
Muscle inj14mnuIJion.... 

Chapter Seven  

Vitamin C supplementation and inflammatory response to 
downhill ultramarathon running 

7.1 Introduction 

It is well established that prolonged exercise results in delayed muscle soreness 

(DOMS) which peaks after 24-48 hours and subsides after 5-7 days (Lambert & 

Dennis, 1994). This has been attributed to actual tissue damage which occurs during 

repetitive contraction of muscle fibres. The damage has been shown to be further 

exacerbated when the eccentric component of contraction is increased as occurs 

during downhill long distance running when muscles are used in a "breaking" 

motion (Schane et al., 1983; Sorichter et al., 1999). 

The Comrades marathon, a gruelling 90 km downhill foot-race from 

Pietermaritzburg to Durban, South Africa, provides the ideal stimulus for the 

development of an inflammatory response. As the evidence regarding the effect of 

vitamin C supplementation on systemic markers of inflammation following eccentric 

exerise is presently conflicting showing either no effect (Nieman et ai, 1997; 

Pedersen et al., 2001) an attenuation (Schmidt et al., 1988; Hurst et al., 2000) or 

evidence of an increased pro-inflammatory response (Childs et ai., 2001) and in 

view of the apparent evidence of enhanced acute phase response in runners who 

supplemented with 1000 mg vitamin C per day for 10 days before this 90 km 

ultramarathon (reported in chapter 4), it was the purpose of this study to 

reinvestigate and extend the previous study on the effect of oral vitamin C 

supplementation on markers of acute phase response and muscle damage fol1owing 

ultramarathon running. 

In the study presented in this chapter, I thus examined the effects of higher and 

lower dosages of Vitamin C supplementation on systemic markers of an 

inflammatory response in participants in the same event two years later. 
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7.2 Materials and methods 

7.2.1 Study design 

Approval to conduct the study was obtained from the Human Ethics Committee of 

the University of Natal Medical School. Forty-five registered entrants for the 1999 

Comrades Marathon (same as described in chapters S & 6) signed informed consent 

forms and agreed to participate in the study. They were divided into three groups 

which were matched for age, gender, training status and expected race finishing 

time. 

Each subject was required to take three tablets per day over a 10 day period; one 

tablet with breakfast, lunch and supper on the 7 days preceding the race, day of the 

race and two days following the race. In this double-blind study, the first group (VC

SOO; n=IS) were required to take one SOOmg Vitamin C tablet in the morning, and a 

placebo tablet of equal taste and appearance with lunch and supper, while the second 

group (VC-1S00; n=IS) were required to take one SOOmg Vitamin C tablet with 

each meal and the third group (P; n= IS) were required to take a placebo tablet with 

each meaL 

On the day prior to the race, subjects were required to complete 24 hour dietary 

records of the intake both in terms of food and supplements and to report for basic 

anthropometric measurements and blood sampling on the afternoon prior to the race 

at a time which co-incided with their estimated finishing time (in order to avoid the 

effect of diurnal rhythms on hormone concentrations). Within 30-45 minutes after 

completing the race, the subjects again gave 35 ml blood samples and were asked to 

detail their dietary and liquid intakes on the morning of the race and during the race. 

The blood sampling was repeated 24 hours and 48 hours after the race and subject 

were asked to record their post-race dietary intakes for a further 36 hours after the 

race. 
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7.2.2  Treatment ofblood 

Venous blood samples collected m glass Vacutainer tubes containing 

ethylenediaminetetra-acetic acid (K3-EDTA) were used for determination of full 

blood counts. A 15ml aliquot was allowed to clot at room temperature and 

centrifuged for 10 minutes; portions of serum were quick-frozen and stored at -70°C 

for later analysis of vitamin C, cortisol, C-reactive protein, amyloid A, creatine 

kinase and lactate dehydrogenase. The remainder was drawn into vacutainer tubes 

containing K3-EDT A and the plasma stored at -70°C for later analysis of vitamin E 

and A, glucose, elastase and interleukin-8 concentrations. 

7.2.3  Hematological analyses and adjustments 

Full blood counts were performed on K3-EDTA treated speCImens usmg 

hematological procedures on an automated STKS model (Coulter Electronics Inc., 

Hialeah, Florida, USA). Plasma volume changes were determined from pre- and 

post-race hemoglobin and hematocrit values using the method of Dill and Costill 

(1974) and all subsequent post-race concentrations (0, 24 and 48 hr) were adjusted 

for these plasma volume changes. 

7.2.4  Serum acute phase reactants, creatine kinase, lactate dehydrogenase, 

cortisol, plasma IL-8 and elastase 

Serum concentrations of the acute phase reactants, CRP (normal range 0-5 Ilglml) 

and amyloid A (normal range 6-8 J,lglml), were measured by a nephelometric 

procedure (Behring Nephelometer II) using reagents purchased from Behringwerke 

AG, Marburg, Germany, while creatine kinase and lactate dehydrogenase were 

determined using the creatine kinase and lactate dehydrogenase reagent supplied for 

use on a SYNCCHRON CX Clinical System (Beckman Instruments Inc, USA). 

Serum cortisol was assayed using Gamma Coat radioimmunoassay procedure 

(Diagnostic Products Corporation, Los Angeles, CA, USA) and plasma elastase 

(f.tgll) using a PMN elastase ELISA kit provided by MERCK (Darmstadt, Germany). 
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The plasma IL-8 analyses were part of a more comprehensive study on the cytokine 

profile of ultramarathon runners which is detailed in chapter six, but have been 

adjusted for plasma volume changes in this report. These were assayed using 

quantitative sandwich ELISA kits provided by R&D Systems, Inc. (Minneapolis, 

MN, USA). A standard curve was constructed using standards provided in the kits. 

The assays were two step "sandwich" enzyme immunoassay procedures in which 

samples or standards were incubated in 96-well microtiter plates coated with 

polyclonal antibodies for the test cytokine as the capture antibody. Following the 

appropriate incubation time, the wells were washed and a second detection antibody 

conjugated to horseradish peroxidase was added. The plates were incubated and 

washed, and the amount of bound enzyme-labelled detection antibody was measured 

by adding a chromogenic substrate. The plates were then read at the appropriate 

wavelength (450 minus 570 nm). The minimum detectable concentration of IL-8 

was < 10 pglml. 

7.2.5 Statistical Analyses 

Results are expressed as means (± SEM). As the mean levels between the placebo 

and VC-500 groups were significantly different for some of the laboratory measures 

reported in this chapter, it was not possible to pool the data from these two groups, 

as was done in chapters 5 and 6, but necessary to analyse the data from the three 

groups separately. Due to the small sizes of the groups and the large variability of 

the test result values within the groups, conservative non-parametric statistics were 

used. A Kruskal- Wallis test was used to compare the means of the three groups at 

each of the time points. If this revealed significance, a two- tailed Wilcoxon two

sample test was used to establish the whether the difference between placebo group 

and VC-500 or VC-1500 was significant (P<0.05). Spearman's correlation 

coefficient was used as a measure of association. Statistical analysis was executed 

using SAS statistical software. 
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