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= Abstract =
Effects of Vitamin C on Airway Hyperresponsiveness in Heavy Smokers
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Department of Internal Medicine, Gyeongsang National University College of Medicine, Chinju, Korea

Background : Vitamin C has been reported to have a role in the decrease of airway hyperresponsiveness in an-
imal models. This data is based on some metabolic actions of vitamin C, such as promotion of histamine degra-
dation, producing more PGE, than PGFu in cyclooxygenase pathway, decrease of smooth muscle contraction,
and acting as reducing agent of oxidant. It has been also known that heavy smokers have lower blood levels of
vitamin C than nonsmokers and this deficiency in heavy smokers have been explained by several mechanisms,
such as increased oxidation by oxidants and free radicals, increased biosynthesis of catecholamine and seroto-
nin released by nicotine, and inadequate dietary intake. In this study, We attempted to assess effect of vitamin
C on bronchial hyperresponsiveness in heavy smokers who have bronchial hyperresponsiveness and role of vita-
min C on bronchial hyperresponsiveness.

Method : To assess acute effect of vitamin C on airway hyperresponsiveness, blood sample for vitamin C level
and spirometry, methacholine challenge test were done in 17 smokers and 8 nonsmokers, and one hour after
oral administration of vitamin C 3 g, blood sample for vitamin C level and spirometry, methacholine challenge
test were repeated. To assess chronic effect of vitamin C on airway hyperresponsiveness, after daily
administration of vitamin C 1 g for one week in 17 smokers, blood sample for vitamin C level and spirometry,
methacholine challenge test were done. To assess role of vitamin C, after oral administration of vitamin C 3 g
plus indomethacin 100 mg in 12 of 15 smokers who were reactive to methacholine challenge test, spirometry
and methacholine challenge test were done and after oral intake of indomethacin 100 mg in 12 smokers who
were reactive to methacholine challenge test, spirometry and methacholine challenge test were repeated.

Result : There were no significant differences in whole blood vitamin C levels between smokers(1.17 £0.22 mg
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/dL) and nonsmokers(1.14£0.19 mg/dL) (p>0.05). Fifteen of the 17 smokers(88.2%) were reactive to
methacholine chailenge test and 10 of the 15 smokers who were reactive to methacholine challenge test were
less than 8 mg/dL in PC4FEV,, and 7 of the 8 nonsmokers(87.5%) were nonreactive to methacholine chal-
lenge test. There were significant decrease in bronchial responsiveness after oral administration of vitamin C 3
gin 13 of the 15 smokers who were reactive to methacholine challenge test. This significant decrease persisted
with maintenance daily administration of 1 g for one week. PC,FEV, were not correlated to vitamin C levels in
smokers. After oral administration of indomethacin 100 mg, significant reduction of bronchial responsiveness
that occured after oral administration of vitamin C 3 g in smokers were attenuated.

Conclusion ; Although there were no significant differences in whole blood vitamin C levels between smokers
and nonsmokers, heavy smokers have significant increase in bronchial responsiveness than nonsmokers. This
bronchial hyperresponsiveness of heavy smokers can be attenuated by vitamin C supplement. Disappearance of
vitamin C effect by indomethacin supplement may suggest that vitamin C exert its effect via alteration of ara-

chidonic acid metabolism.( Tuberculosis and Respiratory Diseases 1998, 45 : 723-735)
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N=25
17 Smokers
8 Nonsmokers

Blood sample for vitamin C level in smokers
and nonsmokers
=> Spirometry, methacholine challenge test
=> 1 hour after oral administration of vitamin
CBg
=> Repeat blood sample for vitamin C level,
spirometry, methacholine challenge test

|

After 1 week

|

Daily administration of vitamin C (1 g) for 1
week in smokers

=> Blood sample for vitamin C level

=> Spirometry, methacholine challenge test

|

After 1 week

Administration of vitamin C (3 g) plus indo-
methacin (100 mg) in 12 of 15 smokers
who were reactive to methacholine chal-
lenge test

=> Spirometry, methacholine challenge test

After 1 week

|

Administration of indomethacin (100 mg) in
12 smokers who were reactive to methacho-
line challenge test

= Spirometry, methacholine challenge test

Fig. 1. Study design.
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Table 1. Subjects characteristics, FEV,;, MEF;, PC,,FEV,, and vitamin C level in smokers

Subject Sex/Age

Pack FEV,  MEF; PC,FEV, Wholeblood(Plasma) Vitamin C(mg/dL)
(yrs}  {yrs) (%) (%) (MERICEAA, 54 19%, 5139 F) (e C R 4, 7o §)
1 M/27 6  2.9( 82) 3.0( 56) 4.09 5.70 748  1.12(0.76) 1.51¢0.91)
2 M/27 6 3.9(103) 6.0(107) 24.04 >25.00  >25.00  1.12(047) 1.18(0.12)
3 M/26 5  31(91) 41(78) 2.93 >25.00 >25.00  1.34(0.78) 1.34¢0.77)
4 M/26 7 29( 84) 3.6( 68) 4.05 >25.00 >25.00  1.38(1.05) 1.03¢0.44)
5 M/28 10 3.0( 8) 2.8( 53) 3.59 >25.00 >25.00  0.94(0.49) 1.56(0.91)
6 M/28 6  3.5(102) 5.2(100) 0.18 0.56 056  1.27(0.56) 0.98(0.68)
7 M/28 3 3.6(105) 4.5( 83) 1.25 >25.00 >25.00  1.50(0.61) 1.50(0.61)
8 M/30 6 29(8%) 3.3(65 2.77 >25.00 >25.00  1.14(049) 1.50¢0.91)
g M/30 4 3.8(115) 5.5(105) 0.02 2.63 428  0.76(0.32) 1.06(0.48)
10 M/27 6 41(112) 6.0(109) 22.02 >2500 >25.00  1.23(0.92) 1.13(0.56)
11 M/27 2 3.8(108) 5.9(109) >25.00 >2500 >25.00  1.00(0.36) 1.03(0.27)
12 M/26 2450122y 53( 9N >25.00 >2500 >25.00  1.52(0.43) 1.03(¢0.24)
13 M/27 4 31(91) 39072 6.58 2000  >25.00  0.98(0.50) 0.75(0.41)
14 M/26 10 3.7(126) 5.6(108) 9.24 >25.00 >25.00  1.32(0.38) 1.06(0.12)
15 M/29 10 3.4(105) 4.0( 78) 0.15 075  >25.00  1.16(0.25) 1.16(0.25)
16 M/27 5  3.2(89) 5.2(95) 10.00 >25.00 >25.00  0.81(0.30) 1.29(0.29)
17 M/2S 9  3.3(109) 4.3( 83) 10.00 >25.00 >25.00 1.34(0.69) 1.06(0.48)
Mean 275 5.9 3.5(102) 4.6( 86) 1.17(0.55) 1.15(0.50)
SEM 133 2.6 047(13) 11(19) 0.22(0.22) 0.23(0.27)
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Table 2. Subjects characteristics, FEV,, MEFs, PC,FEV,, and vitamin C level in nonsmokers

Subject Sex/Age FEV, MEF s, PC,FEV, Wholeblood(Plasma) Vitamin C(mg/dL)
(ys) (%) (%) (R CEA R, 5 F) (Ve C 54 B, 54 )
1 M/27  3.6( 96)  4.9( 89) >25.00 >25.00 1.00(0.20) 1.20(0.58)
2 M/28  3.2(104)  5.1(104) >25.00 >25.00 0.98(0.69) 1.22(0.81)
3 M/28  3.4(102)  4.1( 79) >25.00 >25.00 1.23(0.98) 1.28(0.67)
4 M/28  3.5(99) 5.0( 95) >25.00 >25.00 1.14(0.96) 1.00(0.18)
5 M/27  35(102) 4.2( 78) > 25.00 >25.00 1.23(0.45) 1.27(0.74)
6 M/27  3.7( 91)  6.5(124) >25.00 >25.00 1.07(0.65) 1.12(0.87)
7 M/27  3.6(102)  6.0(110) 2.84 >25.00 0.94(0.00) 0.84(0.27)
8 M/28  4.2(119)  7.2(131) >25.00 >25.00 1.52(1.25) 1.52(1.25)
Mean 275 3.5(102)  5.4(101) 1.14(0.65) 1.18(0.67)
SEM 0.53 0.47(13) 1.1( 20) 0.19(0.42) 0.20(0.34)

FEV,7|AX& H 3.5+047 Ldch 1793 159 —

o] vekEdol WEAAT olF 108 PCFEV, o] | 008

8 mg/mLolalm g PE 27e FAol 2 0 q

pack yearsgich. DJEFERI] W 15WF 139e & JJ

HlgtEl C 3 g ol F 7l@x] whgo] faiA a N

AU 15 B ojY Ve C1g Fol ¥ 72" g

7)@A) Wgo] ALHUck(Table 1). MFH} 87 3%

2% ORI, WFAHe 27.5+0.534, FEV, 7] s

ANE B 3.6+0.30 LYtk 89F 792 v £ omekers | Nomsmoker

ol Wh3-31A] gk vielE o) vhge 19 HjEt
%1 C 3 g Fo 3 whgalA] gk (Table 2).

2, H[El2l C Fof FE2 viER2 C B

A8 e C =& vel C3 g Fo A% §4
Ao A Zizt P37 1.17+£0.22 mg/dL, 1.19+0.23
mg/dL, B|EFAA AN HF 1.14 + 0.19 mg/dL,
1.18 +'0.20 mg/dL, ¥E] C 3 g o A% €%
el C soe FAA9A 3T 0.55+0.22 mg/
dL, 0.50+0.27 mg/dL, B|&9 #}]A HF 0.65+
0.42 mg/dL, 0.67+0.34 mg/dL.& wvlelwl C 2
HEZke folgh Wste gl(p>0.05)(Table 1,

EFIA e BIFARAME o8 Wsl= fidoHp
>0.05)(Fig. 2). §4x 2 v]FAzIA e} ¥ 1|

Fig. 2. Whole blood vitamin C levels in the
smokers and nonsmokers.

g1 C =9 8% vedl C sxe X271 ot
ABAA7} YAt (r=0.53, p=0.01)(Table 1, 2).
3. H|E}2l C Fof HFL| FEV, o H3l

FAA A FEV, 7IAA=(0lER] C £ A) B
35041047 L, vjEM C3 g %o ¥ By 3.400.
60 L, 135<t ufd veldl C1 g 59 ¥ B4 3.
43+0.48 L2 7|14 A|¢} vjglR]l C3 g o F, 13
S}t v vielel C 1 g 5o & FEV, Zole §9
g W3l tH(p>0.05) (Fig. 3). =3 HEFEA
4 FEV, 71A A+ #H# 3.60+0.30 L, vjetdl
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FEV1 (L)
5 -
4 ;
J§é§
2
1 F p>0.05 p>0.05
0
Baseline  Vitamin C  Vitamin C
(3g) (1g/day for 1 week)

Fig. 3. Values of FEV, observed in smokers in base-
line, one hour after oral administration of vi-
tamin C(3 g) and after daily administration
of 1 g for one week(N=17).

C3g %o & g7 3.50+0.30 L2 7|4 =)} wiehql
C3g %49 ¥ FEV, & o3 Wsh= At
(p>0.05)(Fig. 4).

4. EYRlolM BIENZ] C S0 TE2] PC, FEV, 2 15}

FAAIA vEk C Fo} AFe) PCFEV, ) W
£ HE WE C 3 g o ¥ 7lBA vso] fojat
A AAHUT(p<0.05) 15 F<t L jekal C 1
g Fo Fo ZAW FWA ¥hgo] ALHITH(p>0.
05)(Table 3). FARNA HEE C 5=t PCy
FEV, zloll= fol@ gl gi3ich(Table 4).

5. ofletSelofl BHSshs EdxlollA HIElR! C W in-
domethacin E5 Foi2t SA| £of M2 FEV,
2| ws}

melEdel] veehs 1539 FAAAM 7 4E F
o ¥ FEV,2 vl C3 g &% Fof A5 9
# 3.3+040 L, 3.2+0.40 L, indomethacin 100
mg 95 Fo A F 37 3.3+040 L, 3.3+£0.40
L, vlell C 3 g# indomethacin 100 mg ZA] &

FEV1 (L)
5 -
4%
3 .
——
2 L
1 L.
0 1 1
Baseline Vitamin C
(3a)

Fig. 4. Changes of FEV, observed in nonsmokers in
baseline, one hour after oral administration
of 3 g of vitamin C. There is no significant
change(N=8).

oJd% HF 3.3+0.40 L, 3.3+0.40 L2 7 &
Fo] A% FEV. 2ol o8 ¥ste gt (p>
0.05)(Table 5).

6. HiElZRIo] UHSSHs SoixtolA HIEIR! C X in-
domethacin TH& £0i2l SA| F0{ %L PC,
FEV, 9| 3}

el whgehs 153 FaAA 72 5 F
o HFe] PC,FEV, 9 ¥gE ¥d el C3 ¢
9= Fof Hojl vlg) Fo} F /83| whgo] fo5HA)
228192 (p<0.05) indomethacin ©% Fof 3o
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Table 3. Values of PC,FEV, observed in Smokers in Baseline, One hour after oral administration of vi-
tamin C(3 g) and After daily administration of 1 g for one week

Subject PC,FEV, PC,FEV,
Baseline Vitamin C(3g) P(value) Vitamin C(3g) Vitamin C(1 g, 1 week) P

1 4.09 5.70 NS* 5.70 7.48 NS
2 24.04 >25.00 <0.05 >25.00 >25.00 NS
3 2.93 >25.00 <0.05 >25.00 >25.00 NS
4 4.05 >25.00 <0.05 >25.00 >25.00 NS
5 3.59 >25.00 <0.05 >25.00 >25.00 NS
6 0.18 0.56 NS 0.56 0.56 NS
7 1.25 >25.00 <0.05 >25.00 >25.00 NS
8 2.77 >25.00 <0.05 >25.00 >25.00 NS
9 0.02 2.63 <0.05 2.63 4.28 NS
10 22.02 >25.00 <0.05 >25.00 >25.00 NS
11 6.58 20.00 <0.05 20.00 >25.00 NS
12 9.24 >25.00 <0.05 >25.00 >25.00 NS
13 0.15 0.75 <0.05 0.75 >25.00 <0.05
14 10.00 >25.00 <0.05 >25.00 >25.00 NS
15 10.00 >25.00 <0.05 >25.00 >25.00 NS

P value <0.05 NS

* NS : not significant

Table 4. Relationship between PC,FEV, and Vi-
tamin C levels in Smokers

Subject Whole blood vitamin C(mg/dL)  PC,FEV, p<0.05 p>0.05 p>0.05
1 112 4.09 "
2 112 24.04 5 oel
3 1.34 2.93 B
4 1.38 4.05 §_ os
5 0.94 3.59 oL — —
6 1.27 0.18 el
7 1.50 1.25 I ‘ . . . ‘
8 1.14 2.77 Before After  Before After  Before After
9 0.76 0.02 VoampC iy Viemin gt
10 1.23 22.02
11 1.00 >25.00 Fig. 5. Graph demonstrating PC,FEV, after
12 1.52 >25.00 each drug treatment.
13 0.98 6.58
14 1.32 9.24
15 116 0.15 = 718 Whgo] Fof Ao ulg] Fogt Hze f%
16 0.81 10.00 Z(p>0.05) vlel C 3 g7 indomethacin 100
o - 10.00 mg A £ ¥ Weh C @5 Foln] vehd
P value NS*

7184 whg-9] vt FH(p>0.05) (Fig. 5).

*: NS: not significant
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Table 5. FEV, before and after administration of vitamin C, indomethacin, or vitamin C with indometha-

cin

Vitamin C Indomethacine Vitamin C+Indomethacin
Subject B* A*(FEV,) P(value) B A(FEV) P B A(FEV) P
1 2.9 2.6 <0.05 2.9 2.8 NS 2.8 2.9 NS
2 3.9 3.9 NS** 3.9 3.9 NS 4.0 4.0 NS
3 31 2.8 <0.05 3.2 3.0 NS 3.2 3.0 NS
4 2.9 2.8 NS 3.2 3.1 NS 2.9 3.0 NS
5 3.0 2.9 NS 3.1 3.1 NS 3.2 3.1 NS
6 35 3.2 <0.05 3.7 35 NS 3.6 3.5 NS
7 3.6 3.7 NS 3.4 3.6 NS 3.5 34 NS
8 2.9 2.8 NS 2.6 2.5 NS 2.5 2.6 NS
9 3.8 3.5 <0.05 3.6 3.5 NS 3.7 3.7 NS
10 40 4.1 NS
11 3.1 3.1 NS
12 37 3.6 NS 3.7 3.7 NS 4.0 4.0 NS
13 3.4 3.3 NS 3.5 3.5 NS 34 3.5 NS
14 32 31 NS i
15 3.3 3.1 NS 3.5 3.5 NS 3.2 3.1 NS
Mean 3.3 3.2 3.3 3.3 3.3 3.3
SEM 04 0.4 0.4 0.4 0.4 0.4
Number 15 15 12 12 12 12
P value NS NS
B* : before A* : after
** 1 NS.: not significant
z o I PERCEREPE T E PR
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