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(Screening test kit for cotinine; assessment of tobacco used in Thailand)
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Direct harbituric acid

Creatinine Ratio
200
-20°C 100, 250
(%error) 050, 026 031
(p>0.05)
umol/L 1+, 24 3+ M
between run %CV 7.08 8.60, 1.93
30
55.10 ymol/L 1+ 4+
3 34
100 66
97.06 % 96.39%

99.38 %

Cotinine
30,30
8

500 l

10, 25, 50 100

within - run
272,098 123
328 {mol/L
30

200
33
97 63
84.62%



Abstract

The aim of this study was to prepare an easily screening test kit for urinary cotinine
assay. The semi-quantitative assay kit is provided for screening cotinine test in the field works.
This method was based on Direct Barbituric acid (DBA) by using dropper instead of automatic
pipette. The intensity of color reaction was compared with color-printed standard cotinine and
graded as 1+, 2+, 3+ and 4+ with the cotinine concentration of 10, 25, 50, 100 pmollL,
respectively. Urine cotinine and creatinine was reported was CCR in nonsmoker(n=30),
smoker(n=30) and high school male students (n=200). The results showed that the stability of
urinary cotinine at least 8 days kept at -20°c. The percentage of error by using dropper of 100, 250,
500 pl was not significantly different from those of using automatic pipette (p>0.05). Within run
occasionally smoker, and regularly smoker, respectively. Between run assay showed %CV of
8.60, 2.72, and 1.23 . By using quantitative method cotinine level 3.28 umol/L in non smokers,
and 55.10 pmol/L in smokers. The results impired that using cotinine assay kit can be
distinguished smoker from non smoker group. To screening smoking status, questionnaire was
performed in 200 participants. The results demonstrated that 33 of 34 persons. Showed positive
for cotinine assay and 97 persons showed negative results for 100 passive smokers. The test kit
showed high sensitivity of 97.06 %, high specificity of 96.39 %, positive predictive value for
84.62 % and negative predictive value for 99.38 %. As the results showed above, also the
simplicity, conventienty and short-time consuming of the test. The kit can be used or screening
test for urinary cotinine assay in the filed work.
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Nicotine Metabolism Pathway Liver:Summary of nicotine metabolism in human liver cell.
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1. High performance liquid chromatography ( HPLC )

(column) ( mobile phase 0
2. Gas liquid chromatography-Mass Spectrometry (GC-MS)

GC (mass
number) (10)



3. Radioimmunoassay

(isotope)
()
4.Colorimetric Chloramines-T
Barbituric acid pH4.7
()
HPLC  GC
Radioimmunoassay (RIA)®
waste product
L. Modified direct barbituric acid
2. SmokeScreen®
3, MicroCO/SmokeCheck
4, Onestep Nicotine/Cotining(COT) test
D, TobacAlert
1. Modified direct barbituric acid® Direct barbituric acid
(DBA method)
1550,100 200
umol/L 1+2+3+ 4+
2. SmokeScreen® (Urinary point-of-care test ;
POCT) pyridine ring Konig reaction
(Qualitative) (Semi-quantitative)
5 Negative, Light, Medium,Heavy,Very heavy
3. MicroCO/SmokeCheck (POCT)

ppm (%COHb)



LCD

4 1) 0-6 ppm
(Nonsmoker) 2.) 7-10 ppm
(Light smoker) 3.) 11-20 ppm
(Smoker) 4.) 20 ppm
4, Onestep Nicotine/Cotinine(COT) test™
(one step) Competitive immunoassay
(Control zone) Cotinine antibody gold conjugate
(Test zone) Cotinine antigen
2
1 (control
Zone)
200 ng/ml 2250 /5 166 /
5, TobacAlert™ (one step
immunoassay ) SureStep SmokeCheck  Onestep Nicotine/Cotinine (COT) test
(passive smoker)
cut-off 6 ng-ml (nanograms of cotinine per milliliter of uring )
1 (Level)
(Level) (ng-ml)

0'6 !

5-30

30-100

200-500

500-1000

0
1
2
3 100-200
4
5
6

1000+




SmokeScreen®
98%

Direct barbituric acid (DBA) method?

(Semiquantitative)
Creatinine
Cotinine Creatinine Ratio (CCR)

Direct barbituric acid ( DBA)™
Chloramines-T Barbituric
pH 4.7

acid

) A = 4 (N-methyl-N-nitrosamino)-1-(3-pyridyl)-butan-1-one
B = 4 (N-methyl-N-nitrosamino)-4-(3-pyridyl)-butanal




(accuracy)

11 serum (actual value) % accuracy

(Observed value - actual value)

0 - -
% Accuracy 1 nciual value x 100

1.2 recorvery study

(Standard)
2
Yrecorvery Y%expectation
2
% recorvery
= b
= a
= a-b
a-b
% Recorvery = ) x 100
%  Expectation= d x 100
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3
1 30 (Random sample voided urine)
2, 30 ( Random sample voided urine)
3 200 3
L (Cotinine)
11 (dropper)
111
1) (Dropper) 1
2)
3.) Automatic pipette 50-200 .~ 200-1000 .
4) 4
112
1121 100, 250, 500
automatic pipette 100 l
3
20 250l 500l
100 pl automatic pipette 250 ul 500
1122 (%Error)
(Mean) (SD) (%CV)  p-value
1.2
121
1) 13x100

2) 50,100 .50



3) 500 .

4) Volumetric flask 10 .50 ., 100 ., 200 ., 500

5.) 25 .50 ., 100 . 500

6.) Magnetic bar

1)

8. (Dropper) 100, 250, 500 l

9.) Automatic pipette 50-200 pl. ~ 200-1000 p.

10.) Spectrophotometer

11) pH meter

122
Acetone CH,0 58.08 99.50% | VWR International
Barbituric acid C,HN,0, 128.1 99% | SIGMA
Chloramine-T C.H,CINO,SNa | 227.6 80% | SIGMA
Glacial acetic acid CH,COOH 60.05 99.80% | MERCK
Potassium cyanide KCN 65.12 96-98% | MERCK
Sodium meta bisulphite | Na,S,0: 190.1 97% | JT.BAKER
Sodium acetate C,H,Na0, 83.03 99% | RaH Laborechemi&Co.KG
Standard cotinine CyoHiuNy, 176.2 98% | SIGMA
conc.Hydrochloric acid | HCI 36.46 97.90% | J.T.BAKER
123 )

1.) Barhituric acid in acetone : H,0 (50 % viv) 78 mmol/L

acetone : H,0 11(250 .:250 ) Barhituric acid 4.995

500



2.) Chloramines-T 0.4 mol/L

Chloramines-T 18.21
3.) Potassium  cyanide solution (KCN) 1.5 mol/L

KCN 19.53

13

200

200

4.) Sodium acetate buffer (CH,COONa) (pH 4.7) 4 mol/L
Sodium acetate 63.23
pH4.7  Conc.HCI

5.) Sodium-m-bisulphite 1 mol/L

Glacial acetic acid 30.57
250

Sodium-m-hisulphite 38.02 200
6.) Stock cotinine standard 1,000 umol/L
Standard cotinine 0.0881 500
124
124.1
5,10,15,25,50,100,150,200,250,300

umol/L DBA method automatic pipette
1,000 pmol/L (ul) (ml)
5 umol/L 50 9.95
10 umoliL 100 9.90
15 umoliL 150 9.85
25 mol/L 250 9.75
50 pmol/L 500 9.50
100 ymol/L 1000 9.00
150 pmol/L 1,500 8.50
200 umol/L 2,000 8.00
250 umol/L 2,500 1.50
300 ymol/L 3,000 7.00




Direct barbituric acid ( DBA)™

14

DBA  method
Chloramines-T  Barhituric acid (pHAT)
( ) Reagent blank Standard
500 -
Standard cotinine - 500
Sodium acetate buffer 250 250
KCN 100 100
Chloramines-T 100 100
Barhituric acid 500 500
15
Sodium-m-hisulphite 100 100
505 nm.
1242 (Precision)
1 2
( Random sample voided urine)
(Preservative) (aliquot)
2°C automatic pipette 20
DBA method 505 nm
(Quantitative)
(Semi-Quantitative)
within run 20 1
between run 20
10 1 1
1243 (Accuracy)

102550 150 pmol/L DBA method automatic pipette
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(umol/L) 1000 pmol/L (ul) (ml)

1 10 100 9.90

2 25 250 9.75

3 50 500 9.50

4 150 1500 8.50

(% Recovery), (%Expectation)
1244
5,10,15,25,50,100,150,200 pmol/L
DBA method

4 14,2+ 3+ 4+

1245 (Precision grading)
1,000 ymol/L
Cotinine standard 1,000
1 | .
ol () (ml) (umol/L) | Grading
1) 100l 9.90 10 1+ 5
2.) 2500l 9.75 25 2+ 5
3.) 500 9.50 50 3+ 6
4.) 1,000l 9.00 100 4+ 4
20
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DBA method 20
2. ( Creatining )
2.1
211
1) 50, 100, 500
2. 500 .
3.) Volumetric flask 10, 100, 1,000
4)
B.) Magnetic bar
6)
1.)  Spectrophotometer
2.12
Anhydrous picric acid CeHsN;0; 22011 1 9% LABCHEM
Polyvinyl alcohol C;H:NO, 125000 | 98.5% BDH
Sodium tungstate dihydrate | Na,W0,.2H,0 | 329.86 | 99.0-101.0% | CARLO ERBA
Conc.Sulfuric acid H,S0, 98.08 98.0% BDH
Sodium hydroxide NaOH 40.00 99% BDH
Stock creatinine standard | C,H.N;0 11312 | 9% BDH
Hydrochloric acid HC 36.5 35.4% BDH
2.13 )
1) Picric acid, 0.036 M
Anhydrous picric acid 9.16 1,000 ml
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2.) Tungstic acid

Polyvinyl alcohol 1 100 ml
volumetric flask 1,000 ml Sodium tungstate dihydrate 111
300 ml 300 ml
conc.H,S0, 21 ml sodium  tungstate
volumetric ~ flask 1,000 ml
2
3.) Sodium hydroxide, 1.4 N
Sodium hydroxide 56 g volumetric flask 1,000 ml
1,000 ml
2
4.) Stock creatinine standard, 100 mg%
creatinine 100mg 0.1 N HCI 80 ml 0.1 N HCI
100 ml 1
5.) Working creatinine standard
Stock creatining standard 0.1 N HCI 2468 10 mg%
1
2.14
100  mg%
246810 mg% Volumetric flask 10 ml.
Stock creatinine standard,
(mg%) 100 mgC% (ul) (ml)
2 200 9.8
4 400 9.6
6 600 9.4
8 800 9.2
10 1,000 9.0




Jaffe  Reaction
L
(ml) Blank | Standard | Control | Urine
0.3 -
Standard 0.3 -
Control 0.3
Serum -
Urine ( 1:20) - - - 0.3
Tungstic acid 24 24 2.4 2.4
10 10
2. (supernate)
(ml) Blank | Standard | Control | Urine
Supernatant of
Blank 15 -
Standard 15 -
Control 15
Serum -
Urine - - - 15
Picric acid 0.5 0.5 0.5 0.5
1.4 N NaOH 0.25 0.25 0.25 0.25
1.4 N NaOH 15
15 A 500 nm. Blank 0

15 A

18
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2.15
1
( Random sample voided urine) (Preservative)
(aliquot) ~ -20°C automatic pipette 20
Jaffe’s reaction 500 nm
within run 20 1
between run 20
10 1 1
3
3.1
(Sensitivity) (Specificity),
(Positive Predictive Value) (Negative Predictive Value) % agreement
311 (samples)
30 ( Random sample voided uring)
30 (Random sample voided urine)
(Preservative)
2°C 3
312
3121 (Quantitative)
1) DBA method automatic pipette
2.) Jaffe Reaction automatic pipette
3) (Cotinine Creatinine Ratio ; CCR, ng/mg)
4) 1+, 2+, 3+ 4+ Negative
3122 (semi-quantitative)
1) DBA method
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5 1+,24, 3+, 4+ Negative

(Sensitivity), (Specificity),
(Positive Predictive Value) (Negative Predictive Value)
3.2
200
321 (samples)
12-16 200
(Morning sample voided urine) 30-
50 ml (Preservative) -20°C
3
322
3221
(Sensitivity), (Specificity), (Positive Predictive Value)
(Negative Predictive Value)
3
1 (Active smoker)
2 (passive smoker)
3 (non  smoker)
3222 (Quantitative)
1) DBA method automatic pipette
2.) Jaffe Reaction automatic pipette
3) (Cotinine Creatinine Ratio ; CCR, ng/mg)

4) 1+ 24,3+, 4+ Negative



3223

3224

(aliquot)
DBA method

3225
%agreement

32.2.6

(Specificity)

Value)

Bayes’ equation®

(Positive Predictive Value)

21

(Semi-Quantitative)
DBA method
1+,24, 3+, 4+ Negative

(Stability)

10ml. -20°
automatic pipette 10
(% error)

(Sensitivity)
(Negative Predictive

Test Disease Total
Present + N Absent - N

Positive True Positive (TP) | a False Positive (FP) | ¢ atc
Negative False Negative (FN) True Negative (TN) | d b+d
Total ath c+d

Sensitivity=  a Specificity="

ath c+d

Positive Negative

Predictive = a Predictive = Y

Value atc  Value
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Direct barbituric acid (DBA)

method Chloramine-T ~ Barhituric
acid (pH 4.7)
100, 250, 500 pl automatic pipette
automatic pipette 100, 250, 500
ul 99.5,249.7,499.7 0.29,0.25,0.33
0.30,0.18,0.07
0.37,0.27,0.32
100,250,500 99.4,249.7,499.6
ul 0.77,0.23,0.26
0.89,0.19,0.05
0.49,0.26,0.30 automatic pipette
p-value>0.05 ( 1)®

(Linearity) 200 pmol/L

automatic pipette 20 within run between
run DBA method (mean) 0.21
1.98 (SD) 014 017
(%CV) 708 860
1736 16.67 034 045
193 272
48.39 4891 047 060
098 123
20
2.02 2.03 0.19 0.19
9.63 9.40
1654 1679 0.34

0.31 208 184



472 5243
100 072 218 138
automatic pipette
automatic pipette
1
¥ within run~ between run
%CV 246%  5.49% 200 pmollL
(a) within run -~ between run
%CV 330%  5.65% ¥
within  run
between run automatic pipette ~ %CV
%CV
()
within run -~ between run automatic pipette ~ %CV
%CV
automatic
Dipette 20 within run between run %CV 113 207
%CV
(% Recovery)
85.36-100.68 ( 95.13) (% Expectation) 87.41-
100.67 ( 95.71)
3
(Precision grading)
1 10, 25, 50 100
umol/L 1+, 24, 3+ 4+

100 % (Semi-



(uantitative) 4
4
10,2550 100 ymol/L 5 (negative) , 1+, 2+, 3+ 4+
(3
30
328 umol/lL
30
30
55.10 ymol/L 1+ 3 2+ 14
3t 1 4+ 6
100 %, 100 %, 100 % 100 %
200 (Morning sample voided urine)
Peach H 9
DBA method (False positive)
Active smokers 34
1 1+, 24, 3+ 4 16,6 10 1
Passive smokers 100 97 1+
3 Non smokers 66 63
14 2 3t 1
Corho GM %

CCR 17 ng/mg Pembe K @ CCR 60 ng/mg



Handerson

-20°C

1130
C A (22

6.4 pmol/L

ng/ml

Payne C

(quantitative)

30

smoker)

@ CCR 30 ng/mg
3
DBA method 8
8 3 8 8,
Chadwick
HPLC
Hagan R.L )
@)
Feyeradend )
1
1.3 ng/ml 285 ng/ml
0.6-6.2 ng/ml
®)
SmokeScreen®
98%

(semi-quantitative)
Cotinine Creatinine Ratio (CCR)

30
200

% Agreement 96.5 %

(Non
(Passive smoker)
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%15 145%16 05%

17%, 83 %
38% 44% 18%

40%
43%
30.5%
14
(29)
1
2.

Negative

05%12 105% 13 36%,14 38

14
32% 28%
51% 6%
605%  395%
65.5% 4%
17



1

p-value automatic pipette
100, 250, 500 L 21° automatic pipette (n=60)
(n=60)
(mg)
(L) Autopipette pralue
Mean (SD) | %gEmor | Mean(SD) | %Eror

100 (n=20) | 99.1(0.33) 0.47 98.7 (2.09) 0.87 0.437
250 (n=20) | 249.6(0.27) 0.13 2495 (0.26) 0.13 0.595
500 (n=20) | 499.8(0.32) 0.23 499.7(0.29) 0.23 0.445
100 (n=20) | 99.6(0.28) 0.27 99,7 (0.20) 0.25 0.697
250 (n=20) | 249.9(0.20) 0.30 249.8 (0.16) 0.30 0.140
500 (n=20) | 499.8 (0.40) 0.39 499.6 (0.23) 0.36 0.258
100 (n=20) | 99.8(0.26) 0.39 99.7(0.19) 0.37 0.246
250 (n=20) | 2474 (11.18) 0.39 249.8 (0.16) 0.35 0.346
500 (n=20) | 499.6(0.29) 0.35 499.5 (0.26) 0.33 0.096
100 (n=60) | 99.5(0.30) 0.38 99.4(0.58) 0.50 0413
250 (n=60) | 249.0(L.37) 0.27 249.7(0.17) 0.26 0.351
500 (n=60) | 499.7(0.12) 0.32 499.6(0.10) 0.31 0.050




2, (Precision)
1 2 withinrun -~ between run
automatic pipette (n=20) (n=20)
A = Automatic pipette
D = Dropper
Within run Between run
A (n=20) D (n=20) A (n=20) D (n=20)
Mean (SD) 2.01(0.14) 2.02(0.19) 1,98 (0.17) 2.03(0.19)
% CV 7.08 9.63 8.60 9.40
Within run Between run
A (n=20) D (n=20) A (n=20) D (n=20)
Mean (SD) 17.36 (0.34) 16.54 (0.34) 16.67 (0.45) 16.79 (0.31)
% CV 1.93 2.08 2.12 1.84
Within run Between run
A (n=20) D (n=20) A (n=20) D (n=20)
Mean (SD) 48.39(0.47) 45.72 (1.00) 48.91 (0.60) 52.43(0.72)
% CV 0.98 2.18 1.23 1.38




(Recovery)
102550 150
umol/L automatic pipette (YRecovery)
(%Expectation)
% Recovery | % Expectation
(umoliL) o) i)

1 1.62 10.16 10 85.36 87.41
2 1.60 25.55 25 95.80 96.06
3 1.56 50.90 50 98.68 98.72
4 1.39 152.41 150 100.68 100.67
95.13 95.71




4, (Precision grading)
1
10,25,50 100 ymol/L
(MmollL) ) )

10 1+ 5 5 100 %
25 2+ 5 5 100 %
50 3+ 6 6 100 %
100 4+ 4 4 100 %

100 %
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D
1 automatic pipette (n=20) Jaffe’s reaction
500 nm
Automatic pipette (ng) %CV
Mean SD
Within run 329 0.04 113
Between run 3.12 0.08 2.07
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30 (n=30)
(umol/L) (umol/L)
1 571 N N 16 2.90 N N
2 2.90 N N 17 2.03 N N
3 9.87 N N 18 319 N N
4 5.42 N N 19 2.03 N N
5 2.23 N N 20 329 N N
6 174 N N 21 348 N N
1 2.13 N N 22 3.00 N N
8 271 N N 23 3.10 N N
9 5.71 N N 24 329 N N
10 0.10 N N 25 329 N N
11 6.48 N N 26 2.71 N N
12 0.97 N N 21 319 N N
13 4.45 N N 28 329 N N
14 0.68 N N 29 319 N N
15 2.03 N N 30 329 N N

*

N = Negative



30 (n=30)
(Mmol/L) (Mmol/L)
1 30.10 2 2 16 2942 2 2
2 170.22 4 4 17 30.48 2 2
3 48.09 2 2 18 107.22 4 4
4 34,06 2 2 19 28.16 2 2
5 30.97 2 2 20 49,74 3 3
6 31.35 2 2 21 64.93 3 3
1 59.80 3 3 22 21.39 2 2
8 107.41 4 4 23 3251 2 2
9 31.35 2 2 24 135.19 4 4
10 32.90 2 2 25 13.26 1 1
11 43,06 2 2 26 12.19 1 1
12 123,67 4 4 21 56.90 3 3
13 35.80 2 2 28 53.80 3 3
14 50.03 3 3 29 54.97 3 3
15 18.97 1 1 30 108.96 4 4

*

1=1+,2=2+, 3=3+, 4=4+

12



(n=30)

13

(n=30)

CCR
(ng/mg), D

(Mmol/L), SD

(n=30)

242,163

3.28,1.90

(n=30)

66.39, 45.17

55.10, 39.35
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9. 200
CCR
ng/mg), SD
(gimg (umoliL), D
Neg = 155 Neg = 161
1+=27 1+=2
9.10, 12.64 9.34, 1458 24=T 2+=6
(n=200) =10 =11
4+=1 4+=1
Active Smokin Passive Non Smokin
’ Smoking ’
n=34 n=100 n=66
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10. (Stahility)
(mol/L)

1|2 3 4 5 6 1 8
8 169 | 179 | 159 | 179 | 189 | 169
11 2459 | 2439 | 2449 | 2459 | 2469 | 2459
30 5545 | 5476 | 55.06 | 55.36 | 5545 | 55.65

(% error)

1 2] 3 4 5 6 7 8
8 0 0 592 | 592 | 592 | 1183 | 0.00
11 0 0 081 | 041 | 000 | 041 | 0.00
30 0 0 124 | 070 | 016 | 000 | 036
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11.
o
Test e Total
Present (+) Absent (-)
Positive 33 6 39
Negative 1 160 161
Total 34 166 200
Sensitivity = 3 Specificity = 160
= 07.06 % =06.39 % 166
34
Positive Negative i
Predictive = 33 Predictive = i
Value = 84.62% 39 Value = 99.38%
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0.
200
(
----------------- ()
11 1 05
1 21 105
13 72 3
14 76 3
15 2 145
16 1 05
200 100
L (
3 17
( 5) 166 83
200 100
2. ( (
13 3
15 m
6 18
...................... 0 0
3 100
3. (
............. 11 3
9 2
14 m
3 100
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200
(
(
17 51
2 6
15 43
34 100
(
121 60.5
19 395
200 100
(

61 30.5
131 65.5
8 4
200 100
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1 Automatic pipette 200 umol/L
nsuassruTaGtiu

oD
3

2.5 ; :
2 »

1.5 ’/ ‘ %
1 .//

0.5

0 50 100 150 200 250 300 350




Automatic pipette

20

10mg%

OD

A NuassIuAIaraiiv

0.9
0.8

0.7

0.6

0.5

0.4

0.3
0.2

0.1

12




3,
(umol/L)
Negative 1+ 2+ 3+ 4+
10pmol/L 25 pmol/L 50 ymol/L 100 umol/L
(umol/L)
N 1+ 2+ 3+ 4+

10pmol/L 25 umol/L 50 ymol/L 100 ymol/L

2
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4, (Stability)
Urine cotinine stability in freezer -200C
-
ha A —o—Low cotinine level
‘s —s— Median cotinine lewel
20 I Hight cotinine level
) ety




200
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kplil

80

70+

60

50

40

30

20+

10

AfuagAaviinGauaa 200 s1a

M
N

21

oL

1119

1214 131l 14 1 151 16 1l
angy




1 Active smoker 34 200

16

14

12+

10+

378 8-

ARN# 1 Active smoker
334 34 ;na

Neg

1+ 2+ 3+ 4+
Grading

2



1. 2 Passive smoker 100 200

ANl 2 Passive smoker
U 100 51a

100+

90

80

70

60

578 50

401

30

20

10+

Neg 1+ 2+ 3+ 4+
Grading

25



8. 3 Non smoker 100 200

AN 3 Non smoker
AUIU 66 518

31d

Neg 1+ 2+ 3+ 4+
Grading

26



