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= Abstract =
Effects of Vitamin C on Airway Hyperresponsiveness in Heavy Smokers
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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 PGF. 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 rale 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
Jess than 8 mg/dL i1 PC,FEV,, 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
g in 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 administratior. 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
C@Be
=> 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|, MEFs, PC,FEV,, and vitamin C level in smokers

Subject Sex/Age Pack FEV, MEFs; PCLFEV, Wholeblood(Plasma) Vitamin C(mg/dL)
(yrs)  (yrs) (%) (%)  (MERICEAA, 5 14F, 51579 %) (e CFA A, Fo F)
1 M/27 6 2.9( 82) 3.0( 56) 4.09 5.70 7.48 1.12(0.76) 1.51(0.91)
2 M/27 6  3.9(103) 6.0(107) 24.04 >2500 >25.00  1.12(047) 1.18(0.12)
3 M/26 5 3.1(91) 4.1( 78) 2.93 >25.00 >25.00 1.34(0.78) 1.34(0.77)
4 M/26 7 2.9( 84) 3.6( 68) 4.05 >25.00 >25.00 1.38(1.05) 1.03(0.44)
5 M/28 10 3.0( 86) 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 0.56 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 2.9( 89) 3.3( 65) 2.77 >25.00 >25.00 1.14¢0.49) 1.50(0.91)
9 M/30 4 3.8(115) 5.5(105) 0.02 2.63 4.28 0.76(0.32) 1.06(0.48)
10 M/27 6 4.1(112) 6.0(109) 22.02 >25.00 >25.00 1.23(0.92) 1.13(0.56)
11 M/27 2 3.8(108) 5.9(109) >25.00 >25.00 >25.00 1.00(0.36) 1.03(0.27)
12 M/26 2 45(122) 5.3( 97) >25.00 >25.00 >25.00  1.52(0.43) 1.03¢0.24)
13 M/27 4 3.1(91) 3.9( 72) 6.58 20.00 >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 0.75 >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/29 9 3.3(109) 4.3( 83) 10.00 >25.00 >25.00 1.34(0.69) 1.06(0.48)
Mean 27.5 5.9 35(102) 4.6( 86) 1.17(0.55) 1.19¢0.50)
SEM 1.33 2.6 047(13) 1.1( 19) 0.22(0.22) 0.23(0.27)

2) H|EFERI 7| X FeUEAL

Chai 20| d&ale Wl =t &34 (Dosime-
ter)7} B39 9%7](Devilbis model 646 Rosenthal
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(Sigma chemical Co. USA) #%=& 0.075 mg/
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1.25 mg/mbL, 2.5 mg/mL, 5 mg/mL, 10 mg/
mL, 25 mg/mL2 Z7HX7]8A 42 58 ¥4
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dA 71AKRT 20% 01 AT UE W(PCy
FEV,) o4 uhgo g 753la AALE 98k

3) nigll C &Y
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EDTA7} 0.05 ml SolglE= vacutainer A&
Ag-ste] Yp3 4417 ool Roest Kuether™
o] Hhgo| %8 2,4-dinitrophenylhydrazine(2,4-
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Table 2. Subjects characteristics, FEV,, MEF,, PC,;FEV,, and vitamin C level in nonsmokers

Subject Sex/Age FEV, MEF;, PC,FEV, Wholeblood(Plasma} Vitamin C(mg/dL)
(yrs) (%) (%)  (MERICE] Y, S %) (MEPE C5cd B, Bod £)
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) 1.29(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  3.5(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 27.5 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|42l& B¢ 3.5+£047 LYtk 1795 159 —

o] vlelZdol WEEAT ©|F 108 PC,FEV, o] 5 P>0.08

8 mg/mLoj8lAT ¥hgsx] Y= 29 FAo] 2 % 15

pack years$it}t. ofelgdo) yre-3k 159% 139 e

HER C 3 g Fof ¥ 7lakx) whgo] frolab 7a !

U3 13 S i HER C1g S ¥ 74w 3

718 Whgo] A4EgIck(Table 1). HlFdat 8% 3 °°

BT A, g7dae 27.5+0.534, FEV, 7] 8

AAE W 3.6+£0.30 L¥TH 8%WF 7R vk é R— Nomeoems

ol whgalx) ok delEe) whed 19e ule
% C3g Fof  uhgshal YATH(Table 2).

2. |ejgl C Fof H¥e| viEl C B

Y vehl C w2 v C3 g Fo 3% §4
Aol Ztzh g7 1.17+0.22 mg/dL, 1.19+0.23
mg/dL, v]FdRlA HFE 1.14 + 0.19 mg/dL,
1.18 +'0.20 mg/dL, ¥e}?l C 3 g o AF ¥
Hell C s {494 H7F 0.55+0.22 mg/
dL, 0.50+0.27 mg/dL, H]§ 2ol A T 0.65+
0.42 mg/dL, 0.67 £0.34 mg/dL2 HE C B4
AEZe R ¥zh= i (p>0.05)(Table 1,
2) FAA} HFAAME 2T Ml AATHp
>0.05)(Fig. 2). Fax & v|EFARIA ] AE v

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

Bl C vk} €3 vlet) C 52e M2k o3
2BEA7} AKX (r=0.53, p=0.01)(Table 1, 2).

3. H[ElRl C Fof M o] FEV, 2| ¥}

FdAelA FEV, 7|AX=(uelR] C o A) HF
3.50+047 L, ¥el7) C 3 g 5o ¥ 7 3.40+0.
60 L, 155<t vid vjEl) C 1 g Fof ¥ HF 3.
43+£048 L2 7]AXo} HlE} C3 g 5o 3, 12
¢ Y vEl C1g §4 ¥ FEV, e 9
@ Wske YAtk (p>0.05)(Fig. 3). £% wiFdAx
A4 FEV, 7IXxj& H# 3.60+£0.30 L, vjetal
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FEV1(L)
5 -
-
4 -
3 L g
2 }-
s p>0.05 p>0.05
0 :
Baseline Vitamin C  Vitamin C
(3g) (1 gday 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 & 7 3.50+0.30 L2 7] x)¢} v]glql
C 3 g 59 & FEV, Tl fod ¥de i
(p>0.05)(Fig. 4).

4. ZeixtollAM HELR! C 0 M¥2| PC, FEV, 2| H8}

F4AlA vleR] C 5o 2AF9] PCFEV, S st
£ 1 el C 3 g Fo ¥ 7j8A vl Fost
A 2SR (p<0.05) 13 F¢ = vlgRl C 1
g 7o o A" 78R wgo] A& (p>0.
05)(Table 3). FdAA vl C F=9 PCy
FEV, ZtllE #23 daaAe o (Table 4).

5. BElBRIo| WSsH= &cixlollM HIER! C S in-
domethacin B Foi2t EAl Fof F¥2| FEV,
o| Bist

welZdel whgakE 1539 AR M & FE F
o A% FEV,& vl C3 g ©5 7o 3% 3
7 3.3+0.40 L, 3.2+0.40 L, indomethacin 100
mg 9% $o A F BJF 3.3+040 L, 3.3+£0.40
L, 8]e}? C 3 g3} indomethacin 100 mg FA] ¥

FEV1 (L)

5 -

4 ] ——

5l E-
p>0.05

2 .

1 L

0 1 l

Baseline Vitamin C

(3g)

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=28).

A% HF 3.3+£040 L, 3.3+£0.40 L2 7} &
Fol A%Fe FEV.Ze fo% Hske st (p>
0.05)(Table 5).

6. olEb@elol BH23Hs BoiXiolA HIENI C X in-
domethacin EtS $0i2} EA| £0{ FEL| PCy
FEV,9| 3}

WElE Yol vhgahe 1599 FARIN 24 8 F
o AFe] PC,FEV, 9] ¥slE B vgl C3 g
UE o Ao vjg] Fo F 78R kgl fo5HA
743193 (p<0.05) indomethacin &% Fof Fo
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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(3 g) 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>0.08 p>0.05
6 r
1 112 4.09 1_
112 24.04 os |
1.34 2.93 o
L / /

2 -

3 ;

4 1.38 4.05 §-,°.

5 0.94 3.59 ol

6 1.27 0.18 el

7 1.50 1.25 -2 . N . . L L

8 1.14 2.77 Befere After  Befors After  Before After

9 0.76 0.02 s < Mgmiye VieminC tistemetach
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 1.16 0.15 ‘\TL:" 7]%‘.'21 lﬂ'%o] %q x‘_-lo]] H]&H -ﬁ--‘l]‘ﬂ- ‘aﬂ't‘ 3121
16 0.81 10.00 3 (p>0.05) vjgll C 3 g7} indomethacin 100
7 13 1000 mg §4 Fo Fo= vjelyl C @E FojA) Uehd
P value NS*

7182 w9 727t YA (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 39 NS 4.0 4.0 NS
3 3.1 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 3.5 3.2 <0.05 3.7 3.5 NS 3.6 3.5 NS
7 3.6 3.7 NS 3.4 3.6 NS 3.5 3.4 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 4.0 4.1 NS
11 3.1 3.1 NS
12 3.7 3.6 NS 3.7 3.7 NS 4.0 4.0 NS
13 34 3.3 NS 3.5 3.5 NS 34 3.5 NS
14 3.2 3.1 NS )
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 0.4 0.4 04 04 0.4 04
Number 15 15 12 12 12 12
P value NS NS NS
B* : before A* : after
** - NS : not significant
- = PGAIAE Wtz oz JYoludA 3] 2

vjeldl Cot 7= #Rlvre-& @3lA)7)E 71des A
A 7|8 42288 3= prostaglandin(PG)F.e
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& AF3®, YA FEZ 532 gAY, o
redox A& A A7]= FLo 710t dicph.

Puglishi §'2-& 7]Uotge] 7|=x2e| vjeld] C
71 PGE,9) A4e] 3713191 vid= 3 g
413 o] 7=z AdA PGE, ¥t} PGF.a
o] Z7Hre BEsI9 e Dawson T'22 Hlet
g CE 7Ivelg oA 3| 2Etle] % 7|94 5
Zee-& 3cta 3t Brink 592 vlgwl C

3 /18R] 53 7)=8g-g WAk dEs}
9t T3 Orehek 598 7|Vold 7j=xZ & 3]
2ElRlo 2 £5A)719 7]EH o2 PGE7F A=Y
Hgldl C7} o] BA& FVHIFY HEZ $50| 4
8 A¥E PGE7L 3718c 2 813}, Pugh 59
< BulelRle] AYE Ao|= PGE, A4& 744
73 FEWo] e 7ol e PGF.a A4S 27}
AlZlcka ¥t

ols} o] FEAHAE vlElRl Co] 7]@A] ¥
Sl st YXE AFEHE LHEIIoYO ¢
AAFAME i =] Ut Zuskin'?,
Ogilvy $'9& A4elo] 3|xgldlojy defZdoz
F& R vER C2 ANAE 9 7184 F

P=-3
=
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R ZPYel drls st AAE oplete ¥R
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Tt ZAAT 8k}, oje} o] Bigkl Cot
7182 Ao] o] ks AUt e whA 1938
d Hunt& HlElR] CE uid Bg3igiod H4 &
A ddd AL B F Ut sgw
Kreisman %%, Kordansky %2, Ting %%,
Malo 3#& vjglgl C1-2 g Fo A% 718=] vkg
o] 34| gigictn &k

oldat Ze vgll Co 7|x=nkgd] g Awra
A EF Eo disld £ AFAEL FIA A
vieldl Co] a38 sl nol. Fdxke= 7|8
2] ¥hgo] F71E 3 vgNl C FFEr} ¥ Ao
2 BasED et ol AR (oxidant) 3} @444
2 (oxygen free radical)ell ¢J§ oxidation 27},
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