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[ Abstract]  Objective To investigate the effect of chiropractic therapy on the inflammatory response and apoptosis

of intervertebral disc cells in rats with cervical spondylosis and its possible mechanism. Methods Overall, 8 SPF SD rats
were randomly selected as the sham operation group (half male and female). The remaining rats were used to establish an
intervertebral disc model by the dynamic and static imbalance method . Model rats were randomly divided into model,
chiropractic, and control groups with eight rats in each group. The chiropractic group was subjected to chiropractic therapy
every day, the control group was administered 0.75 mg/kg meloxicam tablets every day, and sham operation and model
groups were untreated for 28 days. HE staining was used to detect histopathological changes of the intervertebral disc.
TUNEL staining was used to detect apoptosis of intervertebral disc cells. Immunohistochemistry was used to detect tumor
necrosis factor (TNF-a) and interleukin-1@ (IL-1B) protein expression in intervertebral disc tissue. Serum TNF-a and IL-
1B levels were measured by ELISA. RT-qPCR was used to measure relative mRNA expression of Caspase-3, B-cell
lymphoma/leukemia-2 gene (Becl2) and Bel2-related X protein ( Bax). Protein expression of Cleaved Caspase-3, Bax,
Bel2 and IkB kinase B (IKKB), p-IKKB, NF-kB inhibitor protein a (IkBa), p-IkBa, nuclear factor-kB p65 ( NF-kB
p65) and p-p65 was detected by Western blot. Results  Compared with the sham operation group, the model,
chiropractic, and control groups showed that the tissue structure of intervertebral disc was in various degrees of
degeneration, the nucleus pulposus tissue shrinked, and the boundary with the external fibrous ring was unclear,
meanwhile, intervertebral disc histopathological score, nucleus pulposus (NP ) cell apoptosis rate, serum TNF-a and IL-
18, TNF-«a and IL-1B protein expression, Caspase-3 and Bax mRNA expression, and p-IKKB, p-p65 and p-IkBa protein
expression in the intervertebral disc tissue all increased, while the expression of Bel2 mRNA and protein decreaed (P<
0.05). Compared with the model group, the chiropractic, and control groups showed that degeneration of the intervertebral
disc tissue structure was reduced gradually, and the intervertebral disc histopathological score, NP cell apoptosis rate serum
TNF-a and IL-18, TNF-a and IL-18 protein expression, caspase-3 and Bax mRNA expression, and p-IKKB, p-p65 and
p-IkBa protein expression in the intervertebral disc tissue were decreased, while Bcl2 mRNA and protein expression were
increased in intervertebral disc tissue (P<0.05). Changes in the above indexes and factors in the chiropractic group were
lower than those in the control group ( P<0.05). Conclusions Chiropractic therapy reduces the inflammatory reaction and
apoptosis of intervertebral disc cells in rats with cervical spondylosis and improves the progression of intervertebral disc
degeneration. The mechanism may be related to inhibition of the IKKB/NF-kB pathway.

[ Keywords]  chiropractic therapy; cervical spondylosis model; intervertebral disc cells; inflammatory reaction;

apoptosis; IKB kinase B/nuclear factor-kB pathway
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Table 1 Comparison of histopathological score of

intervertebral disc in rats

2 %] Groups i B 22343 Pathological score

iR F- ARl Sham operation group 1.25+0. 46
# 2 Model group 4.38+0.52"
14 4H Chiropractic group 2.88+0.64""

X} B 41 Control group 21340, 64 ¥

T BT ARG, C P<0.05; SR AL, "P<0. 055 S 4
e, *P<0.05,
Note. Compared with sham operation group, “ P<0.05. Compare with

model group, *P<0.05. Compared with chiropractic group, * P<0. 05.
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Figure 1 HE staining of rat intervertebral disc
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Figure 2 TUNEL staining of NP tissue in rat intervertebral disc
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F 2 RBUHERZ NP 404 R L H (n=8)
Table 2 Comparison of apoptosis rate of NP

cells in rat intervertebral disc

415 NP 2 i 8 1= %
Groups Apoptosis rate of NP cells
R F AR £ Sham operation group 1.55+0. 52
F U2 Model group 14.53+1.98"
A 4H Chiropractic group 6.28+0.88 "

Xf B8 4 Control group 5.25+0. 65 ¥
T SETARAELE, ~ P<0.05; 5B R E, *P<0.05; 54
t#, ¥ P<0.05,
Note. Compared with sham operation group, " P<0.05. Compare with

model group, *P<0.05. Compared with chiropractic group, * P<0. 05.
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4,

F 3 KHUMLTE TNF-o IL-1B K F L8 (n =8, pg/mL)

Table 3 Comparison of serum TNF-a and IL-18 levels in rats

244 5| Groups TNF-a IL-18
fF AR 40 Sham operation group 33.87+3.76 172.06+8. 99
FE 72 Model group 64.79+4.54" 405.85+25. 18"

24 44 Chiropractic group
X B# 2 Control group

43.44+2.83 "
38.91+3.25 "

225.76+15.16""
198.78+12.75 %

ST ARAILE, " P<0.05; SHIMAL AL, "P<0.05; HEB4 A, ¥ P<0.05,
Note. Compared with sham operation group, * P<0.05. Compare with model group, *P<0.05. Compared with chiropractic group, * P<0. 05.
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Figure 3

Immunohistochemical staining of TNF-a and IL-1@ proteins in rat intervertebral disc tissue

R4 REUMEM A Z TNF-o IL-18 “FBOE% B L8 (n=38)

Table 4 Comparison of the average optical density of TNF-a and IL-1f in rat intervertebral disc tissue

21 5] Groups TNF-« IL-18
iR F AR 41 Sham operation group 0.11+0.02 0.09+0. 01
HERIZH Model group 0.38+0.06" 0.27+0.03"
1A 41 Chiropractic group 0.22+0.03"" 0.19+0.02"*
Xt BE 40 Control group 0.15+0. 03 * ** 0.15+0. 02 * **

LSBT ARALE, " P<0.05; SR LE, TP<0.05; HIEFALE,  P<0.05,

Note. Compared with sham operation group, * P<0.05. Compare with model group, *P<0.05. Compared with chiropractic group, * P<0. 05.

Fz5 MEEELALILUP Caspase-3 Bax J Bel2 mRNA AHX] ik LA (n=8)

Table 5 Comparison of mRNA relative expression levels of Caspase-3, Bax and Bel2 in intervertebral disc tissues

21 5] Groups Caspase-3 Bax Bel2
R F AR 4l Sham operation group 1.01+£0.01 1.00+£0. 01 1.01+0.01
B2 Model group 3.31+0.45° 2.83+0.33 " 0.34£0.04 "
¥4 Chiropractic group 1.55+0.10 ** 1.51+0.15** 0.63+0.05""

X B& 4 Control group

1.32+0.09 * %

1.30£0. 13" ** 0.71%0.05 " **

S BTFARALE, " P<0.05; 5B LE, TP<0.05; I A LE, * P<0.05,

Note. Compared with sham operation group, * P<0.05. Compare with model group, *P<0.05. Compared with chiropractic group, * P<0. 05.
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HE A X R R B (P<0.05) ; S A4 i, X Note. A, Sham operation group. B, Model group. C,
B 20 A BRUME [R] 25 2H 241 P p-TIKKB . p-p65 M p-IkBa Chiropractic group. D, Control group.
A ) 52 15 B PR AIG (P<0.05), WHE S5 =7, Figure 5 Western blot bands of pathway-related proteins

R 6 MEMBAR PR T MREAMXREE LB (n=8)

Table 6 Relative expression levels of apoptosis-related proteins in intervertebral disc tissues

24 51 Groups Cleaved Caspase-3 Bax Bel2
8 F A 4l Sham operation group 0. 15+0. 02 0.13+0.02 0.59+0. 03
Bi#I2H Model group 0.58+0.04 " 0.74%0.05" 0.11£0.01"
% 4 Chiropractic group 0.37+0.03 " 0.43+0.03** 0.31£0.02**
X} B 41 Control group 0.28+0. 03 * #* 0.39+0. 02" ** 0.39+0. 02 ***

FSEFEARMALE, " P<0.05; 5EMA L, "P<0.05; SR¥ A LA, * P<0.05,
Note. Compared with sham operation group, * P<0.05. Compare with model group, *P<0.05. Compared with chiropractic group, * P<0. 05.

RTOMEN B S0P B SCEE H A X R B L (n=8)

Table 7 Relative expression levels of pathway-related proteins in intervertebral disc tissues

#H 5] Groups IKKB p-IKKB IkBa p-IkBa po5 p-p65
{2 F-R 4 Sham operation group 0.72+0. 04 0.170. 02 0.91+0. 04 0.110.02 0.510.03 0.15+0. 02
T 4] Model group 0.75+0. 05 0.70+0.03"  0.89x0. 03 0.62+0. 04" 0.52+0. 03 0.49+0. 05 *
{5454 Chiropractic group 0.73x0.03 0.310.03"%  0.91x0.03 0.37£0.037"  0.4820.05 0.3120.04""
Xf J# 41 Control group 0.72+0. 04 0.24x0.02" %% 0.90=0. 03 0.27+0.04* % 0.4920. 04 0.22+0.03 " **

WS TARALLE, T P<0.05; S E, "P<0.05; B UIILE, * P<0.05,
Note. Compared with sham operation group, * P<0.05. Compare with model group, *P<0.05. Compared with chiropractic group, * P<0. 05.
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VLAESE ,IDD %% 2 [ THE 3 Ft TAE R AL,
T | R 250 M 0 2 0 % 3k 80% , B
Sy LR T A e R T A S — R T I
B, NP S 4 PR R AR AL AL, FEh NP A R
HE ) 4, 28 A R e L IDD i A P NP
R TR LA A 0, HL ORI T T L 4
5 3 S8 RN K AR A Y I8 2 o B A AL, Tl
S B AAR TREHEIN, A RS EW AD, S R
o AR R 2 2 UM T B AT R A 1T BEIE AR R AR
FasE 4 DD A G . KB ) 2k 15 1 & #
e ¥ 95 3 8 A 80 R T DR AT 9, S B 5 D i ]
A LB S i) AR AR X ZE A8, T AR S i A 4L A K A
SR AR AR B AUHE UL P B B 2R 0 b R 1 5
A5RS89 55 o A F 95 ik T R R M UL I
T AR S04 1 S ST B 0 3 R 5 T S TR R
UME I TR 5 26 0 R — R R S R B & 25,
TR RRIBE T R e R AN SR
PR RE 26 FIQI AR v e 4 T 3 o e 5 A
O, 410 1 40 R R T T 1 SR R 25 A0 Y L 3
YIRS AT T MR G T SR S LU T
ROCRAE g B HE R IR 24845897 5, HE e €8 i)
2 U I R, U 1) 485 26 2 e 70 S AR R AE
Pt NP 4LZUB A A0 I 45 I 5 40 S 27 4t BR 1 57
B WK 52, 41 % 355 YA 0T 1T B 1 G Rk 3% 1DD
E T VAT BUHE RS

WFoE 2 W1, 2F 45 35 A1 NP 72 HUAIR 05 R e 4
13 R A% Ty S 45 03T WT 43 M TNF-o Fi1 IL-18,
2% 2 B A SR B AL 46 15 Pk L 5 TDD 4% A s Bt
FRB I G , A 35 S0 0 2 107 36 o O | 40 L 5 %
PG 200 06 T R A, A S DD
SRR PR E  TNF-o KOF 36 15 2 1 S
IR 5 U)K G, M ) 4 28 1 4 A A I A T P A
KBRS 1 TNF-o 7T 35 % 1R T 180 3T i B A
(1] 485 5 H 20 2 o 4 100 A D B A AL I VRO BR, S B
A1 JE i TNF-o AKCE TR 5 TL-18 7 i 38k £ Fh 412
AL i D T A DR R 5 4 R 7R G )
AR T S 4 B L R T AR R A A R O
2 A R W i WA R IDD kR
Xu %N BFGY S5 B % ik BEAUACRL R ) W &
(¥4 ] 45 TNF-o IL-18 &% IDD, % PN F %k F
R R NP AR Y e i RB AL 35 . Kang 451"
WFoE & P, TNF-o Fl TL-1B FY 5 26 35 2 5 20 ME o 2
T M s 0, 25 100 o) TL- 1 %o B A% 4T S 1 4 e £, it

YEFI AT B7 1k 49 IDD & A o A 53 285 3 8w, B A
O BUME ] 45 40 20 h TNF-o  IL-18 K [ & 1fiL 7 7K -
T, B 7R SOHE R A8 A A R 5 K T 1 TNF-o IL-
1B A 3R ZU N A AE SN 5 1 2 32 B IR IT 5, A 4
2 rp R R K X TR R 4R R R T AT
il 2 8 ok oA 1 ME 7] 25 21 20 e HLAR A2 4% TR 7 K S 0
B0 — ZR G A () 25 00 o6 58 105, O M T 2 o8 R A o T
Pl IDD i

EH TNF-o F1 IL-18 8N g AT 3 55 &%
Caspase , i J 4ME RN 76 38 72 % AR R T/ ™
20 iR T AT S SOME TR) 3 2H 2 b v A e e D | 2 i
03 I AR T B 21 2R S I B IR T el AR O
HME ) 25 A0 25 K 55 D i, 2 i B IDD s R ) MR AR
PR PR SR A B A TDD A 56 ) 7 3 %
Horp Bel-2 SR04 3R (3 ok 42 08 T B 08 7 8 5L B
I L 9 o) 206 b 1 A1 JEE 388 35 1 O fioh &z 2k A 0 T
A [, 2 SRR A R FL A7 AR AR B I 3 1 1, AR O
T2 T R BRI 40 M b, A0 e FE o 7 ATP Al
dATP [ #5 B FIE B -2 &%, 55 H I M 0s
procaspase-9 DL i, Caspase-9 4=, Caspase-9 i —
W BN F Caspase-3 Jii 8f) Caspase 2% I5¢ K v Jf:
RASEMBEET, R EW, FRAMERNF.
JHT-AHCHE 1 Caspase-3 I Bax /K, FIHHTIHT-E
1 Bel-2 k] fir 3% NP 21 it T i B 5, 41 i IDD sk
JE TN RWRIE S B R, SR AL LR, 1R T
2] i 2 BRI Caspase-3  Bax %3k & NP 4f il 8 1
ROPER AT 0T BE A O B AR R K
il NP 20 i 8 T G AR T A e 0 A R) £ 40 A O
T, PR S [R] 95 45 48 Je o) RE K &2 300 1T & 4 Bl 55 S0
W EH .

IKKB/NF-«B 18 % & H i AF 58 & 3 1) fe 48 3L 1
HE I [z — , Hoh IKKB & IKK & & 9 1) i 46 W
R — 2 5% M NF-«B 06 09 & 2800, Ko
HBJ5 , IkBa B30 |, fff NF-kBp65 7 H i 25 i A 4 il
Wit G454 NF-kB VR hp — Fl R 5 5 0T
0, AT K R R A0 R T A sk 3k R BRI, A
$& TNF-o F1 TL-187°° BF 5% & L, IKKB/NF-kB %
50 4 0 T R R RE BN, 2% 38 i 9k BH T B,
TNF-o IL-18 2 ik 3 />, IKKB | p-IkBa f p-p65
12 TR K- RRAR , 240 i 98 7= /K SF S Caspase-3 716 1 %
s 4 20 B T ek 3% IDD HE R T AR BE g 4
F R, A 2] K RRUME [R] 4% 41 2P p-IKKB | p-IkBa
B p-p65 B A X R B AT, 2R RS
% A TCTE 5 T B A T R R R R R Ol R OR
AT R A R 238 o A 5 B IKKB/NF-«B i %,
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REEALR 2 1k R 7 7K S, D/ A ) 5 40 9 1 328 T 40 71
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L5 i PR S N K R T, s IDD i g, HAE FAIL I
A RE S50 IKKB/NF-xB 18 %A % .
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