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Effects of immunosuppressive prednisolone therapy on pancreatic 
tissue and concentration of canine pancreatic lipase immunoreactivity 

in healthy dogs
Hiroshi Ohta, Kazuki Kojima, Nozomu Yokoyama, Noboru Sasaki, Yumiko Kagawa, Kiwamu Hanazono, 

Tomohito Ishizuka, Keitaro Morishita, Kensuke Nakamura, Satoshi Takagi, Mitsuyoshi Takiguchi

A b s t r a c t
The objective of this study was to examine the effects of immunosuppressive prednisolone therapy on pancreatic tissue and 
the concentration of serum canine pancreatic lipase immunoreactivity (cPLI) in healthy dogs. Six healthy beagle dogs were 
subcutaneously administered an immunosuppressive dose of prednisolone [4 mg/kg body weight (BW)] once daily for either 2 
or 3 weeks. Serum cPLI concentration was measured before and after treatment. Ultrasonographic examination of the pancreas 
and laparoscopic biopsy and histopathological examination of the right pancreatic lobe and the liver were also conducted before 
and after treatment. The expression of pancreatic lipase messenger ribonucleic acid (mRNA) in the pancreas and liver was 
examined by polymerase chain reaction (PCR). Although the serum cPLI concentration was significantly higher on day 14 and 
on the day of the second laparoscopy than before treatment, it was classified as normal ( 200 g/L) in 5 dogs and as abnormal 
( 400 g/L) in only 1 dog. None of the 6 dogs showed clinical signs of pancreatitis during the study period. After treatment, 
ultrasonographic examination of the pancreas showed no changes except for a hypoechoic pancreas in 1 dog. Histopathological 
examination of the right pancreatic lobe in all dogs showed no evidence of pancreatitis after treatment. Pancreatic lipase mRNA 
expression was detected in the pancreas, but not in the liver, before and after treatment. The administration of 4 mg/kg BW 
per day of prednisolone for 2 or 3 weeks increased the serum cPLI concentration without clinical signs of pancreatitis, although 
an abnormal cPLI concentration ( 400 g/L) was observed in only 1 dog. No ultrasonographic or histological evidence of 
pancreatitis was observed in any of the dogs.

R é s u m é
L’objectif de la présente étude était d’examiner les effets d’une thérapie immunosuppressive par la prednisolone sur le tissu pancréatique et la 
concentration sérique canine de lipase pancréatique immunoréactive (cPLI) chez des chiens en santé. Six chiens beagle en santé ont reçu par 
voie sous-cutanée une dose immunosuppressive de prednisolone [4 mg/kg de poids corporel (PC)] une fois par jour pendant 2 ou 3 semaines. 
La concentration sérique de cPLI a été mesurée avant et après le traitement. Un examen échographique du pancréas et une biopsie suivie 
d’un examen histopathologique d’échantillons du lobe pancréatique droit ainsi que du foie obtenus par laparoscopie ont également été 
faits avant et après le traitement. L’expression de l’ARNm de la lipase pancréatique dans le pancréas et le foie a été examinée par réaction 
d’amplification en chaine par la polymérase. Bien que la concentration sérique de cPLI fût significativement plus élevée au jour 14 et le 
jour de la seconde laparoscopie qu’avant le traitement, elle était classée comme normale ( 200 g/L) chez cinq chiens et comme anormale 
( 400 g/L) chez seulement un chien. Aucun des six chiens n’a présenté de signes cliniques de pancréatite durant la période d’étude. 
Après le traitement, l’examen échographique du pancréas ne démontrait aucun changement sauf pour un pancréas hypoéchogène chez un 
chien. L’examen histopathologique du lobe pancréatique droit chez tous les chiens n’a pas permis de mettre en évidence de pancréatite après 
le traitement. L’expression d’ARNm de lipase pancréatique fut détectée dans le pancréas, mais pas dans le foie, avant et après le traitement. 
L’administration de 4 mg/kg de PC par jour de prednisolone pendant 2 ou 3 semaines a fait augmenter la concentration sérique de cPLI 
sans signe clinique de pancréatite, bien qu’une concentration anormale de cPLI ( 400 g/L) fût obtenue chez un chien. Aucune évidence 
échographique ou histologique de pancréatite ne fût observée chez les chiens de cette étude.
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I n t r o d u c t i o n
Pancreatitis is the most common exocrine pancreatic disease 

in dogs. Accurate clinical diagnosis of pancreatitis remains chal-
lenging as there is no single noninvasive diagnostic method that is 
completely reliable (1). At present, canine pancreatic lipase immu-
noreactivity (cPLI) is widely used to diagnose canine pancreatitis 
and is thought to be a reliable serum marker for pancreatitis (2,3). 
Among various serum tests for diagnosing canine acute pancreatitis, 
determining the cPLI concentration is considered the most sensitive 
and specific assay, with a reported sensitivity of 71.7% to 77.8% and 
specificity of 80.5% to 88.0% (4). 

The Spec cPL (IDEXX Laboratories, Westbrook, Maine, USA), 
a commercially available cPLI assay, is the most frequently used 
noninvasive biochemical test for diagnosing canine pancreatitis 
(4). Another rapid, in-clinic, semiquantitative, visually read test 
for estimating cPLI in serum has also been developed (SNAP cPL; 
IDEXX Laboratories). The SNAP cPL test has been shown to be 
highly sensitive (86% to 94%) in diagnosing acute pancreatitis (4), 
which means that a normal result makes a diagnosis of pancreatitis 
very unlikely (5).

The cPLI assay has inherent advantages over traditional serum 
lipase activity assays. It is reported that canine pancreatic lipase is 
exclusively expressed in pancreatic acinar cells and the cPLI assay 
is able to detect the unique 3-dimensional structure of pancreatic 
lipase without interference from other lipases (6). On the other 
hand, traditional lipase activity assays indiscriminately measure 
the activity of lipases originating from multiple organs, such as the 
stomach and liver. Additionally, 4 wk of peroral administration of 
prednisone [2.2 mg/kg body weight (BW) per day] to healthy dogs 
was not found to have any clinically significant effect on the serum 
cPLI concentration (7), although it has been reported that traditional 
lipase activity assays are influenced by such treatment (8,9).

In our recent study, serial cPLI monitoring in dogs with immune-
mediated disease treated with peroral prednisolone (2.0 to 2.2 mg/kg 
BW per day) showed various degrees of increased cPLI concentra-
tions during the treatment period (10). One possible reason for the 
difference between the results of the previously mentioned study (7) 
and our recent study is differences in the formulae of prednisone 
and prednisolone. Prednisone is an inactive compound (or prodrug) 
until metabolized in the liver by the enzyme 11- hydroxysteroid 
dehydrogenase type 1 (11). It had been thought that prednisolone 
and the prodrug prednisone are equivalent in terms of dosing when 
used as oral drugs. However, one study found that the relative 
bioavailability of prednisolone was only 65% when prednisone was 
administered compared with the administration of prednisolone 
(12), although it is not clear if the differences are due to decreased 
gastrointestinal absorption or to decreased hepatic conversion of 
prednisone to prednisolone. The oral bioavailability of predniso-
lone used in our study (2.0 to 2.2 mg/kg BW per day) could there-
fore be higher than that of prednisone used in the previous study 
(2.2 mg/kg BW per day) (7). These findings indicate that the dose of 
prednisolone might be an important factor in determining its effect 
on pancreatic tissue and serum cPLI concentration. 

It is not known what causes the increased concentration of serum 
cPLI in dogs with immune-mediated disease that are treated with 

prednisolone. One possible reason is that pancreatic lipase is pro-
duced by extra-pancreatic tissue, such as in the liver. One study sug-
gested that the increase in serum lipase activity could have resulted 
from dexamethasone-induced release from the liver, although this 
study referred to total lipase activity and not pancreatic lipase (8). 
One method for investigating the origin of pancreatic lipase is to 
examine the expression of pancreatic lipase messenger ribonucleic 
acid (mRNA) in extra-pancreatic tissues, such as the liver. 

The purpose of this study was to examine the effects of predniso-
lone at the immunosuppressive dosage (4 mg/kg BW per day) on 
pancreatic tissue using histopathology and on the concentration of 
serum cPLI, as well as on ultrasonographic imaging of the pancreas 
and pancreatic lipase gene expression in the pancreas and liver of 
healthy dogs.

M a t e r i a l s  a n d  m e t h o d s

Animals
Six healthy beagles that were part of a research colony owned 

by our laboratory were included in this study. All procedures were 
approved by the Laboratory Animal Experimentation Committee of 
the Graduate School of Veterinary Medicine at Hokkaido University 
(Accession number, 15-0033). 

Study protocol 
The first laparoscopy for biopsy of the right pancreatic lobe 

and liver was carried out before prednisolone was administered. 
Subcutaneous administration of 4 mg/kg BW per day of pred-
nisolone (Prednisolone; Takeda Pharmaceutical, Osaka, Japan) was 
started 2 to 3 wk after the first laparoscopy and this dosage was 
maintained for either 2 or 3 wk. The prednisolone was discontinued 
at 2 wk if obvious side effects were observed, e.g., appearance of a 
pendulous abdomen. A second laparoscopic biopsy was conducted 
2 wk (Dogs 1 to 3) or 3 wk (Dogs 4 to 6) after starting prednisolone. 
Serum cPLI was monitored and serum biochemistry examined at 
1-week intervals until 2 wk (Dogs 1 to 3) or 3 wk (Dogs 4 to 6) after 
starting prednisolone.

After the second laparoscopy, the amount of prednisolone was 
tapered by 50% per week until the dosage reached 0.5 mg/kg BW per 
day. Cessation of prednisolone administration took a total of 3 wk. 

Measurement of canine pancreatic lipase 
immunoreactivity

Serum cPLI was measured before prednisolone administration 
(day 0) and then at 1-week intervals for 2 wk in 3 dogs (Dogs 1 to 3) 
and for 3 wk in another 3 dogs (Dogs 4 to 6). Blood was collected 
by venipuncture, aliquots were centrifuged, and the serum was col-
lected and stored at 4C until analysis. The cPLI concentration was 
measured individually in all samples within 2 d of serum collection 
using a commercial enzyme-linked immunosorbent assay (ELISA) 
that has been analytically validated for use in dogs (13). The refer-
ence interval of the assay is 0 to 200 g/L. A cPLI concentration of 
 400 g/L is considered abnormal and indicates the possibility of 
pancreatitis, while a concentration of 201 to 399 g/L is considered 
to be in the gray zone. 
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Serum biochemistry tests 
Serum biochemistry tests were carried out before the first laparos-

copy (baseline) and before prednisolone was administered (day 0) 
using a dry chemistry analyzer (FUJI DRI-CHEM 7000V; FujiFilm, 
Tokyo, Japan). These tests were repeated at 1-week intervals for 2 wk 
in Dogs 1 to 3 and for 3 wk in Dogs 4 to 6. 

Ultrasonographic examination
Ultrasonographic examination of the pancreas was carried out 

before prednisolone administration and at the time of the second 
laparoscopy (day 14 for dogs 1 to 3 and day 21 for dogs 4 to 6). 
A complete abdominal ultrasound examination of each dog was 
done using a 12-MHz linear probe (PLT-1204BT; Toshiba Medical 
Systems, Tochigi, Japan). An image of the right pancreatic lobe was 
obtained in each dog using the right intercostal window or a right 
cranioventral approach (14). For consistency, transverse images of the 
right pancreatic limb were obtained in all dogs. The pancreatic lobe 
images of all 6 dogs were reviewed by one of the authors (H.O.) and 
the right pancreatic lobe echogenicity and height on the short axis 
were recorded. A representative image of the pancreas of each dog 
was subjectively graded as hypoechoic, isoechoic, or hyperechoic to 
the surrounding mesentery.

Laparoscopic procedure
After fasting for 24 h, the dogs were sedated by intravenous 

administration of midazolam (Midazolam Injection; SANDOZ, 
Yamagata, Japan), 0.01 mg/kg BW and butorphanol (Vetorphale; 
Meiji Seika Pharma, Tokyo, Japan), 0.02 mg/kg BW. General anes-
thesia was induced with propofol (PROPOFOL 1% Injection; Mylan, 
Osaka, Japan), 6 mg/kg BW and maintained with oxygen and iso-
flurane inhalation. Lactated Ringer’s solution (5 to 10 mL/kg BW 
per hour) was also administered intravenously with the dogs under 
anesthesia. The abdomen was aseptically prepared and a 1.5- to 
2.0-cm-long skin and subcutaneous incision was made 2.0 cm caudal 
to the umbilicus. The midline was identified and a traction suture 
was placed on each side to lift the abdominal wall. A minilaparotomy 
incision was made with a surgical blade and the trocar (cannula) for 
a 5-mm laparoscope was passed through the incision. The abdomen 
was distended with CO2 through the cannula and the abdominal 
pressure was maintained at 8 mmHg using an automatic CO2 insuf-
flator (UHI-3; Olympus, Tokyo, Japan). When adequate abdominal 
distention was achieved, a 5-mm telescope was placed inside the  
first cannula. A small skin incision about 1-cm long was made about 
5 cm cranial and 5 cm lateral to the first trocar on both the right and 
left sides of the abdomen. Under visual control, a second and third 
cannula were placed through the right and left middle abdominal 
wall. Again under visual control, the abdomen was explored using 
a palpation probe.

Two biopsy samples were taken from the tail edge of the right 
pancreatic limb away from the pancreatic ducts using 5-mm punch 
biopsy forceps (A64620A; Olympus). Two additional biopsy samples 
were taken from the edge of the liver using 5-mm oval cup biopsy 
forceps (A64610A; Olympus). All instruments and the telescope 
were removed and the pneumoperitoneum was decompressed by 
opening one of the cannula valves and permitting the CO2 to escape. 

The cannulas were then removed and the puncture sites and skin 
were sutured using an absorbable suture (Coated VICRYL Suture; 
Ethicon, Cincinnati, Ohio, USA) and nonabsorbable monofilament 
suture (Suprylon; Vömel, Kronberg, Germany), respectively. All dogs 
received intravenous buprenorphine at 0.01 mg/kg BW (Lepetan; 
Otsuka Pharmaceutical, Tokyo, Japan) for analgesia and recovered 
with no complications. The respiratory rate, body temperature, 
arterial blood pressure, pulse oximetry, capnography, and electro-
cardiography of the dogs were monitored and recorded during the 
laparoscopic procedures.

Histological analysis of the pancreas and liver
Of the 2 biopsy specimens taken from the pancreas and the liver, 

1 sample from each was immediately fixed with 10% neutral buffered 
formalin, embedded in paraffin, and stained with hematoxylin and 
eosin (H&E) for histopathological examination. The histological 
section of the pancreas and liver was examined by a Board-certified 
veterinary pathologist (Y.K.).

Gene expression analysis of pancreatic lipase in 
the pancreas and liver

Another biopsy specimen from the pancreas and liver was treated 
with RNAlater solution (Ambion, Foster City, California, USA) 
according to the manufacturer’s instructions and stored at 80C 
until RNA isolation. Total RNA was extracted from the pancreas and 
liver using a commercially available RNA extraction kit (RNeasy 
Protect Mini Kit; Qiagen, Valencia, California, USA) according to the 
manufacturer’s instructions. Genomic deoxyribonucleic acid (DNA) 
was removed from the samples with a commercially available kit 
(RNase-Free DNase Set; Qiagen). Complementary DNA (cDNA) was 
synthesized from 1.0 g (pancreas) or 0.5 g (liver) of total RNA 
using a commercially available cDNA synthesis kit (ReverTra Ace 
qPCR RT Master Mix; Toyobo, Osaka, Japan). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as the reference gene. 
The primer pair sequences used for polymerase chain reaction (PCR) 
amplification were: 59-gttacactcaggcctcgcagaa-39/59-cgagtacccaaatgc 
tgactgaa-39 for pancreatic lipase (Accession number, XM535023.4) 
and 59-cattgccctcaatgaccact-39/59-tccttggaggccatgtagac-39 for GAPDH 
(NM_001003142). Polymerase chain reaction was carried out with 
DNA polymerase (FastStart PCR Master; Roche, Indianapolis, 
Indiana, USA) according to the manufacturer’s instructions using 
the following steps: initial denaturation at 95C for 10 min, followed 
by 35 cycles of denaturation at 95C for 10 s, annealing at 60C for 
10 s, and extension at 72C for 10 s. Reactions were conducted in a 
20-L total volume containing 1 L of cDNA, 500 nmol primers, 
and 10 L of 2 Master Mix. Amplified fragments were visualized 
on a 3.0% agarose gel. Nucleotide sequences were confirmed by a 
DNA sequencing kit (BigDye Terminator v 3.1 Cycle Sequencing Kit; 
Applied Biosystems, Foster City, California, USA) with a genetic 
analyzer (ABI PRISM 3100 Genetic Analyzer; Applied Biosystems).

Statistical analysis
Statistical analyses were carried out using commercially available 

statistical software (JMP 13; SAS Institute, Cary, North Carolina, 
USA). The data set of the cPLI concentrations, serum biochemistry, 
thickness of the right pancreatic lobe measured by ultrasonography, 
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and body weight was tested for normality using the Shapiro-Wilk 
W-test. A paired t-test was used to compare the serum biochemistry 
results at baseline and day 0. A paired t-test was used to compare 
the body weight on day 0 and on the day of the second laparoscopy. 
The Wilcoxon signed-rank test was used to compare the thickness of 
the right pancreatic lobe between day 0 and the day of the second 
laparoscopy. The Kruskal-Wallis test was used to check for overall 
differences in the cPLI concentration and serum biochemistry results 
on different days. The Dunn test was used to compare the cPLI 
concentration and serum biochemistry parameters between control 
(day 0) and day 7, day 14, or the day of the second laparoscopy. The 
Mann-Whitney U-test was used to compare the cPLI concentration 
of female and male dogs on the day of the second laparoscopy. 
Statistical significance was defined as P  0.05.

Re s u l t s

Animals
Three of the beagles were 4-year-old intact females (Dogs 1 to 3) 

and the other 3 were 2-year-old intact males (Dogs 4 to 6). The 
median body weight was 11.3 kg (range: 8.5 to 12.6 kg). None 
of the dogs had clinical signs of gastrointestinal disease or 
any apparent abnormalities as determined by blood testing, 
fecal examination, and abdominal ultrasound. The only excep-
tions were mildly elevated alkaline phosphatase (ALP) activity 
(385 U/L; reference interval: 47 to 254 U/L) in Dog 2 and alanine 
aminotransferase (ALT) activity (89 U/L; reference interval: 17 to 
78 U/L) in Dog 3.

Table I. Median concentrations of canine pancreatic lipase immunoreactivitya (cPLI) in 6 healthy dogs before and after 
prednisolone treatmentb.

     Day of second 
Dog number Day 0 Day 7 Day 14 Day 21 laparoscopyc

1 35 137 746  746
2 30  37 129  129
3 30  30  71   71
4 30  50  42 30  30
5 30  47  41 65  65
6 30  52  47 33  33
Median (range) 30 (30 to 35)  48.5 (30 to 137)  59 (41 to 746)d   68 (30 to 746)d

a The reference interval of cPLI assay is 0 to 200 g/L. A cPLI concentration of  400 g/L is considered abnormal.
b Prednisolone (4 mg/kg BW, once daily) was administered for 14 d in Dogs 1 to 3 and for 21 d in Dogs 4 to 6.
c Day of second laparoscopy was day 14 in Dogs 1 to 3 and day 21 in Dogs 4 to 6.
d Values differ significantly (P  0.05) compared with the value for day 0.

Table II. Median for results of serum biochemistry examination of 6 healthy dogs at baseline, day 0, and after prednisolone 
treatmenta.

 Reference     Day of second 
Variable interval Baseline Day 0 Day 7 Day 14 laparoscopyb

ALT (U/L) 17 to 78 39 (28 to 89) 120 (47 to 183)d 103 (59 to 333) 117 (43 to 416) 166 (34 to 416)
AST (U/L) 17 to 44 31.5 (23 to 34) 30.5 (22 to 39) 33 (27 to 70) 42.5 (24 to 65) 40 (38 to 65)
ALP (U/L) 47 to 254 114 (119 to 385) 164 (139 to 433) 1004 (319 to 1340) 1615 (319 to 2560)e 2268.5 (717 to 2560)e

GGT (U/L) 5 to 14 7.5 (3 to 11) 6.5 (5 to 9) 14.5 (9 to 24) 29.5 (6 to 68)e 42.5 (21 to 68)e

T-Bil (mg/dL) 0.1 to 0.5 0.2 (0.1 to 0.3) 0.2 (0.1 to 0.4) 0.3 (0.2 to 0.5) 0.35 (0.2 to 0.4) 0.4 (0.2 to 0.6)
T-Cho (mg/dL) 111 to 312 174.5 (130 to 242) 172 (107 to 221) 175.5 (45 to 227) 159 (50 to 234) 166 (50 to 345)
TG (mg/dL) 30 to 133 40 (21 to 89) 42 (33 to 71) 38.5 (27 to 132) 60.5 (32 to 145) 63.5 (32 to 145)
Lipase (U/L)c 10 to 160 35 (23 to 45) 36.5 (21 to 48) 43.5 (23 to 83) 56 (36 to 476) 53 (27 to 476)
BUN (mg/dL) 9.2 to 29.2 11.7 (9.4 to 18.3) 12.5 (10.7 to 16.3) 14.5 (11.8 to 17.1) 13.9 (9.1 to 18.5) 11.4 (8 to 20.4)
Crea (mg/dL) 0.4 to 1.4 0.5 (0.3 to 0.8) 0.5 (0.3 to 0.6) 0.3 (0.2 to 0.4) 0.3 (0.2 to 0.5) 0.2 (0.2 to 0.5)e

CRP (mg/dL) 0 to 1.0 0 (0 to 0.3) 0.1 (0 to 0.5) 0 (0) 0.1 (0 to 0.8) 0.3 (0 to 1.7)
a Prednisolone (4 mg/kg BW, subcutaneously, once daily) was administered for 14 d in Dogs 1 to 3 and for 21 d in Dogs 4 to 6.
b Day of second laparoscopy was day 14 in Dogs 1 to 3 and day 21 in Dogs 4 to 6.
c Lipase activity was measured by the v-LIP-P lipase dry-chemistry slide.
d Values for day 0 differ significantly (P  0.05) compared with the value for baseline.
e Values differ significantly (P  0.05) compared with the value for day 0.
ALP — alkaline phosphatase; ALT — alanine aminotransferase; AST — aspartate aminotransferase; BUN — blood urea nitrogen; 
Crea — creatinine; CRP — C-reactive protein; GGT — -glutamyltransferase; T-Bil — total bilirubin; T-Cho — total cholesterol; TG — triglyceride.
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Three dogs (Dogs 1 to 3) were administered 4 mg/kg BW per day 
of prednisolone for 2 wk. Another 3 dogs (Dogs 4 to 6) were admin-
istered 4 mg/kg BW per day of prednisolone for 3 wk. Prednisolone 
was stopped if a dog developed a pendulous abdomen, which is 
an apparent side effect of prednisolone. None of the dogs showed 
clinical signs of gastrointestinal disease, such as vomiting, anorexia, 
or diarrhea, during the study period.

At the end of prednisolone treatment, 1 dog (Dog 1) had gained 
weight (7.3%) compared with day 0; the other 5 dogs had signifi-
cantly lost weight compared with day 0 (P  0.05). The amount of 
weight loss in each of the 5 dogs (Dogs 2 to 6) was 2.0%, 6.0%, 9.4%, 
10.0%, and 10.0%, respectively. In addition, 1 dog (Dog 4) developed 
bacterial dermatitis on the left hind leg on day 21 of prednisolone 
treatment. This dog was treated with peroral administration of 
5 mg/kg BW per day of enrofloxacin (Baytril; Bayer Yakuhin, Osaka, 
Japan) for 2 wk, after which the dermatitis was cured.

Measurement of canine pancreatic lipase 
immunoreactivity

The serum cPLI measurements in each dog before and after treat-
ment are summarized in Table I. The second laparoscopy was carried 
out at the end of the prednisolone treatment, which was day 14 in 
Dogs 1 to 3 and day 21 in Dogs 4 to 6. Before administering pred-
nisolone (day 0), the median cPLI concentration was 30 g/L (range: 
30 to 35 g/L). The median cPLI concentration was significantly 
higher on day 14 (59 g/L; range: 41 to 746 g/L) and on the day of 
the second laparoscopy (68 g/L; range: 30 to 746 g/L) than on day 
0 (P  0.05). On day 14 and on the day of the second laparoscopy, 
the cPLI concentration was classified as normal ( 200 g/L) in 
5 dogs and abnormal ( 400 g/L) in 1 dog. The serum cPLI con-
centrations on the day of the second laparoscopy were significantly 
higher in the 3 female dogs (Dogs 1 to 3) than in the 3 male dogs 
(Dogs 4 to 6) (P  0.05).

Serum biochemistry tests
The results of the serum biochemistry examination in each dog 

are summarized in Table II. Only the alanine aminotransferase 
(ALT) concentration was higher on day 0 compared with baseline. 
The alkaline phosphatase (ALP) and -glutamyltransferase (GGT) 
concentrations were higher on day 14 and the on day of the second 
laparoscopy than on day 0. The lipase activity was abnormal on 
day 14 (476 U/L) in 1 dog (Dog 1) and normal on the day of the 
second laparoscopy in the other 5 dogs, although not statistically 

different from day 0. The creatinine concentration was lower on the 
day of the second laparoscopy than on day 0. The C-reactive protein 
concentration was increased (1.7 mg/dL) in 1 dog (Dog 4) on the 
day of the second laparoscopy (day 21). 

Ultrasonographic examination
The results of the ultrasonographic examination of the pancreas 

in all 6 dogs are summarized in Table III. Before the prednisolone 
was administered, the right pancreatic lobe was graded as isoechoic 
to the surrounding mesentery in all 6 dogs. After the prednisolone 
administration, the right pancreatic lobe was graded as isoechoic in 
5 dogs and hypoechoic in 1 dog (Dog 5). There was no significant 
difference in the height of the right pancreatic lobe before (median, 
11.3 mm; 8.1 to 13.5 mm) and after prednisolone treatment (median, 
10.0 mm; 6.4 to 13.4 mm).

Histological analysis
Before and after prednisolone was administered, histological 

analysis of the right pancreatic lobe revealed no histological abnor-
malities in any of the 6 dogs (Figures 1A and B). Before prednisolone 
was administered, no histological abnormalities were observed in 
the liver in all 6 dogs (Figure 1C). In contrast, histological analysis 
of the liver revealed vacuolar hepatopathy in all 6 dogs (Figure 1D).

Gene expression analysis of pancreatic lipase in 
the pancreas and liver

Before and after prednisolone was administered, pancreatic lipase 
gene expression was detected in the pancreas, but not in the liver 
in all 6 dogs (Figure 2).

D i s c u s s i o n
This study demonstrated that subcutaneously administering 

prednisolone at the higher end of the immunosuppressive dose 
(4 mg/kg BW per day) for either 2 or 3 wk to 6 healthy beagle 
dogs caused a statistically significant increase in the serum cPLI 
concentration without clinical signs of pancreatitis, although the 
cPLI concentration increased into the abnormal range in only 1 dog.

The effects of corticosteroids on the pancreas are poorly under-
stood and corticosteroid-induced pancreatitis is a difficult clinical 
condition to diagnose. The recurrence of pancreatitis after a rechal-
lenge with a corticosteroid in humans has been described in only a 
few studies (15). Corticosteroids are not considered a risk factor for 
pancreatitis and are considered to be only a “possible/questionable” 
cause of drug-induced pancreatitis in humans (16).

On the other hand, the results of 2 studies examining the effect 
of corticosteroids on the serum cPLI concentration in dogs are 
inconsistent. One study showed that the serum cPLI concentration 
was not altered by 4 wk of peroral administration of 2.2 mg/kg 
BW per day of prednisone to 6 healthy young adult female het-
erozygous dogs with X-linked hereditary nephritis (7). In contrast, 
we recently reported that the serum cPLI concentration increased 
by various levels in 5 of 10 dogs with immune-mediated disease 
treated with an immunosuppressive dosage of prednisolone (2.0 
to 2.2 mg/kg BW per day as the initial treatment) without clini-
cal signs of pancreatitis (10). From the results of these 2 studies 

Table III. Sonographic pancreatic appearance of 6 healthy 
dogs at day 0 and day of second laparoscopy.

 Day 0 Day of second laparoscopya

Thickness (mm)
 median (range) 11.3 (8.1 to 13.5) 10.0 (6.4 to 13.4)
Ecogenicity
 Isoechoic 6 dogs 5 dogs
 Hyoechoic  1 dog
a Day of second laparoscopy was day 14 in Dogs 1 to 3 and day 21 
in Dogs 4 to 6.
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(7,10), we speculate that the differences between prednisone 
and prednisolone or the presence of underlying disorders might 
affect the results of administering corticosteroids on serum cPLI 
concentrations. 

A possible explanation for the differences in the serum cPLI 
concentrations among 6 dogs treated with 2.2 mg/kg BW of pred-
nisolone per day for 4 wk and 6 dogs treated with 4 mg/kg BW 
of prednisolone per day for 2 or 3 wk is that the glucocorticoid 
dosage used in the current study (4 mg/kg BW per day for 2 or 
3 wk) was higher than that in the previous study using prednisone 
(2.2 mg/kg BW per day for 4 wk) (7). As mentioned previously, 
the relative bioavailability of prednisolone was reported to be 
only 65% when prednisone was administered compared with 
prednisolone in dogs, although the reason for this difference has 
not been fully elucidated (12). Additionally, we used the higher 
end of the immunosuppressive dose range of prednisolone (4 
mg/kg per day), instead of 2.2 mg/kg BW per day of predni-
sone used in the previous study (7), although different routes of 

administration were used in the 2 studies. We used subcutaneous 
injection of prednisolone instead of oral administration to avoid 
incomplete absorption of the drug, which is one of the disadvantages 
of oral administration. Drug absorption is usually more predictable 
when using parenteral than oral administration. The bioavailability 
of prednisolone used in the current study (4 mg/kg BW per day, 
subcutaneously) could therefore be much higher than that of predni-
sone used in the previous study (2.2 mg/kg BW per day, orally) (7). 

In another previous report, 3 of 19 dogs with neurological disease 
treated with dexamethasone had evidence of pancreatitis or peripan-
creatic fat necrosis at necropsy, although only 1 of the 3 dogs had 
clinical signs of pancreatitis (8). The results of this study indicate 
that pancreatitis may develop when dogs with neurological dis-
ease are treated with a corticosteroid. Possible explanations for the 
histopathological findings of pancreatitis in these 3 dogs are either 
that the stress associated with the underlying neurological condition 
leads to pancreatitis after dexamethasone treatment or that dogs with 
neurological disease are predisposed to developing pancreatitis.

Figure 1. Histopathological examination of the pancreas and liver before and after subcutaneous administration of prednisolone. No his-
tological abnormalities were observed in the pancreas before (A) and after (B) prednisolone treatment. No histological abnormalities were 
observed in the liver before prednisolone treatment (C). Marked vacuolar degeneration occurred in the liver after prednisolone treatment (D). 
Hematoxylin and eosin stain; bar = 100 m.
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In our previous study, 5 of 10 dogs with immune-mediated disease 
showed an increased cPLI concentration in the abnormal range with-
out clinical signs of pancreatitis after prednisolone was administered, 
although histological examination of the pancreas was not carried 
out in any of the dogs (10). Two of these 5 dogs had idiopathic 
immune-mediated polyarthritis, 1 had meningoencephalomyelitis of 
unknown origin, 1 had immune-mediated polymyositis, and 1 had 
inflammatory colorectal polyps. It was difficult to make a definitive 
conclusion about the relationship between the disease category and 
abnormal cPLI concentrations after prednisolone was administered 
because of the small number of cases. Further studies using larger 
numbers of dogs with immune-mediated or neurological disease are 
needed to explore the relationship between the underlying disorders 
and the increase in the cPLI concentration to the abnormal range 
after prednisolone is administered.

It is not known what caused the serum cPLI concentration to 
increase in dogs treated with prednisolone. It may be a result of 
increased synthesis of this enzyme in the pancreas or increased cel-
lular permeability to pancreatic lipase. It could also be caused by a 
decreased rate of removal of the enzyme from the serum by the kid-
ney, although this is unlikely because the blood urea nitrogen (BUN) 
and creatinine concentrations were within the normal ranges in all 
dogs throughout the study period (17). The increase in the serum 
cPLI concentration could also have resulted from prednisolone-
induced release from extra-pancreatic tissues, such as the liver, as 
lipase activity has been found in many organs, including the liver, 
stomach, and adipose tissue. Pancreatic lipase mRNA expression 
was not observed in the liver, however, even after prednisolone 
treatment. Pancreatic lipase synthesis and release from the liver is 
therefore not likely. The possibility of increased pancreatic lipase 
synthesis in other organs, such as the stomach and adipose tissue, 
however, cannot be ruled out based on the results of this study. In 
addition, the possibility of increased cellular permeability to pancre-
atic lipase cannot be ruled out based on the present results because 
we did not examine the cellular permeability of pancreatic acinar 
cells in dogs treated with prednisolone. 

A previous study reported an association between the postpran-
dial serum triglyceride concentration and the serum cPLI concentra-
tion in overweight and obese dogs (18). Another study reported a 
positive correlation between the serum triglyceride concentration 
and serum cPLI concentration in miniature schnauzers (19). While 
we initially considered that the increased cPLI concentration in the 
current study was caused by corticosteroid-induced hypertriglyc-

eridemia, no association could be found between the serum cPLI 
concentration and serum triglyceride concentration because of the 
small number of dogs used in this study. 

In this study, we used 6 healthy beagle dogs, consisting of 3 intact 
females and 3 intact males. On the day of the second laparoscopy, 
the serum cPLI concentrations in the 3 female dogs (2 wk after pred-
nisolone was administered) were significantly higher than in the 
3 male dogs (3 wk after prednisolone was administered). Hormonal 
differences between the sexes might have affected the serum cPLI 
concentration after prednisolone treatment, although the number 
of dogs was too small to achieve a definitive conclusion and the 
statistical power of the study was low. A further study is needed 
with a larger number of dogs to clarify the impact of sex hormones 
on the effect of administering 4 mg/kg BW per day of prednisolone 
on the serum cPLI concentration.

In addition to measuring serum cPLI concentration, we measured 
the serum lipase activity using slide-based catalytic lipase assay 
(v-LIP-P slide; FUJI DRI-CHEM). The results showed a tendency for 
the lipase activity to increase, similar to the results of the cPLI con-
centration, although the increase was not statistically significant. In 
addition, 1 dog (Dog 1) showed an abnormal range of lipase activity 
(476 IU/L) 2 wk after prednisolone was administered. In general, 
enzyme catalytic assays of lipase are thought to have low specific-
ity for diagnosing canine pancreatitis. Lipase activity measured by 
v-LIP-P slide showed a relatively good correlation with the cPLI 
concentration (20), although several sample conditions could sig-
nificantly affect the v-LIP-P slide results, e.g., hemolysis, icterus (21). 
Administering 4 mg/kg BW per day of prednisolone for 2 or 3 wk 
might have some effect on the lipase activity measured by v-LIP-P 
slide, although the power of this study was too low to determine 
this effect.

In 1 dog, the right pancreatic lobe was hypoechoic on ultrasono-
graphic examination, but histologically normal after prednisolone 
was administered, which could be due to portal hypertension caused 
by portal vein thrombosis. Pancreatic edema is thought to be associ-
ated with pancreatitis, hypoalbuminemia, or portal hypertension 
(22). While administering a corticosteroid is a major predisposing 
factor for the formation of portal vein thrombosis (23), we detected 
no thrombi in the portal vein by abdominal ultrasound. The cause 
of the hypoechoic change in the right pancreatic lobe is therefore 
not known.

In the present study, liver enzymes increased slightly in 2 of 6 dogs 
at baseline (ALT in Dog 3 and ALP in Dog 2). While subclinical eleva-
tion of liver enzymes could have influenced the results of this study, 
no histopathological abnormalities were found in the livers of these 
2 dogs at the time of the first laparoscopy. Moreover, as these 2 dogs 
did not include the dog with the highest cPLI concentration at the 
time of the second laparoscopy (Dog 1), it is unlikely that the mild 
increase in liver enzymes in these 2 dogs inappropriately influenced 
the effect of prednisolone on the pancreatic tissue and serum cPLI 
concentration. Another possible explanation for the increase in ALT 
on day 0 (2 to 3 wk after the first laparoscopy) compared with base-
line was the effect of liver biopsy at the first laparoscopy.

In 1 dog (Dog 4), the C-reactive protein concentration was 
increased (1.7 mg/dL) on the day of the second laparoscopy. As this 
dog did not show clinical signs of gastrointestinal disease throughout 

Figure 2. Upper panels show gene expression of pancreatic 
lipase in the pancreas and liver before (left) and after (right) 
prednisolone treatment. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as a reference gene.
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the study period and the cPLI concentration on the day of the second 
laparoscopy was 30 g/L, it is unlikely that acute pancreatitis caused 
this increase. The increase could have been caused by the bacterial 
dermatitis on this dog’s leg, although it is not known whether the 
dermatitis or the antibiotics given to treat it were the cause.

Five of the 6 dogs unexpectedly lost weight after prednisolone 
was administered, although their appetite and food consumption did 
not decrease during the study period. This dosage of prednisolone 
(4 mg/kg BW per day) might have been high enough to induce a 
breakdown of protein that resulted in muscle wasting. Because we 
did not expect muscle wasting, however, we did not monitor the 
body condition score or muscle condition score of the dogs. These 
scores may have been more suitable for accurately monitoring the 
adverse effects of this dose of prednisolone than the appearance of 
a pendulous abdomen.

The present study has some limitations. First, as we did not carry 
out a histological examination of the whole pancreas, the possibility 
of pancreatitis cannot be completely ruled out because pancreatic 
inflammation tends to occur in discrete areas within the pancreas 
rather than diffusely throughout the whole pancreas (24). Second, 
the effect of prolonged administration of an immunosuppressive 
dose of prednisolone on the pancreas and serum cPLI concentration 
remains unknown because we did not monitor the cPLI concentra-
tion for more than 3 wk. Third, a further study with more dogs is 
needed in order to increase the power of the study. Fourth, we did 
not conduct urinalysis in order to monitor the specific gravity of the 
urine in the 6 dogs, which would have been useful to assess side 
effects of prednisolone, such as polyuria/polydipsia, other than 
a pendulous abdomen. Finally, we cannot exclude the possibility 
of intra-individual variation in the serum cPLI concentration that 
is not associated with prednisolone treatment. A previous study 
demonstrated this possibility in 11 apparently healthy dogs, 2 of 
which had an abnormal cPLI concentration during the 12-week 
study period (25).

In conclusion, subcutaneous administration of 4 mg/kg BW per 
day of prednisolone to 6 healthy dogs increased the serum cPLI 
concentration without ultrasonographic or histological evidence 
of pancreatitis, although this increase was abnormal in only 1 dog. 
In addition, pancreatic lipase gene expression was detected in the 
pancreas, but not in the liver, of all dogs, both before and after 
prednisolone treatment.
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