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Abstract

Fecal occult blood (FOB) is a sign of gastrointestinal diseases, such as intestinal ulcers and
colorectal cancer. In experimental animal studies, there is no standard method to detect FOB.

Here, we present a simple protocol to detect FOB in mice, using the Luminol Reaction Experiment
Kit® that was originally designed to detect bloodstains at a crime scene in criminal forensics. To
obtain positive control bloody feces, we used an indomethacin-induced intestinal ulcer model in
mice. By mixing small pieces of feces with a luminol solution, the fecal solution emitted visible
blue—white chemiluminescence in dark field when feces contained hemoglobin. We also
established a method for semi-quantification of hemoglobin content in the fecal solution, using a
luminometer. This method is simple, quick, economical and semi-quantitative, allowing
researchers to detect FOB in experimental mice.
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Fecal occult blood (FOB) is a sign of gastrointestinal diseases, including ulcers [1] and
colorectal cancer [2-4]. Clinically, there are two standard methods to detect FOB: the stool
guaiac test is based on the oxidation of guaiac by hydrogen peroxide (H,O5), which is
catalyzed by the peroxidase-like activity of hemoglobin (Hb) [5]; while the
immunochemical test using anti-human Hb antibodies is more specific and expensive than
the guaiac test [2]. For experimental animal studies, however, there is no standard method to
detect FOB. Here, we have established a simple method to detect FOB in experimental mice,
using the Luminol Reaction Experiment Kit® (Wako Pure Chemical, Osaka, Japan), which
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has been used in criminal forensics to detect blood at a crime scene. The luminol test is
based on the oxidation of the substrate by the peroxidase-like activity of Hb, where the
luminol reagents emit visible blue—white chemiluminescence in dark field.

As a positive control, we used a nonsteroidal anti-inflammatory drug-induced intestinal ulcer
model in mice [6], where FOB is detectable 4 h after intra-gastric indomethacin
administration. The animal experiments were approved by the Institutional Animal Care and
Use Committee of Kindai University and performed in accordance with the institutional
guidelines. We harvested feces from CD1 mice (Charles River Laboratories Japan,
Yokohama, Japan) at different time points following indomethacin administration (6 mg/kg
body weight). The luminol solution was prepared by mixing two reagents (luminol and
sodium peroxide) in deionized-distilled water (ddH,0), according to the manufacturer’s
instruction. Because of the high sensitivity of the luminol solution, we used a dilute solution
(fivefold with ddH50) as a ‘working solution’ for visual detection (Supplemental Protocol).

Following addition of the working solution to FOB-positive feces, luminol generated blue—
white luminescence (Figure 1A, Supplementary Movie 1). We also conducted a time-course
analysis of FOB following indomethacin administration (Figure 1B). We placed a portion of
feces (<1 mg) in a 96-well plate (Thermo Fisher Scientific, MA, USA) at different time
points and added 100 pl of the working solution into each well. Blue—white
chemiluminescence became detectable at 4 h after the indomethacin administration and
luminescence intensity increased thereafter.

To apply the luminol reaction for estimation of Hb concentrations in feces, we determined
the range of fecal sample weights applicable for the luminol reaction. We prepared a FOB-
positive fecal solution (1 mg/ml) with ddH,0, centrifuged it at 8000 x g for 2 min, and the
supernatant was used for assay. We placed 1-10 pl of the solution in 96-well plates, added
100 pl of the 500-fold dilute luminol solution, and measured its chemiluminescence signals
using a microplate reader (ARVO; Perkin Elmer, MA, USA). In the range of 1 to 10 ug
feces/reaction, we obtained excellent linearity between chemiluminescence signals and fecal
amounts (Figure 1C), while fecal amounts higher than 40 pg decreased chemiluminescence
signals (data not shown). Although the absolute chemiluminescence signal of the luminol
solution differed in each assay, the ratio to the background chemiluminescence signal was
stable (data not shown). Thus, we can obtain reproducible results by using the ratio to the
background chemiluminescence (blank wells containing the luminol solution alone).

To determine whether the chemiluminescence signals could reflect the results of the above
visual detection method, we used the same samples of Figure 1B and detected FOB by the
chemiluminescence signals. We prepared fecal sample solutions (1 mg/ml) at different time
points, placed 5 ug of feces in 96-well plates, and measured their chemiluminescence
signals. The signals became detectable 4 h after indomethacin administration and increased
thereafter (Figure 1D). Thus, the chemiluminescence results were similar to the results
observed by the visual detection.

Next, we quantified the Hb concentrations in feces, using Hb standard solutions derived
from normal murine blood (Hb concentration was determined by Hematology Analyzer
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XT-1800; Sysmex Corporation, Hyogo, Japan). In the range of 1-60 ng/well, Hb
concentration curves showed excellent linearity with chemiluminescence ratios (Figure 1E);
the detection limit was 1 ng Hb/well, while Hb concentrations higher than 60 ng/well
reached a plateau (data not shown).

Since feces themselves have been shown to affect the chemiluminescence [7], we measured
the chemiluminescence signals of wells containing 50 ng of Hb in the presence of different
amounts of feces from normal mice (0-16 pg of feces/well). The addition of feces decreased
the signals; in the presence of 5 g of feces, the signal decreased to 20% of that of a control
well containing 50 ng of Hb alone (Figure 1F). The signals in the presence of 5 g of feces/
well provided the most reproducible results among different fecal amounts tested.

Lastly, we attempted to estimate the Hb concentrations in feces. We calculated the
chemiluminescence ratios of wells containing different amounts of Hb in the presence of 5
ug of feces from control mice (Figure 1E). Although the presence of feces decreased the
ratios (and signals, data not shown) compared with those of wells containing no feces (‘Hb
alone’), their Hb concentrations curves showed excellent linearity with chemiluminescence
ratios (/2 = 0.99).

We have established two simple protocols to detect FOB by visual observation or
chemiluminescence measurement (Figure 2). We propose a scoring system for FOB, which
can be used in either protocol. For practical use, there are three tips for obtaining
reproducible results as follows: first, the absolute value of chemiluminescence of the luminol
solution can differ in each experiment; one needs to either set up wells containing 5 pg of a
control fecal sample from normal mice to calculate the chemiluminescence ratios, or freeze
and store all fecal samples so that all samples can be analyzed simultaneously in a single
experiment. Second, the chemiluminescence decreases rapidly once the luminol reaction is
initiated (Supplementary Movie 2); the chemiluminescence needs to be measured
immediately following addition of the luminol solution. Third, several compounds affect the
luminol reaction [8]. In our study, contamination with low levels of phosphate-buffered
saline (PBS) and murine urine decreased the luminol reaction, while contamination with
bleach (sodium hypochlorite, Wako Pure Chemical) and H,O5 increased the reaction: 50%
and 99% decreases by 1 ul of PBS and normal urine/100 pl reaction, respectively; sixfold
and fourfold increases by 1 pl of 100-times diluted sodium hypochlorite and 1 pl of 3%
H,0, solution/100 ul reaction, respectively. In summary, our FOB detection method is
simple, quick, economical and semi-quantitative, allowing researchers to detect FOB in
experimental mice. It would be interesting to compare this method to other methods, such as
the guaiac test and the immunochemical test in the future.
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METHOD SUMMARY

By mixing bloody feces with a luminol solution, the solution emits chemiluminescence.
The chemiluminescence is not only seen by the naked eye in dark field but is also
measurable by a luminometer for semi-quantification.
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Figure 1. Fecal occult blood (FOB) detection by the luminol reaction.
(A & B) We induced intestinal ulcer in mice injected with indomethacin, and harvested

feces. (A) Feces in a microtube at 0 (con) and 6 hours (h) (indo) and (B) a portion of feces in
a 96-well plate at different time points (0, 2, 3, 4, 5, 6 and 8 h) following the indomethacin
injection. Fecal samples were mixed with a luminol solution and observed in dark field. The
blue—white chemiluminescence became detectable at 4 h after the injection: —: negative; *:
dim; +: moderate; and ++: bright. (C) Different amounts of fecal samples from A were
placed into a 96-well plate and mixed with 100 pl of a dilute luminol solution.
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Chemiluminescence intensities were measured by a microplate reader. We calculated the
ratios of the chemiluminescence intensities of wells containing different amounts of feces to
the chemiluminescence intensity of wells containing a luminol solution alone. Weights of
feces containing occult blood positively correlated with the chemiluminescence ratios (/2 =
1.00). (D) We placed 5 pg of fecal samples from B, mixed with the luminol solution, and
calculated the chemiluminescence ratios to the chemiluminescence intensity of wells
containing feces from untreated mouse (time: 0 h). (E) We placed different amounts of Hb in
96-well plates in the absence (“Hb alone’, open red circles) or the presence of (‘Hb + feces’,
closed purple circles) 5 ug of control feces, followed by addition of the luminol solution.
The chemiluminescence intensity of the luminol solution alone or with 5 g of feces was
used for the chemiluminescence ratios of ‘Hb alone’ or “Hb + feces’, respectively. Both Hb
concentrations of ‘Hb alone’ or ‘Hb + feces’ samples positively correlated with the
chemiluminescence ratios, although the ratios of the latter samples showed lower
chemiluminescence ratios. (F) We placed different amounts of feces from normal mice (1-
16 pg/well) into wells containing 50 ng of Hb, followed by addition of the luminol solution.
We calculated the chemiluminescence ratios to the chemiluminescence intensity of wells
containing 50 ng of Hb without feces. (A—F) We repeated each experiment at least three
times.

Con: Control; Hb: Hemoglobin; Indo: Indomethacin.
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Figure 2. Schematic illustration of two protocols for detecting fecal occult blood by the luminol

reaction.

Visual detection (A) and chemiluminescence measurement (B). (A) Visual detection: (1)
Add a luminol dilute solution (dilute the original solution fivefold with deionized-distilled
water [ddH,0]) to pooled feces in a microtube (left) or a piece of feces taken by a toothpick
in a white 96-well plate (right); and (2) observe them in dark field. In the presence of blood,
blue—white chemiluminescence is visible. (B) Chemiluminescence measurement: (1) Prepare
fecal solutions with ddH,0 (1 mg/ml) in a microtube; (2) vortex and centrifuge the tube for
2 min; (3) transfer 5 pl of the solution (containing 5 pug of feces) in a 96-well plate; (4) add
100 pl of a luminol dilute solution (diluted 500-fold with ddH»0) to each well; and (5)
measure the chemiluminescence signal by a luminometer immediately. (C) Fecal blood
scores based on the two luminol protocols. To calculate the chemiluminescence ratios, it is
recommended to store the control fecal solution (1 mg/ml) derived from normal mice. Hb
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concentrations have been estimated by comparing with the results of feces mixed with
standard Hb solutions.
ddH,0: Deionized-distilled water; Hb: Hemoglobin.
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