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Introduction

Inflammatory diseases caused by lipopolysaccharide 
(LPS) are the most frequently observed diseases in dairy and 
feedlot cows. The acute-phase response to LPS may regulate 
transcription factors and the release of pro-inflammatory 
cytokines, including IL-6 and hepcidin. Iron is known to 
play roles in many enzymatic activities, and is an essential 
trace element for the host and pathogen. Previous reports 
demonstrated that serum Fe levels decrease in inflammatory 
diseases due to intestinal absorption and reduction of the 
release of Fe by reticuloendothelial cells. 

In this study, we measured sequential changes in the 
serum Fe concentration in calves after LPS challenge in or-
der to clarify whether the serum Fe concentration is useful 
as a marker of inflammation. We also examined sequential 
changes in mRNA levels of IL-6 and hepcidin to evaluate the 
inflammatory response.

Materials and Methods

Five female and 5 male Holstein calves, aged 176.8±23.7 
days old and weighing 394 ± 73.4 lb (178.7±33.3 kg), were 
enrolled in this study. These calves were divided into the LPS 
group and control group (n=5 each group).  The calves in the 
LPS group each received 2.5 μg/kg of BW ultrapure O111:B4 
LPS in 10 ml of autologous serum via a catheter in the jugular 
vein, whereas the control calves received a similar volume of 
saline. Blood samples were collected from the contralateral 
jugular vein before the endotoxin challenge, and at 0.5, 1, 2, 4, 
8, 12, 24, and 48 hours after administration, and were stored 
in tubes containing EDTA or heparinized tubes. Liver samples 
were simultaneously collected by ultrasound-guided liver 
biopsy using a True-Cut needle. Plasma endotoxin activity 
was measured by the limulus amebocyte lysate kinetic tur-
bidimetric assay (LAL-KTA). Serum iron concentrations were 
measured by the 2-nitroso-5-(N-propyl-N-sulphopropylami-
no) phenol (nitroso-PSAP) method using an auto-analyzer 
(LABOSPEC 003, Hitachi Medical Co., Japan) at 753 nm with a 
commercial kit. The mRNA expression levels of hepcidin and 
IL-6 in the liver samples from endotoxin-challenged calves 
were measured using real-time PCR. Reverse transcription 
and real-time PCR were carried out in 1 step using commer-
cial kits. GAPDH was used as an endogenous control.

Normally distributed data were reported as the mean 

± standard deviation (SD), and non-normally distributed 
data were expressed as the median and range. For non-
normally distributed data, such as endotoxin activity and 
iron concentration, the Mann-Whitney U test was employed 
for comparison between groups. The mean values for each 
dependent variable were compared with the pre values using 
Dunnett’s t-test after 2- way ANOVA as the F-test.

Results

The endotoxin activity in the plasma was significantly 
increased, peaking (0.425±0.251 EU/ml) at 15 min after the 
LPS challenge (p<0.001), and then returning to the baseline 
level at 4 hr after administration. The infusion of 2.5-µg/kg 
O111B4 LPS induced significant and progressive increases in 
the plasma Fe concentration, reaching 210.2±62.7 µg/dl at 4 
hr after endotoxin challenge. The Fe concentration in plasma 
then significantly decreased, reaching 47.7±29.4 µg/dl at 24 
hrs after endotoxin challenge (p<0.001). Significantly low 
plasma Fe concentrations in calves that received endotoxin 
were maintained from 12 to 48 hrs after the challenge, as 
compared with the pre-values (p<0.001). In the hepatic 
tissues, significantly high expression of IL-6 and hepcidin 
mRNA in calves that received endotoxin were maintained 
from 2 to 8 hr after the challenge as compared with the pre-
values (p<0.001).

Significance

We found that IL-6 and hepcidin mRNA levels increased 
in the liver. Furthermore, the Fe level decreased in calves with 
LPS. Therefore, our study demonstrated that the serum Fe 
concentration is useful as a marker of inflammation in calves 
with inflammatory diseases associated with LPS.
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Introduction

The prevalence of clinical and subclinical mammary 
infections ranges between 20 to 40%.    As of today, the excess 
drug treatment in clinical mammary infections are antibiotics 
given during lactation. In cases of subclinical infections, no 
treatment is used during lactation and treatment is delivered 
upon entry into the dry-off period. In recent years, the aware-
ness of the development of antibiotic-resistant bacteria led 
to legislative processes to reduce the use of antibiotics in 
animal farming, therefore there is a need for a non-antibiotic 
treatment for mastitis. Acoustic Pulse Therapy (APT), known 
as “shockwave treatment”, has been widely reported to be 
used in orthopedics, physiotherapy, sports medicine, urology, 
and veterinary medicine. APT produces various responses in 
biological tissues, such as angiogenesis and antiinflammatory 
effects. A new APT-based device developed specifically for 
treating dairy cows produces high power, deep penetration 
acoustic pulses distributed over a large treatment area. Pre-
viously a number of experiments with APT were conducted 
on 262 cows identified with clinical or subclinical mastitis 
and showed >70% success in curing the infected quarter. 
Significant milk yield increase, reduction in SCC as well as 
bacterial elimination was shown, with an 80% reduction 
in culling rate of clinically infected cows in the APT group 
compared to the control group. The specific objective of this 
study was to evaluate the effect of APT on SCC and milk yield 
when applied on cows at the dry-off period.

Materials and Methods

Fifty cows, 21 APT and 29 controls, were treated during 
dry-off periods 4 to 5 weeks before parturition. Cows were 
paired according to lactation, daily milk yield, DIM, SCC, 

history of infection, bacteriology (if exist), and number of 
infected quarters. In each pair, 1 cow was assigned to APT and 
the second to control.  An APT treatment session includes 400 
pulses (1.9Hz, energy density of 0.041 mJ/mm²) delivered 
over 2 regions of each quarter. APT was given 3 times with 3 
days between treatments.

Results

In the APT group, milk yield during the first 100d com-
pared to the same period in previous lactation was increased 
by 10.2%, compared to 0.8% in the control group.

Average SCC in the first 100d was significantly lower 
in APT (101x103 vs 427x103). New infections during 100d 
were significantly lower in the APT group (9.5% vs 24%).

Significance

In early studies, APT was found to be more effective 
than antibiotics in treating clinical mastitis. APT in subclini-
cal mastitis during the lactation was found to reduce SCC and 
increase milk yield. In contrast to antibiotic treatment, APT 
does not require bacterial identification nor discarding of 
milk after treatment and it is an easy-to-use confined treat-
ment of cows’ udders. In the current study, treatment during 
the dry-off period was an alternative to the use of antibiotics 
to prevent subclinical mastitis as well as increasing milk yield.


