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Introduction

Diarrhea remains the leading cause of morbidity and 
mortality in beef calves. Calf diarrhea is problematic because 
it reduces productivity at the production site.

In the healthy state, the intestinal villi absorb water 
and glucose, but when the intestinal epithelium is impaired 
diarrhea develops, and damage to intestinal villi reduces 
productivity. It is known that diamine oxidase (DAO) is pro-
duced by mucosal epithelial cells of the small intestine and 
is involved in the control of cell proliferation. Therefore, DAO 
activity has been used as a biomarker of intestinal villi status. 
However, as DAO is a copper (Cu) -containing enzyme, it may 
be reduced by copper deficiency. Therefore, the purpose of 
this study was to investigate the relationship between the 
serum DAO activity level and Cu concentration in diarrheal 
calves, and to examine whether DAO can be used to evaluate 
the pathological condition of diarrhea without being affected 
by the serum copper concentration. In addition, we examined 
the sequential changes in serum DAO activity in healthy calves 
according to the days after birth.

Materials and Methods

This study investigated the time-course changes in the 
serum DAO activity in healthy calves at 1 to 21 days after 
birth, and the relationship between the serum DAO activity 
and Cu concentration in diarrheal calves. In the former study, 
blood was collected at 1, 7, 14, and 21 days after birth from 
10 healthy Japanese black calves. In the latter study, blood 
was collected from 67 Japanese cattle with an average age of 
11.3 days. Of these cattle, 29 had diarrhea (diarrhea group) 
and 37 had no abnormalities including diarrhea (control 
group). The serum DAO activity and Cu concentration were 
measured by ELISA and particle induced X-ray emission 
(PIXE) methods, respectively.

The data are expressed as the means ± standard de-
viation. The mean value for each dependent variable was 
compared by the Tukey method in the former study and by 
student’s t-test or Mann-Whitney U-test in the latter study. 
The relationships between the serum DAO activity and serum 
Cu concentrations were evaluated by Spearman’s rank cor-
relation coefficient. The significance level was p<0.05.

Results

The relationship between age after birth and DAO sig-
nificantly varied (p<0.001). The serum DAO activity on the 
day after birth was the highest at 388.7±70.2 IU/ml, and it 
stabilized at a low level after the 7th day (140.3–180.0 IU/
ml). In contrast, the serum Cu concentration at 1 day after 
birth was the lowest at 0.32±0.03 µg/ml, as compared with 
the other days (0.50-0.54 µg/ml).

Serum DAO and Cu concentrations in healthy calves 
were 173.1±77.8 IU/ml and 0.54±0.15 µg/ml, respectively. 
Even if the serum Cu concentration in diarrheal calves 
(0.57±0.16 µg/ml) was not different from that in healthy 
calves, the serum DAO activity in diarrheal calves was sig-
nificantly lower than that in healthy calves (103.6±79.8 IU/
ml, p<0.001). The serum DAO activity was not significantly 
correlated with serum Cu concentration (R2=0.001, p=0.38).

Significance

Our results confirmed that serum DAO activity of diar-
rheal calves is significantly higher than that of healthy calves 
without changes in serum copper levels. Therefore, even if 
Cu is a constituent element for DAO, the results of this study 
suggested that diarrhea is a factor that significantly decreases 
the DAO activity level in calves. The decrease in serum DAO 
activity observed in diarrhea calves was considered to reflect 
the condition of intestinal villi rather than the effect of serum 
Cu concentration. In addition, this study showed that the 
serum DAO activity level is high within 1 week after birth in 
the calf. Therefore, when serum DAO activity value is used as 
an index for the evaluation of the pathological condition of 
calf diarrhea, be sure to consider the age after birth.

In conclusion, serum DAO activity is not influenced 
by serum Cu concentration, and it is a useful parameter to 
evaluate the pathological condition due to diarrhea in Japa-
nese black calves.
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Introduction

Serum amyloid A (SAA) is an acute phase protein that 
increases in concentration in the serum in the early stages of 
inflammation. SAA is used to diagnose inflammatory diseases 
in humans, cats, and horses. Such an inflammatory marker 
to diagnose inflammatory diseases needs to be investigated 
in cattle. Furthermore, the relationship between systemic 
inflammation and serum SAA concentrations needs to be 
examined in order to improve food animal health care. How-
ever, no studies have been reported on the sequential change 
in SAA in cattle with endotoxemia. Therefore, the aim of the 
present study was to examine serum SAA concentrations 
in cattle with systemic inflammation caused by endotoxin.

Materials and Methods

Five Holstein-Friesian breed calves weighing 416.0 ± 
93.5 lb (188.7 ± 42.4 kg)  were enrolled as a control group, 
and 4 Holstein-Friesian calves and 1 Jersey breed calf, weigh-
ing 371.9 ± 46.5 lb (168.7±21.1 kg), were enrolled as a LPS 
group in the present study.  All calves were fit with an indwell-
ing jugular catheter immediately before the endotoxin was 
infused, and received 2.5 μg/kg bolus doses of O111:B4 LPS 
(L4391, Sigma-Aldrich, St. Louis, MO, USA) intravenously 
in 10 mL of autologous serum via the jugular vein. Blood 
samples (10 mL) were withdrawn from the contralateral 
jugular vein before and 0.5, 1, 2, 4, 8, 12, and 24 hr after the 
endotoxin challenge, and stored in both serum separator and 
heparine-2K-coated tubes. Serum and plasma were harvested 
after centrifugation at 3,000 rpm at room temperature for 
15 min, and stored at -112°F (-80°C) until analyzed. Then, 
the plasma endotoxin (ETX) activity was measured using the 
limulus amebocyte lysate kinetic turbidimetric assay (LAL-
KTA, Endosafe KTA2, Charles River). SAA concentrations in 
serum were measured using an automated latex agglutination 

turbidimetric immunoassay on an automated clinical chemi-
cal analyzer (Hitachi 7170S, Hitachi Ltd., Tokyo, Japan). The 
data are shown as the means ± SD. Each dependent variable 
within the groups was compared with the baseline value us-
ing Dunnett’s test after 2-way ANOVA. Measured dependent 
variables were compared between groups for each sample 
collection period using the Mann-Whitney U test after 2-way 
ANOVA. The significance level was p<0.05.

Results

Significant changes in plasma ETX activity were not 
observed in the control group. Plasma ETX activity in the 
LPS group peaked at 1.239±0.881 EU/mL at t=0.5 hr, which 
was significantly higher than the 0.057 ± 0.013 EU/mL at pre 
and 0.029 ± 0.004 in the control group at t=0.5 hr (p<0.05). 
The peak plasma ETX activity in the LPS group returned to 
pre-challenge values after t=4 hr.

Significant changes in serum SAA concentration were 
not observed in the control group. Serum SAA concentrations 
at t=24 hr in the LPS group was 114.26±23.55 µg/mL, which 
was significantly higher than the 16.72 ± 33.93 µg/mL at pre 
and 14.45 ± 11.69 in the control group at t=24 hr (p<0.05).

Significance

In cattle, C-reactive protein (CRP) cannot be used to 
diagnose inflammatory diseases because the blood CRP 
concentration does not change due to inflammation. Accord-
ingly, SAA is suspected to be a better diagnostic marker for 
inflammatory diseases in cattle. In the present study, serum 
SAA concentrations in endotoxemic model calves increased 
due to systemic inflammation. In conclusion, SAA has the 
potential to be a diagnostic marker for inflammation in cattle.


