 e (i pif

i) 25 S TGt 17 75 L (Fisher Kk %, P = 1. 000,
K 1C),
2.4 CGAX} DIO K B 1 7 Bk 5 % /K F #1
HOMA-IR [ £ 11

CGA T 8 JEA, 5 CON 4HA4f I, HFD 4 DIO
K OGTT-Omin . OGTT-30min ., OGTT-60min #1 OG-
TT-120min (14 i35 B & 2 35 10 2 I+ (1 = -3.903,
P=0.003;t= -3.369,P=0.007;t= -2.799,P <
0.019;:= —6.077,P <0.000, [& 2A) , [df AUC-I
FhEs (= -4.967,P =0.001, & 2B), HOMA-IR
FhE [8.15 (1. 82, 19.39) ws. 24.29 (16.95,
34.36), z= —=2.562,P =0.010], 5 HFD 414,
50% CGA 2 OGTT-Omin ,OGTT-30min ,OGTT-120min
I Y35 JR i K- (F =9.928, P =0. 015, F =
5.159,P =0.044; F =5.050, P =0. 041 ) 1 2 &%
(B 2A); HOMA-IR b @ 2 P& A% [ 24.29 (16.95,
34.36) vs. 11.63(5.67,14.66) ,P =0.031]; AUC-I
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R H 2= T2 L (F =2.923,P =0. 198,
2B) ;98% CGA 41K . OGTT-Omin (F = 9. 928,
P =0.004) OGTT-120min( F =5.050,P =0. 047) [y
I3 B 5 2 K F 3% B (& 2A), OGTT-30min

301
o CON

= 25F # -m- HFD
= s B 50%CGA
§T 2 n = 98%CGA
£ AN
E Z I5r II \\ H&
£z

60

Time/min

120

n=6. A,insulin release test of DIO rats;B,area under curve-insulin, AUC-I.

B

(F=5.159,P =0.058) [ IfiL 1 ik 5 25 /K F-H1 AUC-I
(F=2.923,P=0.163, [ 2B) [¥fIk, (H 2= 5 L4 it
22 2% Y HOMA-IR 3 2 &5 24. 29 (16.95,34.36)
vs. 5.66(3.89,24.41) ,P=0.004 ],

1500

*

[
(3]
j=3
(=]
T

900

:

600

T

insulin/(min + pg/L)

300

Area under the curve of

HFD  50%CGA 98%CGA

Group

CON

# P <0.05,CON group compared with the HFD group;# P < 0.05,

50% CGA group compared with HFD group; & P < 0.05, 98% CGA group compared with HFD group.
2 CGA Xf DIO K, OGTT [ & 5 40 HI )
Figure 2 Effect of CGA on insulin secretion of OGTT in DIO rats

2.5 CGA X DIO JK 5RBE IR R 5 1) 52 i)

s s 4L S 18 R, CGA T-71 8 J8 4, 5 CON
ZH[14(2,18) JAHEL , HED 2R [ nT 0L Jie & % H 3 &2
[18(14,26), z = =2.857,P =0.004 ] . K/NA—,
TEASAHE (B 3A F13B) ;5 HFD 41 K BUM L,
50% CGA[15(8,22) ,P =0.032] 1 98% CGA[ 11 (4,
22),P=0.004 ] i 5 %k H 58 1 20805 (18 3C A
3D), P> CGA 4Rk %k H 2= R Egi 248 X

A ,CON group; B, HFD group; C,50% CGA group; D,98% CGA group.
Scale bars = 100 pm. White arrow: abnormally enlarged islet.

B3 DIO KEURMRAHFE L (HE x100)
Figure 3 Pathological changes of pancreas in DIO rats( HE x100)

3 i

BTN R SR 4 J4 )5, DIO K OGTT-
120min [UARFT AUC-G T i, 12 J i i 2 7 %6
T, OGTT 7 % 4 s {8 B ) ZE 3R ( > OGTT-30min ) ,
Ji 5 S I A LT PR ZOKF Tk B B AR AR

P, W4T 50% CGA F198% CGA 1 8 Ji, w] LA
B4 DIO R, OGTT-60min . OGTT-120min 7 I 4
(B, oA 7 2 D (L A 1]

AWF5E 3 41 DIO KR & 5 22 R L5
B AR BoR) , Uil] CGA "I REA £l DIO
KEMEYHE A 47T CGA 8 JiJ5,DI0 K ik
J i FN N AR 105 E 43 LA I T B, 50% CGA 41 N JiiE

BT EAT LT, 1% ,98% CGA 4 T [4520.2% , 3%
i1 98% CGA Xf INERE A — & i el 1

CGA T i, HFD 4 DIO K i, OGTT-120min
AT AUC-G Fhm, 2 W] SD K BRE& AR ik fE Le
Sk A5% 1)1 B iR RE 4 ~ 5 8 5 n] 3R B bR i A S
o AR E IR TR R 8 A, HFD 28 K R 1B 55 4
P8 OGTT-Omin ,OGTT-30min ,OGTT-60min #il
OGTT-120min M1 iE RS Z 5T 5, 1 OGTT-120min |
OGTT-60min [ 4 F1 AUC-G {7540 F T} 5 /K, 2
DIO KSR B S R AT, LA, 5 CON 4AH
HFD 2] K F2s I s A Hh BB 2 A8 4k, R AH g F
IGT, FHl FPG i £ 4 JR 6 1 O VE B2 A% 447
50% F11 98% CGA F¥i 8 J& 5, DIO K §Lf% OGTT-
60min ,OGTT-120min Ifil {1 HOMA-IR B, Jif 1 14
A5, 8 CGA n] LIt DIO K BB 2 7] g &
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