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Portable vascular blocking tension meter based on metal strain gauge
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Abstract: In biological and medical research, two-vessel occlusion (2-VO) is often used to establish cerebral
ischemia models, while due to the non-quantitative ligation of the artery, the model usually has poor
reproducibility, large individual differences within the group, and high mortality. In this paper, a vascular blocking
tension meter is proposed by taking metal strain gauge as the core component to realize the quantitative detection of
ligation force. Biological experimental verification was carried out in vitro and in vivo, as well as in such aspects as
cells and molecules level, tissues and organs level, and overall level. Results show that the linearity and sensitivity
of the tension meter were affected by factors such as base parameters, bonding process, circuit parameters, and
appearance structure of the metal strain gauge. Compared with the non-instrumental ligation group, the animal
mortality of the cerebral ischemia model was reduced by 42.22% . The decrease in cerebral blood flow of the
experimental animals corresponded to the increase in ligation force. After hematoxylin-eosin ( HE) staining of the
hippocampus, light microscopy results show that the neurons were loosely arranged, the number of neurons
decreased and even disappeared, the cytoplasmic staining of the neurons became weak, and the dentate gyrus
exhibited neuronal pyknosis. A comparison between different ligation force groups shows that the individual
differences in the hippocampus morphology of the rats in the 1.5 N ligation force group were the smallest. Morris
water maze results show that compared with the sham operation group, the escape latencies of the rats in the 1.5 N
ligation group and the 2.5 N ligation group were significantly increased (P <0.05), and the number of platform
crossing times in the 1.5 N ligation group was significantly decreased (P <0.05). There was an obvious learning
and memory disorder. It was falsified that the greater the ligation force of the 2-VO rats was, the better the ligation
effect was, which was obtained in our previous laboratory experiments. The conclusion was drawn that the smaller
the standard deviation of the ligation force was, the better the ligation effect was, and the ligation force could be
quantitatively controlled. The application of the vascular blocking tension meter to the basic experimental research
of medicine is of significance.

Keywords: vascular blocking tension meter; portable; metal strain gauge; two-vessel occlusion; biological
experiment

Wi EEE: 2020 -09 - 19 9 ERL SRR Mo S e i o A6
R ) & w1 s B 4 o 5, = 0 B i

BEMEE. AF D, huanshuai810506@ 126. com 9, S T A B N SRR FAE T R 2 —,



2

XUBE, A5 e BT I AR T 1 85 X A BEL T 42 T X - 185 -

HAT & O3 R B R A TR R S R R AR
AR e L A O3 S R R L e,
HOERE AL P8, SRS AU AT IF S KA R
Si U RERERG . Bl K B L1 B0 R TR, 51 %
B4 115 P i R ( vascular dementia, VD) B 5% 4 ik ik
I RS MR B 1 B Rz — . B AT
AT R 10 A Y 5 32 A P L BEL T (two-
vessel occlusion, 2-VO) | = [fl 4 FH W71 i ( three-vessel
occlusion, 3-VO) ARAABEA T A2 00 2k Sk
SR AR AN BT 2-VO B ST i B i A Y 2 F
ST 1 I\ 1 % 5% ( vascular cognitive impairment,
VCIL) J2 VD 1 TR 7 5. BRAEAE 2-VO B dtsr
it i A8 3 A v R I, AN [R5 o el ) — R R
TEA R YA 2 A b xof S 56 s W) R A7 45 4L, ok
I3 28 A B K i 2H 208 285 20 AR AL R B AN S A
], 45 L 7 hn 22 fe K HICRR 7 f Ak , e 4 T Bpi Ay
T —BPEAE, R M 2 L B W A R
FET R

BHL BTz 3 {SU—F BRI A I )14 R 32 Bl
R T B, B AT 4 #1745 FLak B b AR RR
BEHEATHL R, BEEEORIEAS R ER A 4 L — Bk,
BB 1E R IREE FLAS B 5 250 IS A A 42
BT FRE TR, BRI L4 BEAT 45 Lok A
R AR BAEAE L P A — S PRI, 7E45AE
Ao A A 23 o T R A T S I, 7 T By e e AR
P AN KRR B v M R Y
SEMUMAS T 5 2 B 25 M A8 58 35 , B0 26 B A Al
Hh, DR BB AR L A BRASE 2544, AR XE PR SHUNS M b 4 3]
HILRE {37 B, I O 9 R Bk 0 i) R AR
ARl E & Z 18] — 2 k.

DA AE T+ A 4% U e Akl 0 BT AR 45

N[5 I FH 75 SRORE I A2 Tt W 4% Fof i AT 1 F
e AT DN R g T IR A RS A A S
F R AZ ARSIk 2 B 5, Herp 4 J 1 AR 37
PR B2 SRR T A A
IR A B 1Y 80% LA B R R AE R ) B At
JEERIT T R P R AR TR A o iU N AR TR
R OREIE T — s RO R B |, SRR AR
PEAT VRS2 A B LGRS B AE Fr ol S o0 S A 7. 5 45
Wz 2 AN, TR A I AR B B
Jogs PSS ek H v BH e A A e LS i o
J1 RN RARLANE S R T 1o i A R RS L BELA S
VEATAARA, S BN 45 Fh AT 7 0 BT R A B
AR BRI BR I S h 5 2 5 TR ] 2% A ) 52 B 8
fE i SRR IR, Bt 1 =t A BE T g A (R
PRELIA) s FITAE 2-VO 3L IE AL T X 45 4L 47

PEAT SIS ARG, SRS A5 FL A AL, 2t A
PR 22 , ol AL RIS S, i B A W 2 S
PEAR AL AR 55 SCH 15 B2 25~ S Ak S 50 AT 58 4
SR TR

1 & NRIT ) FHREHE

1.1 ERNTIHEREFEE

SR AT TAR RS T AN 4
Ji 22 F4 L BEL A R A P T i A 2 ) R R
T FRAT 5. A BB 1 B J DR TR IV TS5 A 1,
RS2 J I <5 e 22 A 4 R RS A AR B
SRR hin A A R AR B R BN & 2
[HESE)

dR

?—KS'S. (1)

AP K R R 0803 B, ) B R SO B0
AR AR &, I AR Y AR, we R
LA NS TS N o R 22 d SV YRGS S VA A
A e SHALR dR/R INENERA.
1.2 ERNTIHAFERNE

R 45 Je AR TR T oo 035 TR 4 TR T 0 2R
PRI T R A s P RIS b, Y 2 240 Ty 1
JHI AR e S 28 4 Ja AR T8 P FEL A 2R A2 ol
TR < IO AR T | R T A A AN [R] ) A
I AT R AN AR Rl SRS E X e AT R Y I
AR R 22 B, B ST R B AL T3t )
A TR I A B SR A R 3 T 30 R A
SRR IR A THEE & SR S B AT

2 BEHERLE ML B X
il &

ARSC T B4 49 Xt 4 BEL T 7 7 A3 el A% SR 4R
S S LB S AT 3 R AL, S AL DL 1.

F Rk

AT - f"-ﬂ r,_:“;..
) A RLK T - L

n | %
i VR EL B

B1 EEXmERERNUERRE

Fig.1 Schematic of portable vascular blocking tension meter
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Fig.2 Design of probe of vascular blocking tension meter
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Fig.3 Demodulation circuit design
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Fig.4 Calibration of portable vascular blocking tension meter:

(a) top view; (b) left side view
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Tab. 1

Calibration data

RS S1/N 0.1 0.2 0.3 0.4 0.5 06 0.7

0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7

L4/ mV 6 13 20 28 34 42 49

63 70 78 84 89 96 104 110 118

ikt /N 1.8 1.9 2.0 2.1 22 23 2.4

2.6 2.7 2.8 29 3.0

i/ mV 125 132 136 140 147 153 160

173 179 185 192 199
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Fig.5 Relationship between weight quality and demodulation

circuit indication
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Fig.7 HE stained sections of hippocampus
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