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Abgtract: Problem statement: Patients with active pulmonary Tuberculosis (TB) aralnourished as
indicated by reductions in lean mass, anthropometdices and micronutrient status. Supplementation
with vitamins may prove to be beneficial. Limiteafarmation is available on the supplementation of
vitamin C and E in pulmonary TB patients. Hences finesent study was undertaken to address the
question whether any benefit could be demonstratddsupplementation of antioxidant vitamins C and
E and in combination in pulmonary TB patiendgproach: A five arm study was carried out for a
period of 6 months in which the normal healthy whers served as control group and the sputum
positive category | pulmonary TB patients servedhastreatment group. Three out of the four patient
groups received the antioxidant vitamin supplenté@maof either vitamin C, vitamin E or in
combination along with ATT, whereas fourth grougaieed ATT alone. Plasma concentrations of
vitamin C and E were analyzed pre, during and posit Tuberculosis Therapy (ATT) to establish the
role of oral supplementation of these vitamins. t8puculture was also done at all the three times
points for Mycobacterium tuberculosis. To study the possible interaction and influendetlme
supplemented vitamins on LDL-C and HDL-C and otligid parameters a lipid profile was carried
out. Results: (1) All the patients in the treatment groups tdrrsputum at the end of 2 months of
treatment. (2) There was a significant improvemantthe body weights of the patients upon
supplementation with antioxidant vitamins. (3) Tdewas a significant increase in the of plasma
ascorbic acid and-tocopherol levels after 6 months of treatmenthia vitamin C and vitamin E
supplemented groups. (4) The HDL-C levels increasiphificantly in the antioxidant vitamin
supplemented groups. (5) Lower levels of LDL-C wegbserved in the antioxidant vitamin
supplemented groups when compared to the un-supplech group.Conclusion: The plasma
concentrations of ascorbic acid angtocopherol increased significantly after their tdig
supplementation. The increase could also be duthdosynergy exhibited by both the vitamins.
Vitamin C and vitamin E supplementation influentked lipid profile by increasing the serum HDL-C,
improving the total cholesterol levels and decmggsihe LDL-C concentration in the antioxidant
vitamin supplemented groups.
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INTRODUCTION atherosclerosis, respiratory tract, neurodegemnerati
disease, inflammatory bowel disease, cancer and in
Pulmonary Tuberculosis (TB) is an infectious andagind®®. Human tissues are protected from oxidative
contagious disease which apparently develops undetamage by a variety of mechanisms including small
conditions of a deficient immunologic response. Themolecular weight antioxidants like vitamins C and.E
immune system requires a wide variety of nutrignts Of all essential nutrients, vitamin C has generated
function adequately and some studies suggest thatreatest interest for its potential influence ormiome
nutritional supplementation may represent a novefunction and host defense. Vitamin C supplement® ha
approach for fast recovéty been shown to alter many different indexes of human
Free radicals are thought to play a major rolthér  immune responses and the concentration of vitam C
etiology of a wide variety of diseases including high in activated neutrophils and macroph&gés
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Vitamin E (@-tocopherol) is one of the major, four corporation dispensaries in Chennai were
antioxidant found in membranes and is found toapproached to participate in the study. The patient
improve the immune functioHs Several studies have were grouped as follows:
shown that the association of ascorbic acid and the
derivatives witha-tocopherol enhances the antioxidant Group I:  Controls (normal healthy volunteers, nG3 3
capability of both the two vitamins. In studies lwit Group Il: Patients  undergoing  Anti-Tuberculosis

human subjects, vitamin C supplementation increased Treatment (ATT) alone, (n =5)

plasma lipid standardized-tocopherdf!. Vitamin C  Group llI: Patients receiving vitamin C in additida
supplementation also led to a higher level of vitab ATT, (n=5)

in plasma of the participants who were admimeddle Group IV: Patients receiving vitamin E in additiom
800 mg day' of vitamin E than in participants ATT, (n =5)

administered vitamin E aloKe Vitamin E and Group V: Patients receiving vitamin C and vitamin E
vitamin C act as antioxidants independent of edhkro in addition to ATT, (n=5)

and protect cells when compared to cells lackinth bo
vitamins C and E. Vitamin C can also regenerate Patients were treated with category | regimen
oxidized Vitamin E by reducing it back to its aetiv according to RNTCP (Revised National Tuberculosis
form. The key step is the reaction between theControl Program) guidelines and were given short
tocopheroxyl radical and vitamin ®&. Vitamin C  course chemotherapy DOTS (Directly observed
regenerates active vitamin E and increases chodéste treatment short course). The regimen consisted of
excretioft. Isoniazid 600 mg, Rifampicin 450 mg, Pyrazinamide

As an antioxidant vitamin C protects lipids, 1500 mg and Ethambutol 1200 mg thrice weekly fer th
particularly LDL-C from oxidation. It is the only first 2 months followed by Rifampicin and IsoniaZad
antioxidant that has been shown to prevent thatiih ~ the next 4 months. Patients in groups Il to V reeg
of the oxidative chain reaction in lipids trappifrge  vitamin C or vitamin E or both on days they recdive
radicals in the agueous phase before they cansdiffu ATT. All the drugs including vitamin supplementatio
into lipids such as LDE?. It affects serum cholesterol were administered under supervision.
concentration, possibly through its role in the Sputum samples of all the TB patients were tested
production of enzymes involved in the biosynthesis for mycobacterium tubercle at 2and 6 month after th
hydroxylation of cholesterbf.vitamin E has been start of the treatment.
shown to slow the rate of LDL oxidatioh™

Several studies have reported that patients witlExclusion criteria:
active pulmonary TB are malnourished as indicated b
reductions in lean mass, anthropometric indexes and presence of causes of secondary immunodeficiency

micronutrient status. Malnutrition compromises learr such as HIV, renal transplant patients, diabetes
function, allowing easier access by pathogens and eliitus or malignancy

compromises immune function thereby, decreasing thg Hepatitis B and C positive patients

ability of the host to eliminate pathogens oncsy thieter

the body. Thus, malnutrition predisposes to infect’ ’ Patie_nts with extra pulmo_nary T8 and/or patients
) ’ ’ requiring surgical intervention.

Therefore supplementation with vitamins may . .
prove to be beneficial. Limited information is deble  ° Curr_ently_ receiving cytotoxic therapy, or have
on the supplementation of vitamin C and E in received it within last 3 months.
pulmonary TB patients. Hence the present study was
undertaken to address the question of whether angIIt
benefit could be demonstrated with supplementation

The purpose of the study was explained in detail t
he participants and only those who were wglito
antioxidant vitamin C and vitamin E and in their partipipate were recruited._ .Informed consent  was
combination in pulmonary TB patients and also toobtamed from all th.e. participants. The study was
conducted after obtaining approval from the Ethical

evaluate their effect on the serum concentratiohs o . ? .
ascorbic acidg-tocopherol and lipid profile. committee of Madras Medical College, Chennai.

Design and conduct of study: The study was
MATERIALSAND METHODS conducted at four corporation dispensaries in Caenn
All the patients were investigated before initiatiof
Subjects: Sputum positive pulmonary TB patients in the treatment (0 month) and at 2 and 6 months #fter
the age group of 25-60 years of either sex, regidtsn ~ start of treatment. The control subjects were
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investigated at only one time point. At all thremd¢  Ltd, Mumbai, India) following the manufacturer's

points blood samples were collected in hepgeth instructions VLDL-C was calculated by subtractihg t

(3 mL) and plain vacutainer tubes (2 mL) after ansum of HDL-C and LDL-C from total cholesterol.

overnight fast of 12 h. The heparinised plasma wezsl

for vitamin C and vitamin E estimations and seruasw Stat|$|ca| ana|ySiS: Statistical eVaIuation was Carried

used for measurements of lipids. Plasma and seru#sing SPSS (version 14.0). All the values were

samples were stored at-80°C until analysis. expressed as mean and standard deviation (mear).= SD
The mean values obtained in the different studygso

Estimation of vitamin C (Ascorbic acid): Vitamin C ~ was compared by Student’'s t test and ANOVA Post-

was estimated as ascorbic acid in plasma. Ascadit ~ Hoc (Tukey).Test was performed with 95% confidence

was measured spectrophotometrically by  2,4interval or 5% level of significance.

dinitrophenylhydrazine meth88. In brief, plasma was

mixed with meta phosphoric acid, thiourea, copper RESULTS

sulphate and 2,4 dinitrophenylhydrazine and incedbat

in a 37°C water bath for 3 hrs, to all the tubesl2of Plasma levels ofi-tocopherol, ascorbic acid and

cold H,SO, (conc.) was added and optical densitylipid profile were determined in a total of 20 puinary

recorded at 520 nm. tuberculosis patients before treatment i.e.Q,a®
and 6 months of treatment. Thirty healthy volunseer

Estimation of vitamin E (a-tocopherol): Vitamin E served as control. Demographic data and clinical

was estimated astocopherol in plasma. Plasma levels profile of controls and pulmonary tuberculosis gats

of a-tocopherol was estimated by HPLC according 10 2re shown in Table 1. The patients of all the treait

Elisabeth Teissi€/’. The HPLC system used was roups were sputum negative at 2 and 6 months of

Shimadzu Vp Series (Shimadzu Corporation, JapamAtt The paseline hemoglobin (Hb) levels in patient

CaIPREd W i U (LC-10 AT VD), IUOrESCen groups wen compared withth contol group shomed

. y (SCL- significant decrease (p<0.001). However, at the @nd

AVp). In brief, plasma sample were suitably diluied L . .
methanol and centrifuged and an aliquot of the6 months of ATT there was a significant increasthin

supernatant was injected directly into a reversesph P levels (p<0.001) in all the supplemented groups.

Cus column (LIChroCART 5 pm, 250+.0 mm, Merck The Hb levels increased from baseline level of
KgaA, Germany):a-Tocopherol was measured by its 10.00 gm % to 15.35 gm % at 6 months of treatment i

native fluorescence (350 nm excitation, 440 nmthe vitamin C supplemented group, (group lil). A
emission) wavelength. significant increase (p<0.01) was also observethé

ATT group, (group 1) between the baseline level
Lipid profile: Total cholesterol, triglycerides, Very hemoglobin of 10.2 gm % to 13.5 gm % at end of 6
Low Density Lipoprotein-C (VLDL-C), Low Density months of treatment. At the end of 6 months of
Lipoprotein-C (LDL-C) and High Density Lipoprotein- treatment the Hb level in group Il (15.35 gm %)an
C (HDL-C) were measured using the enzymatic Kitsgroup V (15.22 gm %) showed a significant increase
supplied by ERBA-TEST, (TransAsia Bio-Medicals (p<0.01) compared the group Il (13.5 gm %).

Table 1: Demographic data and clinical profile ofttols and pulmonary tuberculosis patients

Time interval Control group ATT alone ATT +VitC ATT + VitE ATT+C+E
Particulars (months) (Group 1) (Group 1) (Group Il (Group IV) (Group V)
No of subjects 30 5 5 5 5
Males 15 3 3 4 2
Females 15 2 2 1 3
Age 25-60 26-51 25-58 27-56 26-60
Sputum 0 Negative Positive Positive Positive Positi
2nd Negative Negative Negative Negative
6th Negative Negative Negative Negative
Hb%§ 0 14.5+2.01 10.20+1.62* 10.00£0.82%** 10.02+1.0%+** 10.43+0.58+
2nd 11.16+1.1 12.14+1.27 11.35+1.12 11.96+1.07
6th 13.50+0.60+* 15.35+1.18%+ O+ 14.10+1.38* 15.22+0.88 + 1+x
Body weight in Kgs § 0 63.5+13.0 45.00£150 45,509 .5%** 45.00+7.0%** 44.50+10.0+*
2nd 45.50+10.0 48.00+10.0 48.00£7.0 47.50+9.0
6th 47.00+10.0 51.50+9% + % 52.507.0 *™ 52 00£10.07* +i*
§: Results are expressed as mean = SD; Control Mertth of group II, Ill, IV and V-a; Control Vs 6tmonth of group II, I, IV and V-b;

Group Il 0 month Vs group Il 6th month-c; Group0limonth Vs group Il 6th month-d; Group IV 0 morith group IV 6th month-e; Group V 0
month Vs group V 6th month-f; Group Il 6th month §f®up Ill 6th month-g; Group Il 6th month Vs grolyp6th month-h; Group Il 6th month
Vs group V 6th month-i; *: p<0.05; **: p<0.01; ***p<0.001
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Fig. 1: Serum ascorbic acid levels in control aeatment
groups. The blood samples were collected befor
the start of the treatment (O month) and follow up

(fig.Z: Serum o-tocopherol levels in control and
treatment groups. The blood samples were

was done at 2nd and 6th of treatment. Following collected before the start of the treatment. (O
comparisons were done: month) and follow up was done at 2nd and 6th
Control Vs 0 month of group II, Ill, IV and V-a; of treatment. Following comparisons were done:
Group Il 6th month Vs group Ill 6th month-g, Control Vs 0 month of group I, I, IV and V-a;
Group Il 6th month Vs group IV 6th month-h; Group Il 6th month Vs group Il 6th month-g;
Group Il 6th month Vs group V 6th month-i; Group Il 6th month Vs group IV 6th month-h;
*: p<0.05; **: p<0.01; ***: p<0.001 Group Il 6th month Vs group V 6th month-i;

*: p<0.05; **: p<0.01; ***: p<0.001

Malnutrition is usually associated with pulmonary
TB patients. The body weights of treatment groups
were significantly lower (p<0.001) with an averagle A significant increase (p<0.001) was observed in
45 kg when compared to the control group 63.5 K. A groups Il and V when compared to groups IV anetll
the antioxidant vitamins supplemented groups (groughe end of 6 months of treatment. The plasma agcorb
I, V and V) showed a significant increase (p<(Q.01 acid were found to be decreased from (1.03+0.03 mg
with an average increase of 7 kg in body weighdrat dL™ to (0.97+0.01 mg/ dI¥) at 0 and 6 months in the
months of treatment. A notable increase of p<0.@S w group II.
observed in all the supplemented groups when Plasma o-tocopherol levels in normal healthy
compared to the 6th month values in group II. volunteers and pulmonary tuberculosis patients, & 0

Plasma ascorbic acid levels in pulmonaryand 6 months of treatment are shown in Fig. 2. At
tuberculosis patients and normal healthy volunteees baseline thea-tocopherol levels were found to be
shown in Fig. 1. The mean plasma ascorbic aciddeve significantly lower (p<0.001) in patient groups kvian
were significantly lower (p<0.001) at baseline wéth  gyerage of 0.83 mg dt. when compared to the control
average of 1.08 mg dt in all TB patients when gro4n level of 1.27+0.10 mg dt. No significant

compared to controls 1.52+0.07 mg_'HLHoweyer, _increase in plasma-tocopherol levels was observed
there was no significant difference in ascorbicdaci after 2 and 6 months of treatment in group II.

Ievels_ among patient groups I, I, 1V and V at However, at 2 months of supplementation the
baseline. At 2 months of.tr(.aatment_thg .plasma_t agcor tocopherol levels were increased significantly ioup
levels showed a statistically significant increase 1

o II, 0.93+0.02 mg dC (p<0.05), group IV
(p<0.001) among all the three vitamin supplemente 18+0.09 ma dr* and aroup V 1.08+0.02 ma gL
groups when compared to those on ATT alone. Ng <0.001 r? 9 d f their basell Ig s of
significant difference in plasma ascorbic acid lsve ( . ) when (J:rompare do e|r+ase ine evejds 0
were observed between 0 and 2 months of treatment p.83_0.91, 0.84+0.02 an 0.8320.01 mg L
group Il (1.030.03 mg di* and 1.05+0.02 mg db). respectively. Group Il did not show any significant
After 6 months of treatment, groups Il (xep9  difference. o _ _
mg dL™) group IV (1.34+0.03 mg dL) and group V There was a S|gn|f|cant increase (p<0.001) in
(1.42+0.02 mg dIY) showed a significant increase 9roup V (1.45+0.04 mg dL) at the end of 6 months of
(p<0.001) in the plasma ascorbic acid levels wherireatment as compared to group Il (0.88+0.01 mg)dL
compared to group Il (0.9740.01 mg dJ, indicating  group Il (1.12#0.02 mg dt) and group IV
increase in ascorbic acid levels upon supplememtati  (1.26+0.03 mg dL’).
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Fig. 3: Serum cholesterol levels in control anétiment  Fig. 4: Serum LDL-C levels in control and treatment
groups. The blood samples were collected before groups. The blood samples were collected
the start of the treatment. (O month) and follow before the start of the treatment (0 month) and
up was done at 2nd and 6th of treatment follow up was done at 2nd and 6th of treatment.

Following comparisons were done: Following comparisons were done:
g P ' Control Vs 0 month of group II, I, IV and V-a;

Control Vs 0 month of group I, 11, IV and V-a; Group Il 0 month Vs group Il 6th month-c;
Group Il 0 month Vs group II 6th month-c; Group Il 0 month Vs group Ill 6th month-d;
Group IV 0 month Vs group IV 6th month-e; Group IV 0 month Vs group IV 6th month-e;
Group V 0 month Vs group V 6th month-f; Group V 0 month Vs group V 6th month-f;
Group Il 6th month Vs group IV 6th month-h; *: p<0.05; **; p<0.01; ***: p<0.001

Group Il 6th month Vs group V 6th month-i;

*. p<0.05; **; p<0.01; ***: p<0.001 significantly in from 149.40+35.0-78.26+36.81 mg

dL™ in groups IV and 137.90+34.96-72.02+44.60 mg
dL™ in group V (p<0.001), from 142.64+31.15 mg
dL™-116.37+#30.60 mg d! groups Il and from
136.06+31.15-92.26222.60 mg dlin group Ill with a
p-value of (p<0.05).

Levels of o-tocopherol at the end of 6 months of
treatment in group IV (1.2620.03 mg d). was

similar to that seen in normal healthy volunteers
(1.27+0.10 mg d[*). On the other hand, we observed a i +
significant increase of (p<0.01) itocopherol levels LDL-C in group Il (116.37:30.60 mg df) after 6

| onths of treatment were similar to that of normal
after 6months of treatment in group V when compare{]ealthy volunteers group (118.78+22.91 mg3iLIn
to the normal healthy volunteers.

Fig. 5 the serum HDL-C levels were low (p<0.001) at

All TB patients had low levels of total cholestero y,qejing in patient groups when compared to theraion
LDL-C and HDL-C compared to the control group. group.

However, the levels increased upon ATT treatment. A°  gerum HDL-C levels increased significantly

significant increase (p<0.01) in total cholestemlels (p<0.05) from baseline to 6 months of treatment in
Fig. 3 were observed following 6 months of treattrian groups Il (21.46+6.61-32.25+9.98 mg d). where as

all groups with an average level from 128.21428.0-group IV (23.33+10.62-31.38+6.53 mg d). and V
159.67+34.2 mg dL in all patient groups except group (22.44+10.62-33.86+5.36 mg d). Whereas, group Il

Il where pre and post treatment cholesterol levedse  showed a significant increase of (p<0.01) (21.48%6.
125.82+31.02 mg dt and 122.0+30.69 mg dt  40.93+6.99 mg d’. However, the treatment groups
respectively. Total cholesterol levels significgntl had levels significantly low even after 6 months of
increased from 0-6 months of treatment in groujpdiin ~ treatment (p<0.01) compared to the control group
129.36+30.65-141.0234.88 mg dL(p<0.05) group IV  (47.45+10.60 gm dL}).

128.58+29.80-171.83+32.02 mg dL(p<0.001) and The serum levels of VLDL-C and triglycerides did
group V 126.69+23.59-166.18+35.74 mg UL not show any significant difference between corrud
(p<0.001). the treatment groups. During the course of therreat

Baseline serum levels of LDL-C in Fig. 4 at 0 mMont the VLDL-C levels as shown in Fig. 6 increased
were higher (p<0.001) in all the patient groups mvhe significantly (p<0.05) from baseline levels in gpsulV
compared to the normal healthy volunteerspord6  31.20+6.84-36.58+13.50 mg dL and group V
months of treatment LDL-C levetiecreased  28.61+9.29-34.88+10.63 gmdL No significant
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Momonth:  Mndmonth,  WSth difference was observed between 0 (baselinall 6a
- month levels of VLDL-C in groups Il 25.86+10.06-
24.54+13.89 mg dI* and group Il 32.38+5.70-
29.40+8.80 mg dI*. Group Il showed a significant
decrease (p<0.001) in the levels of triglyceridesnfthe

Mg dL. !

Group I ' Group II Group III ! Group IV ! Group V

e el el . e baseline 126.20+20.33-6 mg dLmonths 84.53+15.59
mg dU. As shown in Fig. 7 a significant increase
(p<0.05) in triglycerides level between the 0 and 6
onths of treatment in the groups IV (from
21.62+21.53-138.15+20.63 mg d). and V (from
120.34+20.53-137.45+16.53 mg d).was observed.

Fig. 5: Serum HDL-C levels in control and treatment
groups. The blood samples were collected
before the start of the treatment (0 month) an
follow up was done at 2nd and 6th of treatment.
Following comparisons were done:

Control Vs 0 month of group II, 1, IV and V-a;

Control Vs 6th month of group II, Ill, IV and DISCUSSION

V-b;

Group 111 0 month Vs group Ill 6th month-d; This study investigated, whether supplementation
*: p<0.05; **: p<0.01; ***: p<0.001 with anti-oxidant vitamins C, vitamin E alone or in

combination has a measurable effect on plasmadevel
of ascorbic acid andi-tocopherol. There are reports
stating that low levels of vitamin A and anti-oxida
vitamins C and E have been observed patients with
TB™. We also extended our study to correlate the
changes in lipid profile with antioxidant vitamins
‘ . , , supplementation in pulmonary TB patients. Patients
ey  mes Eh wEt mEs with TB had low plasma levels of ascorbic acid when
' compared to normal healthy volunteers, howevergnon
Fig. 6: Serum VLDL-C levels in control and treatrhen could be regarded as deficient in vitamin C. Vitar@i
groups. The blood samples were collectedconcentration of the supplemented group increased
before the start of the treatment. (0 month) androm baseline after 6 months of intervention inditz
follow up was done at 2nd and 6th of treatmentthat plasma ascorbic acid takes longer to show a

O 0 month M 2nd month E 6th menth

Following comparisons were done significant increase. A leveling-off in plasma viten C
Control Vs 0 month of group II, 11I, IV and V-a; levels with increasing doses of vitamin supplemiora
Group IV 0 month Vs group IV 6th month-e; has been reported by Hallfrisehal ..

*: p<0.05, **: p<0.01, ***: p<0.001 Plasmaa-tocopherol levels also improved upon

supplementation of vitamins E and C, this improveme
in plasmaa-tocopherol levels suggests synergism of
vitamin C with glutathione peroxidase to revitalize
vitamin E. Three antioxidants that were signifidant
decreased in tuberculosis patients are glutathione,
| . . ascorbic acid and-tocopherol which forms the integral
' i S c:ip:‘u iy c{;@:{}' ' components (_Jfa reg_enerating redox cy_cle. Ourul_nsas

' - ’ - " indicate this interaction between vitamins C andnE
vivo and the extent of the interaction depends on the
etype of tissue. Supplementation with these vitamins
gnaintains their plasma concentratiéfls

M 0 month W 2nd month W 6th month
e

200~

Mg dl, !

Fig. 7: Serum triglycerides levels in control and
treatment groups. The blood samples wer

collected  before the start of the treatment. High correlations between plasma tocopherol and
month) and follow up was done at 2nd and 6th 9 P P

of treatment. Following comparisons were plasma lipid concentrations have been reportechén t
done: past. According to Horwitet al.”! plasma or serum
Group Il 0 month Vs group Il 6th month-c: tocopherol_ conge_ntrations were dependent o_n_thi;s]ev
Group 1ll 0 month Vs group Il 6th month-d; of circulating lipids and thus, tocopherol-lipidtica
Group V 0 month Vs group V 6th month-f; could be utilized to assess the vitamin E statss, a
Group Il 6th month Vs group Il 6th month-g; circulating vitamin E is carried with lipoprotein
*: p<0.05; **: p<0.01; ***: p<0.001 fractions.
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We choose to supplement the TB patients withsimilar to our findings. Paudt al.*” observed that
vitamin C and vitamin E as they are known to protecafter vitamin C supplementation (1 g ddyfor 8
unsaturated fatty acids of LDL against oxidation bymonths there was a significant decrease in total
scavenging ~ROS  before  initiation ~of lipid cholesterol and the triglyceride concentrationso als
peroxidatioff” and possibly by sparing or regeneratingdecreased in first and second months of treatrent.
vitamin E*%. Jialalet al.*" showed that a minimum significant (p<0.05) difference in HDL-C concentoat
dose of 400 U day of vitamin E was required t0 petween vitamin ¢ and placebo treatment was also
significantly decrease the susceptibility of LDL to 5pserved.

0xidati+0.n. In arex vivo model used, LDL was exposed This study shows greatly reduced total cholesterol
to CU" ions, a potent prooxidant capable of initiating LDL-C and HDL-C prior to supplementation. Six
the oxidation of LDL. These results indicate d thBi_ months of vitamin C supplementation was found to

resistance to oxidation was impaired in vitamin Ej,crease HDL-C concentrations and decrease LDL-C.
deficient patients but was normalized within 2 it the results of our study differ from the recentfitgs
when a-tocopherol is given in sufficient amoulit$®. ¢ \worters et al?® who observed that vitamin C

We observed a decrease in the levels of LDL-C aftegoncentrations did not differ from baseline in el
supplementation with vitamin E. The same trend Wag|derly women after 6 months of multivitamin
observed with the other two supplemental groups als - gnplementation. The observed improvement in our
Our findings were similar to that of Carletal.*" study could be attributed to the vitamin C’s apilib
who reported decrease in Ievels_ of totgl cholel_sterointercept reactive oxygen species in the aqueoaseph
HDL-C, VLDL-C and LDL-C in patients with f plasma, thereby significantly reducing plasndii

diagnosis of pulmonary tuberculosis (group TB), heroxide levels and inhibiting oxidative modificaii of
pleural tuberculosis (group TBPL), miliary tubemsis | p) 5 and it also protects HDL-C from lipid oxidatio

(group TBMI) and of patients with pulmonary anq making it available for reverse cholesterol
tuberculosis and diabetes mellitus (group TBDM).yranspofl). HDL also inhibit LDL oxidation and this
These parameters (total cholesterol, HDL and LDL-C)yee radical scavenging effect occurs via an aidint

can be used as an indirect marker of severity Obnzyme called HDL- associated paraoxonase and the

tuberculos??s]. This may be either due the fact that |oss of this enzyme during oxidative stress is enéed
tuberculosis  depletes  cholesterol  levels Oy vitamin CP*2.

hypocholesterolemic  subjects are predisposed 10" vjtamin C’s antioxidant protection facilitates the
develop tuberculosis. The latter association isyVer faster uptake of triglyceride from the plasma and
important in terms of cholesterol being used as &romotes its removal from circulation thereby
therapeutic tool for prevention and/or treatment Bf decreasing the serum triglyceride concentr&tion
A significant improvement was observed in the Short-term vitamin E supplementation is known to
serum cholesterol and triglyceride levels after@nths  improve immune responsivend$. Supplementation
of supplementation with vitamin E and in its with vitamin E in humans decreases the susceyibili
combination with vitamin C. The source of b|00dd$) of LDL to oxidation ex vivo. It is well UnderStOddat,
includes absorption from the intestines, mobilaati Vitamin C preserves LDLla-tocopherol levels during
from the fat depots and synthesis particularly ie t ©Xidative stress by converting thetocopherol back to
liver. In tuberculosis patients decreased synthesis the reduced state so that it may function agaimras

lipids, either due to liver malfunction or malabgstion antioxidant. Thus, the presence of vitamin C in the

. . ) plasma may increase or maintain the content oflipi
from the liver is reported. Almost all our studytipats  ¢juble antioxidant in LDL when both are given

were malnourished, had low body weights and ths hasjmyltaneously. The dietary supplementation ofrita
probably contributed to the lower lipid levels seéen  E can significantly increase the LDL content ofwitin

these individuals. E and in turn, confers significant protection again
Vitamin C supplementation resulted in a oxidative stred¥.
significant decrease in the total cholesterol Isyel Effect of supplementation on plasma concentration

LDL-C and triglycerides whereas, HDL-C levels were of ascorbic acid andi-tocopherol showed a positive
increased significantly. Maret al.”® in a meta- correlation as there was a significant increasehin
analysis of randomized trials. Reported that vita@i  supplemented population. It is possible, howeveat t
supplementation of 500 mgd for a minimain tissue levels were increased more than plasmaslevel
4 weeks resulted in a significant reduction in bothAntioxidant vitamins were well tolerated and wereef

LDL-C and triglycerides concentration which were from toxicity.
269
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Our study provides enough evidence that dietanb.

antioxidant vitamins may provide an alternativethie
widely applicable approach of prevention of fredical

mediated

tissue damage. Improve the plasma

concentrations of vitamin C, vitamin E and HDL-C. | 6.
may also reduce free radical activity in plasmaefr
radical diffusion from plasma to lipoprotein andish

cell
free

membrane may be consequently be decreased of
radical-induced lipid peroxidation. We have

demonstrated in this study that supplementation of -
antioxidant vitamins have a positive bearing onralle
health and recovery of the patient. As the presamty
involved a small sample size, it is warranted todract
studies in large samples to find similar encourggin
results and include vitamin supplementation in theS-
regimen of ATT.

CONCLUSION

Our results conclude that supplementation with®:

vitamins C and E improved their levels in plasma an
was helpful in improving total cholesterol and HQL-
levels and in decreasing the oxidation of LDL-C in
patients with pulmonary tuberculosis. Supplemeoiati

may also be beneficial

in the prevention of

hypocholesterolemia in patients with tuberculoSise 10.

results are encouraging to suggest antioxidantrvita

supplementation in the regimen of ATT for the ollera

well

sectional and longitudinal studies are warranted tg
confirm our observations.

-being of the patient. However, larger cross-
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