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Abstract 
Background: The usefulness of the typical direct methods involving duodenal intubation, such as the secretin and 
secretin–cholecystokinin tests, in the diagnosis of exocrine pancreatic dysfunction is widely accepted. However, these 
diagnostic tests tend to be avoided because of their technical complexity and the burden on patients. Recently, a simple 
breath test was developed for assessment of exocrine pancreatic function employing 13C-dipeptide [i.e., 
benzoyl-L-tyrosyl-[1-13C] alanine (Bz-Tyr-Ala)]. Although alcohol abuse causes pancreatic damage in humans, this has 
been unclear in rats. Aims: The aim of the study is to evaluate the effect of ethanol exposure beginning at an early age on 
extra-pancreatic secretory function in rats. Materials and Methods: Twelve female rats of the F344 strain aged 12 months 
were used. Seven rats were fed on a commercial mash food with 16% ethanol solution (Japanese Sake) as drinking-fluid 
since at 29 days of age (ethanol group). The remaining five rats were fed on a nutrient-matched isocaloric diet with water 
as drinking-fluid (control group). After 24-hr fasting, rats are orally administrated 1cc of water containing sodium 
13C-dipeptide (5 mg/kg) and housed in an animal chamber. The expired air in the chamber is collected in a 
breath-sampling bag using a tube and aspiration pump. The 13CO2 concentration is measured using an infrared 
spectrometer at 10-min interval for 120 min and expressed as delta per mil. Results: The breath 13CO2 level increased and 
peaked at 20 min in both two groups. In general, 13CO2 excretion peaked rapidly and also decreased sooner in ethanol rats 
than in control rats. The mean value of the maximal 13CO2 excretion is 34.7 per mil in ethanol rats, greater than in control 
rats (31.4 per mil), but the difference did not reach the statistically significance. Conclusion: Chronic ethanol feeding 
beginning at an early age does not affect extra-pancreatic secretory function in rats. 
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Introduction  
Chronic ethanol consumption leads to fatty liver in the 
absence of nutritional deficiencies [1-3]. Although 
alcohol abuse causes pancreatic damage in humans, it 
has been unknown whether ethanol-feeding rats 
develop exocrine pancreatic dysfunction. Pancreatitis, 
acute and chronic, is closely associated with alcohol 

abuse, but symptomatic pancreatitis develops in only 

10–20% of persons who abuse alcohol for long periods 
[4, 5]. In addition, no satisfactory model of chronic 
pancreatitis induced by ethanol alone has been 
established [6, 7]. Although alcohol abuse causes 
pancreatic damage in humans, this has been unclear in 
rats. Therefore, we put forward the hypothesis that 
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chronic ethanol feeding beginning at an early age might 
cause chronic pancreatitis or affect the exocrine 
pancreatic function.  
 
On the other hand, the usefulness of the typical direct 
methods involving duodenal intubation, such as the 
secretin and secretin–cholecystokinin tests, in the 
diagnosis of exocrine pancreatic dysfunction is widely 
accepted. However, these diagnostic tests tend to be 
avoided because of their technical complexity and the 
burden on patients. Recently, a simple breath test was 
developed for assessment of exocrine pancreatic 
function employing 13C-dipeptide [i.e., 
benzoyl-L-tyrosyl-[1-13C] alanine (Bz-Tyr-Ala)] [8]. 
The aim of the study is to evaluate the effect of ethanol 
exposure beginning at an early age on extra-pancreatic 
secretory function in rats using this new non-invasive 
breath test. 

 
Materials and Methods 
Animals and laboratory 
A total of 12 F344/DuCrj rats aged four weeks were 
purchased from CLEA Japan Inc. (Tokyo, Japan). Animals 
were housed in a quiet and temperature- and 
humidity-controlled room (22-24℃ and 50-60%, 
respectively) individually. The scheme of study design is 
demonstrated in Fig.1. Seven rats were fed on a 
commercial mash food with 16% ethanol solution 
(Japanese Sake) as drinking-fluid since at 29 days of age 
(ethanol group). They drank a 16% ethanol solution with 
net ethanol 9.7g/kg body weight on average. The 
remaining five rats were fed on a nutrient-matched 
isocaloric diet with water as drinking-fluid (control group). 
The weight of the rats was recorded every day, and daily 
water and food intake was measured between 900 and 
1000 h. All procedures were approved by the Institutional 
Animal Care and Use Committee of Toho University, 
Tokyo, Japan.  

 
 
Fig.1 The scheme of study design. Seven rats were fed on a commercial 
mash food with 16% ethanol solution (Japanese Sake) as drinking-fluid 
since at 29 days of age (ethanol group). 
 
Breath test 
After 24-hr fasting, 13C-dipeptide breath test was 
performed using the system for monitoring the 13CO2 
levels in expired air from small animals reported by 

Uchida et al [9]. After the rats were placed in the chamber 
for 10 minutes, 1200 mL of expired air was collected into 
the sampling bag as a baseline. Next, rats were orally 
administrated 1 mL of water containing sodium 13C- 
dipeptide (5 mg/kg) and housed in an animal chamber. The 
expired air in the chamber is collected in a 
breath-sampling bag using a tube and aspiration pump at 
10-min interval for 120 min. The 13CO2 concentration is 
measured using an infrared spectrometer (Ubit IR-300; 
Ohtsuka Pharmaceutical Co., Ltd., Japan) and expressed as 
delta per mil (Δ‰). The maximum concentration 
(Cmax; ‰) and the time taken to reach the maximum 
concentration (Tmax; min) were used to evaluate the 
results of breath test.  
 
Statistical analysis 
Results are reported as means (SD) unless otherwise 
indicated. The maximum values of 13CO2 excretion 
between two groups were compared at each age using 
Student’s t test. Repeated measures ANOVA were used to 
examine between group differences in breath 13CO2 
excretion, since we had measurements for all rats at all 
nine time points. All analyses were done by the Statistical 
Package (JMP v 6.0 in Japanese edition). 

 
Results 
The average values of the 13CO2 excretion at each 
sampling point after administration of 13C-dipeptide are 
shown in Fig. 2. The breath 13CO2 level increased rapidly 
and peaked at 20 min in both two groups, and decreased 
with time thereafter. In general, 13CO2 excretion peaked 
more rapidly and also decreased sooner in ethanol rats 
than in control rats. Cmax is 36.5 ± 11.1 ‰ in ethanol rats, 
greater than in control rats (34.3 ± 13.8 ‰), but the 
difference did not reach the statistically significance 
(Fig.3). Tmax is 27.1 ± 4.9 min in ethanol rats and 28.0 ± 
8.4 min in control rats (Fig.4). Similarly to Cmax, there 
was no significant difference in Tmax between the two 
groups.  

 
Fig. 2 The time course of 13CO2 excretion in ethanol-feeding rats and 
controls. The vertical axis is 13CO2 concentration expressed as delta per 
mil (Δ‰). The expired air is collected in a breath-sampling bag at 10-min 
interval after ingestion of 13C-dipeptide. 13CO2 excretion peaked more 
rapidly and decreased sooner in ethanol rats than in control rats. 
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Fig. 3 Bars indicate the maximum concentration (Cmax; ‰) of 13CO2 in 
the expired air, which is 36.5 ± 11.1 ‰ in ethanol rats, greater than in 
control rats (34.3 ± 13.8 ‰).  
 

 
Fig. 4 Bars indicate the time taken to reach the maximum concentration 
(Tmax; min). Tmax is 27.1 ± 4.9 min in ethanol rats and 28.0 ± 8.4 min 
in control rats. The difference did not reach the statistically significance.  

 
Discussion 
The feasibility of administering an oral dose of a 
13C-substrate and procuring metabolic or diagnostic 
information from its metabolism and conversion to 13CO2 
is attractive due to its noninvasive nature. With the 
increase use of mass spectrometry and stable isotopes, a 
various kind of 13C-substrates have been proposed to 
evaluate gastrointestinal function, including 
gastrointestinal motility, digestive function, absorptive 
function, liver function, and metabolism of nutrients. 13C 
breath tests provide precise evaluations of the presence or 
absence of etiologically significant changes in metabolism 
due to a specific disease or the lack of a specific enzyme. 
The enzyme-substrate interaction results in the release of 
13CO2 in the expired breath. 13C-urea breath test for the 
detection of Helicobacter pylori typifies such breath tests. 
13C-phenylalanine breath test, 13C-α-ketoisocaproic acid 
breath test, and 13C-galactose breath test have been used 
for the evaluation of liver function by measuring the 
enzyme activities [10]. The physician can obtain valuable 
diagnostic information on the enzyme activities by 
distinguishing between two groups on the basis of the 
recovery of 13CO2 from the ingested 13C-substrate.  
 
On the other hand, the assessment of exocrine pancreatic 
function is difficult even by using 13C breath tests. Since 
exocrine pancreatic function has an important role on 
digestive process of various nutrients, various 
13C-substrates have been used for the assessment of 

exocrine pancreatic function, including 13C-trioctanoin 
[11], 13C-triolein [12], 13C-mixed triglycerides [13], 
13C-egg white protein [14], or 13C-starch [15]. These 
breath tests take up much of time up to several hours and 
the patient have to be asked to avoid both breakfast and 
lunch. Therefore, 13C breath test has not been accepted as a 
screening tool for the assessment of exocrine pancreatic 
function in a clinical setting. Recently, a simple breath test 
was developed for assessment of exocrine pancreatic 
function employing 13C-dipeptide [i.e., 
benzoyl-L-tyrosyl-[1-13C] alanine (Bz-Tyr-Ala)] [8] in 
which the study period was only 90 min. Bz-Tyr-Ala is 
cleaved into benzoyl-L-tyrosyl and [1-13C] alanine by 
carboxypeptidase in pancreatic juice in the duodenum, and 
[1-13C] alanine is absorbed and reaches the liver through 
the bloodstream, and is metabolized to release 13CO2 in 
the exhaled breath [8]. The newly developed test has to be 
compared to a gold standard test or an established method 
of evaluating exocrine pancreatic function. Ishii et al [8, 
16] also compared the results of 13C-dipeptide breath test 
to those of pancreatic juice volume and N- 
benzoyl-L-tyrosyl-p-aminobenzoic acid (BT-PABA) test, 
resulting in a close association between these tests in 
human.  
 
There have been few experimental animal studies using 
13C breath test because it is difficult to collect breath 
samples of small animals. Since the system for monitoring 
the 13CO2 levels in expired air from small animals was 
developed by Uchida et al [9] in 2005, 13C breath test has 
been used in experimental animal studies. Similarly to 
human studies, Uchida et al [17] also reported that 
exocrine pancreatic function can be evaluated using 
13C-dipeptide breath test in rats. Then the present study 
using 13C-dipeptide breath test was proposed to evaluate 
the relationship between long-term ethanol consumption 
beginning at an early age and exocrine pancreatic function 
in rats. It is because chronic alcohol consumption has been 
considered as one of the major causes of chronic 
pancreatitis but less than 10% of chronic clcoholics 
develop chronic pancreatitis [4]. Our poor understanding 
of the pathophysiological events leading to the onset of 
chronic pancreatitis results from the fact that most patients 
with the disease are identified only after the early phases 
of the disease have passed. Clinical studies focusing on 
mechanisms responsible for the onset of chronic 
pancreatitis are not possible. To overcome this problem, 
numerous attempts at developing animal models of 
chronic pancreatitis have been made, but the goal of 
developing a good animal model of the disease has not 
been achieved. Therefore, the ethanol-feeding rats are used 
in the present study to evaluate the association between 
long-term alcohol consumption and developing chronic 
pancreatitis.  
 
Although gastroenterologists frequently encounter patients 
with chronic pancreatitis, which is responsible for 86000 
annual admission in United States [18], the diagnosis of 
chronic pancreatitis is suspected on the basis of 
compatible signs and symptoms and most often confirmed 
by imaging studies because pancreatic histology is rarely 
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available to clinicians. However, radiographic 
examinations are insensitive and nonspecific, especially 
for early stage disease. Therefore, most physicians are 
often forced to rely on pancreatic function tests, which 
have the potential to detect damage to the pancreas that is 
less obvious and less advanced. The reference method for 
an early diagnosis of exocrine pancreatic insufficiency is 
the invasive secretin-pancreocymin test in which a big 
expenditure of costs, time, and manpower placing is 
required. This test is seldom performed even in authorized 
hospitals. In contrast, 13C-breath tests are noninvasively 
performed and reflect the intraduodenal activities of 
pancreatic enzymes under physiological conditions. Until 
now, several variations of breath tests with 13C-substrates 
in fatty acid triglyceride have been developed to measure 
intraluminal fat digestion by pancreatic lipase [11-15]. The 
high time expenditure and the lack of standardization still 
limit the clinical use of these breath tests except for 
13C-dipeptide breath test.  
 
In the present study, 13CO2 excretion peaked rapidly and 
also decreased sooner in ethanol rats than in control rats, 
but the difference did not reach the statistical significance. 
This suggests that chronic ethanol feeding beginning at an 
early age does not affect extra-pancreatic secretory 
function in rats. Li J et al [19] reported that long-term 
alcohol consumption did not cause chronic pancreatitis but 
impaired exocrine pancreatic function using Wister rats 
fed diet containing 25% concentration of ethanol for 6 
months. This study revealed an obvious decrease of CCK 
in both small intestine and pancreas after chronic ethanol 
intake. In contrast, some negative results were found in 
several studies of the effect of prolonged ethanol intake on 
exocrine pancreas [20, 21]. These discrepancies might be 
due to the differences in the functional test methods, 
duration of ethanol administration, or kinds of animals 
used.  
 

Conclusion 
Since the result of 13C-dipeptide breath test reflects 
enzyme activity of carboxypeptidase in pancreatic juice, 
the fact that chronic ethanol feeding beginning at an early 
age does not affect the secretion of carboxypeptidase in a 
fasting state is developed in the present study. If pancreatic 
stimulation is performed before 13C-dipeptide breath test, 
the result might be different. It is concluded that 12-month 
ethanol feeding beginning at an early age does not affect 
basal extra-pancreatic secretory function in rats. 
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