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Abstract— 4-Methylimidazole (4-MEI) likely poses as a contribu-
tor in the progression of inflammatory bowel disease (IBD). The 
purpose of the study was to investigate 4-MEI’s ability to pro-
mote IBD development in the human colon on the cellular and 
molecular level. Cytokine expression and cell viability analyses 
of human colon cells were conducted to measure degree of in-
flammation and cell death (N=3). 4-MEI significantly promoted 
expression of pro-inflammatory cytokines IL-1β and TNF-α and 
decreased anti-inflammatory cytokine IL-10 expression, inducing 
inflammation in human colon cells on the molecular level. 4-MEI 
significantly increased cell death of human colon cells, promot-
ing IBD development on the cellular level. Overall, 4-MEI was 
found to contribute towards the progression of IBD and to poten-
tially serve as a threat to public health.

I. INTRODUCTION
Over 1.5 million Americans have been diagnosed with inflam-

matory bowel disease (IBD) [1]. IBD cases have grown exponential-
ly, and annual IBD costs well exceed $11 billion. Investigation of 
environmental triggers in the pathogenesis of IBD is minimal, de-
spite multiple studies suggesting environmental factors as the key 
determinant in autoimmunity initiation associated IBD activation.

Environmental factors derived from diet may play a role in IBD 
pathogenesis. 4-Methylimidazole (4-MEI) is a byproduct of cara-
mel coloring synthesis. Caramel coloring is used predominantly 
in commercial beverages such as cola, resulting in 4-MEI’s wide-
spread consumption [2].

In a previous study, 4-MEI was found to increase incidences of 
chronic inflammation in the gastrointestinal tract (GI) of mice, sug-
gesting its ability to promote IBD development [3]. Many countries 
with high levels of caramel beverage consumption exhibit high IBD 
rates, also indicating a potential correlation between 4-MEI and 
IBD [1,4]. 4-MEI’s mode of activation further suggested its ability 
to promote IBD development [2].

Thus, this study investigated 4-MEI’s inflammatory effects on 
human colon cells to model its effects on the human colon. The 
purpose of the study was to investigate 4-MEI’s ability to promote 
intestinal inflammation and IBD on the cellular and molecular level 
in the human colon.

II . METHODOLOGY
CCD 841 CoN human colon epithelial cell line (ATCC, USA) 

modeled 4-MEI’s effects on the human colon. Enzyme-linked im-
munosorbent assay (ELISA) was conducted to evaluate 4-MEI’s ef-
fects on the expression of pro-inflammatory cytokines IL-1β and 
TNF-α and anti-inflammatory cytokine IL-10. MTT assay was con-
ducted to investigate 4-MEI’s effect on CCD 841 CoN cell viabili-
ty. All trials were conducted in triplicate. Statistical analysis was 
conducted via a Student’s t-test with significance determined at p 
≤ 0.05.

III . RESULTS & DISCUSSIONS
4-MEI treatment significantly increased IL-1β and TNF-α and 

decreased IL-10 expression in CCD 841 CoN cells at a dose-depen-

dent manner (Fig. 1). IL-1β and TNF-α both play major roles in 
IBD development, including activation of immune cells, while IL-
10 inhibits multiple inflammatory processes. Therefore, 4-MEI was 
found to modify cytokine expression to induce inflammation in the 
human colon on the molecular level.

CCD 841 CoN 570nm absorbance was increased by 4-MEI in a 
time and dose dependent manner (Fig. 2). 570nm absorbance sig-
nified cell mortality, thereby showing that 4-MEI exhibited a cyto-
toxic effect in human colon cells, a direct cause of IBD development 
[5]. 4-MEI induced colon cell death to promote IBD progression on 
the cellular level.

Figure 1. Effect of 4-MEI on protein expression of CCD 841 CoN cells. 
*= p<.01.

Figure 2. Effect of 4-MEI concentrations on 570nm absorbance rate of CCD 
841 CoN cells. *= p<.05 **= p<.01.

VI. CONCLUSION
4-MEI was found to contribute towards IBD development. This 

investigation for the first time demonstrated 4-MEI’s ability to pro-
mote inflammatory cytokine expression and to decrease cell viabil-
ity in healthy colon cells. 4-MEI was also found to induce inflam-
mation in a time and dose dependent manner, suggesting 4-MEI’s 
ability to pose as a potent health threat. Currently, there are no 
regulations on 4-MEI levels. Therefore, 4-MEI levels likely need to 
be restricted to reduce public exposure to an autoimmune disease 
trigger.
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