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Intestinal Mucosal Barrier-mediated Improving Effect of L-Arabinose on Glycolipid
Metabolism in Diabetic Rats
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Abstract: [Objective] This study aims to investigate the reparative effect of L-arabinose on the intestinal
mucosal barrier and its blood glucose-lowering mechanism in the rat model of type 2 diabetes mellitus (T2DM).
[Method] A rat model of T2DM was established via streptozotocin (STZ) combined with a high-fat diet. The
successfully modeled rats were randomly assigned to a model control group and low-, medium-, and high-dose
L-arabinose intervention groups. After 28 d of continuous intervention by gavage, parameters including fasting
blood glucose level, blood lipids level, serum inflammatory factors levels, expression of tight junction proteins in
the intestinal tissue, histomorphology, and mass fractions of short-chain fatty acids (SCFAs) in the cecal tissue
were measured. [Result] L-Arabinose significantly improved glycolipid metabolism in diabetic rats and repaired
the intestinal mucosal barrier by promoting SCFA production: it up-regulated the expression of tight junction
proteins (occludin and claudin-1, P<0.05) in the jejunum, restored villus structure, increased mucus secretion, and
reduced serum levels of pro-inflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-a) (P<0.05). The regulatory effects of L-arabinose on individual SCFAs components and inflammatory

factors varied among doses. [Conclusion] L-Arabinose can repair the intestinal mucosal barrier by regulating
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SCFAs metabolism, inhibit inflammatory responses, and ameliorate glycolipid metabolic disorders in diabetic

rats. The findings provide a theoretical basis for the development of functional foods for T2DM.
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M2 s STZ - 45 [F Sigma-Aldrich 2 &) ; K BB & &
ELISA A P 77 & iQi == o B BB I 0 A R &
A 5 A FR AP AT G R B AR R S E R A
B R A s A AL B (diamine oxidase, DAO) £ il
A & 40 A & Ginterleukin, IL)-1B1L-6 & fi
981 Y1 U8 K 7 -a(tumor necrosis factor-a., TNF-a) £
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ISR RIS VA GBS W i SR RN
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WG 3~4 dMEBERRZEHHIWZ IR 2 IREIR,
54 12 h J5 0 € 25 I8 1 BE (fasting blood glucose,
FBG) K & ,FBG W & >11.1 mmol/L | & Ny 2 1 ik
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Table 1 Primer sequences

B IR 44 S5 (5'—3" 75 5
F:CTGAATGTGAGAGGCTGCTGAC

MUC2 NM_022174.1
R:GGACACTGGCAACGGTCATG -
F:CTGCTGGTCCTGGTTGCTG

TFF3 NM_013042.2
R:CCACGGTTGTTACACTGCTCTG -
F:ACACAGACCCCAGAGCGGCA

occludin XM _006231854.5

R:AGCCTGGGCAGTCGGGTTGA

F:AGGCAACCAGAGCCTTGATGGTAA
claudin-1 NM 031699.3
R:CATGCACTTCATGCCAATGGTGGA -

F:GCGAAGCTGTTCCCAGCGGA
JAM NM_053796.1
R:CGCAGTGGTGCTGCCTTGGA -

F:AAGTTCAACGGCACAGTCAAG
R:TACTCAGCACCAGCATCACC

GAPDH XM_063285517.1

1.3.8 e iF ¥ 2 @ e B/ F 4 )

Fi ELISA v A I I 7 %8 hE 28 Jf BA -+ TL-1B
IL-6 F1 TNF-a 7K °F- o
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5 B T A AT, DAL R A WA O
1.3.10 4246 0y B R = o 0 2

WHEmWNAEYO.1 g, MA 0.9 mL TR KAHK,
3000 r/min 50 10 min, 7% 1 28 B B2 AN £ ik £ 1Y
Jii K HAH 13 (gas chromatography, GC) v Il 52
IR AR T R 5t T MR 5% SCFAs Ji & 70 3
1.4 HiEAE

B4 7 8 65 1 75 R R, R SPSS 22.0
HEAT B[R & 5 % 4 Ht (One-way ANOVA) , 41 [A] Lk
K H Duncan’s f 4% , P<0.05 N £ 7 B & . K&
21>k F GraphPad Prism 8.0
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Fig. 1
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mmol/L , U B A i 56 Fr £ 2 1 B R 3 A5 B A 58 ]
FE 2 L-BTRAAEE T 5, B 7 RitE, &% 7 & 4
(A1~A3 H)OFBG /K F T B (P<0.05) ; 55 28 K, A
BT CD#, A1 A2 A3 41 () FBG /K °F- ¥ 6 Bt %

Body mass change curve and average daily feed intake of rats

%, Horbr AT 4 AT & 25 PR AR W PR K B FBG 7K ~F
(P<0.05). fE 1 ik i %) i & i 30, CD 2 & I
() B A B % AUC 3 123 i/ T C 4H.(P<0.05) , 1Ml
L] o7 A0 0 T e 1R B K R PR B K W T
LA A3 AUC ¥ 2 3K T CD 41(P<0.05) ,
Forb A3 4L o 3% i B B K, B CD 4L B AR T
12.2%, W3¢ 3. R W 1A 40 N 2 IR 9K B I v 1) 3
BEIRAL , T L-BA] S AFWE 0T /)N Jiz 1 W I 0 00 ) T A
R ) o R TE R . 25 T T FBG K SF M
AUC I BAIS U BT 1 L-B) Hz A0 8 A fe i i #0) /s

#2 WEHEARFBGIREEL
Table 2 Changes in FBG of rats during the experiment period

FBG & fZ/(mmol/L)

4 5]

0d 7d 14d 21d 28d
cHYl 4.9+0.1% 4.5+0.2% 4.2+0.1¢ 4.4+02% 3.8+0.2¢"
CD#H 18.4+1.1%° 18.0+1.2%° 18.4+0.8"° 17.8+0.9%¢ 18.6£1.74°
Al 17.0£0.7" 15.2+1.0%° 16.1£0.6"5 14.9£0.5%° 14.9+0.8%°
A2 4 16.9+0.9" 14.9+0.25° 16.7+1.2™ 16.1£0.7°5 16.3+1.178
A3 4 16.6+1.2"° 14.3+0.8%° 16.5+1.4" 15.9+0.6*5 15.5+1.148

VE 7 B 7 K15 5 5 % A 6] 2 57 235 (P<0.05) ; [RAT AR /N 5 5 B 5% H [ 2 53 .3 (P<0.05) .
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F3  L-Phi{avExHEm 218 AUC K0
Table 3  Effect of L-arabinose on the AUC of glucose tolerance test in rats
E B A B S MOBE W L /(mmol/L)
25 5] AUC/(mmol/(L-h))
0 min 30 min 60 min 120 min
C4l 3.8+0.2¢ 6.0£0.1° 6.0+0.2° 4.6x0.1° 10.8+0.2°
cD 4 18.6%1.7" 22.3+2.5 24.1+0.7* 21.1+1.4° 44.4+1.5°
A4l 14.9+0.8° 22.6£2.7° 20.7+0.8" 19.9+0.7° 40.5+1.9
A2 41 16.3%1.1° 27.0£2.5° 21.6+1.0° 19.7+1.9° 43.6+2.0%°
A34L 15.5%1.1™ 19.14£2.5° 20.7+1.3 20.1+1.1° 39.0+1.8°

E RS R /NG 7 B 2R 4 0] 22 57t 2 35 (P<0.05) .

TRE W G 5 M A 7 R B 4 0 R A, AT A R
B PR K BRI 5 R R 8 S L HE K P, 5 E A T AT
HFFE,

Wi L S o A 5 i I AR U 3K L 2 W PR 1
1% 0 5 BRI, P 3 1 5 R 8 2R T ae Ok B D) A
bl W 2w &, 5 C A ML, CD 4% TG

2.0

1.5

1375 8 5 207K F/(ug/mL)

=)

o
[

(=}

Yy F ¥ K H
S
4153

(a) I3 2%
6.0

TCH S /(mmol/L)

0
¥ HF K KK K
S

205
(c) TC

TC.LDL-C ¥ i 35 2 2 J} 1= (P<0.05) . {E L-Fi[ $i7
EBE 705 . A PR 93 0K BRI AR AR 1 45 20 BA 2 ok
HAPATH TG TCWKEZA T B, LDL-C K &
B EFRK(P<0.05) ;A2 A3 4 TG ¥k 5 A PR AR 1
#, TC 1 LDL-C ¥ F£ ¥ &2 % B I8 (P<0.05) . [A]
I, 5% 20 I3 R S 3K T Xy RO R R . bR

ab

TG /(mmol/L)

LDL-Ci&J/(mmol/L)
&
T
(o

0.5F

K K HF K K
8 v ¥ 9
205
(d) LDL-C

NI /N5 o B 2 7 41 ) 7 5 88 3% (P<0.05)
B2 L-FTHEAA4 K R iF kB & A5 6% 0R

Fig.2 Effects of L-arabinose on serum insulin and lipid profiles in rats
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T2DM W K 4 5 K R & tF B 7™ = 1) iy 18 Bf
B Ty R O 1 L W5 B WL AR BE B 4 AL B R | e g AORE
SRR R AR RELEZ AR WE
JEE BF B pH AL AR BE B e R R b L B 5 A
P B 4 R . FE 22 Ok B 3 B0 g BE B D e R
15 /& T2DM K [f) B Z IR AT Rt A 90 2R
F5 T L-Bf B2 A1 05 X i 3 5L 5 B 1) 52, DLk — 2P
] B¢ I 2 3% T2DM B I AR 3 25 AL 1) 98 E LA .
220 L-FT 4 A4 4% % K AR K R 4 AR R

K

Jo 38 A ) 5 B el Y T B RE S AR P
&, SCFAs /2 i 18 T8 B R % % 13 41 4k 1 B 2 4%
WY EgE R I E RS T R EROIEH . GC-MS
IR 45 R ILE 4, CODHRREBANEY T LR
W TRMTRRESEHEELT CHP<
0.05) : 1 7£ L-B +7 A0 B% + T J5 , % 240 SCFAs it &
WA, Horh A3 41 4 Rl SCFAs ¥ 8 2 T
(P<0.05) . L-Po] $7Af # B X DA WS 1 =8 B 42 7 L
W, B AT A Dy 2 AR To AR A AR B Can XBA B L F
T A B S5 ) 1 B, 5 o o) R W I 1 2
B B AT R B R 1 3 SCFAs A1 At A2 3% 1 4
AW AR . SCFASs Ji £ 4 501 38 Jn ot i 6 st
BB E A BEEEM, P TRE®EIN L
B2 41 Mo 1) 32 B AR R, 75 4E R bR 52 BRI K IR

Fz4 L-FTRIAMEST K SCFAs K F M

Table 4 Effects of L-arabinose on cecal levels of SCFAs in rats

Jo B I 07 1R 5T 23 #/(mg/100 g)

Z 1 TR T

C#Hl  68.64+0.54" 4.20+0.27°
CD#AH
N
A2H
A3AH
i B [ NS 5 BE R IR 4 18] 22 57 B 3 (P<0.05),

453

126.03+11.30° 279.28+15.94"

52.06+2.42°  87.33+2.92° 2.44+0.25°  138.68+11.80°

68.83+4.41° 124.22+16.52° 2.58+0.42° 193.60+5.01°

72.26+5.42"  154.25+£16.28" 2.33+0.32°  154.69+17.07°

64.09+9.32°  152.63+23.86" 3.25£0.82°  189.20+14.63"
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H BT W T RE 7 T A G HE AR PO T R U AT AR
N ENE R R IRY PR EMERYY
(peptide YY, PYY) Ml it & il i = #£ fk -1
(glucagon-like peptide-1, GLP-1) [ 53 ¥ , 1 15 £ 8k
I 18 5 R R AR, B & 00 E IR AR B
SCFAs it £ 77 80 i 2 TF /& 2 W1 L-F] i AF1 9% 6 1 15
Ji7p 3 BB G5 A 3 o R R AR S M T O3 g 3 T
222 L-FT 3544 45 5 48 AR A K R 18 HUAR B e 2%
FEBEFREAORLIKFHH R

i T8 AL AR T B o g T B B 1K) A% 0 2H R O
DL b FZ 41 i (intestinal epithelial cells, IECs) [ %
IR OO, 2 N T8 0 W) Y7 AR B B, o] BH
LB FEWR R EAAR RN EEREREE. DAO £Z3)
W P T B A B R R TR B o R R T A R
Wiy, A 45 ) i 80 IS B B (R AE D TR DT AT RO
LB B 1 e R P AE E AR ERY . R 3 AT A,
CD I35 DAO #% P & 3 = T C 41.(P<0.05) , it
HH B PR K BB i 86 B B 52 B T 45 45, K BRL If
& T I DAO TG MR8 B AE F T 1 2 1 4H 23
BEER A L-F A AT 5, Al A3 4 DAO
T T R 3 BEAK (P<0.05) , 3 B L-F 47 A1 B Xt #E PR
T K B B R 10 6 22 i AE F DALk DAO 7% 1 A
XTI o B ML BE R b A EE R A A
fitt , 1 Claudin-1.Occludin JAM %5 3¢ 4 3% 32 & (4
2 R s MUC2 I TFF3 8 73 il 5 iz 18 %6 W Bt I Je %6
B S VI G . XA KA bR EAT 70 T AE ) R
D 3, L -] r A 8 6F KBRS i B B AH O 2 R R
EEE—EREER, RE3(MW~(D. BKE,
L-T] $7 AA ¥F T T )5 occludin R 17X B2 E #
claudin-1 F1 JAM 3 15 7EAK A 77 & 41k & 58 9
T MUC2HECD AR RIE T m , & ALV A2 H 1Tl
Ja B B C HKF s TFF31E CD H 1R IA %
K. 2 A1THFWEHAITKE.

W 4 B, L-B] R A0 % - 1A 203 iy 3 20 21
SRR, CHSMBELE W TR, | Y&
SE CD H 9% & 4 i W 2, 5 1 40 IR e B
L-B] R A BE T 105 , 9% B 45 W oo K38 n L %
PRI ik D

AW TR LBl AR R RS R 2 2 1 4k
¥R, I E I claudin-1 1 occludin 25 % %5 % 4
B mRNAFRIE, 5 L% R—8. L-Ff
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Fig. 3 Effects of L-arabinose on serum DAO activity and mRNA expression of jejunal barrier-related genes in rats
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Fig. 5 Effect of L-arabinose on mucus secretion by jejunal goblet cells in rats
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