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ABSTRACT 

Glutathione depletion has been described in tissues obtained from several chronic diseases. 
Increased t?ee radical production by inflammatory cells occurs in inflammatory bowel disease. 
We hypothesized that this could induce depletion of gut antioxidants. In this study, we 
examined the potential relationship between chronic inflammation and colonic glutathione 
levels. Using a validated assay, glutathione levels were determined in the mucosal-submucosal 
layer and the muscularis extema layer in surgical colonic specimens from 26 patients with 
ulcerative colitis, 14 patients with Crohn’s colitis, and 10 patients who Tunderwent partial 
colectomy for non-obstructive neoplasia. Inflammation was graded histologically. Glutathione 
levels were decreased in the muscularis extema and in the mucosal-submucosal layers horn both 
ulcerative colitis and C&n’s colitis (both p<O.O5). There were parallel declines of glutathione 
levels in the muscularis extema layer compared to the mucosal-submucosal layer from 
individual colonic specimens. ln ulcerative colitis, glutathione levels were reduced in 
histologically active disease compared to inactive disease (in the mucosal-submucosal layers: 
Mea&SEM were 214*68 nmol/g wet tissue and 808*30, respectively; in the muscularis 
extema layers: 333*97 and 89&340; both ~4.05). In Crohn’s colitis, there were no significant 
differences between histologically active and inactive disease (in the mucosal-submucosal 
layers: 114*53 and 461*206; in the muscularis extema layers: 105*59 and 553*211; both 
p>O.O5). This study provides evidence that chronic inflammatory disorders of the colon are 
associated with glutathione depletion. ln ulcerative colitis, there was a relationship between the 
severity of intlammation and glutathione depletion. By contrast, this relationship was not 
significant in Crohn’s colitis. The results suggest that there could be a primary defect in 
glutathione production in Crohn’s colitis, or a difference in the relative levels of free radical 
production by inflammatory cells present in these two disorders of colonic intlammation. 
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Glutathione Determination. Extracts of each layer were prepared by homogenizing tissue in a 
suspension of 4.3 1% sulfosalicylic acid containing 0.25% Disodiwn-EDTA, and then centrifuging at 8,000 g for 
30 minutes at 4” C. Determination of ghttathione levels was performed as previously described (13) using the 
Beutter spectrophotometric assay as mod&d by Lang (14). It is known that tissue protein levels are higher in 
the gut wall in Crohn’s disease (IS). In prior studies of lyophilized eolonic tissue, we have shown that normal 
and abnormal (ulcerative colitis and Crohn’s disease) colonic specimens did not differ in water content (16). 
Consequently, glutathione results in this present study were expressed as nmoles/g wet tissue. 

Histology. Transmural sections of the specimens were stained with the hematoxylin and e&n method, 
and then examined by a pathologist (blinded). On histologic examination, intlammation in tissues from patients 
with Crohn’s disease was classified as “inactive” and “active”, and in tissues from patients with ulcerative colitis 
as “inactive”, ” mild or moderately active”, or “severely active”, using standardized criteria (I 7). 

StatisticalAnalysis. Quantitative variables were expressed as Meamtl SEM. Differences in glutathione 
levels between the groups were studied using non-parametric analysis (Kruskal-Wallis one-way ANOVA on 
ranks), and all pairwise multiple comparisons were then carried out using Dunn’s method. To examine the 
potential relationship between glutathione levels in the two colonic layers, linear correlation analysis was utilized. 
The relationships between tissue glutathione levels and patients age or duration of disease were tested by Pearson 
correlation. A p value < 0.05 was considered statistically significant in this study. 

RESULTS 

Clinical Characteristics. Patients with inflammatory bowel disease included 14 patients with Crohn’s 
colitis (8 males and 6 females; 40.Q3.3 years-old; age range: 25 to 67 years-old) and 26 patients with ulcerative 
colitis (16 males and 10 females; 38.2k2.7 years-old, age range: 16 to 75 years-old) who underwent colonic 
resection (see Table). The control group included 10 patients that underwent partial colectomy for non- 
obstructing colonic neoplasia (8 males and 2 females; 64.3h5.1 years-old; age range: 41 to 80 years-old). The 
disease duration in patients with ulcerative colitis was 10.6*2 years, and was 14.5*3 years in patients with 
Crohn’s colitis. Two patients with ulcerative colitis had colon cancer and 1 patient had severe dysplasia. 

TABLE 

Clinical Characteristics of Patients with Crohn’s Colitis, Ulcerative Colitis, and Controls 
Crohn’s Colitis Ulcerative Colitis Controls 

Number of Patients 
Age* 
Sex (Male/Female) 

Disease Duration* 
*Years: Mean&EM 

14 26 10 
40.5rt3.3 38.22.7 64.3h5.1 
816 16/10 8/2 

14.5*3 10.6*2 

Glutathionebvels in ZBD. In ulcerative colitis, tissue ghrtathione levels were significantly reduced both 
in the mucosai-submucosal layer (Mear&EM: 283*71 nmoles/g wet tissue, pANOVA<O.OS) and in the 
muscular-is extema layer (398*98, pANOVAcO.05) compared to the mucosal-submucosal layer (614*126) and 
the muscularis extema layer (837*130) fhxn controls. Glutathione was undetectable in the mucosal-submucosal 
layer from 13 of 26 patients and in the muscuhuis extema layer from 14 of 26 patients with ulcerative colitis, but 
colonic glutathione was measurable in all of the controls. 
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In Crohn’s colitis, tissue glutathione levels were significantly reduced both in the mucosal-submucosal 
layer (337*139, pANOVA<o.OS) and in the muscularis extema layer (393+147, pANOVA<O.OS) compared to 
the controls. Similar to ulcerative colitis, glutathione was undetectable in the mucosal-submucosal layer from 
7 of 14 patients and in the muscularis extema layer from 6 of 14 patients with Crohn’s colitis. 

Tissue glutathione levels were not significantly different between patients with ulcerative colitis and 
Crohn’s colitis in either the mucosal-submucosal or the muscularis extema layers (Dunn’s method: ~~0.05). 

In examination of tissue glutathione levels in the two colonic layers, in ulcerative colitis there was a 
positive linear correlation (~0.76, p<O.OOl) between tissue glutathione levels in the mucosal-submucosal and 
the muscularis extema layers (Figure I). Similarly, in Crohn’s colitis there was a positive linear correlation 
(d.86, pd).OOl) between tissue glutathione levels in the mucosal-submucosal and the muscularis extema layers 
(Figure 2). 

Relationship Between Glutathione Levels and Inj7ammation. In patients with ulcerative colitis, tissue 
glutathione levels in the mucosal-submucosal layers were different among the controls, patients with inactive 
disease, and patients with active inflammation: mild/moderately active and severely active (pANOVA on 
RanksQ).OS) (Figure 3). Similarly, in patients with ulcerative colitis, tissue glutathione levels in the muscularis 
externa were Merent among the controls, patients with inactive disease, and patients with active inflammation: 
mild/moderately active and severely active @ANOVA on Ranks<O.OS) (Figure 4). 

Whenallpail-WiX comparisons were examined by Dunn’s method in ulcerative colitis, tissue glutathione 
levels in patients with inactive disease were not different from controls, either in the mucosal-submucosal layer 
(808*30, pM.05) or in the muscularis extema layer (8W340, ~~0.05). However, tissue glutathione levels were 
decreased in patients with active inflammation in the mucosal-submucosal layer (2 14*68, ~~0.05) and in the 
muscularis extema layer (333*97, ~~0.05) compared to controls. Tissue glutathione levels in patients with 
mild/moderate inflammation were not signiticantly different from those patients with severe inflammation (in the 
mucosal-submucosal layer: 100~56 and 391rt134, respectively; p>O.O5; in the muscularis extema layer: 125&79 
and 657*169, respectively; p>O.O5). 

In patients with Crohn’s colitis, there was a trend toward a difference in tissue glutathione levels in 
mucosal-submucosal layers from controls, patients with inactive disease, and patients with active inflammation 
(pANOVA on Ranks=0.08) (Figure 5). Similarly, in patients with Crohn’s colitis, there was a strong trend 
toward a difference in tissue glutathione levels in muscularis extema layers from controls, patients with inactive 
disease, and patients with active inflammation @ANOVA on Ranks=O.O5) (Figure 6). In patients with either 
ulcerative colitis or Crobn’s colitis, there were no significant correlations (defined by: r > 0.50 or < -0.50) between 
tissue glutathione levels and patient age or duration of disease. 

DISCUSSION 

This study provides evidence that chronic infhunmatory disorders of the colon are associated with 
glutathione depletion. Ulcerative colitis and Crohn’s colitis can therefore be added to the list of diseases with 
acquired glutathione depletion. In this present study, tissue glutathione levels were decreased in colon from 
patients with Crohn’s colitis and ulcerative colitis in both the mucosal-submucosal and the muscularis extema 
layers. In ulcerative colitis, glutathione levels were lower in patients with active inflammation compared to those 
with inactive disease. By contrast, in patients with Crohn’s colitis, there was no significant difference in tissue 
glutathione levels among patients with active inflammation, patients with inactive disease, and controls. 
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FIG 1. Linear Correlation Analysis Revealed a Positive Correlation between 
Glutathione Tissue Levels in Mucosal-Submucosal and Muscularis Extema Layers 
from Ulcerative Colitis (pO.001). 
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FIG 2. Linear Correlation Analysis Revealed a Positive Correlation between 
Glutathione Tissue Levels in Mucosal-Submucosal and Muscuhuis Extema Layers 
t?om Crohnk Colitis Q.KO.001). 
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FIG 3. Glutathione Tissue Levels in Mucosal-Submucosal Layers from Controls and from 
Ulcerative Colitis with Inactive Disease, Mild/Moderate Intlammation, or Severe Intlammation. 
orizontal Bars Represent Mean Values. Each Point Represents the Level for One Patient. 
*(Kruskal-Wallis One-Way pANOVA on Ranks c.05) 
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FIG 4. Glut&one Tissue Levels in Muscuhuis Extema Layer from Controls and from Ulcerative 
Colitis with Inactive Disease, MildlModerate Intlammation, or Severe Inflammation. Horizontal 
Bars Represent Mean Values. Each Point Represents the Level for One Patient. *(Kruskal-Wallis 
One-Way pANOVA on Ranks c.05) 
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FIG 5. Glutathione Tissue Levels in Mucosal-Submucosal Layers from Controls 
and Tom Crohn’s Colitis with Inactive Disease or Active Inflammation. Horizontal 
Bars Represent Mean Values. Each Point Represents the Level for One Patient. 
*(Kruskal-Wallis One-Way pANOVA on Ranks =.OS) 
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FIG 6. Glutathione Tissue Levels in Muscularis Extema Layers from Controls and from Crobn’s 
Colitis with Inactive Disease or Active Inflammation. Horizontal Bars Represent Mean Values. 
Each Point Represents the Level for One Patient. *(Rruskal-Wallis One-Way pANOVA on Ranks = 
.05) 



470 E.A. RUAN et al. 

Glutathione is synthesized in the cytoplasm of most mammalian cells using as substrates glutamine, 
cysteine, and glycine (18). The rate limiting enzyme in glutathione biosynthesis is y-glutamylcysteine synthetase. 
The free radical scavenging action of glutathione is catalyzed by the enzyme, glutathione peroxidase. The 
reaction between glutathione and a free radical yields oxidized glutathione. Oxidized glutathione can be 
converted to its reduced form by the enzyme glutathione reductase using electrons derived from the pentose- 
phosphate pathway. In the presence of large quantities of free radicals, derived for example from inflammatory 
cells, the recovery pathway may be overwhelmed causing oxidized glutathione to accumulate in the cytoplasm. 
The cell membrane is relatively permeable to oxidized glutathione, and this form of glutathione readily diffuses 
outside the cell resulting in depletion of tissue glutathione. 

Ghitathione homeostasis may be related to the dietary supply of amino acid precursors, by the rates of 
oxidation and reduction during its fuuction as a free radical scavenger, and by an interaction between glutathione 
and ascorbate (I 8). Ascorbate conserves cellular reduced glutathione. Reduced glutathione in turn is important 
for reduction of dehydroascorbate to ascorbate (also a free radical scavenger), thus bypassing breakdown of 
dehydroascorbate and allowing maintenance of cellular ascorbate levels. The availability of glutathione to 
function as an antioxidant is dependent upon the relationship between circulating blood glutathione, the major 
source of which is the liver (I), and tissue glutathione production. The bioavailability of blood glutathione could 
affect colonic glutathione levels. However, hypervascularity has been reported in both Crohn’s Disease and 
ulcerative colitis (19), and blood flow is increased in ulcerative colitis (20). These results would suggest 
increased delivery of blood glutathione to the colon. Other human disorders involving glutathione depletion 
include adult respiratory distress syndrome, idiopathic pulmonary fibrosis, and acquired immunodeliciency 
syndrome (I). 

In an animal model of glutathione deficiency, rats treated with an inhibitor of glutathione synthesis 
develop severe intestinal epithelial degeneration and diarrhea, suggesting that glutathione is essential in the 
protection ofthe intestine against huninal oxidants (21). Defects in the intestinal antioxidant defenses could be 
involved in the pathogenesis of the inlkunmatoty bowel diseases since cellular damage may be related to an 
imbalance between high levels of free radicals and decreased tissue antioxidants (22). 

In our present study, in patients with ulcerative colitis, there was an association between decreased 
glutathione and active inthunmation. Tissue glutathione levels were not different between controls and patients 
with inactive ulcerative colitis. These results are consistent with depletion of tissue antioxidants due to excess 
production of tree radicals derived Ram inflammatory cells. Our present findings are in agreement with a report 
of decreased levels of reduced ascorbate in colonic mucosa from patients with active IBD compared to non- 
inkuned mucosa (9). Since a recent experimental rat model has suggested that glutathione depletion may impair 
T-cell and macrophage function (23), development of glutathione depletion in the inlhunmatory bowel diseases 
could lead to further alteration of gut immune function. 

The explanation for simultaneous declines in glutathione levels in the muscularis extema layer and the 
mucosal-submucosal layer from patients with ulcerative colitis is unclear. Since there is no increase in 
inlIamnWoiy cells in the muscularis extema layer from ulcerative colitis, it is unlikely that increased free radical 
production by infhmrmatory cells is the sole explanation. Although our results could be related to excessive 
prcduction of lke radicals in the muscularis extema from a source distinct from infknunatory cells, there could 
in addition be a primary underlying defect in glutathione biosynthesis. 

Among patients with Crohn’s colitis, although there was a strong trend toward decreased glutathione 
levels in patients with active inlkmmation compared with inactive disease, this difference was not statistically 
significant. This result suggests that an underlying defect in glutathione production may be responsible for 
glutathione deficiency in Crohn’s colitis. In support of this interpretation, alterations in glutathione metabolism 
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have been mported in the ileal mucosa horn patients with Crohn’s disease, including decreased y-glutamylcysteine 
synthetase activity (8). Alternatively, there may be a difference in free radical production by the type of, the 
number of, or the distribution of inflammatory cells in Crohn’s colitis. 

Differences in the origin of glutathione depletion in ulcerative colitis compared to Crohn’s colitis might 
help to explain the clinical benefit of nutritional therapy in Crohn’s disease as opposed to ulcerative colitis, In 
ulcerative colitis, intlammatory cells may be avidly consuming glutamine (24), an important gut nutrient and a 
potential substrate for ghrtathione production. Glutamine consumption by inflammatory cells (24) could explain 
why nutritional therapy has no apparent benefit in patients with ulcerative colitis. By contrast, supplemental 
nutrients in Crohn’s disease may be available for gut metabolism (25) including glutathione biosynthesis, and 
may enhance the gut’s protection against free radical-induced tissue damage. 

It is presently unclear whether oral glutathione administration would increase mucosal levels of 
glutathione in inflammatory bowel disease. Glutathione monoester is presently available and is easily 
transportable across cell membranes (26). Oral glutathione administration could provide several avenues of 
potential benefit in intlammatory bowel disease. It could be available to reduce intrahnninal free radical levels. 
The digested component amino acids from glutathione could be absorbed into enterocytes and resynthesized into 
glutathione (27). 

A potential limitation of our data is the use of patients with colonic neoplasia as controls. Although 
glutathione levels have been found to be decreased in malignant colonic tumors, glutathione levels in non- 
tumorous tissue from patients with colon cancer were not different compared to controls without colon cancer 
(28). However, the controls used in our present study were older than the patients with inflammatory bowel 
disease. Since circulating ghrtathione levels decline with age (14), the magnitude of tissue glutathione depletion 
in the infhtmmatory bowel diseases might be greater if age-matched controls were available. 
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