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Supporting Materials and Methods

Exposure of guinea pigs to cigarette smoke (CS)  

     Male short hair guinea pigs weighing 400-500 g, were used for all experiments. All methods were approved by the Institutional Animal Ethics Committee, Permit No.797/CPCSEA, University of Calcutta. All efforts were made to minimize suffering of the animals. The guinea pigs were fed vitamin C-free diet for 7 days to minimize the vitamin C level of tissues (S1). This is because vitamin C is a potential inhibitor of CS-induced protein oxidation (S1), which would otherwise counteract the damaging effect of CS. The vitamin C-free diet given to the guinea pigs was similar to that described before (S2, S3), except that wheat flour was replaced by wheat bran. In brief, the diet was composed of 70% wheat bran, 20% vitamin C-free casein, 8% sucrose, 1% USP XVII salt mixture and 1% AOAC vitamin mixture. After 7 days of vitamin C deprivation, the guinea pigs were subjected to cigarette smoke exposure from 5 Kentucky research cigarettes 3R4F/day @ 2 puffs/cigarette/animal in a smoke chamber. The smoke chamber was similar to that of a vacuum desiccator with an open tube at the top and a side tube fitted with a stopcock, as described before (S2).  The volume of the chamber was 2.5 litre. The cigarette placed at the top was lit and CS was introduced into the chamber containing the guinea pig by applying a mild suction of 4 cm water through the side tube for 5 seconds. Thereafter, the vacuum was turned off and the guinea pig was further exposed to the accumulated smoke for another 40 seconds. The total duration of exposure to smoke from one puff was thus 45 seconds. Altogether 2 puffs per cigarette was given, allowing the animal 1 minute rest in smoke-free atmosphere to breathe air between each puff. The gap between one cigarette and the next was 1 hour. This was done to simulate the mode of smoking by humans. Pair-fed sham controls were subjected to air exposure instead of CS under similar conditions. After one week of vitamin C deprivation, the guinea pigs were divided into the following weight-matched experimental groups (n=6/group).  (i) exposed to CS and supplemented with 0.5 mg vitamin C/animal /day (CS-exposed marginal vitamin C deficient group; (ii) exposed to CS and supplemented with 15 mg vitamin C /animal/day (CS-exposed vitamin C sufficient group); (iii) exposed to air instead of CS and fed 0.5 mg vitamin C/animal/day (sham control); exposed to air instead of CS and fed 15 mg vitamin C/animal/day. CS exposure was continued for 8 weeks. At the end of 8 weeks, the guinea pigs were deprived of food overnight and euthanized under deep anesthesia using i.p. injection of ketamine hydrochloride (100 mg/kg body weight) and blood, heart and other tissues were collected for further experiments.

Calculation of the dosage of p-BQ injected in the guinea pigs 

    A guinea pig was exposed to 5 Kentucky research cigarettes/day in a smoke chamber of 2.5 litre, @ 2 puffs/cigarette. Smoke from one Kentucky research cigarette contains 100 µg of p-BSQ (S4).  So the amount of p-BSQ within the chamber should be 50µg per puff in 2500 ml, or 0.02µg per ml. The respiratory minute volume of guinea pig is approximately 160 ml per minute (S5).  As the duration of exposure from 1 puff is 45 seconds, the animal inhaled 120 ml of smoke/puff, which is equivalent to 2.4 µg/puff. For a total of 5 cigarettes or 10 puffs/day, the total amount of p-BSQ inhaled/day will be about 24 µg/animal/day. Considering that p-BSQ is oxidized quantitatively to p-BQ in the lungs by transition metal containing proteins (S6, S7), we injected 25 µg of p-BQ/animal/day. This is approximately the total amount of p-BQ inhaled by one guinea pig/day from the smoke of 5 Kentucky research cigarettes.

The dosage of 25 µg of p-BQ/guinea pig/day is also supported by comparative calculation on the basis of body weight of a moderate human smoker. Smoke from a commercial cigarette contains about 200 µg p-BSQ (S4). A moderate smoker of 70 kg body weight consumes about 20 cigarettes/day. Considering p-BSQ is quantitatively oxidized in the lungs to p-BQ (S6), about 4000 µg p-BQ will be produced in the lungs of a moderate smoker/day. The average body weight of a guinea pig used in the experiments is 450 g. So the amount of p-BQ supposed to be produced in the guinea pig lungs is about  25.7 µg/day.
Preparation of aqueous extract of cigarette smoke (AECS)
     AECS was prepared as before (S8). One milliliter of 50-mM potassium phosphate buffer, pH 7.4, was placed in a 250-ml glass Erhlenmeyer flask with a side arm. A Kentucky research cigarette 3R4F was mounted on a 500-μl pipette tip that penetrated the hole in the stopper of the flask and extended down past the side arm and ended about half way from the bottom of the flask containing the buffer solution. The side arm was connected to a water pump. The cigarette was lit and a puff of CS was introduced into the flask for 5 seconds by applying a mild suction of 4 cm water. The smoke was allowed to dissolve in the buffer for 25 seconds with gentle shaking. The whole process was so devised as to simulate the manner in which the respiratory tract lining fluid was exposed to CS during the process of smoking by humans. Much as a measure to mimic the act of smoking, the smoke was permitted to come into contact with the thin layer of buffer solution in the bottom of the flask avoiding direct bubbling. Altogether 10 puffs of smoke were introduced into the flask for a period of 5 minutes. The resultant dark yellow colored solution is termed whole phase CS solution. The pH of the whole phase CS solution was adjusted to 7.4 by addition of 2N sodium hydroxide solution, after which it was filtered through a 0.22-μm Millipore filter (Bedford, MA, USA). The AECS was used without delay.
Measurement of p-benzoquinone (p-BQ) in AECS

    p-BQ was measured by HPLC. The column used was a LichroCART 350-4, RP-18 (5 μm) (Merck). p-BQ was detected at 245 nm at the retention time of 4.75min using a mobile solvent of methanol: water (90 : 10 v/v) at a flow rate of 0.5mL/min. The limit of detection was 500 pg (S9).

Measurement of vitamin C in plasma of human volunteers  

    To the plasma collected from human volunteers was added dithiothreitol (DTT) (1 mmol/L final concentration) to prevent loss of vitamin C by autooxidation. To this an equal volume of 10% metaphosphoric acid solution was added, shaken thoroughly and centrifuged at 19,000g for 15 minutes. Vitamin C in the supernatant was measured by HPLC. The column used was Lichro CART 250-4 NH2 (Merck); the mobile solvent, acetonitrile: 50 mM potassium dihydrogen phosphate solution (75:25, v/v); flow rate, 1.5 ml/ min. VitaminC  was detected at 254 nm. The retention time of vitamin C was 6.1 min. limit of detection 500 pg (S6). 
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