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Abstract: This study aims to optimize the process for preparing chitosan-based ultrasound-
coupled hydrogel pads and investigate their application potential in ultrasonography. Chitosan,
2-acrylamido-2-methylpropanesulfonic acid, and N-isopropylacrylamide were used as the main
materials to prepare chitosan-based ultrasound-coupled hydrogel pads. The free-radical
polymerization conditions were optimized by a three-factor, three-level orthogonal test with the
tensile strength and ultrasound image quality of the hydrogel pads as evaluation indicators. The
optimal prescription was selected by optimizing three factors of raw material ratio,
polymerization temperature, and freeze-drying time. The structure and performance of the
hydrogel pads were characterized by a scanning electron microscope, a universal testing machine,
and an ultrasonic diagnostic instrument. The results showed that the optimal prescription was as
follows: the chitosan:2-acrylamide-2-methylpropanesulfonic acid:N-isopropylacrylamide ratio of
2:0.55:17.27, the polymerization temperature of 25 °C, and the freeze-drying time of 48 h. The
ultrasonically-coupled hydrogel pads prepared under these conditions were transparent, with a
porous structure, good adhesion, and high tensile strength. The hydrogel pads had good swelling
properties and the swelling degree decreased slowly on day 10. The quality of the ultrasound
images obtained via chitosan-based hydrogel pads was not significantly different from that
obtained via medical ultrasound coupling agent. In this study, we analyzed the effects of
different preparation processes on the gel formation of chitosan-based ultrasound-coupled
hydrogel pads. The hydrogel pads were transparent and mild and non-irritating to the human
body, serving as an ultrasound transmission material for ultrasonography.

Keywords: ultrasound; hydrogel pads; free-radical polymerization; orthogonal test
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1 MRETE

1.1

TR 72 BB (chitosan, CS, Bt £ Mt
>95%, K 100-200 mPa-s, Aladdin) . 2-PRTHE-2-
FH 5L 79 1 iR (2-acrylamide-2-methylpropanesulfonic
acid, AMPS, 98%, Aladdin). N-5 5P (N-
isopropylacrylamide, NIPAM, 98%, Adamas). N,N'-
MV H 3 XA 44 95 i (NLN"-methylenebisacrylamide,
BIS, 99%, Adamas). P4 H! A Z i (N,N,N',N'"-
tetramethylethylenediamine, = TEMED, 99%,
Adamas) . 1 #iiR# (ammonium persulfate, APS,

>98%, [IEZRIBHE A PR ) T8 2 A
PR A I RS R & B A BRAF]) L BivE 4 %
CEILY/E hezy A KA V=N 3o M. e LY/ L NN P 1 RS
R ik, #MES . TACUC-20241419),
T A 7% 2 7 RE iR B ML [ — A fE R
F A B2 | 34 5508 (Quattro S,
ThermoFisher Scientific). JiE#% it & 1Y (Kinexus
Lab+, NETZSCH).
1.2 #HI&FE
FREGE i CS. AMPS ., NIPAM 5 & &K
BAE, MAERTEEBER, MA—ERH 1%
BIS &WiAE A5, TEMED % B1/E N5 %
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F, 1% APS W AVE AR AR, H 2R G
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PR K BEIR
1.3 ZitFERE

T8 BORT 7K S5 e L it 3 R 7 T A o o
e AR 3 MR R . G .
HTEEE; A RERE 3 UK, B LY
IER R IEA T T Tk, DASifiag
B M G REAE IE dE A, 8 i 1E 5gI
55 1) B4 BT A4 A O B e il 76 T8 & 1
R ZE KRR
1.4 RIEFE
1.4.1 RI{H5EE

SR 3 BE S 56 LK K R e s 4 AT B e
ATFAE . BKEER Y 30 mm>x10 mmx3 mm
Korfk, e T sei I ALUES 16 PR B A
MWk, A E . WA HEE N 1 mm/s;
R A BE N 1 mm/s; MRS 3 EE N 10 mm/s;
FEANFE I 3 IR
142 BEERGRETS

W il £ R R B K BEI N T 5 £
JE A HUR AR . 0 IE P 3l ik S R b R AR KR
H e 0% 7 B R T IR 05 4, H e &if
FREN S5y, BEABHEEN 05, 2 HH
7R A BRI AT A, R I
{ELRIBR HE 2

x1 AERITERKESR

Table 1 Factors and levers of experiment design

Level Factor A Factor B Factor C
CS:AMPS:NIPAM Polymerization Freeze-drying

(2) temperature (°C) time (h)
1 1:0.55:17.27 4 24
2 2:0.55:17.27 25 48
3 1:1.10:17.27 37 72

CS: Chitosan; AMPS: 2-acrylamide-2-methylpropanesulfonic
acid; NIPAM: N-isopropylacrylamide.
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REFRGC I AT LB, IFER S &
TXAESIEME . AN BT H AR
144 FHEBRESH

fd FH 45 4 W 2 40 BE (scanning  electron
microscopy, SEM)XNLEL /K B 1 £ 1) N 3 45 44 K2
FLARTE DL o 40 25 G i /K B s 8 B T B 4l K op
FEATIE K G A —80 *CUKA % 12 h, &t &
ZSRURTHRIL 72 h GBS, BUD R VR TR,
B TR A e, B TE 5 A R ROR SR
I [ FE 2 5 b, W4 5 fd ] SEM X 7K B fise
MR A TWEE , AR B B R 5 KV,
1.4.5  FABMENR

Rl BE S 4 7K BE I 1 N 0 1 Z TRAH ELAE
TIN5 R 2 A8 ASC AT L0 2 7K ¥ S A
JE i B U 3 %6 ) AR AR I 00 o o 7K O I R A
PEESAR I, SRLER L, YRt R B EE T
FLEE M PE S B
1.4.6 ABRKIMEEE

IKEEEEAE 2 T P 5 1 8 3 Ao 0 37K
IS 1 o i AR AR R RAE o 5 1 28 i 1 7 O e 2
PRI TS 20 mL PBS WE.OE T, BT
37 °C. 70 r/min MR G FEIR P 5E . B %
PR EME A Oh, 2d, 4d. 6d. 8d. 10d,
12d . 14 d BPRE K BB, 7 BV U8 40 0%
Z R K43 IEFREE (Ws) . Bl I 8 T 7K %5 ik Y
IKEE B ATV VR T 1, PR 15 B T A K BE
JE B o i (W) o K BE TR S O %
JiK F (swelling degree, SD)=(Ws-Wd)/Wd, %
K b i 35 A X - % K HE (swelling ratio,
SR)=Ws/Wd. #E I 5 & i E A OB & &=
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(gel content, GC)=Wd/Ws H: Ws Il /K% Bk 5
IRBERCHR A i, Wd o T A KEE Y i i
2 i M e s 1) AR AR A i %
147 BEEGREFMN

g ) 2 %) R PR G K B e R TR
ARME . BPIE Sk . F A R R R S i R
JRETH b, SR RGO 5 T B R S
B 70 O BRZH ) b 5 43 B o AT 7 A2 W S0 2 7K
BEIR AR B B2 DR A Al S R e R A W 5 A
RO ARG EE , FETH A B E bR fE 2=

2 BER54

2.1 EXRKEERTH

EASRIGAE R W 2, AT dHsm B ly 45 hn
PEAT BT, Hii2E R B SR R N
B>A>C, HH A NER K>Ko>K,, Ks ik
Vo BIHER K>Ko>Ky, Ky AR, CHE
Ki>Ko>Ky, Ks Ak, HA&ARREXhiffng
JE G H 22 57 (P>0.05). MZEHRFKFE, AsB;C;
NN TT, Bl CS:AMPS:NIPAM A 1:1.10:17.27,
RAMEER 37 °C, YR THfEY 72 he

DLHE S R o Fe bR b T B BT,
W2 R #E EMEZNT N A>B>C, Hi A
Bl % K>K»>K;, Ky MEMEAKFE, B HE
K >K,>K;, K AHwLKFE, CHE K>K>Ks,
K R K-, B RS &34 T4
1422 %(P>0.05). W45 KH, ABIC, A
kb Fy, BB CS:AMPS:NIPAM H 1:0.55:17.27,
REWE R 4°C, FTHIEY 24 h,

3 2 % e R R R R TR o 2R A 1T
fili, WAL 5 Il &0, B
CS:AMPS:NIPAM 2} 2:0.55:17.27, AN
25°C, FETEHAEIN 48 he FEIAME T &K
B A SRR B O S, LR
(23.8+2.2) kPa, A EURETETEIH(3.740.8)4)
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TR EE BT RRTIR &) MR Sh Bk . Bl
FOKBEREBRIE W, WA EA — & BAE

ASHKBEREE, K RIREE, O AR 1 (K
LA) o ARG A BORE i BOE TS 5], SPIA

I E PN DA 14 5 SO ) = HE 2 FL I 2 25
2.4 FABMPENIK

IKEERC AR GBI AR L . SRHER L . IR AR
LR SR T AR () 0 5 min, EAA
BAFH R E . i 2A R, KBRS

JePE, EEWPIR(E 1B). B BOR L, HORGRE S By Ul R B A o, AP
2.3 FEEESN BEA BY DDA BB T, KBRS AR 32 T s

WK 1C fron, @i SEM AT LURER R KEE /D, FIIZOKEER A 55 I fL Rk o

*x2 EXREER

Table 2 Orthogonal experimental results

Test number A B C Tensile strength (kPa) Image quality score
1 1 1 1 11.8+1.7 4.7+0.5
2 1 2 3 13.6+1.7 4.1£0.6
3 1 3 2 17.3£3.7 3.54+0.8
4 2 1 3 15.2+1.9 3.0+0.9
5 2 2 2 23.8+2.2 3.7+0.8
6 2 3 1 18.1+3.1 3.2+1.0
7 3 1 2 9.2+1.8 0.5+0.6
8 3 2 1 22.9+2.6 0.1+0.2
9 3 3 3 29.6+2.1 0.0+0.0
Tensile strength K, 14.2 120 17.6
K, 19.0 20.1 16.7
K; 20.5 216 194
R 6.3 9.5 1.8
Excellent level A, B3 C;
Excellent combination A3B5C,
Image quality score K, 4.1 2.7 2.6
K, 3.3 2.6 2.5
K; 0.2 2.2 2.3
R 3.9 0.5 0.2
Excellent level A B, Cy
Excellent combination AB,C,

A: CS:AMPS:NIPAM; B: Polymerization temperature; C: Freeze-drying time; R: The magnitude of the effect of the factor on
the outcome; K: The sum of the indicators at each level.

A B

B 1 KRB A BB LA

Figure 1 Appearance and internal structure of hydrogel pads. A: Hydrogel pads are solid gel after forming.
B: Hydrogel pads appearance are transparent and smooth colloid. C: Scanning electron microscope
observation of the internal structure of hydrogel pads are three-dimensional porous network structure.
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Figure 2 Changes in viscosity-shear rate and swelling kinetics curves of hydrogel pads. A: Viscosity-shear
rate curve of hydrogel pads. B: Swelling kinetics curve of hydrogel pads at 14 days.
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FEAR Y o Bl R K BB T R R T Y
KRG b, il 4 Fros, XTREA i R
AR, Bt K EE I e B 5 3] it
K EE I AR5 5% B2 BT R4S 1) 7R R TCH (B
ZE5E ol R I WA K R R SR AT
FHAB PR A R R 15 ARG 440 7R
B, KBRS BRI B A (9.59+4.11) cm,
PR IR B M (9.41+4.09) cm, —H G
BiiteE 2 5 (P>0.05), & WA 5 Br il 25 (4 i 7
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Control
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Figure 3 Hydrogel pads were used for ultrasound
image quality evaluation in volunteers. A: Volunteers’
thyroid. B: Volunteers’ median elbow artery. C:
Volunteers’ gallbladder. D: Hydrogel pads placed in
volunteers’ thyroid ultrasound image. E: Hydrogel pads
placed in volunteers’ median elbow artery ultrasound
image. F: Hydrogel pads placed in volunteers’
gallbladder ultrasound images. G: Commercially
available medical couplant for volunteers’ thyroid
ultrasound image. H: Commercially available medical
couplant for volunteers’ median elbow ultrasound
image. I: Commercially available medical couplant for
volunteers’ gallbladder ultrasound image.

X: cjb@im.ac.cn



4592 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

T Hydrogel pads *
~—

Control

El4 KERBERTRITIEEEGRETMN
Figure 4 Hydrogel pads were used for rabbit liver
ultrasound image quality evaluation. A: Hydrogel
pads were placed on the skin wound of rabbit
abdomen. B: Hydrogel pads were placed on the skin
wound of rabbit abdomen ultrasonography. C:
Hydrogel pads were placed on the skin wound of
rabbit abdomen ultrasound image. D: Commercial
medical couplant was applied to the skin wound of
rabbit abdomen. E: Commercial medical couplant
was applied to rabbit abdominal skin wound
ultrasound examination. F: Commercial medical
couplant was applied to rabbit abdominal skin
wound ultrasound image.
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