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Effect of cigarette smoking-induced plasma nicotine and
cotinine on male rats
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[ Abstract]  Objective To explore the in vivo exposure levels of cigarette smoking ( CS) by measuring the biomar-
kers nicotine and cotinine. Methods One hundred and sixty male SD rats were divided into 15 cigarette exposure groups
(10, 20 and 30 nonfilter cigarettes/day, for 2, 4, 6, 8 and 12 weeks) and a control group ( without CS exposure). The
rats were sacrificed at different time-points. The concentration of plasma nicotine and cotinine were measured by GC-MS/
MS. Results The CS-exposed rats displayed decreased locomotor activity, ataxic gait, irregular respiration, nasal noise,
and salivation after smoking exposure for 3 weeks. Rats in the CS exposure groups had lower body weight, and the reduction
of body weight was time and dose related (P <0.01). The retention time of nicotine was 7.5 to 8.5 min. The concentra-
tion of plasma nicotine in the CS exposure groups was higher than control group (155 +56.65) ng/mL. The retention time
of cotinine was 11.5 to 12.5 min, the concentrations of plasma cotinine in CS exposure groups were higher than control
group (340 £41.97) ng/mL, the increase of plasma cotinine in CS groups was time-related (P <0.05) , and the exposure

concentration and duration had synergistic effect on the level of plasma cotinine (P <0.05). Conclusions CS exposure
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causes structural damages in male rats. The plasma concentration of cotinine can effectively reflect the in vivo exposure lev-

els of cigarette smoking, and well presents a dose-response relationship.
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Tab.1 Impact of CS exposure on the body weight of rats
255 WG AR E 2 J& 4 J& 6 J& 8 JH 12 4
Groups Initial body weight 2 weeks 4 weeks 6 weeks 8 weeks 12 weeks
25 N IR ZH

Control group
A 4 (Group A)
B 41( Group B)
C 41 ( Group C)

F {H (F value)
P {H (F value)

238.44 +16.20

244.80 =17.57
242.20 +£21.23

243.69 +31. 66

0.13
0.94

292.67 +17.95

293.60 +24.26
270. 60 +28. 26

253.69 +15.49*

8.72
0. 00

358.89 £23.70

350.90 £23.97
287.67 £29.01*

244.20 +31.27*

38. 69
0. 00

406. 89 +32. 09

380. 00 £22. 67
315.00 +37. 19*

271.33 +49.42*

23.62
0. 00

429.00 +33.51

422.01 =47. 64
374.56 £29.71*

306. 67 +44. 80*

21.30
0. 00

503.22 +25.47

455.30 £42.95*
407.78 £41.10*

348.25 +£20. 44 *

31.38
0. 00

W X S IREA L P <0.05;A 4110 32/K B 420 /K, C #4.30 /K,

Note. * Compared with the control group, P <0.05. Group A :10-nonfilter cigarettes/day. Group B: 20-nonfilter cigarettes/day. Group C: 30-nonfilter

cigarettes/ day.
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Fig.1 Body weight of the rats after CS exposure
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degradation of nicotine
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Tab.2 Impact of smoking exposure duration and concentration on the rat plasma nicotine

415 2 14 4 J4 6 J4 8 JAl 12 JH
Groups 2 weeks 4 weeks 6 weeks 8 weeks 12 weeks
A4 Group A 176.0 +88.9 256.0+11.6 563.0 +41. 1 620.0 +85. 1 2093.4 +225.2
B 4 Group B 444.0 +68. 1 554.0 +96.2 704.0 +£37.6 1144.0 £77.9 2540.5 +372.5
C 41 Group C 312.0+12.8 596.0 +£10. 6 1110.0 +£492.2 1420.0 £542.2 3803.3 £176.0

R3 ARG AR RIIK e s TSmO N 87 27047

Tab.3 Factorial ANOVA analysis of the rat plasma nicotine among different exposure regimens

75 S R SS i df fii MS {i F i PE
Source of variation SS value df value MS value F value P value
PR
FRFRI T . 5.79 x 107 4 1.45 x 107 2.51 0.05
Exposure duration
a2l e
REMR 2.74 x 10° 2 1.37 x 10° 0.24 0.79
Exposurc concentration
ol =) 2E
 WRDGARZE 1.04 x 107 8 1.30 x 10° 0.23 0.98
Time X dose of interaction
STy
wE 3.40 x 10° 59 5.76 x 106
Error
SR S 8
Total variation 4.98 x10 74
=1037/K (10-nonfilter cigarettes/day regimen) RT: 11.50-12.50 SM:5G
30001 92037 /K (20-nonfilter cigarettes/day regimen) 120 NL:
~ m3037/K (30-nonfilter cigarettes/day regimen) - 3.00E5
E ] RT: 12.00 TIC F: {00} + ¢
) 100+ T EI SIM ms
= £ o ] [97.50-98.50,
41 2 20001 ‘g’ 30-] 175.50-176.50]
w2 T MS 43-1
X2 # 2 o]
=27 = 60
° 1
g 10001 Bz ] 12.25
= 5 40 '
~ .
o \ 203 11.69
2 4 6 8 control i
FFER 1 () 7
Exposure duration (week) 11.5 12.0

F} [6] Time (min)
3 FHIRSS IR e T 0 & B AR K (ng/mL)

Fig.3 Concentration of plasma nicotine after CS exposure
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Fig.4 GC spectrum of the final phase of the

degradation of cotinine
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Tab.4 Impact of smoking exposure duration and concentration on the rat plasma cotinine concentration

il 2 J 4 J 6 Ji 8 Ji 12 4
Groups 2 weeks 4 weeks 6 weeks 8 weeks 12 weeks
A 2 Group A 624.0+71.8 1391.0 +42.5 1809.0 +£89.8 2742.0+93.3 3379.0 +40.9
B # Group B 1000.0 £92.9 1751.6 £32.6 2077.0 +187.8 3141.4 +£259.7 3661.0 +34. 6

C # Group C 1176.6 £74.9 1808. 3 +50. 4 2581.0 £52.5 3278.6 £81.9 3668.0 £66.5
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Tab.5 Factorial ANOVA analysis of the rat plasma cotinine among different smoking exposure regimens
75 S R SSE df {8 MS {4 FE Pl
Source of variation S value df value MS value F value Pvalue
T R I
REME 6.04 x 10° 4 1.51 x10° 2.96 0.03
Exposure duration
FEX
REAE 1.74 x 10° 2 8.71 x 108 1.71 0.19
Exposure concentration
e
R ONEE 1.29 x 101 8 1.61 x 10° 3.16 0.01
Time X dose of interaction
wE 3.07 x10'° 60 5.11 x10°
Error
W B
et 6.10 x10'° 75

Total variation

=103/ (10-nonfilter cigarettes/day regimen)
203 /% (20-nonfilter cigarettes/day regimen)
mm 3037 /K (30-nonfilter cigarettes/day regimen)

40001

3000

2000+

1000

1% B ¥ T Plasma Nicotine (ng/mL)

[=}
T

control
FFE w1 ()
Exposure duration (week)
I 52 EX AL P<0.05,
B 5 FMEEREE MK T EEZN (ng/mL)

Note. " Compared with the control group P <0. 05.
Fig.5 Concentration of the rat plasma

cotinine after CS exposure
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