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25 4 fiF & & & (Bovine serum albumin, BSA) #= 28
g7 7% & & (Ovalbumin, OVA) 18 ¢, & & % % # & CLO-
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% Hdik, A A E 4 ELISA f= 8 3 % 4 ELISA % & i
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Abstract: Objective: The aim of this study was to obtain highly
sensitive and specific mouse polyclonal antiserum of Clonidine
hydrochloride (CLLO). Methods: Apraclonidine (ACLO), a deriv-
ative of CLO, was acted as hapten of clonidine (CLLO) to synthe-
size immune antigen CLO-BSA and envelope antigen CLO-OVA
by glutaraldehyde (GA). The coupling effect was identified by ul-
traviolet scanning and polyacrylamide gel electrophoresis. Then,
BALB/c mice were immunized and their immunological charac-
teristics were identified by indirect ELISA and indirect
competitive ELISA. Results: The titer of polyclonal antiserum of
all mice were higher than 1 : 12 800, and the polyclonal
antiserum of No.3 mouse has the best sensitivity, the 1Cs5q was
82.75 ng/mL, and the cross reaction rate with several other com-
mon clenbuterol was all less than 0.9%. Conclusion: In this
study, successfully synthesized the effective artificial antigen of
CLO by GA method, and obtained the mouse polyclonal antibody
of CLO with high sensitivity and specificity.

Keywords: clonidine hydrochloride; artificial antigen; polyclonal

antiserum; ELISA
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Figure 2 The synthetic route of artificial antigen CLLO-BSA

i PBS B 3 d B4 H G . B0 KRV, BB RAET
—20 C& M. W (CLO-OVAY & R IT R F.
1.2.2 ANTHREE

(1) AR %8 R AR LS E CLO AL
PUS e AR, HAR B N - JH PBS 2% ofr % e & vk T — 3K
i1 CLO-BSA,CLO FRHfE 5 Fl BSA B Bk » SR 5 7E 220 ~
350 nm A IR P R 8 40— BT 40 0 0% BE 4 i
25 0 RV 38 2o 43 T 58 A MR SO 1% v T BT I R AT
W AR B A X CLO F i 1 BSA 28 14 25 4k, ) i 18 5%
BOR .

(2) SDS-PAGE %7¢ : Z MUk [ 17 170 & Uk BT
5 V0 BV A8 IS RN 12 05 11 43 85 JE 3 45 T A48 S RN 4 5 G L TR
Ay 50A 60,90 V., EAERN 10 pL(CH A LHR 5 pe) . 3
Jie 25 SR U F 25 T 307 5 W A U £ 3~ 4 h BB 26 h,
e St R IS A ASCAET 4 40 B AR 6 H Tk A 0 25 R
WA BB 5 2R
1.2.3 BURZPUMNE M & 55%E  #HE 4 16 Rk
P BALB/c /NR R T # J F 5 ik AT . i
Gk A G g K S B R A TC T PBS RS 5 4 IR
FCARAG ABRSFA M EI A O H K P I &Y
O G i HEAT S g, B E ) Bl 200 pL/H (30 pg
CLO-BSA)., % 3 JAJG - A7 I ik fo i » o v S i £ 571
FCA H FIA B 7255 4 YO ag s 10 d )5 W7 2R Il
i CLO-OVA fu g ELISA At % 5E £ Bt ML 35 50N Sk
RSk

(1 BUIR 2 PO 35 200 0 72 - R A ] 4% ELISA
G-ELISA) 77 #1802 CLO £ Hi L i 3t . HAR R 1E
9 F CBS W8 22 vh il s CLO-OVA #i B AL 1 mg/mlL 1)
i BEW - 45 4L 100 pL fim A ELISA # .4 °C #4714 1% 3
B, 985 ) PBST PRV M VENL 4 ¥, T 9L WA )5 &AL
A 250 pL 30,37 CHEE 1 h.PBST Yet A T )5+
4 CAETE % M. B ad Bt CLO-OVA 4 %% i i ELISA
M BEFLINA 100 pL PBS ##JE . B FLAA 100 L /N B
B I3 - A EGA R 2 B0 L (B AL - B JF —FL R
M BN s Eo R 3k 12 A~40),37 CHEE 15 min J5 M
PBST Yetk. M T WK JE, &L A 100 uL
GaMIgG-HRP # B (B A1 0BG B 1 000 £%5) .37 ClE &
30 min 5 F PBST YAk B F. #E &L A 100 uL
TMB & €47 , % i 4 1~ 3% 4 10 min, 5 5 55 L

A 100 pL 28 1R B B AE AR AL A 32 ODyso o fH . FH
PEHE AR UE A B I AL ODyso I K T 25 H AL ODyso o f
W) 2.1 £ . PABAEFL IR /N ODys o {597 X6F 57 19 22450 110385 i
RS BONE Sy i 2

(2) RE 2 P i 8Ok % e R A 5w
ELISAic-ELISA) 75 #1994 5 CLO £ it i ¥ 0% .
HEREEAE D HL CLO-OVA 8 1 ELISA #i . ¥ CLO %3
W A PBS fif o B B 2 R [l A9 B R Mk 2 (500. 000,
250.000,125.000, 62.500, 31,250, 15.625, 7. 813, 3. 906,
1.953,0.977,0.000 ng/mL),#EFL 100 pL i A ELISA #
LB e —FLIA 100 pl PBS(Z AT IR LR G B LA
100 pl — 58 # B B2 9 CLO £ 31 I 3% (3 # I 2 i
ODusown A 1.2 ZE47) K028 —FL, 37 CHEEF 15 min,
Ho At AR 1F 25 3R 5 2% I A W) 22 22 B i v X CLO
FA b 1 30 il 2 L LU B/ B AR R (BRI B 43 5l Ry
CLO FH LA CLO Ji i £ 0 B 9 ODus un fED » P4
CLO Jf 1 ¥k B i % B0MH B AR AR . Jie IS el A v T 4% [l 5
T RS Z P E X CLO B2 B0 ¥k B2 (1Cs0 ), 3 LA
R AE AR 2B 1L 3 1) SRR

(3) BUIR 2 90 M35 5 520 5 0 - e B LN 4 UL 19 98 Y
K2k 254 (PA.BA,SAL.RAC) /% 4 4. Fl H ic
ELISA %5 2470 L7 19 4 51 . DL 38 R B % (CR) k1T
M 240 M3 A e L CR BTG 350 I 4 S s g 20
1.3 Bz

Xof T 4% 1) K048 F) ] Graphpad Prism 8.0 $EAT AL #L, %)
e R A s 2 K ] ChemDraw Pro 18.0 # 17
25
2 HRY0r
21 ANIRE%TE
2.1.1 UV & CLO R/horFbaui, A= &4
P8 SR T I T B 0 B MLAR A g L 28 RN T L 2oL
KA FEHARE H (BSALOVA ) WA B A TH R E
Myay 3545 s itk . CLO 43+ EJEw] B3 M T B &
PEIEE B AR 4 7 5] AR CLO iAW
ACLO JpE4u i R GA —2 08 ACLO 5# k& A
ICA BT CLO A L0, 5 2% 140 3 0 45 15 f7 B
(i) i A7 e AR b oBE S 1 NI R A T R R A5 R
BT BE IR L (nacro ® nsa 1, R # A

fnga=1:1:
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UV A BN LR AT 928 5w, 85 R il 3
78 s BSALOVA 1 5¢ Ak e Wi 4 11 L AE 280 nm b /2 47,
CLO 7 270 nm &b 4 BLERAE 2 i 1%, CLO-BSA 7£ 270 nm
A 2 A M SR E W AT A L AR A B 1 kAR B I RS L A
H, CLO W % 4% . CLO-OVA 7£ 260 nm Ab H 345 4F
WE g A L 2R R B TR CLO 39 R A4 B BAm RS . 4 1iF 1R
WU i 78 A6 T 4 T N AR AR R AR AR 5 g, B
ACLO 5 a8 (B IS BUR A JE A K A A2 b, e 45
TE B N L0 A T BT

2.1.2 SDS-PAGE % 4l 4 fr/R . BSA #£ 63 kDa 4k
B EL Pk A5 A L T CLO-BSA fY 8 9k 45 11 Eb BSA W& {3 17
FL UL HGE B BE B /N T BSALK R T A MM A L s
CLO-BSA (94> F & K T BSA B %k, 5] k¢ A ] 432 3iF 9]
CLO U3 EE B ik A

2.2 BRMEBETE

2.2.1 M R 1R, IR 4 X BALB/c /MR H
LRGN FITE 1 ¢ 12 800 LU I, 3 B /N B 35 5% # I
w5, TTIK 1+ 25 600 R 1, 136 BH Ho s T 5 7E /N BRI P9 R 2
WL G 938 L 25 ™ HE A B BT A AR CLOZH /N 43 52

5T |
4r \ —BSA
¢ N4\ — OVA
g 30 o\ — CLO-BSA
RE \ — CLO-OVA
2o
=
1-
0 I I I e T |
220 240 260 280 300 320 340
IS
Wavelength/nm
B 3 BSA.OVA.CLO-BSA.CLO-OVA.CLO
Hoha A

UV scanning spectrum of BSA, OVA, CLO-
BSA. CLO-OVA., CLO

Figure 3

Marker ~ BSA CLO-BSA

180 kDa
135 kDa
100 kDa
75 kDa
63 kDa
48 kDa

35 kDa

25 kDa

17 kDa

A 4 CLO-BSA # SDS-PAGE X2 4 %
Figure 4 SDS-PAGE identification results of CLO-BSA
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Table 1 The titers of CLO polyclonal antiserum

ZHMEHREEE 12 2% 34 4%
200 2.254 2.069 2.662 2.402
400 1.652 1.518 2.329 1.922
800 1.099 0.992 1.708 1.354

1600 0.716 0.588 1.137 0.894

3 200 0.446 0.359 0.832 0.518

6 400 0.273 0.225 0.512 0.436
12 800 0.236 0.140 0.192 0.191
25 600 0.107 0.089 0.155 0.111
512 000 0.095 0.057 0.097 0.063
=H 0.035 0.036 0.049 0.038

PO, 10 75 58 Ao B 3R i — 2P IR TE & B UL T 2 7 g
PN 45 CLO,
2.2.2 HUEME R 2 R, fE g 4 HUNRUT RIS
ZACMLTE BT R IR 9 25 5 CLO. X H B A 235 1Y
IHRIET R i & an & 5 R, 4 BU/NBLZ Bt i i X
CLO #) ICs, 43 5 24 153.90,94.58,82.75,139.05 ng/mL,
Horb 2 Bt 1l W SO E B UE R 3 S B 2 BT I i X
CLO {45 A0 )l 2R P 10 05 B2l v = —0.273 6 +
1.024 7,R*=0.979 2, al g& £ 3 5/ BUME Do 40 0 Rl 45 /1y
FR ., J5 31 A S o AN B A R BR o B BT MR O Bk B R A
CLO-mAb,

T 8 5 5 SR B IR ACLO B ) 1 16 2 8% 1A 4
EE AR5 TR R S SRV | B B Y BT AL 0 2
BUAR G e BL A5 72 A T UM BUF ) CLO Z i bedidk .

2 CLOZHMFRZERTS ELISAMESER

Table 2 Indirect competitive ELISA of CLO

antiserum (7 =3)

CLO #7 iy Jo R 2/

24 3¢ 44
(ng * mL™1)

500.000 0.367 0.316 0.312 0.523
250.000 0.496 0.324 0.317 0.540
125.000 0.513 0.431 0.354 0.609
62.500 0.574 0.486 0.455 0.702
31.250 0.689 0.587 0.549 0.829
15.625 0.749 0.689 0.631 0.854
7.813 0.843 0.734 0.726 0.987
3.906 0.867 0.759 0.705 0.982
1.953 0.912 0.821 0.859 1.062
0.977 0.956 0.836 0.847 1.122
0.000 1.025 0.926 0.895 1.263
75 0.068 0.049 0.056 0.059
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1.01
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=N

0.2 : : : : :
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CLOJ ik e JIE 36 2L
Logarithm of CLO mass concentration/lg(ng * mL™)
B 5 % st CLO 814552 4 ELISA 494 vy &
Figure 5

Inhibitory curve for polyclonal antiserum to
CLO by indirect competitive ELISA

2.2.3 SN EEHUSRMESN 3 S/ANREMLE S
HoAh 3 e W A7 28 SO A8 I 5 R B (E D £
U IE AL BE 5 7 kiR 5 CLO, 5 PABA.SAL.RAC A~
FFAESE SO A B R S vk . IR 3R B 56 F ik
Ja WA BT £ 19 CLO-mADb, 7 52 br i Fl F ELISAICA £
W5 2k B S o R T — MR CLO 2% 8, A &% HE B 3 fib
RS2 TR

£3 CLOSHNERRELEER

Table 3 The specificity of CLO polyclonal antiserum
it/ 1Cs0/(ng » mL™ 1) CR/%
CLO 82.75 100.0
PA >1.0x10" <<0.9
BA >1.0Xx10" <<0.9
SAL >1.0Xx10* <20.9
RAC >1.0x10" <0.9
3 ik

R RR VT IR E AR TR & R AR AE P AR L W — Fh
T TR PR S 2590« F G g 2 DA T v IR e 5 W
BEF 6 2 A 4 G 2 J2 AT I AR A D 7 S R A i B3 R
PR O A A A 2 G A A T T IR R 5 R R A
60 08 A A G R JE AT I AR AG TN 5 v ST P B AE TR
PN NN/ W RE L W S A R 7 N TR
R P 1 — A T O B G B DA 1 £ R TR
FE N TR A L AT BE 5T & 7 ¥ T g 5, B 2 /1
BUG ARG I 2 PLME A R % 1+ 25 600 PLE IR REFE 5
MU LR AT 2R %€ (R0 i B v 2 0 82.75 ng/mlL),
5 At LA e DL A% 82 1A G 28 25 W) TG 32 U B B
BRSO R R AT AR SE R R R D BT BE 4K
T S S R A I R T A AR B A T TR S 5 WK 1 4 A
JBE A <35 S 8 2 T K 9G¥ L O R R AT AR E Bk B R
RAH AT B

S ik

[1] CHEN Yan-ni, GUO Ling-ling, LIU Li-qgiang, et al. An

BE237H [ 2021 £7 R | R@SH

ultrasensitive immunochromatographic strip for fast screening of
twenty-seven sulfonamides in honey and pork liver samples based
on a monoclonal antibody [J]. Journal of Agricultural and Food
Chemistry, 2017, 65(37): 8 248-8 255.

[2] FENG Min, SURYOPRABOWO S, TAO Hong, et al. Rapid
detection of clonidine and its cross-reactivity with apraclonidine in
pig urine using an immunochromatographic test strip[J]. Food and
Agricultural Immunology, 2018, 29(1): 1-12.

[3] GUO Meng-yuan, SUN Li, LIU Li-qiang, et al. Ultrasensitive im-
munochromatographic strip for detection of cyproheptadine[J]. Food
and Agricultural Immunology, 2018, 29(1): 941-952.

[4] DENG Xiao-fang, LIU Li-qiang, MA Wen-wei, et al. Development
and validation of a sandwich ELISA for quantification of peanut
agglutinin (PNA) in foods[J]. Food and Agricultural Immunology,
2012, 23(3): 265-272.

[5] DING Xi, LIU Li-qiang, SONG Shan-shan, et al. Rapid and ultra-
sensitive detection of 3-amino-2-oxazolidinone in catfish muscle
with indirect competitive enzyme-linked immunosorbent and immu-
nochromatographic assays[J]. Food and Agricultural Immunology,
2017, 28(3): 463-475.

[6] LIU Yang, CAI Meng, WU Wei-ping, et al. Multichannel electroa-
nalytical devices for competitive ELISA of phenylethanolamine A[J].
Biosensors & Bioelectronics, 2017, 99: 21-27.

[7] SR e, TRIC 3, TRAF L, S5 IS RH 2L IR — oy OB €38 2k 00

B3R R AR R T AR E B e (], [ B 2 2 B Y 2, 2014,
41C1): 981-982.
QIAN Guo-hua, XU Ling-ling, ZHANG Meng-ling, et al. Content
determination of clonidine hydrochloride in Zhenju Jiangya tablets
by solid phase extraction-HPLC[J]. Journal of International Pharma-
ceutical Research, 2014, 41(1): 981-982.

[8] A HE, V975 35, B, 45 . 5 ACTRORH €3 — A3 IR SB35 v 0 78 4 il
H R IR T AR AE R R TR BENE[T]. IR WRSE, 2015, 29(6): 25-28.
YANG Ting, XU Xiu-qin, ZHAO Jian, et al. Determination of cloni-
dine hydrochloride and cyproheptadine hydrochloride in swine
blood by Ultra Performance Liquid Chromatography-Tandem Mass
Spectrometry[J]. Meat Research, 2015, 29(6): 25-28.

[91 AMEDEO D N, VALERIA A, FRANCO R, et al. UHPLC-MS/MS
method with protein precipitation extraction for the simultaneous
quantification of ten antihypertensive drugs in human plasma from
resistant hypertensive patients[J]. Journal of Pharmaceutical and Bi-
omedical Analysis, 2016, 129: 535-541.

[10] A% S5 #y, PR B . 03K b 3R 19 AT 2R R 1) AORH (235 I A 1 ). 2

VAT 23R, 1994, 14(2): 24-26.

YANG Xue-mei, CHEN Xian-yao. Determination of clonidine
hydrochloride in plasma by gas chromatography [J]. Chinese
Journal of Pharmaceutical Analysis, 1994, 14(2): 24-26.

[11] FREDERICKSEN R J, MAYER K H, GIBBONS L E, et al. Devel-
opment and content validation of a patient-reported sexual risk
measure for use in primary care[J]. Journal of General Internal
Medicine, 2018, 33(10): 1 661-1 668.

(F#% 111 70



&M | Vol.37, No.7
S ik

17 5K B FL. BB B B8 0], W FE 2, 2020, 35(1D: 4.
ZHANG Chang-fan. Redefinition of design in the age of science
and technology[J]. Hunan Packaging, 2020, 35(1): 4.

2] AR b AL BT GO IR P A Rk LRGSR R B (0]
A5 L, 2020, 36(10): 106-109.

XIA Li. Expression, strengthening and development of color associ-
ation in food packaging design[J]. Food & Machinery, 2020, 36
(10): 106-109.

3] sk L. B A A AN (R D], 0 R A 5%, 2019, 34(2): 4.
ZHANG Fu-ye. The mission and value of design[J]. Hunan Packa-
ging, 2019, 34(2): 4.

4] Tl 2GS U R AE LA B Bt R i I S [0]. SR

f1%%, 2020(4): 67-70.
WANG Chao. Research on the application of traditional cultural el-
ements in commercial packaging design[J]. Green Packaging, 2020
(4): 67-70.

[S] i B M. R SCARAE & £ il A % B i it 2 it o 8 o7 S (0],

i 5 LB, 2020, 36(5): 123-127.
GAO Deng-ming. The application of quadratic culture in local food
packaging and brand building[J]. Food & Machinery, 2020, 36(5):
123-127.

[6] # WFHE, ok 1l JE T 5 AL Uit i BUAC KR & 28 B (0], &
% T2, 2021, 42(12): 276-282.

JIANG Yan-jie, ZHANG Yu-shan. Modern ceramic teaware based
on situational design [J]. Packaging Engineering, 2021, 42 (12):
276-282.

(7] BRAIFT . 2 4 R0k 2 15 JL B R N £ i 2 B[], B S P,

B ANEEHAATHRSEEEITRE
2020, 36(12): 119-122, 158.
QIU Li-li. Packaging design of children's snack food based on
multi-dimensional interesting expression [J]. Food & Machinery,
2020, 36(12): 119-122, 158.
(8] eyt A, 5% A 7. B T AL LA
W%, 2020, 35(3): 85-88.
XIANG Di-ya, WU Zhi-jun. Research on food packaging design

B R L BT BT S (9], W)

based on emotional concept[J]. Hunan Packaging, 2020, 35(3):
85-88.

(9] B¥ I . PR PR £ b £ 20 MR A P 10 1 B i IR U (0], & S 0L
B, 2019, 35C11): 122-125, 175.
XUE Xiao-guang. The value and design principle of fun in the
packaging of leisure foods[J]. Food & Machinery, 2019, 35(11):
122-125, 175.

[10] 395 . ¥R A0 %€ B R ) AL B 38 & 1]

(4): 47.

3O E A, 2012
DONG Qian. New concept of packaging design serialization[J].
Literary Life Journal, 2012(4): 47.

1] SRR, 750 . T 15 A 1) B Y 22 J S Ak S 7™ i i
75 [J]. WA REBL €, 2020, 35(5): 16-19.

SONG Zhi-qiang, SU Sheng. Research on Shaanxi silk road
cultural and creative product design based on emotion[J]. Hunan
Packaging, 2020, 35(5): 16-19.

[12] XU 7, B, W me A0, o0 ) 4 3 Ik AL F 50 (0], 03 T 7,
2021, 42(10): 229-235.

LIU Bo-xi, LI Ying, CHEN Li-li. Reduction design of online-
shopping packaging [J]. Packaging Engineering, 2021, 42 (10):
229-235.

(L#% 80 1)

[12] AMEDEO D N, VALERIA A, FRANCO R, et al. UHPLC-MS/MS
method with sample dilution to test therapeutic adherence through
quantification of ten antihypertensive drugs in urine samples[J]. Journal
of Pharmaceutical and Biomedical Analysis, 2017, 142: 279-285.

(13] W4, 0%, EHE, 5. % R o0 2 PUR A il % & ELISA
Rl Oy 2 R 57 9] 7 il 5 WL, 2019, 35(9): 77-83.

CAO Jin-bo, HU Xiao-fei, WANG Yao, et al. Preparation of OTC
complete antigen and establishment of ELISA detection method[J].
Food & Machinery, 2019, 35(9): 77-83.

[14] HU Song, LI Dan-hong, HUANG Zhen, et al. Ultra-sensitive meth-
od based on time-resolved fluorescence immunoassay for detection
of sulfamethazine in raw milk[J]. Food and Agricultural Immunol-
ogy, 2018, 29C1): 1 137-1 149.

[15] Z= 708, UK, #4e, %6, A] SR ELISA K I3k 570 & 0% F i &
FCEREIEAT [0]. P S 25 25 A, 2017, 51(8): 40-45.

LI Dan-ni, GU Xin, HUANG Hua, et al. Development and per-
formance measurement of clonidine ELISA test kit[J]. Chinese
Journal of Veterinary Drug, 2017, 51(8): 40-45.

[16] SRR, Zath, du BT, 55, Y 58 2 PR M A Bk

BORATM (9], 5 ARl K 2522 ), 2015, 37(4): 424-429.

ZHANG Tian-jie, LI Yan-song, MENG Xing-yu, et al. Synthesis
and immune effect evaluation of fluoranthene complete antigen[J].
Journal of Jilin Agricultural University, 2015, 37(4): 424-429.

[17] FSEH . 8 H B Ik 52 50 52 R [M]. db st B4 A, 1999:
56-60.

GUO Yao-jun. Experimental technique of protein electrophoresis [M].
Beijing: Science Press, 1999: 56-60.

[18] SUN Ya-ning, YANG lJi-fei, YANG Su-zhen, et al. Development of
an immunochromatographic lateral flow strip for the simultaneous
detection of aminoglycoside residues in milk[J]. RSC Advances,
2018, 8(17): 9 580-9 586.

[19] TR, A% &, Wik, 5 RDEE BL AN THIEMN A K K R
U 2 5 RE BT LT 9 1] 45 [0]. B 254, 2012, 26(1D: 113-117.
WANG Yao, HU Xiao-fei, PEI Ya-feng, et al. Preparation of fumo-
nisin blartificial antigen and mouse polyclonal antiserum [J].
Journal of Nuclear Agricultural Sciences, 2012, 26(1): 113-117.

[20] CHEN Yan-ni, KONG De-zhao, LIU Li-qgiang, et al. Development
of an ELISA and immunochromatographic assay for tetracycline,
oxytetracycline, and chlortetracycline residues in milk and honey
based on the class-specific monoclonal antibody[J]. Food Analy-
tical Methods, 2016, 9(4): 905-914.

111



