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Abstract:Objective To explore the application effect of tongue pressure resistance training combined
with neuromuscular electrical stimulation (NMES) in patients with post-stroke dysphagia,and to analyze the

effects on Functional Oral Intake Scale (FOIS) score, evoked potentials, neurotrophic factors and complica-
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tions. Methods A total of 99 patients with post-stroke dysphagia who were treated in Hunan Provincial Peo-
ple’s Hospital/the First Affiliated Hospital of Hunan Normal University from January 2022 to March 2023
were selected as the research objects. They were divided into combined group, control group A and control
group B by random number table method.,with 33 cases in each group. The control group A was given tongue
pressure resistance training,the control group B was given NMES, and the combined group was given tongue
pressure resistance training combined with NMES. The intervention time was 4 weeks. The clinical efficacy,
water swallow test, FOIS score,albumin (ALB), prealbumin (PA), transferrin (TRF), brain-derived neuro-
trophic factor (BDNF) ,nerve growth factor (NGF) ,insulin-like growth factor-1 (IGF-1) levels and its com-
plications before and after intervention were observed and compared among the three groups. Results The to-
tal effective rate of the combined group (90. 91%) was higher than that of the control group A (66.67%) and
the control group B (69. 70%) ,and the differences were statistically significant (P <C0. 05). Repeated meas-
ures analysis of variance showed that there were time, inter-group, and interaction effects in the WST and
FOIS scores of the three groups (P<C0. 05). The results of one-way repeated measures analysis of variance
showed that after 2 and 4 weeks of intervention, the scores of Kubota drinking water test in the three groups
were lower than those before intervention,and the FOIS scores were higher than those before intervention,
and the differences were statistically significant (P <C0. 05). The results of multivariate analysis of variance
showed that there were no statistically significant differences in the scores of Kubota water swallowing test
and FOIS among the three groups before intervention (P >>0.05). After 2 and 4 weeks of intervention, the
scores of Kubota drinking water test in the combined group were lower than those in the control group A and
the control group B,and the FOIS scores were higher than those in the control group A and the control group
B,and the differences were statistically significant (P <C0. 05). Repeated measures analysis of variance showed
that there were time,inter-group and interaction effects on serum ALB,PA and TRF levels in the three groups
(P <C0.05). The results of one-way repeated measures analysis of variance showed that after 2 and 4 weeks of
intervention, the levels of serum ALB,PA and TRF in the three groups were higher than those before inter-
vention,and the differences were statistically significant (P<C0. 05). Multivariate analysis of variance showed
that there were no statistically significant differences in serum ALB,PA and TRF levels among the three
groups before intervention (P>>0. 05). After 2 and 4 weeks of intervention,the levels of serum ALB,PA and
TRF in the combined group were higher than those in the control group A and the control group B,and the
differences were statistically significant (P<Z0. 05). Repeated measures analysis of variance showed that there
were time,inter-group and interaction effects on serum BDNF,NGF and IGF-1 levels in the three groups (P <<
0. 05). The results of one-way repeated measures analysis of variance showed that after 4 weeks of interven-
tion, the serum levels of BDNF,NGF and IGF-1 in combination group and control group B were higher than
those before intervention,and the differences were statistically significant (P <C0. 05). Multivariate analysis of
variance showed that there were no statistically significant differences in serum BDNF,NGF and IGF-1 levels
among the three groups before intervention (P >>0.05). After 2 and 4 weeks of intervention,the serum levels
of BDNF,NGF and IGF-1 in the combined group and the control group B were higher than those in the control
group A,and the differences were statistically significant (P <C0. 05). The total incidence of complications in
the combined group (6.06%) was lower than that in the control group A (30.30%) and the control group B
(27.27%) sand the difference was statistically significant (P<C0. 05). Conclusion Tongue pressure resistance
training combined with NMES is reliable in the treatment of patients with dysphagia after stroke,which can
effectively regulate neurotrophic factors, promote the repair of nerve function, thereby improving dysphagia
and enhancing the nutritional status of the body,with high safety.
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5 A A MG ALB.PATRF /K& T4 A Fixt
WBA, ZRHASIEE L (P<0.05), WiE4,

%3 3 AFEERAKIRIE FOISTES LB (r+5,9)

He KK 56 FOIS ##43

20 5 n -

i + 2 s T4 s R T 2 s T4 A5
A 33 4.1340. 34 2.83+0. 41" 1.6440. 32 2.624+0.68 4.3040.72% 5.252+0. 58"
XA 4 33 4.21+0.35 3.2540.43° 2.0040. 41° 2.7440.71 3.8340. 68" 4. 7740, 54°
X HE B 4 33 4.18+0. 33 3.4040. 40° 2.1640. 43° 2.764+0.73 3.5740. 64° 4,554+0.51*
F 0. 466 16. 847 15.42 0.379 9.748 14. 284
P 0.629 <<0. 001 <20. 001 0.686 <20. 001 <20. 001

T 5 20 T AT 4R, P <C0. 055 5 T 1 [7] — I [ 6 R A 20 1L 4%, P P<C0. 055 5 T 1 [ — I i 45 % B8 B 28 1L 4%, < P<<0. 05,

2.4 3413 BDNF.NGF.IGF-1 Kk ®EHE
My 2 M 45 B s, 3 41175 BDNF (Fyp =
8. 326, Py <<0. 001, Fyypy = 11. 628, Py <<0. 001,
Fau=09.857,P 4y <<0.001) ,NGF (Fyy = 7. 625,
Py <<0. 001, Fypy = 10, 774, Py <<0. 001, F 1oy =
8.102.P 4 <<0. 001) \IGF-1(F 445 = 13. 659, Py <<
0.001, F iy =19. 689, Py <<0. 001, F 1y = 15. 332,
P oy <<0. 001) /K- ¥ FE AR I 0] L 41 18] L 38 B RG W (P <<

0.05), HHERERELEME F Z /s R BR, Tl 4
JAJG B4 6 IR B 4 i BDNF,NGF, IGF-1 /K
ST AT . 25 5 A Gt 2R L (P <<0.05),
AT E AR BN, TR, 3 41 M7 BDNF,
NGF.IGF-1 /K F i, ZR B LHEIT¥= 2 L (P>
0.05); 7 2 J& .4 i J5 . 8541 X% B8 B 41 iE BD-
NF.NGF.IGF-1 /K¥ & Fx g A 41, 2 %8 H %t
FRE N (P<C0.05), WS,
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x4 3 A MmiE PAALB.TRT K FE LB (= +5,2/L)
ALB PA

25 n -

+ Wi T2 G T 4 Js F WA T 2 MG T4 M5
KAeA 33 36.64+4. 46 43.69+3.74™  48.95+3. 634" 0.2240.07 0.30=0. 034" 0.35240. 054"
XA 4 33 37.1543.67 40.00+4, 32° 43,3444, 21° 0.21+£0.08 0.26+0. 05" 0.2940. 04"
R B 2 33 36.9644. 10 39.87+3.96° 44.1043. 75" 0.204+0.09 0.2540. 04° 0.28+0.06"
F 0.131 9. 636 20. 393 0.510 13. 860 18.429
P 0.877 <<0.001 <<0.001 0. 602 <<0. 001 <<0.001

TRF
415 n
+ WA T 2 A T 4 5

A A 33 2.2240.50 3.12+0. 524 3.8940. 614
TR A 4 33 2.1140. 60 2.634+0.41° 2.6440. 50"
xR B 2 33 2.16+0.48 2.70=0. 46* 2.60+0. 48"
F 0.357 10. 695 62. 481
P 0. 700 <<0. 001 <0. 001

T 5 [ 4T WURT H R, P<<0. 05 5 5 T 1 Ji [7] — ik ) 5 %6 18 A 20 ez, P P <20, 055 45 1 U 6 — i il 5 %0 B8 B 4 e, © P <<0. 05,

2.5 3 W KIEN ML

HR & 21 R kA R

(6.06%) ik T % M A 4 (30. 30%). % M B 4

Q27.279%) . Z 5 WA SHITFE L (P<<0.05), W
%5,

x5 3 M F BDNF NGF.IGF-1 /K FE LB (x +5)
BDNF (pg/mlL) NGF (pg/mL)

2051 n - - — - — —

T Ui T 2 e T4 s i T 2 A5 T4 G
BAH 33 16.57+4.12 18.9645.67° 26.35+4. 58" 21.63+4.02 26.04+4. 69° 30.36+5.12%
IR A 4 33 15.96+4. 60 16.00+3. 96 16.10+5. 10 22.10+3. 96 22.96+3. 74 22.63+4.57
X IR B 4 33 16.2043. 85 18. 7545, 00° 24.96+4, 67" 21.74+4.76 25.78+4. 96" 29.68=+5. 36"
F 0.177 3.708 44. 489 0.110 4.768 23.918
P 0.838 0.028 <<0. 001 0. 896 0.011 <20. 001

IGF-1(pg/mL)
25 n
T i T2 s T 4 A5

W44 33 76.69+10. 67 82.00+12. 67" 104. 28+12. 36"
xR A 41 33 78.10+9.12 80.65+11. 28 79.62+10. 57
I B4 33 75.98+7.85 81.59+10. 57° 102.67+11.96™
F 0. 446 0.119 46. 237
P 0.642 0. 888 <20. 001

15 2T WRT 4R, “ P <C0. 05 5 T H s [7]— B 18] A6 R A 21 L858, " P<C0. 055 5 T HiUS 6] — B[] 2 4 I8 B 41 1%, < P<<0. 05,

Fx6 SAHFEEBERLEE2(%)]
Eibill no JEREG R EFRAR BK MK
A4l 33 1(3.03)  00.00)  1(3.03)  0€0.00) 2(6.06)
SR A4 33 3(9.09) 4(12.12)  2(6.06)  1(3.03) 10(30. 30)*
X B4L 33 2(6.06) 3(9.09)  3(9.09)  1(3.03) 9(27. 27)*

W HBAY . P<<0.05,

3 3+ it

LR R A I R B A R RS L IROK
W5 % BEL A 5 % 0 R AR BB i, P R R R . 4R
FABRYT 7 X — FL 2 I R 58 5 a5,
3.1 HEBUBH ISR 0 R AR A I R B 5 4R
WM VI Y R BT B VI 25 R B 0 AR
H T VA UL DA T i % B 9 L 3 e S 1) S 38 A A A
KPR A TR Eg Y, A
WA, T 2 84 8 BCA L B AROK R 560 4
PR T XM A 2 %I B 41, FOIS 34> i T X A
H X BA. ZRHELITFE X (P<0.05) ., Ui

WIIE 55 R P BN 2kl A el 3 S WD BE .
i BRI 25 2 38 i 7 L3 3l ) 8 5 1% WA AR OC UL A iz
S Er A 3 S S Bz g R A8 BUBE IR LTk
FR AN G5 5 3P BE 1 2k . Mssako YN 2R 221k 245 T
o SR B R B A UL A A R T BT DI 2 R
M JUL PR B SRy ¥ UL 3 B R 6E 7, I RIS A5 T gk S 1 A
VTR R R b 2 AR e B B e I B R AT B
P T TR BT BEL I 25 v s 52 2000 8 mT i ol v A v 22
s B B G 1L T 48 il 2 e A5 1 L UK SR A5 R 5
BB . T T BE I 4 75 4 88 R ULAR G LA By
P AN WA T R AR B TR L KA Sk
WG S U e . B4 B 7 X% 42 0 A n] i 1 i 2k el
T H T AE . B8R T MR T BH BE 1, AT e 3 7 I
HiRg .

3.2 NMES BB HZCR /T NMES Sl o 3 4 4
FRA LA T A S SR IO O Bl 1 A A Y
i - JUL P AL 00 P R R T A R Y S AR
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AWK A NMES {697, KT 2 Ji .4 i) . A
AHIME ALB.PATRF K& T X A 41 fi Xt 8 B
M, 2ZRYAGTFE X (P<0.05), #2785 NMES %
BRI TR MLARE FR S X 0T BE 5% AL R E
UIREMF ] WA 56, H CAMPOS 27 78 ML i
SR FH R sh b i NMES, & B, 8 3 4 B i 1A
A WL R, CARSON 2607 5] 4 78 i 5 5
FHIESE NMES B e #2818 & K AR 22 B 1A B 15 )
. MHLE A B 437 NMES LA U5 P A i il 18 2548
PIURPE R 28 IR sl A1 JE i e S L 4L, L 55 A
21 4, 5| A MR AH 5GAE B il 28 o0 2% A 7 AR WL IR A
A M A T R L 58 A R B L M T AR R
W45, A [F A % NMES & 48 478 1K [\, & 4
(45~60 Hz) H i B A 250 B L A 6 40 1048 26 6, 51
S ULET 4 2 R e 3, $2 T+ LA % B g ), H NMES /E
JFH W 0 402 8 L PR 7= A A 3 PR 4 e e ] TR A1
2[R 2= 4 28 S e LS 4 3 2% L A BT AR R LI &5
¥ Ko P RESE R PE W NMES & 5t B i (5 5 51
Ea s A, EIEK TR S X EEhL
M 5 1R L IR B8 ph 28 106 3075 )i 2l L PR Jak it 2 4, S Bt
W 32 2l p A 26 28 0T e fb, A B T A I O G
9, B A A B A L 4R THIR T AR .

AH S B FE0IE 55 , Y 255 i 28 P A B 08T <2 L A G
JUL PRI A 35 R 5 2 UL PR 32 Sk A 6 A B A e S el o
PPN . R 12 3 B B 5K 4 5 R i A
SR SR 2 5 TG il 5% 5 A8 7E 28 i b 8 BT B 28
LR G 2 i i 228 R b 45 72 R R R AR Y
FILRETY , Hoh NGF R] i 5 p 2 40 i s 5 L & F R
W62 IGEF-1 2 58 2 4 s 5E o1k . P & 5 BoA
AP REY . 5 BDNF &4 S8l 23 1 4E (9 & 22
PRI, 08 4 i 0 IR T T A2 A B AR 5 38 I, n 3 b 2
WY 28, I A5 38 NS 5, 02 1 0l 28 W 28 5 L IR AF 4t
SEANZ LA Bk IR RE R A A L KR pTs Z
P L 3B G il 2% 5t B Ak S PRI A o B L K AR A IR A 4
RS, ARBFTAE R, T 2 4 AR BEA 4.
X HE B 4 1L 7 BDNF,NGF.IGF-1 /K& T % | A
M, ERWAGHFE X (P<0.05), T4 858
A2 R B 40 17 BDNF . NGF IGF-1 /K35 T
TR, 2 F WA G FE L (P <<0.05), B
NMES J497 i A 8038 & i 408 32 W F Rk KF. K
ST i e B T A A 3 K i YA B L AR E A7 5 R
AR i it 5% T A bR e 2 B 58 55 L PR AR 9 22 T 1Y R
T, DU TG A2 N L & B M A FR W 1E .
KIMURA 9 278, 8 i NMES 1697 ] & 25 42 71 1,
% BDNF, 5KH: %5 fF 58t s 78 % v 25 S 2
BT IR A L NMES, o] s i 45 56 H 2 % 1 i
VEVE LA I L 2R
3.3 HIEBE UGBS NMES 8 H 8% 58 5
Mr AW FE 45 AR R BEA A A A R (90, 91 %)
WX A ZH(66.67%) KR B 4H(69. 70%) , 2 F

WS 2F 2 X (P<T0.05), 545 g fis 2550 g 5 0,
SRRL IR B IRIT ORI TR 0T R, A
A4 L B A R R K A B2 R TR
BE L IS & e IR T RE BRI S R = L
T 48 % A R RBF ST 4 R o S LT R IE R
(6. 06%0) Ik T %F B A 41 (30. 30%0) . % 8 B 41
(27.27%0)  ZRHA I F B X (P<0.05), X &N
SRR G T %8 — T T T b B I R a5 AR RS 3l G
YUy B dkAERe 1 LA R WLEE 1 5, 55 — 7 TH NMES
AR Az i 2 2 40, 42 i b 22 T BB - A o DT 2l 56
A W R L R AT 7 B 20 R A5 5 S 1 2 R O i

Zi L rid ,NMES 5% I Hr B I 2R B A W H F 240
G AR R R, W SR T R A SC LT B, 1
W2 E 3R R T A 2 B 2, T B AF
PRIME RO 2 ] B (H AW 58 FR AR & /N T T
A, T — 20 % TR IRAWEGT DL IE A SCES 18
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#F CRISPR/Cas WA FIEWI R AR ERSRMNPWAER

FaaA VIR R ERARTCFR
TEEZERF L FRANRRN2 P2 A EF R AR S B AR FHI T,
S.EHRAAMESERHEFTE PO, EHEHL 710032

B E.2009F . R ERBEBRLBEFWRRL S FF IR AELENO L HARRETANE
K. OFTHMBARARANELLENRE, EANTRAORSBEERE > T MBI RKELEE S HRE, EF R,
XA ER R AL X ETLAFNREAM XL EG(CRISPR/Cas) 2 AH A LR BB T L hMre LEXFE
KB T Ti., AFRLZR T CRISPR/Cas 2 AW AMF . FARE Cas BAO LR AR R . EEERT $4
CRISPR 4 F#4 Wit K& -F & 69 R 2 B 5 A, B Bt % 72 3 /5 9% 540 M 47 38 F 69 AF 72 i J& , 5F 3t CRISPR 4 F#
W AR R EILRIEATT B45, A% CRISPR > F 4 ¥ KB aT & TR I NE, AE7F BLIKE AT IR
BEBRE, ZHARKESTHHABRM AN B ECRG LRSS,

X# . CRISPR; & F#¥; 11X Cas&a; BmELN; JboFin

FEZED LS R146.5 MHEFRERL:A XEHS:1672-9455(2024)20-3100-05

Application of CRISPR/ Cas-based molecular diagnostic techniques in virus detection”
YIN Jiaqi' \SHE Xiaojuan® ,HE Linjie* ,JI Lele”*"
1. 24 Squadron of the 6th Cadet Brigade ;2. Department of Physiology and Pathophysiology ,
School of Basic Medical Sciences ;3. National Demonstration Center for Experimental
Teaching of Basic Medicine sAir Force Medical University s Xi'an s Shaanxi 710032 ,China
Abstract:In 2019, the outbreak of COVID-19 put forward an urgent need for rapid, specific, sensitive, sim-
ple and inexpensive diagnostic techniques,and molecular diagnostic techniques have attracted much attention.
However,the commonly used polymerase chain reaction molecular diagnostic technology has many limita-
tions. In recent years, the emerging clustered regularly interspaced short palindromic repeats and associated
proteins (CRISPR/Cas) system as a new gene editing tool provides the possibility to solve the above needs.
This review introduces the mechanism of CRISPR/Cas system,and focuses on the principle and application of
various CRISPR molecular diagnostic techniques and platforms based on different Cas protein types. Mean-
while,it also focuses on the research progress in the field of virus detection and summarizes the development
status of CRISPR molecular diagnostic technology. Although CRISPR molecular diagnostic technology is cur-
rently in its infancy and has some limitations such as contamination risk, off-target effects and sequence de-
pendence, this technology still shows revolutionary development potential in the field of molecular diagnosis.
Key words: CRISPR; virus detection; small molecule testing

molecular diagnostics; class [ Cas protein;

P I B B BRI X T RO SR A, 2 R BT ELRRANY 5912 W BOR LU R 58 R o 4k T A

UG A R AR R R R . 2019 4
HR A 5 B SRR T R 1 ) N 2 A L
S I PGE 2 R T BRI S T iR R
Ao X AR TR 3 AT DR AG I L DA T 52 B 4] g R )
o JEUA I B AT S P 1 5L 5 DA B BBl % i PR 7
LS R Gl IR/ R Y ST E i 1859 % il
P TS WHEOR R R G W6k S B (PCROF AR . SR 4%
Gt PCR s I M A% e AT 1 22 JR B 0 AN 75 22 52
A B AR A L T RS2 3 2 Ml 8OR N BY, HLAG:
MRERS A6 PR, iR R R — R R R R

[m] 51

A5 B R A B) B [0l SC FE 2 )R 41 (CRISPR) Al
CRISPR #5¢8 H (Cas) 41 i 19 CRISPR/Cas &4t T
2012 4F F YR IE B AT 4R 26 i T R L IR LK
RGTES T2 W A F B T H KW J1. 2017 48,
HRFFE AR T CRISPR 43 12 W i e &0, If 4
ST HE AT CRISPR/Cas #i R4 T2 W F A .
SHERLOCK 4 Fi2Wi ¥ 5, X br & & CRISPR 4+
LWE AR IEXES . AL, CRISPR 4 Fi2 Wi K
THEES LR, 5155 PCR $ A M, CRISPR $ A
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AR AR ] LR AR AR S £
Pt . AT HA AL T U B BE . CRISPR 4 AR 2 2
JE B R R R R,

REERIAE Cas MEARB ML R . EHNAAT
%P CRISPR 4312 Wi A (1% J 81 K iy S DL e HeAE
395 T3 A6 T B A T R L O X R R A 9 AR I A
AR T TR,

1 CRISPR/Cas B4 &t

CRISPR/Cas R A TIFZ MW 54 K £
BT 4 TR H A — R I e AR G G s [ A A A
FAMLHIAL S 3 A B BE ol B R IA AT . S
A 9 B A5 A IR 5245 ) AR B . CRISPR/Cas &
G R VEAE TN L A6 E I B B 40 T 38 5 Cas B HEZ A 1K
(4n Cas1-Cas2) PH 51 #M IR & IR w1 JL R] B 7 AH AR 3 371
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