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COLITIS 

Circulating antioxidants in ulcerative colitis and their relationship to 
disease severity and activity 
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Abstract Oxygen free radicals produced by neutrophils are important in the pathogenesis of mucosal 
damage in ulcerative colitis. Vitamin A, vitamin E and cysteine in the plasma can scavenge free radicals. 
In the present study, plasma levels of vitamin A, vitamin E, cysteine, cystine and protein-bound 
cysteine were measured in active ulcerative colitis before and immediately after treatment of the active 
disease, and correlated with disease severity, extent and activity. Plasma vitamin A and cysteine were 
significantly reduced in active ulcerative colitis compared with controls. Levels of vitamin E, cystine and 
protein-bound cysteine were not significantly altered in active ulcerative colitis. Vitamin A and cysteine 
concentrations returned to normal levels (P< 0.05) within 2 weeks of treating active colitis. There were 
significant negative correlations between clinical severity and the plasma concentrations of vitamin A 
and cysteine. Plasma cysteine levels also correlated inversely to disease extent. Depletion of the 
circulating antioxidants, vitamin A and cysteine, in active ulcerative colitis is likely to be important in 
the pathophysiology of the disease. 
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INTRODUCTION 

Although the aetiology of ulcerative colitis (UC) 
remains unknown, there is evidence to suggest that free 
radicals play a role in the genesis of mucosal damage. 
Oxidants induce colonic inflammation in both animals 
and humans.',2 There is an increased production of 
reactive oxygen species by the colonic mucosa in 
patients with UCS5 The main sources of these free 
radicals are neutrophils and macrophages in the lamina 
propria. Biological antioxidants include the antioxidant 
enzymes (e.g. catalase, superoxide dismutase, gluta- 
thione peroxidase, glutathione transferase, etc.), the 
chain-breaking antioxidants (e.g. vitamins A, C and E), 
and transition metal chelating agents. In an earlier study 
we determined the activity of antioxidant enzymes in 
the colonic mucosa of patients with active UC and 
demonstrated decreased glutathione transferase activity.6 
Other authors have quantified chain-breaking anti- 
oxidants in the colonic mucosa of patients with UC and 
have demonstrated decreases in reduced ascorbic acid 
and ubiquinol-10, while vitamin E levels in the mucosa 

have been reported to be n0rma1.~-~ Tissue glutathione, 
which is central to several of the antioxidant defences, is 
also reported to be reduced in active UC.7,8 Vitamins A 
and E and cysteine are good circulating antioxidants, by 
virtue of their ability to quench singlet molecular 
oxygen.'O Reductions in the plasma levels of vitamins A, 
C and E have been reported in malnourished patients 
with inflammatory bowel disease.ILJ2 The present study 
was designed to determine changes in the levels of 
specific circulating antioxidants in active UC, and to 
determine whether such changes correlate with disease 
activity. 

METHODS 

Nineteen patients (10 males, nine females) with active 
idiopathic UC were studied. Their ages ranged from 12 
to 65 years (median 41). The extent of disease was 
characterized by colonoscopy and histology; 13 patients 
had pancolitis, four had left-sided colitis while two had 
disease limited to the rectum. Seven patients were 
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receiving treatment at the time of entry into the study, 
five of whom received sulphasalazine and two received 
mesalamine. No patient was either on corticosteroids at 
the time of entry into the study or on other therapy 
such as antimicrobial agents or azathioprine. The 
activity of the disease was assessed clinically by the 
Truelove-Witts criteria, and graded numerically as 0-3 
corresponding to no disease, mild, moderate and severe 
disease, respectively.I3 

Nineteen control subjects (16 males, three females) 
were also studied. Their ages ranged from 18 to 49 years 
(median 30). These subjects had diagnoses of hernia 
(n = 4), hydrocoele (n = 7) or non-ulcer dyspepsia (n = 8). 
No subject had a history of diarrhoea or rectal bleeding 
and all had normal sigmoidoscopies and biopsies. 

All subjects gave informed consent for the procedure. 
The study protocol was approved by the Research 
Committee of the Christian Medical College. 

Fasting venous blood samples from all subjects were 
obtained in heparinized tubes at the time of entry into 
the study, for estimation of vitamin A, vitamin E, lipid 
peroxides, cysteine, cystine and protein-bound cysteine. 
Patients with ulcerative colitis were then commenced on 
appropriate medical treatment (including dexametha- 
sone retention enemas, IV or oral corticosteroids, oral 
sulphasalazine or mesalamine) as indicated clinically. 
Patients remained in hospital during this period of 
intensive treatment until they showed clinical and 
endoscopic improvement, the mean duration was 2 
weeks. Fasting venous blood samples were again 
obtained at the time of discharge. 

Vitamins A and E in plasma were extracted into 
hexane after the addition of 2.5 pg of a-tocopherol 
acetate as internal standard. They were separated by 
isocratic elution using 100% methanol on a C-18 
(ODS) column in a Shimadzu HPLC, and measured at 
325 nm and 280 nm, respectively, using a UV detector. 
Peak areas were measured by the computing integrator, 
and the plasma levels of vitamin E and vitamin A were 
calculated by comparison with a standard curve.14 

Plasma cysteine was estimated using spectrophotom- 
etry at 560nm following the reaction of the tri- 
chloroacetic acid (TCA) supernatant of plasma with acid 
ninhydrin reagent.15 Quantification was done by com- 
parison with a standard cysteine calibration curve. Plasma 
cystine content was obtained by reducing the TCA 
supernatant of plasma at an alkaline pH, with 5 mmoVL 
dithiothreitol (DlT), and estimating the resultant 
cysteine. Protein-bound cysteine was estimated using the 
washed pellet from perchloric acid (PCA) precipitation of 
the plasma. The pellet was resuspended in 0.25 m o m  
2(-N-morpholino) ethane sulphonic acid (MES) buffer 
(PH 8.0 containing 25 mmovL DTT), sonicated, and the 
protein again precipitated with PCA. Cysteine was then 
assayed in the supernatant. Lipid peroxides in plasma 
were assayed using the thiobarbinuic acid reaction.I6 

Rectal mucosal biopsies were taken with flexible 
biopsy forceps, fixed in 10% buffered formalin, proces- 
sed, sectioned, and stained with haematoxylin and 
eosin, and naphthol-esterasel’ which specifically stains 
neutrophils. All the neutrophils in the lamina propria 
seen in 20 high-power fields were counted and averaged 
to give an activity score (neutrophilshigh power field) 

for that biopsy. Biopsies were scored in a blinded 
fashion by an experienced histopathologist (MM). 

Pre- and post-treatment measurements were compared 
using the paired t-test to assess the statistical significance 
of differences. The unpaired t-test was used for com- 
parison between the controls and the cases of active UC. 
Simple linear regression was used to compare the 
influence of clinical severity, disease extent, and histo- 
logical activity on vitamin A and cysteine concentrations. 
Disease extent was assigned a numerical score with 
proctitis being 1, left-sided colitis 2, and pancolitis 3. The 
correlation coefficients and two-tailed sigdcance were 
calculated. 

RESULTS 

Active ulcerative colitis compared with controls 

As shown in Table 1, plasma vitamin A was significantly 
lower in active UC patients compared with control 
subjects (P= 0.0005). Plasma cysteine levels were 
significantly lower in active UC compared with controls 
(P=O.O03). The plasma concentrations of vitamin E, 
cystine and protein-bound cysteine were not signifi- 
cantly altered in active UC compared with controls 
(Table 1). 

Ulcerative colitis before and after treatment 

The Truelove-Witts clinical grading of the patients 
before and after treatment showed that 10 patients had 
moderate disease and nine had severe disease at the 
time of entry into the study. By the time of the second 
sampling they had improved considerably, 12 had 
disease of mild severity and seven had disease of 
moderate severity. The histological activity score of 
ulcerative colitis decreased from 57.3 & 21.4 neutrophiM 
hpf (meankSEM) at the time of entry into the study 
compared with 11.4-e2.3 during the second study 
period (P= 0.0221). 

As shown in Fig. 1 and Table 1, plasma vitamin A 
and cysteine increased significantly after treatment of 
the colitis (P= 0.0024 and 0.05, respectively, compared 
with active ulcerative colitis). Plasma concentrations of 
vitamin E, cystine, and protein-bound cysteine were 
unaltered after treatment and similar to values in 
control subjects (Table 1). 

Correlations 

There was a highly significant negative correlation 
between plasma vitamin A and the Truelove-Witts 
clinical grade (r=-0.5293, P =  0.001). Plasma vitamin 
A did not correlate significantly with disease extent 
( r =  -0.2479, P= 0.735). Plasma cysteine levels showed 
statistically significant negative correlations with both 
disease severity (r=-0.2812, P =  0.0414) and disease 
extent ( r =  -0.279, P= 0.043). The histological activity 
score did not correlate with the plasma levels of either 
vitamin A or cysteine. 
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Table 1 Plasma levels of vitamin A, vitamin E, cysteine, 
cystine, protein-bound cysteine and lipid peroxide in 
controls and patients with ulcerative colitis 

Controls Ulcerative colitis Ulcerative colitis 
treatment post treatment 

Vitamin A (pglmL) 
Mean 0.89 0.69* 1.04** 
95% CI 0.74-1.04 0.54-0.84 0.81-1.27 

Vitamin E (pgld) 
Mean 13.06 14.00 14.50 
95% CI 11.96-15.16 11.04-16.96 12.27-16.73 

Mean 1.79 1.43* 1.82*** 
Cysteine (pmoY100 mL) 

95% CI 1.58-2.00 1.261.60 1.59-2.05 

Mean 3.61 3.17 3.43 
95% CI 3.25-3.97 2.79-3.55 2.92-3.94 

Cystine (pmoY100 mL) 

Protein-bound cysteine (pmoY100 mL) 
Mean 6.73 6.62 7.14 
95% CI 5.60-7.86 5.36-7.88 6.87-8.41 

Lipid peroxide (nmoYmL) 
Mean 3.06 2.99 2.92 
95% CI 2.55-3.57 2.73-3.25 2.54-3.30 

*P< 0.01 compared with control; **P< 0.01 compared 
with UC pre-treatment; ***P<O.O5 compared with UC 
pre-treatment; CI, confidence interval. 

DISCUSSION 

An excessive production of reactive oxygen species 
occurs in the colonic mucosa of UC,3-5 and is thought 
to be responsible for mucosal damage in this disease. It 
is tempting to hypothesize that the reduction in plasma 
concentrations of vitamin A and cysteine in active UC 
demonstrated in the present study is a systemic 
reflection of this process. The reduction in these two 
antioxidants correlated significantly with clinical mea- 
sures of disease severity as well as with disease extent. 

Low plasma concentrations of vitamin A have been 
reported in malnourished patients with inflammatory 
bowel disease, including patients with UC."J2 The 
present study confirms that plasma vitamin A is 
significantly reduced in active UC. Interestingly, 
vitamin A levels returned to normal very soon after 
adequate treatment was instituted. Low serum levels of 
vitamin A have been reported in association with acute 
diarrhoea in children.'* Several possible mechanisms 
have been suggested for the low plasma vitamin A in 
these subjects, including impaired absorption, altered 
liver mobilization and transport, increased requirements 
for the vitamin, and increased urinary loss. The latter is 
hypothesized to occur because of decreased renal 
tubular reabs~rption.'~ The present study did not set 
out to examine the causes of reduced plasma retinol 
levels in UC. It is possible to explain the reduction and 
rapid return to normal in any of several ways including 
redistribution to sites of oxidative damage in the colon. 
Regardless of the reason, lowered plasma vitamin A in 
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Figure 1 Plasma vitamin A and cysteine levels in control 
subjects and patients with ulcerative colitis before (UC-Pre) 
and after (UC-Post) treatment in hospital. 

active disease is likely to be relevant to pathophysiology, 
since this vitamin is an important circulating 
antioxidant. 

There have been no previous reports of plasma 
cysteine levels in UC. In the present study, plasma 
cysteine was reduced in active UC and (similar to 
vitamin A) rapidly returned to normal when therapy 
was instituted. Cysteine has a sulphydryl group and, 
when oxidized, joins, through a disulphide bond, either 
to another oxidized cysteine molecule to form cystine or 
to cysteinyl residues in protein to form protein-bound 
cysteine. Theoretically, reduction in plasma cysteine 
due to an oxidative process should result in elevated 
plasma levels of cystine and protein-bound cysteine. In 
normal plasma, cystine and protein-bound cysteine are 
both present in much higher quantities than free 
cysteine, and this high baseline may mask an increase in 
cystine and protein-bound cysteine due to oxidative 
damage. An alternative explanation is that cysteine is 
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redistributed to sites of oxidative damage, in which case 
it may be possible to detect protein-bound cysteine only 
at tissue sites of oxidation. Low plasma cysteine levels, 
without elevations in cystine or protein-bound cysteine, 
have been reported in cirrhosis of the liver.” This 
finding has, however, been explained on the basis of 
reduced hepatic trans-sulphuration. 

The normal plasma concentration of vitamin E 
recorded in active U C  in this study is in contrast with 
the findings from an earlier study that found the 
concentration of plasma vitamin E was lowered in 
patients with inflammatory bowel disease.” Colonic 
mucosal levels of vitamin E have been reported to be 
normal in UC, although tissue levels of ubiquinol-10 
were decreased.8 Based on in vitro studies, vitamin E 
and cysteine have similar oxygen quenching properties, 
while vitamin A is much more effective.l0 It is possible 
that in the face of more severe oxidative injury, plasma 
vitamin E levels would also have decreased after 
oxidation of more expendable antioxidants. In this 
context, it must be noted that plasma vitamin E content 
has been reported to be unchanged in several chronic 
inflammatory diseases where plasma lipid peroxides 
were increased.21 

In the present study, circulating lipid peroxides were 
not increased in UC. In an earlier study, we were not 
able to detect increased lipid peroxide in the mucosa of 
patients with active UC.6 Both these findings need to be 
interpreted with caution. The  thiobarbituric acid 
reaction used to estimate lipid peroxides has drawbacks, 
particularly when applied to plasma. Breath ethane 
excretion, a possible alternative systemic marker of lipid 
peroxidation, has been reported to be raised in UC,22 
although its production by intestinal microfloraZ3 needs 
to be considered. 

Irrespective of the cause, the reduction in circulating 
antioxidant levels in U C  noted in the present study is 
likely to be relevant to the pathophysiology of active 
disease. The possibility that circulating antioxidants are 
redistributed to tissue sites of oxidative injury in active 
U C  merits further study. If this possibility is proved to 
be correct, future interventions may well be directed at 
replenishment of these circulating antioxidants. 
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