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Effect of acupoint injection on olfactory dysfunction and apoptosis of olfactory mucosal cells

in rats with allergic rhinitis
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[ABSTRACT] Objective To observe the effect of acupoint injection on olfactory function, olfactory mucosa
structure, olfactory mucosa apoptosis and apoptosis-related protein expression in rats with olfactory dysfunction of
allergic rhinitis (AR), so as to explore its mechanisms underlying improvement of AR olfactory dysfunction. Methods
Thirty-six SD rats were used in the present study. Nine of them were randomly selected to be used as the normal group,
and the rest of the rats were used to prepare the AR olfactory dysfunction model by ovalbumin sensitization. After
successful modeling, the AR model rats were allocated to the model, non-meridian non-acupoint injection, and acupoint
injection groups, with 9 rats in each group. For rats of the acupoint injection group, an isotonic mixture (0.05 mL/point)
of dexamethasone and lidocaine was injected into the bilateral ”Yingxiang” (LI20) once every 3 days, for a total of

4 times. For rats of the non-meridian non-acupoint injection group, the same mixture solution (0.05 mL/point) was
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injected into the midpoint of the line connecting “Houhai” (GV1) and “Huantiao” (GB30) on both sides. The frequency
and course of treatment were the same as those of the acupoint injection group. The rats’ nasal symptoms were
observed and scored, the olfactory function was evaluated by buried food pellet test (BFPT). The histopathological
changes and ultrastructure of the olfactory mucosa were observed by H. E. staining and transmission electron
microscopy. The contents of serum interleukin (IL) 4, IL-5, IL-13 and IL-17 were detected by ELISA. The expression of
olfactory marker protein (OMP) in the olfactory mucosa was detected by immunofluorescence method, and apoptosis
of olfactory mucosal cells was detected by TUNEL method. The expression levels of cysteine aspartate protease-3
(Caspase-3) , B lymphoblastoma-2 related gene X protein (Bax), and B lymphoblastoma-2 gene (Bcl-2) proteins of
the nasal mucosa were detected by Western blot. Results The histopathological and ultrastructural observations
showed that in the model group, the olfactory mucosal epithelium was severely shed, and the intrinsic layer cells were
degenerated and necrotic with inflammatory infiltration; the outer mitochondrial membrane was blurred and broken, and
the cristae structure dissolved and disappeared. But compared with the model group, the acupoint injection group had
an apparent improvement in the structure of the olfactory mucosa, and a relatively complete and unambiguous structure
in the outer mitochondrial membrane and cristae of the inner membrane. Compared with the normal group, the model
group had a significant increase in the nasal symptom score, search time for food goblet, apoptosis rate of olfactory
mucosal cells, contents of serum IL-4, IL-5, IL-13 and IL-17, and expression of Caspase-3 and Bax proteins in the
nasal mucosa (P<0.01), and a notable decrease in the immunofluorescence density of OMP and expression of Bcl-2 in
the olfactory mucosa tissue (P<0.01). After non-meridian non-acupoint injection and acupoint injection, both the
increase and decrease of the indexes mentioned above were all reversed ( P<0.05, P<0.01). Comparison between the
two injection groups showed that the effects of the acupoint injection group were significantly superior to those of the
non-meridian non-acupoint injection group in all indexes (P<0.01). Conclusion Acupoint injection can significantly
improve olfactory function and olfactory mucosal damage in rats with AR olfactory dysfunction, which may be related to
its functions in inhibiting the inflammatory damage and reducing cell apoptosis of the olfactory mucosa.

[KEYWORDS] Acupoint injection; Allergic rhinitis; Olfactory dysfunction; Apoptosis; Apoptosis-related protein

L PISYLE R T R I (PSS PSRN ) Ry
L (OMP) | 5756 15 240 1t T 1 B0 S 7 T A G 2R
FI 2 08 B 52 R, P8 20 7 7 T S 40 A 6 S
AR A0 O TP IR T AR BEE B A B9 AE AL
Ml RIAYT AR MRUGE B Ak 42 {16 BIE AR 3

i S
(RN A ORIV L K R B = B e i
ML TRE T M R B . AN MR R (AR) 2
HU0L A MR S A Mk S IO R R I R 5 | e i
BRI R 2 — MR R AR B E I E
DLRECIR , FLBE 25 AR ™ 5 A% J3E A4 356 i i 38 0, 2 5 i
ARBH AW RS R EENERNEZ —, Rk
B, AR ML B 15 1] BE 2 T — b 2 P L T 3R
26 96 (ORNs) Hy B 2y 6 B 5 w26 71, 9 p: A 1
X} ORNs By #PEAE HT L, 8405 07 W B2 2H 401 ORNs,
BEIR T ORNSs P8 T2, JCvk 7= A5 w22 oh s A5
5 T0 AL T B MR BR B R i R 2 MR E K, DT B R
WELDE B A I PR AT 5O B o T A RE AT R

WELoE R N e B E Y B 2 — e N AR T

1 MBEFZE
1.1 5y

SPF 0 e P i FfE SD KB 70 2, 4K it & 200~
250 g W T 7R 4l ) A8 S Sh ) BR AT BRA H
AR ATIE S SCXK () 2022-0063, P A sh ) 4y
G F5 T 5N BE B A B R e e R 5 b ]
R E 22~24 °CIBIE 60%~70% . KA MR
YooK, A RBREDEIE SR IR 1R . ek

WL s i SR A LSS T RE o AR R 2 i 4 B T
RS, o J AR oL T S RE 8 3 AT R4 i 8 M A B A
A DT R, B B R R P AR 40, LWL ) fE
GEIE G EVIGNRE R | PttbiPug N B3 3 ra R}
MR S ORNs A48 47 , DA 17 8] 422 M58 28% 4 JE 0 =
oA 3 WL SE DI BE 14 AN TE A o BRI SE LA AR LB R G
R B SE 0T G, A3 A A T 4 X AR 52
IR 5% R B e 78 AR R L R D) B ML 2R I 4L S

Bt B BF R 2 S0 56 sh W 40 B2 B o e L S
2304575, 52 5 2k 78 vh ot 3l ) i b P B <7 R R 0
A 6 T35 15 5250 s ) 9 48 50 B ) AH SR «
1.2 FZALARFL ]

Y R o B0 AL O R AT AR ), 40 AT R (i
i) WEYI R AL B Y R AL (T8 E Leica) , {3
ML K HL SRR R AL R IR 7S ) L Pk (L
BN ) B RAL (& W am A ) Ak RO UER R S



© 742 -

Acupuncture Research

(BN EEAE ) , AR (36 [ Thermo Scientific) , Yo% i
U 996 B i ( B A Nikon) , B 51 i 7 B iEE (H
7% Hitachi) o

U B R ARRE DA MRk R AT LA R Y (36
Sigma) , A AL (AL R 5, Fl 2 R (L5
P2%) , M FEAKAS (R AR , 4 ML 25 (IL) -4 1L-5,
IL-13 J2 1L-17 ELISA 355 g (R B0 ) | e e 20 1R
K& E R T 1 -3 (Caspase-3) . B ¥ [ 41 fifg J82 -2 #H
K H M X M (Bax) B bk EL 4 i 98 -2 3% R
(Bel-2) — i (R =% ), HRP #ric Ehi e — 90 ¢
/B =50 . OMP HAR (DU 178 ) , RIPA 24 fig
W (K % Meilunbio) , i 3% At 4% 25 /A $2 UL R & (/9
Pl A ), BCA B ik B e X 5] (N
GBCBIO) , ECL K ¥ ¥ (# M Affinity) , k2 ( 3£ [
Ted Pella Inc) , B/ 5l ( 3¢ [ SPT) , TUNEL £ Il 3
7 & (rg m iR ) o
1.3 KBRS ol

R BRI N M SR 1R L BEATLIR 9 A IE R A
H Ay K BURR 48 Sk (10004 J 2% A0 R A 41w 399 40F 52
SERHPEAT AR BRI A% o LAl BRI B - M ks 1 S
O 0.3 mg A A AL AR BE K 30 mg 1Y TR &
Wl mL, R H T, 7k Ak o o B - Al R
B HEE 2K, LA 5% BRE 5 11 0.9 %6 S Ak 4 % W%
B OO, A& 0.05 mL, B H 1k, #47d. ##ik
O 2, A W2 KRR 30 min A7 R ARk, SR &
AT A3 A AT RE R 2 B AN R AR 12
WAt 143 5 5B DU AR SR B T 343 W & Z a3 2 4% .
M 1~3 Wit 143 54~10 %3t 2405 >10 kit 34> .
T 2 S ALHT T 143 5 B AT S AL 2 43 5 U I T
T340 B> 50 3 AR AL il 25 T .

H A /N BR S (BFPT) M0 1 H ML 3 i £
KB % AR 15 BB B K B, 76 S5 30 1 2 d IR X K
RETIR AR (R R 24 hA T 0.2 gfilkh) , 71l A
PR, I H R BRI T 58 90 AR 2K S 56 AT 10 mins
MELoE ST B H 1R, 25, 4% 0.5 g B /N ER B R
TE 3 em TEAY R R E R 0.5 cm &b, £ K BEHL e £
Pr/INERGL 0 8 K EUE T2 = R e o
PUHCE Py /N BR A BF 1), 2k K BB & W ) il Il 8
W, KRB 300 s(5 Y MK - 38 N R R BB Y
ANER BN S A7 AE L5 T RE B g . 27 H s AR AT
M AR PRGE i A5 B A SE I, BEHL A3 A L2
AR RS A S, A9 H
1.4 Tk

LA 5 H HEAT T, S IR R A &

2V B i L TR % A o KB E T A
5 D= e AN IVAVE =81 4 P G L e 71 7 | P2
I DR R b ZE K P 58 LU VR B, B0 0.05 m L, BB 3 d
WIT LR AR, FELAE RS W RIET
CIR R L b SR AT L TS R
W ITRER SO S AL . S Al B ALY A H R
T 5 AHTELE 22, A TIRY7 T 1.
1.5 ULEHE b5 KA il 77 vk

REAT R 2 WSS 1 A5 KR 97 45 o) 43 il W
KRB 17 R 22 A8 4k 30 min, SR FH & 0 Ak ik 4
BUOPEAR KB B RAE R, s L

MLE Ty Re VE Al . 3 RS M T B o8 e
BEP T A B A7 W5 D BE PEA L 7 vk el 1

Wb 5 1 - LS D) BE VAL 25 RS, R BT 326 1%
EL Bb 22 80 (30 mg/kg) I8 M 4 565 PR e , A0 Bk 437 [ 22 F
SROMR O BEBRUIM. 3 mL, B0 10 min, 43 55 MVE ¥ 52 &
EP & iU & T -80 ‘CUKAf & M AH O Hg br o K RLAL SR
Jei LAV AN S Ry il 0 5 9, R AR AL i B
b S LG R, 4 )4 B HE Y e R BEAG T L A
P9 . TUNEL M Western blot 4 ] % >R ] £ A A
At o

HE Y& {0 00 22 056 5 4] 2UE 5 248k 4% 2 58
P TS 41 A 1 MR8 Ao 2 R K S — W B W 12
WA VR R 4 pm) Y1 R B8 J5 795 A RS B
grye (o KB, B s BB T WA IR
I B B 25 2 AR Ak

75 S L U ¢ WL ZRH B R 4 A < 2.5 00 I3 R [
E I L AR 106 4k 2 ok ' = 3 B 2 2 h, TR B
KA RA D) A R 60~80 nm) , Fiff iz 4l
TR AG R A WU e €5, 35 S PR B T W46 A% 2 K BRI
70 BB e R 5 A

ELISA ¥ W ifil 3 11.-4 . 1L-5.1L-13 . 1L-17 &
AR A4 HOR BRIV AR A, TS i ELISA
A G RIEAT RO A R BRI R E B
0 2k RN ERAE . 450 nm P KK T I 4% FL g
G BEARL, 22 i A o i ith 205 A5 30 [ H O 72 O AR 4l
(8] U5 77 R B3R o S B

B P ¢ G VA K D LG R OMP 3R 3k« 4 20 HL
3R R, 4 %0 2 5 B RS [ 4 24 h, K A
WAL YA (R 4 pm) B, BURBE
B4 04 1E K 1L S I L % R 3] 30 min, it OMP —
Pr(1:100) T 4 Cil & P& o %, ot — 4t
(1:100) 72 & 37 “CHFE 1 h, i DAPT&Z Y24 ,
TP RN B W R POt B T W



Bt BT 5

© 743 -

ZER AR MG I TR B WOG BEA

TUNEL 3 6 {0 W& 786 B5 20 it 08 12 1% O < B 4 4%
B3 H K RS B S U0 R R B, PBS i Bk
J& 1 Jin Proteinase K ¥ = W & , PBS i Ut 5 7%
TV A T A TN TAE W, DAPT A g%, i 0k,
TPUOCVR IR W B 7 WCE R SO0 WU T WA
IEREER . iKY R BEHLPEE 2 2 3 B EF 4
MR TR M TR (V) = T M
2 i AR 5 A0 MR < 100 %6 .

Western blot % £ ] B %&b Ji& Caspase-3 ., Bax &
Bel-2 8 F Rk 7K BOARAF Y B 20 3 2K B 26 5
ZH 2 20 mg £ WOE 1, #EAT R ok BRI 2 s R
I ARG R K 10 ming _BRE fHE
180 V HL ¥k 40 min, ¥ E , TBST 01, Il Caspase-3
(1:1000) .Bax(1:3 000) \Bcl-2(1:3 000) f1 GAPDH
(1:10 000) — %t 4 “CH# F i %K , i HRP #5112 — 4t
(1:10 000) % W FERIFH 2 h, W @ EEOG, BT 4
8 B, Fi Image-Pro Plus 3k {F 20 87 H A9 25 1 45347 79
KIER . UHWMEBRSNSEB W KEEN L
EAE N B & A A Rk
1.6 G4t

T A B A 1] SPSS26.0 #1F 3E 17 G 31 43 .
BRI E SRR S (T Es) Bm . S, T f7 %
P38 A A S0y 25 55 A ) L R T LA
R 2500, M AR LSD £ 36 . DL P<<0.05
2 5 B Gt AR

2 H#R
2.1 BHAKRBATHFILE

TR 1 AR R B BB S T | S R A
G ZAVAER ;5 IEH 4L e B A AR AR
S L T S A K BRURE R 2 By T | (P<<0.01)
PEon AR KR BUBERL & i Th o V97 e, SIE W 4t
B, LI FRURE IR 2 B 4 T8 (P<<0.01) 5 S A 7Y
O, AR 2 Al SR B4 L oL T S 4K BRURE IR 2
TR I REAR (P<<0.05, P<<0.01) ; S AE & B 7 S 4
L3, o 3 S 4 R BRI TR 2 9T 43 B IR (P<<0.01) .
LK 1,
2.2 HBUHKBRIFHKEY/NERESE

WAL, 5 IEH A B AR 2k S
2T T AR B R B N BR R B i (P<<
0.01) , #& 78 AR W58 Bt £ A58 0 &2 il L2l o IR 9T )
5 0EH A bR B 2 R RS R B /N BR S [)3 n
(P<<0.01); 5HERIA bhAs , AR & Ak 7 ST 4 /X i

SP2H KB4 B W/ N Bk ) 45 48 (P<<0.01) s HAE &
A TR A R oA T 2 KBRS R /N R
6] 4 %6 (P<<0.01) . WA 2,
2.3 AR BRI A LU B2 R
IEH2H R R RE EA5 M s %, R AN AT &
WA A T E A EH R WK AR P 5 IR 58 4
o L A s AR 2H T D LA I R AR I i AR EE
&5 E A E A RS BAE R R AR R
T Sk 2H AT U WL R FEE S 4 W 9 LA )2 A A [ R
FEAEPE IR BE B A 5% BE R PR oA I S 4 iR
RRSE b R 0 B R D Y Sl O 9 A )2 A i T B A
PERIE RN R PR E . WL 3,
2.4 A2 R B AR MR TS A T A
TE 5 2H R B M A B 2k R R AR A H e L 2

87 = AL
e E 2 A e
AL

TR

5 RS IE R 4 A, " P<C0.01; 5 [l i) A A 2 e g,
"P<<0.05,*P<C0.01; 5 [ s Ak &k /G S A iR
AAPp<20.01,

1 BFHEXKREBTIEERERSILE (7+5,9 LER/A)

Fig.1 Comparison of symptom scores of rats in the 4

groups before and after treatment(x+s,9 rats/group)

400+ [==nageil
i .
{2 TR
300 (= AE i
= 00
= 200
m
100+
#HAN
O_

]

IRIT R
T 5 IR SR AL AR, P<<0.01 ;5 [l B SRR 4 LA
P<<0.01; 5 R mf G A 2 AR 7O ST Ak, 2 P<<0.01,
B2 |AXRBTAIEIREW/IKEE LR
(zxs,9 RER/4H)
Fig.2 Comparison of the time spent looking for food balls

of rats in the 4 groups before and after treatment

(z+s,9 rats/group)



- 744 -

Acupuncture Research

AT AR sl 98 25 4, S A4 1 BEE 0 53 WA, P T
He T DL U 25 K U R 2T A, DA R A 5
2 AN T BRRSEAN A DBT 2R, PR 2 A A s 4 A I
fifE A O, AT s 0 RCEE TR s Al 2 AR RO

HERIZH

- x

AR R =100 pm, £ A F;k

IRBRIBE V%, Bk T Sk R RN

2 A 5 AT X 58 B, AR AR AT O 45 A AL L
B4, TN A U B B O T S A 2 OO T A A
IS8 B PN R T DL U 5 A U 5 R R KT A
W4,

AR AR A N UAG I

B3 BAXRRFEHAFREHSILEK(HELRE)

Fig.3 Comparison of pathological morphology of olfactory mucosa of rats in the 4 groups (HE staining)

FER A

W BHEFR R =5 pm, P HEFR R =1 pm, FHEFRR =200 nm . # (57 S 7m 3&

SRER T

R AR TS 4

JR S , 4T 0 #i Sk 2R IR TS 240

B kR BT, B (B Sk R 2R A
4 BEERREHEBMEMILE(EHRETFERER)

Fig.4 Comparison of ultrastructure of olfactory mucosa of rats in the 4 groups (transmission electron microscopy)
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