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Abstract: Here, to determine the effects of transport stress on blood parameters in dogs, we 
investigated the changes in hematologic and serum chemical parameters in healthy beagle dogs 
transported from Beijing, China, to Osaka, Japan, to obtain the background data. Only the activity of 
serum alkaline phosphatase increased clearly upon arrival, a change attributed to transport stress, 
but the activity gradually reduced afterward. No marked changes in levels of other blood parameters 
were noted. Our findings here suggest that alkaline phosphatase is a useful tool for studying transport 
stress.
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Introduction

Astellas Pharma Inc. was accredited by the Associa-
tion for Assessment and Accreditation of Laboratory 
Animal Care (AAALAC) International in 2008. For any 
animal, veterinary care is important for keeping them 
healthy [14]. To maintain top quality of data in our ex-
periments using healthy animals, we perform blood tests 
for hematology and blood chemistry twice a year as part 
of our health-monitoring program.

Many studies require transportation of animals from 
relatively far-away locations, and the Kashima Facilities 
of Astellas Pharma Inc. are located in Osaka, Japan, ap-
proximately 2,000 km from the breeding colony of dogs 
in Beijing, China.

Here, in order to prepare background data on blood 
parameters for future pharmacological studies, we eval-

uated the response of blood parameters in beagle dogs 
before and after transportation.

Materials and Methods

Animals
All animal experimental procedures used in this study 

were approved by the Institutional Animal Care and Use 
Committee of Astellas Pharma Inc. Furthermore, the 
Kashima Facilities at Astellas Pharma Inc. have been 
awarded Accreditation Status by the AAALAC Interna-
tional.

Healthy male beagle dogs at the age of 6 months (6–8 
kg) that were born and raised in China were purchased 
from Marshall BioResources Japan (Tsukuba, Japan). 
The dogs were driven to Beijing Capital International 
Airport, flown to Kansai International Airport, and 
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placed in a single cage. Animals were transported from 
Kansai International Airport to our animal facility in 
Osaka on a highway with traffic under controlled tem-
perature conditions (15–25°C) [13], which took ap-
proximately 3 h. In our laboratory, the animals were 
maintained on a 12:12 h light-dark cycle (light on from 
07:00 to 19:00) in a controlled temperature (23 ± 1°C) 
and humidity (55 ± 5%) environment. Animals were 
given standard laboratory food (250–300 g/animal/day, 
TC-1, Oriental Yeast Co., Ltd., Tokyo, Japan) and tap 
water ad libitum.

Blood parameters measurements
Blood was collected from the cephalic vein of the 

forelimb using a disposable syringe between 09:00 and 
11:00. Whole blood collected into K2EDTA-coated tubes 
was analyzed using an ADVIA 120 system (Siemens 
Japan K.K., Tokyo, Japan) for hematologic parameters. 
For blood chemistry measurements, whole blood was 
collected in plastic tubes, allowed to clot, and then cen-
trifuged at 3,000 rpm for 10 min at 4°C to separate se-
rum. The resulting supernatant, serum, was assayed 
using the Automatic Analyzer 7170S (Hitachi Ltd., To-
kyo, Japan). Blood samples before transport were col-
lected from 6-month-old healthy male beagle dogs at the 
breeding facility in Beijing in 2011 and assayed using a 
Bayer ADVIA 2120 Analyzer for hematologic parame-
ters or an Olympus AU400 Analyzer for blood chemistry 
measurements.

Results are expressed as the mean ± standard error of 
the mean (SEM).

Results

Serum alkaline phosphatase (ALP; EC 3.1.3.1) activ-
ity increased from a mean ± SEM (minimum-maximum) 
of 151 ± 3.9 (93–240) mU/ml before transportation to 
340 ± 10.4 (198–601) mU/ml 7 days after arrival. Figure 
1 indicates the effects of transport stress on serum ALP 
activity in 6-month-old beagle dogs purchased in Octo-
ber 2009 (Lot 1; n=4), March 2010 (Lot 2; n=14), No-
vember 2010 (Lot 3; n=4), May 2011 (Lot 4; n=3), 
August 2011 (Lot 5; n=10), February 2012 (Lot 6; n=12), 
and September 2012 (Lot 7; n=12). The activity of serum 
ALP in the beagle dogs increased upon arrival relative 
to the levels before transportation. Figure 2 shows the 
change in serum ALP activity in beagle dogs with age 
after arrival at our facility. The activity of serum ALP 

gradually decreased between 6 and 27 months of age 
after arrival.

In contrast, no marked changes were noted in the 
level of other blood parameters, namely, red blood cells, 
hemoglobin, hematocrit, mean cell volume, mean cor-
puscular hemoglobin, mean corpuscular hemoglobin 
concentration, platelets, white blood cells, neutrophils, 
lymphocytes, monocytes, eosinophils, basophils, leuko-
cytes, alanine aminotransferase, aspartate aminotrans-
ferase, total protein, albumin, glucose, triglyceride, total 
bilirubin, or creatinine (data not shown).

Discussion

Transport can be a stressful experience, both physi-
cally and mentally, for many animals [6, 8, 11]. In par-
ticular, the loading experience and noise levels are en-
vironmental changes that strongly influence transport 

Fig. 1.	A ctivity of serum ALP in peripheral blood before and after 
transportation in male beagle dogs at the age of 6 months. 
Values are means ± SEM. 

Fig. 2.	C hange in serum ALP activity in peripheral blood after 
transportation in male beagle dogs purchased at the age of 
6 months. Values are means ± SEM. 



SERUM INDICATORS OF STRESS IN DOGS 331

stress [1]. Here, we investigated the effects of transport 
stress on the levels of blood parameters in dogs. Serum 
ALP activity in healthy dogs increased clearly after 
transport by air. Although different analyzers were used 
for the analysis, the same method of measuring p-nitro-
phenol, the product of p-nitrophenol phosphate, was 
employed to determine serum ALP activity both in the 
Beijing facility and our laboratory in Japan. Our pre-
liminary study revealed that serum ALP activities upon 
arrival and 7 days after arrival were 389 ± 21 and 364 ± 
18 mU/ml, respectively. These data exclude the possibil-
ity that high ALP activity was caused by the environ-
mental differences in the two facilities. Instead, our 
observations indicate that the change in serum ALP activ-
ity is associated with transportation.

Transport stress induces the production of adrenocor-
ticotropin (ACTH) from immune cells such as lympho-
cytes, eliciting an extremely strong reaction by the ad-
renocortical system [3, 4]. ACTH subsequently stimulates 
the release of ALP in adrenocortical cells [9]. Surpris-
ingly, relatively little attention has been given to the 
study of transport stress in dogs. Our finding using 
healthy dogs shows an increase in ALP activity after 
transportation, suggesting that serum ALP may be a use-
ful marker for transport stress in dogs.

ALP is distributed in various tissues, including the 
liver, bone, intestine, kidneys, mammary glands, and 
placenta [5]. Serum ALP is used primarily as a biochem-
ical marker of hepatic disease [7], and dogs with osteo-
sarcoma have increased serum ALP activity [10]. Fur-
ther, ALP activity in dogs is a well-studied indicator of 
disease. However, the beagle dogs analyzed in this study 
were normal and healthy throughout the study based on 
clinical signs and blood parameters expect for ALP.

Increased ALP activity is seen more in young dogs 
than adults due to bone growth [12, 15]. In addition, ALP 
activity is highest at birth, and begins to decrease with-
in 10 days [2]. The present study monitored age-related 
changes in serum ALP activity after arrival at our facil-
ity as background data. During the period between the 
ages of 6 and 27 months, the serum activity of ALP in 
healthy dogs, which was about 350 mU/ml at 6 months, 
steadily decreased to about 100–150 mU/ml at 27 
months. This gradual decrease in serum ALP activity 
may reflect not only recovery from the transport stress 
but also physiological age-dependent changes.

In conclusion, measuring serum ALP activity may be 
useful as a biochemical marker for transport stress in 

dogs. To confirm this conclusion, further studies on the 
relationship between transport stress and serum ALP are 
needed.
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