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Effects of curcumin on microbial diversity and
transcriptomics in rats with spinal cord injury

WANG Qingyan, HAO Qin, GAO Hui, ZHANG Xin, MA Jiarui, ZHANG Zhenxian,
LIANG Jiaxing, JIN Yahui, SHEN Juan, YANG Yanling*

Yan’an Medical School of Yan’an University, Yan’an 716000, Shaanxi, China

Abstract: [Background] Spinal cord injury, a severe trauma of the central nervous system,
causes not only motor, sensory, and autonomic nerve dysfunction but also gastrointestinal
dysfunction, being not conducive to subsequent functional recovery. Studies have shown that
curcumin has a therapeutic effect on spinal cord injury, while little is known about whether
curcumin can regulate intestinal microbiota after spinal cord injury or not and the
treatment-related pathways. [Objective] To observe the effects of curcumin on the behaviors,
the spinal cord histomorphology, the diversity and metabolites of cecal microbiota, and the spinal
cord transcriptomics in the rats with spinal cord injury. [Methods] A total of 50 female SD rats
of 6—8 weeks and 220—240 g were randomized into a sham operation group, a model (spinal cord
injury) group, and low-, medium-, and high-dose (50, 100, and 200 mg/kg, respectively)
curcumintspinal cord injury groups. Curcumin 50 mg/kg, 100 mg/kg, and 200 mg/kg was
intraperitoneally injected 30 min after the establishment of the rat model of spinal cord injury,
once a day for a week. The Basso, Beattie & Bresnahan (BBB) locomotor rating scale was used
for scoring of the motor function. Hematoxylin-eosin staining was used to observe the
histomorphological changes in the spinal cord of rats. High-throughput sequencing of the
V3+V4 variable region of 16S rRNA gene was carried out to analyze the a diversity, B diversity,
and relative abundance of microflora, and the levels of short-chain fatty acids were measured,
on the basis of which the changes of intestinal microbiota before and after treatment were
evaluated. [Results] The medium dose (100 mg/kg) of curcumin significantly improved the
limb motor function after spinal cord injury, demonstrating protective and repair effects on the
damaged spinal cord. Curcumin administration in the rat model of spinal cord injury improved
the diversity of microbiota and elevated the levels of short-chain fatty acids. The spinal cord
injury altered the signaling pathways of intestinal microbiota, which was restored after the
administration of curcumin. [Conclusion] Curcumin can affect intestinal microbial diversity
and increase the levels of short-chain fatty acids in the rat model of spinal cord injury, and had a
therapeutic effect on rats with spinal cord injury.

Keywords: spinal cord injury; curcumin; intestinal microbiota
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SHEE, S RETFREARAR; #
FiR 5 B4 1/ NanoDrop ND-1000, FEER K ith/R
FHEA R BRI, ERSTAER(RE)
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H R UG E Fe 2240 (15-40 mg/kg) 4T
PRI, 25 a1 FFARG L, B24MHs
B, REEGHE TO-T10 B, #5428
B AERR , 2 EE S PSI A RETT d 4% L
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M, AEFTE . Bl S TR AL R 22 A L
PR R Bz ke o RS TR T B G A AT R IS 1
WA BER B K . A KRB BEE
118, SR BRAR T I 4a FE 403l R EE IR 5
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K3 WRFIHER . BRH G B =1:1,
S IR E P IAE 26 °C, MIXHEE 50%.
14 HBESERIHHR

¥ 50 HK BN R TF AR 41 (Sham) , 4
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1200 mg/kg B K. FFHEMFER 14d. F
ARJE 1. 3. 7. 14 d XS KRR A SR
PF43(basso, beattie & bresnahan locomotor rating
scale, BBB scale), Frfi KFE 14 d BBB 450 )5
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L Eot AR E BN AEYET 16S rRNA
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WXIUE, AR SRR R AR, R
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PR AT AL, Bl 1 2% 0 B i B E I H Uk
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FH Hlumina HiSeq ~F & ¥4 75 , 4K BE G AE 9 43
HEFG T TR Ve S5 W P S AT S, e e
T 97% M AR UG 17 51 E AT OTU 2kl 43, A
T X6} 5 AL o 1 22 P R 2 Sk 2R A T M0
1.7 FE8ERRARERIKE ST Af
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300 pL 4K 5 i AL U I iR SR 5T, R
HEPR % GRS FEM 5 min J5 T 1 400 t/min 2.0
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Brh o WS RIEH L R-d4 . NIR-d6 . T iR-d8
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St i M T T s A T YR IV T o) i e A T U TR
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WG # Jr # EESC2E il i Tllumina HiSeq ~F 5 %)
BEdh EALIRE . 25 55 R vk 4544 R 1g FC>2,
FDR<0.001, @i Seq ik 25 5 F ik My JE A 4R
MRREREHLS 2R RBEN, MG #ET
KEGG VR0 K BUE SR LA [RIFE AR [A] 1Y
25 5 RIR M LR HEA 738 = AR AT .
1.9 BItERE

7F IBM SPSS Statistics 20.0 {4t {i i1 5
K2R 07 22 73 M (ANOVA) BT AR AS ¢ 46 304 1 20
[N 2= 551 P, 24 P<0.05 8¢ P<0.01 i
ZZESWHE HA G #E L. ] GraphPad
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RIG 7. 14 d ZHFRAVE5 Bon 5 IREA BTk
i, 5 SCI HAHIA B EPE2E 7 (P<0.05), JLH:
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Table 1 BBB scores at different times points after operation in each groups of rats

Time (d) Sham SCI CUR (50 mg/kg) CUR (100 mg/kg)  CUR (200 mg/kg)
1 20.000+0.76 1.3£0.67 1.4+0.70 1.0+0.82 1.3+0.82

3 20.625+0.52 4.0£1.12 3.6+1.00 4.0£1.22 4.0+£0.87

5 20.500+0.53 6.3£1.12 6.3+0.87 6.9+1.54 7.0+1.41

7 20.375+0.74 9.0+1.00 9.5+1.33 11.7£2.12 13.8+£2.68*

14 20.125+0.64 10.8+1.09 12.5+1.51 17.9+2.67* 17.8+£3.15%*
Sham: fRFAXHELL; SCI. FHEHMIMIAILAL; CUR: BIEI+L3 KA MA]; *: CURLLY SCIAIML, HALI#
X (P<0.05)

Sham: Sham control group; SCI: Spinal cord injury model group; CUR: Model + curcumin treatment group; *: The CUR group
was statistically significant compared with the SCI group (P<0.05).

A BT ARXTIEAL

1 RBAREFERG 14 d HHRIETHQ00x) B: BEAIZH; C-E: 50. 100,

200 mg/kg Z W R AFAH

Figure 1 Pathological changes after 14 days of spinal cord injury in each group (200%). A: Sham control
group; B: Spinal cord injury model group; C-E: 50, 100, 200 mg/kg curcumin treatment group.
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PIPLH TR 22 84T I FH(Helicobacteraceae) |

B2 HFL(Lachnospiraceae) . % H Bk # #
(Ruminococcaceae) ., $i A% Muribaculaceae) .
FLEE T BlH(Lactobacillaceae) . W41k 5% Bk R}
(Peptostreptococcaceae), A i 4% 4 IV #E

A 10 ® Unknown 100 m Unknown

90 | u Patescibacteria 90 m Others

gk B Tem:’ricutes . 30 m Clostridiaceae 1
= W Actinobacteria = u Peptostreptococcaceae
s 70 B Spirochaetes s 70 )
o ; P ® Bacteroidaceae
e ol u Deferribacteres S 60 ] .
3 B Piofeobacioria k: u Erysipelotrichaceae
E 50 B Bacteroidetes E 50 m Enterobacteriaceae
; 40t u Epsilonbacteraeota ; 40 u Lactobacillaceae
g= B Firmicutes = 8 Muribaculaceae
I~ o m Ruminococcaceae

20 20 u Lachnospiraceae

10 10 m felicobacteraceae

g CUR  Model Sham 0 CUR  Model Sham
Sample Sample
C 100 ® Unknown

90 # Others

80 u Mucispirillum
9 70 = Clostridium_sensu_stricto_1
E; i u Romboutsia
=]
-§ = Uncultured_bacterium_f Lachnospiraceae
_§ 20 B Bacteroides
2 40 B Escherichia-Shigella
nT:: 30 B Lactobacillus

20 u Lachnospiraceae NK4A136_group

10 u Uncultured_bacterium_f Muribaculaceae

o m Helicobacter
CUR  Model Sham
Sample

& 2
| BT FUR AT L

ZEZRNESWRGAREREARTHNIENE A B. C o N AFARRE WAL R TK

Figure 2 Effect of curcumin on the cecal tissue microbiota in rats with SCI. A, B, and C show the changes
of cecal tissue microbiota at the phylum, family, and genus levels, respectively.
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(2T RE . A SCHRES B BE I 4 J5 o o
ZRGIHAR G M HIEE 2k, B8%AE
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¢__ Campylobacteria
f Helicobacteraceae
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¢ Deferribacteres
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0 1 2 3 4 5
LDA score (log,,)
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B Cladogram
Il CUR o 'PS'
I Model &
I Sham

I 2:s__uncultured_bacterium_g_Bacteroides B 22: ¢ uncultured bacterium_f Lachnospiraceae
B b: g Bacteroides B 23: fLachnospiraceae
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Figure 3 Differences analysis of each group.
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Figure 5 Enrichment of signaling pathway expression in rats after SCI. A: the enrichment of KEGG
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of differentially expressed genes between the Sham group and the SCI+CUR (100 mg/kg) group.
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