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Introduction 

The use of artificial insemination (AI) has expanded widely in livestock and ca-
nine reproduction. This technique reduces the use of breeding dogs, which re-
quires transportation of animals, is relatively costly, is time-consuming, and poses 
risks of disease transmission [1-3]. AI also facilitates breeding of the required, 
usually genetically superior dogs, both within and among countries [4,5]. Cryo-
preservation of genetic materials in livestock has various limitations that negative-
ly affect fertility quality [6-9]. Cryo-induced damage causes alteration of sperm 
cell homoeostasis and leads to failure of the antioxidant system, which plays a ma-
jor role in controlling the level of oxidative stress (OS) and is responsible for con-
trolling excessive free radicals [10]. 

Various reports have shown that supplementation of antioxidants in cryopreser-

Resveratrol (RSV, 3,5,4′-trihydroxytrans-stilbene) protects sperm from cryo-induced 
damage in various animal and human species. In this study, we aimed to assess the 
effect of dog sperm cryoprotective extender containing RSV on the quality of post-
thaw dog sperm. Sperm were collected from 4 Beagles and supplemented with differ-
ent concentrations of RSV (0, 100, 200, and 400 µM). After thawing, apoptosis index, 
and reactive oxygen species (ROS) levels were assessed to determine post-thaw sperm 
quality. Dog sperm cryopreserved with 400 µM RSV showed significant improvement 
in post-thaw sperm quality with lower apoptosis index and ROS levels (p < 0.05). Our 
results showed that the supplementation of dog sperm cryoprotective extender with 
RSV at a concentration of 400 µM improved the post-thaw dog sperm quality in the 
term of sperm ROS production and apoptosis. In addition, we emphasize the necessity 
of testing the ROS levels and apoptosis index using flow cytometry to determine the 
quality of post-thaw semen. 
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vation medium improves post-thaw sperm quality [4,11]. Cryo-
preservation efforts involving freezing and thawing inevitably 
affect sperm homeostasis, leading to significant physiological 
and chemical changes in the sperm, affecting OS homeostasis 
and causing excessive production of reactive oxygen species 
(ROS) [12,13]. This is mainly due to the removal of seminal 
plasma during the cryopreservation process, which reduces an-
tioxidant defenses in sperm and makes sperm vulnerable to OS 
[14]. Other effects of cryopreservation include osmotic stress, 
cold shock, and intracellular ice crystal formation [15-17]. Vari-
ous antioxidants have been shown to improve post-thaw sperm 
quality in different animal species by suppressing ROS produc-
tion and its associated effects [18,19]. Previous studies showed 
that supplementation of cryoprotectant extender with kinetin 
and astaxanthin improved post-thaw motility and structural in-
tegrity of dog sperm [20,21]. Resveratrol (RSV, 3,5,4′-trihy-
droxytrans-stilbene) exhibits its antioxidant effects by scaveng-
ing free radicals, chelating divalent cations, and inhibiting ROS 
formation [22]. Supplementation of extender with RSV also de-
creased mitochondrial membrane potential and reduced ROS 
levels [23]. RSV supplementation in the cryopreservation of hu-
man sperm has been reported to improve the quality and func-
tion of post-thaw sperm [24]. 

Accordingly, we expedite the possible application of flow cy-
tometry, for the detection of the survival rate depend on apop-
tosis index, which is vital for the sperm quality [25]. Besides, 
apoptosis elicited from cryopreservation and post-thaw effects, 
sperm are experiencing from relatively higher ROS [26]. During 
freezing, an increase in ROS level in sperm leads to fatty oxida-
tion. This action induces DNA fragmentation in sperm, leading 
to apoptosis by relying on damage to the genetic mechanism 
[27]. Thus, we aimed to use the flow cytometry as independent 
test for assessing the quality of post-thaw sperm in dog sperm. 
We applied the apoptosis index and ROS level for the detection 
of the quality of sperms analysis of the control and RSV treated. 
In fact, even there are reports of application of flow cytometry, 
there are few and most of reports used as an additional method 
of assessment to conventional techniques. Therefore, this study 
aims to evaluate the effect of RSV on ROS levels and apoptosis 
in dog sperm, as measured by flow cytometry, independently 
analyze post-thaw quality. 

Materials and Methods 

All chemicals used in the experiment were purchased from 
Sigma-Aldrich (USA), unless otherwise stated. Sperm cryopres-
ervation and post-thaw quality assessments were performed 

following previously reported protocols [13]. All experimental 
procedures were conducted according to the guidelines for the 
care and use of laboratory animals at Chungnam National Uni-
versity (approval number: 202006A-CNU-103). 

Preparation of buffers 
The sperm washing and dilution system was prepared as de-

scribed previously [20]. Buffer 1 used for sperm washing was 
composed of Tris (hydroxymethyl) aminomethane (198.11 
mM), citric acid (72.87 mM), fructose (44.39 mM), and kana-
mycin sulfate (0.25 mM) dissolved in distilled water (pH 6.6, 
290 mOsm). Buffer 2 (semen extender) was prepared using 54% 
buffer 1 (volume per volume [v:v]), 40% egg yolk (v:v), and 6% 
glycerol (v:v). 

Study animals and semen collection 
Four healthy male Beagles, 3- to 4-year-old and weighing 8 to 

12 kg, were used for semen collection. Each dog was kept under 
the same conditions according to standard protocols, including 
protection from excessive noise, and provided a standard diet 
with sufficient area for exercise and rest. Semen collection was 
performed twice a week for a total of 8 times using digital ma-
nipulation. Semen samples were initially assessed using a CASA 
software imaging system (MICROPTIC CASA Systems, SCA 
class analyzer; Josep Tarradellas, Spain). Samples with ≥  70% 
motility, ≥  80% viability, and a sperm concentration ≥  100 ×  
106 cells/mL were pooled and used for further processing. 

Semen cryopreservation and thawing 
Sperm cryopreservation and post-thaw quality assessment 

were performed following previously reported protocols [20] 
and are described in detail in this paper. Pooled sperm samples 
were adjusted to a concentration of 200 ×  106 cells/mL with 
buffer 1. The sperm suspension was then divided and diluted 
with extender (buffer 2) supplemented with 100, 200, 400 µM 
RSV, or no RSV (control). Semen was extended in a multi-step 
dilution process to a final concentration of 100 ×  106 cells/mL. 
Diluted semen was used to fill 0.5 mL semen straws (Ref. 
13408/0010: Minitüb GmbH, Germany), which were then 
equilibrated at 4°C for 45 to 60 minutes. Freezing of the semen 
straws was performed by horizontally placing the straws 2 cm 
above the surface of liquid nitrogen for 15 minutes. After stor-
age in liquid nitrogen for a week, the frozen semen straws were 
thawed in a 37°C water bath for 30 seconds for evaluation. 

ROS level assessment 
Sperm ROS levels were assessed according to the protocol de-
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scribed by Guthrie and Welch [28]. 2,7-dichlorodihydrofluores-
cein diacetate (H2DCFDA; Molecular Probes Inc., USA) was 
used to detect H2O2. The mean fluorescence intensity [29] of 
DCF was measured to evaluate the intracellular mean H2O2 per 
viable sperm population. All fluorescence signals of labeled 
sperm were analyzed using a BD Accuri C6 Plus flow cytometer 
(BD Biosciences, USA). The data are expressed as the percent-
age of viable sperm with H2O2 (high DCF fluorescence). 

Apoptosis status assessment 
The sperm apoptosis status was evaluated according to Meh-

dipour et al. [30]. Sperm were washed in Dulbecco’s Phosphate 
Buffered Saline and readjusted to 100 mL at a concentration of 
1 ×  106 sperm/mL in 1 ×  binding buffer (10 mM HEPES/ 
NaOH, pH 7.5, containing 0.14 M NaCl and 2.5 mM CaCl2), 
and 5 µL annexin V fluorescein isothiocyanate (FITC) (50 µg/
mL stock) and 5 µL propidium iodide (PI) solutions were added. 
The cells were incubated for 15 minutes at room temperature in 
the dark. Sperm were categorized into 4 different groups: viable 
non-apoptotic, early apoptotic, late apoptotic, and necrotic cells. 
The last group contained late apoptotic and necrotic cells, which 
were categorized as dead cells. The apoptosis index was calculat-
ed as the ratio of annexin V detected among live sperm. 

Statistical analysis 
The IBM SPSS Statistics ver. 24.0 (IBM Corp., USA) was used 

to analyze the data. Apoptosis status and ROS levels were ana-
lyzed using bivariate correlation coefficients. The measurements 
of different parameters were expressed as the mean ±  standard 
error of the mean, and p <  0.05 indicating statistical signifi-
cance. 

Results 

ROS level 
ROS level is calculated on the bases of the proportion of ROS 

detected sperm from total number of live sperm. In the quad-
rant, the upper and lower parts indicate the presence or ab-
sence of PI staining, and depending on this result, the sperm is 
categorized as live or dead. In addition, the left and right sides 
of the quadrant indicate is on the bases of DCFDA staining, 
which indicates the higher level of ROS {lower right quadrants 
/ (lower left quadrants + lower right quadrants)}. The results of 
showed that the ROS level gradually decreased in the group 
treated with RSV at increasing concentrations (p < 0.05) (Fig. 1). 
In particular, there was a significant difference between the 
control group and the RSV 400 µM treatment group (measured 
as 4.31 ±  0.51 and 1.43 ±  0.18 in control and 400 µM RSV, re-
spectively). 

Phosphatidylserine translocation status (apoptosis) 
The apoptosis index was calculated as the probability that an-
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Fig. 1. Effect of resveratrol (RSV) on reactive oxygen 
species (ROS) level of post-thaw sperm. (A) Control, 
(B) RSV 100, (C) RSV 200, (D) RSV 400. (A-D) are 
the results of DCFDA/propidium iodide staining and 
ROS analysis by flow cytometry. The bar graph is the 
result of comparing the ROS index value using the 
flow cytometry result. UL, upper left; UR, upper right; 
LL, lower left; LR, lower right. *Significant differences 
in means between each group and control group  
(p < 0.05).
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nexin V were detected depending on the number of live sperm. 
In the quadrant, the upper and lower parts indicate the presence 
or absence of PI staining, and depending on this result, the 
sperm is categorized as live or dead. In addition, the left and 
right sides of the quadrant indicate the presence or absence of 
annexin V FITC staining, which indicates the expression of 
apoptosis {lower right quadrants / (lower left quadrants + lower 
right quadrants)}. The apoptosis index showed a marked differ-
ence between the RSV-treated groups and the control group (p 
<  0.05) (Fig. 2). RSV supplementation at 400 µM in the cryo-
protectant extender resulted in decreased apoptosis index (mea-
sured as 5.65 ±  0.58 and 3.29 ±  0.21 in control and 400 µM 
RSV, respectively). 

Discussion 

RSV is an activating factor of SIRT1, which is responsible to 
reduces and improves ROS levels and there by reduces apopto-
sis in cells [31]. The flow cytometry method of apoptosis index 
and ROS determination of post-thaw sperm quality reveled rel-
atively lower apoptosis index and ROS level at 400 µM RSV 
supplemented group is statistically significantly different than 
control (p <  0.05). The finding of current study, optimum con-
centration of RSV, as 400 µM in dog post-thaw sperm is higher 
than, 40 μM RSV reported to be efficient in roosters [32], which 
could be due to species-specific differences and usage of differ-

ent media types. RSV has been shown to affect autophagy factor 
1, which is an outer mitochondrial membrane protein, respon-
sible for calcium metabolism, anti-apoptosis, and anti-autopha-
gy [33,34]. Therefore, supplementation with RSV will up-regu-
late the development of mitochondrial organisms, allowing 
sperm to obtain the energy source required for activity after 
thawing [35]. 

The conventional sperm quality evaluation methods analyzes 
mainly cell membrane, mitochondria, DNA and acrosome and 
so far used in combination as a useful approach to determine 
the sperm quality [36]. Whereas advances in molecular cytom-
etry enable to analyze sperm quality objectively and in relatively 
faster rate. These findings are similar to previous reports where 
apoptotic biomarkers were used to determine the male fertility 
potential [37]. Therefore, the excessive ROS levels in the control 
group could be responsible for physical and chemical stress on 
the sperm and affect fertility quality. This finding is in line with 
a previous report demonstrating that antioxidant supplementa-
tion using kinetin maintains the motility and survival rate of 
cryopreserved dog sperm [20]. 

The lower apoptosis index in sperm groups treated with RSV 
is an indication of better survival of the sperm in the treated 
groups as compared to that of the control group. In general, 
apoptosis is gene-activated and occurs as a normal consequence 
of cell aging or as a result of cellular stress [38]. The reduced 
apoptotic index in the treated groups is a mechanism to reduce 

A05 R5 RSV control
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Fig. 2. Detection of annexin V fluorescein iso-
thiocyanate (FITC) in post-thaw porcine sperm. 
(A) Control, (B) resveratrol (RSV) 100, (C) RSV 
200, (D) RSV 400. (A-D) are the results of annex-
in V FITC/propidium iodide staining and analysis 
by flow cytometry. UL, upper left; UR, upper right; 
LL, lower left; LR, lower right. *Significant differ-
ences in means between each group and control 
group (p < 0.05).
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the cryo-induced damage of the apoptotic process that occurs 
during freezing and thawing. This, in turn, is believed to con-
tribute to maintaining the fertility quality of post-thaw sperm. 
On the other hand, high levels of ROS are a major cause of 
DNA damage that may result in genetic mutations and conse-
quently different pathological conditions including aging, lead-
ing to apoptosis and cancer [39]. Damage to sperm DNA affects 
various fertility parameters [40]. 

RSV lowers the apoptotic index and ROS levels and should be 
considered as an effective antioxidant for post-thaw dog sperm 
at 400 µM. Furthermore, flow cytometry methods are effective 
for post-thaw sperm quality analysis, revealing similar results as 
those of conventional sperm motility and survival tests. We en-
courage further studies in this regard, particularly on the effects 
of higher concentrations of RSV and a wide-scale validation of 
the results of this study. Finally, we note that the study species 
and the types of cryopreservation media used are important 
factors to consider while determining the optimum concentra-
tion of RSV. 
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Introduction 

Canine atopic dermatitis (CAD) is an allergic skin disease that causes pruritus 
in dogs with genetic predisposition [1]. Cutaneous adverse food reaction (CAFR) 
is caused by food allergens and is a common allergic dermatosis that makes CAD 
difficult to control by triggering the flare of CAD [2,3]. It is generally character-
ized by non-seasonal pruritus, secondary infection associated with ingestion of 
various kinds of food allergens such as beef, dairy products, chicken, and wheat in 
dogs, and exhibit a partial-to-poor response to glucocorticoids [4,5]. As allergic 
skin reactions to food allergens present CAD-like clinical signs, it is challenging to 
clearly distinguishing CAFR from CAD based on lesion distribution alone [6,7]. 

The gold standard for diagnosis in CAFR is based on a strict elimination diet 
trial, resulting in improved clinical signs, followed by a provocative test. If the clin-
ical signs relapse within a few minutes to several hours or up to 2 weeks after feed-
ing the test food, CAFR is diagnosed. Even though the trial duration of an elimi-

The objective of this study was to evaluate the beneficial effects of the short-term ap-
plication of insect-based diet in canine allergic dermatitis. Total 19 atopic dogs with 
concurrent cutaneous adverse food reactions were enrolled and classified into 3 
groups. The treatment group (n = 7) was fed insect-based diet, the positive control 
group (n = 6) was fed salmon-based diet, and the negative control group (n = 6) was 
fed commercial or homemade diet for 12 weeks. The degree of skin lesions was evalu-
ated based on canine atopic dermatitis extent and severity index (CADESI-4). Addi-
tionally, transepidermal water loss (TEWL) and pruritus visual analog scale were evalu-
ated. All indices were evaluated every 4 weeks after the initial administration of hypo-
allergenic diets. In the treatment group, significant decrease in the CADESI-4 score 
was observed at 8 weeks compared to the baseline score (p = 0.031). There were sig-
nificant differences in the CADESI-4 score between the groups at 8 weeks (p = 0.008), 
12 weeks (p = 0.012), and TEWL at 12 weeks (p = 0.022). This preliminary result 
demonstrates the potential hypoallergenicity of an insect-based diet through features 
that diminish cutaneous lesions and skin barrier dysfunction. 

Keywords: canine atopic dermatitis; cutaneous adverse food reaction; dogs; hypoal-
lergenicity; insect-based diet  
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nation diet is not exactly defined, the recommended period has 
been suggested as 8 to 12 weeks to improve clinical signs in 
most cases [8,9]. An ideal elimination diet trial should be per-
formed using a diet consisting of ingredients that have never 
been previously exposed to the patient. However, most com-
mercial diets consist of a wide variety of ingredients, making 
the choice of an appropriate diet difficult [10]. In recent decades, 
various protein sources, especially chicken, soy, and fish, have 
been commercially utilized to alleviate and manage the clinical 
signs of CAFR. Although chicken or soy hydrolyzed diets have 
been used as alternatives, they may not be useful for dogs that 
are allergic to these foods. Unfortunately, a recent study suggest-
ed that these are no longer valid as novel protein sources, and 
that no diet is effective in all cases of CAFR [11,12]. 

Homemade diets for diagnostic purposes could be a funda-
mental alternative to commercial hypoallergenic diets. Howev-
er, sustaining an elimination diet is difficult because of its high 
cost, low efficiency, inconvenience, and low compliance of own-
ers. Moreover, it does not guarantee nutritional soundness or 
true hypoallergenicity [8,12-14]. 

With increasing demand for a novel protein, various food 
sources have been attempted to diagnose or manage CAFR. 
Studies have reported that insects, which are a novel food 
source, offer high-quality proteins as well as beneficial fatty ac-
ids [15-17]. Insect-derived products have been reported to have 
high digestibility and palatability, and they have great potential 
to serve as immunomodulators of microbiota as well as nutrient 
sources to animals [18]. In addition, insect proteins are not rec-
ognized by the animal’s body; therefore, they less likely to cause 
irritation. 

However, there has been only one clinical study on the com-
plementary effects of insect-based diets in dogs with CAFR 
[19]. In that previous study, 20 dogs with CAFR were shown to 
have improved lesion scores and coat quality after being fed an 
insect-based diet for 2 weeks. Therefore, the present study was 
performed to evaluate the beneficial effects of an insect-based 
diet in dogs diagnosed with concurrent CAD and CAFR. 

Materials and Methods 

Animals 
This study enrolled 19 client-owned dogs concurrently diag-

nosed with CAD and CAFR at the Chungbuk National Univer-
sity Veterinary Teaching Hospital (Cheongju, Korea). To diag-
nose CAD, we utilized diagnostic criteria based on the medical 
history, typical clinical signs proposed by the International 
Committee on Allergic Diseases of Animals guidelines, satisfac-

tion with at least 5 criteria in Favrot’s diagnostic criteria, and/or 
a positive intradermal skin test [10,20]. This study also ruled 
out other diseases that could trigger pruritus and associated 
skin lesions through proper dermatologic tests and prophylactic 
treatments. The inclusion criteria for CAFR were dogs with a 
definite dietary history and poorly responsive pruritus to gluco-
corticoids. In addition, to confirm the minimal improvement, 
dogs with a minimum score of 3 on the pruritus visual analog 
scale (PVAS) or 30 in the canine atopic dermatitis extent and 
severity index (CADESI-4) score were included in this study. 

Among the 19 dogs, the insect-based diet group (n =  7) and 
salmon-based diet group (n =  6) were prescribed with in-
sect-based diet and salmon-based diet as the experimental and 
positive control groups, respectively, while the negative control 
group (n =  6) received a non-prescribed commercial or home-
made diet according to the owner’s choice. There was no re-
striction of snacks or treats during the study in negative control 
group, whereas the experimental and positive control groups 
restricted their food excluding prescribed diet. All formerly pre-
scribed drugs for managing CAD or secondary infections con-
tinued during the study period. Informed consent was obtained 
from all the owners before the experiment. 

Administration of novel protein diet 
The insect-based diet and salmon-based diet was obtained 

from the National Institute of Animal Science, Rural Develop-
ment Administration (Wanju, Korea). The single protein and 
carbohydrate source of the insect-based diet is the fat-removed 
Tenebrio molitor larvae, commonly called yellow mealworms, 
and brown rice with mixing proportions of 30% and 35%, re-
spectively. The salmon-based diet is hydrolyzed single protein 
and carbohydrate source and mixed with brown rice 30% and 
50%, respectively. The insect-based and salmon-based diet was 
stored at room temperature and administered to the dogs for 12 
consecutive weeks in the amount previously fed.  

Clinical assessments  
While assessment of PVAS was conducted by dog owners, the 

CADESI-4 score, transepidermal water loss (TEWL), and med-
ication score were assessed by 3 trained veterinarians (K.I. L., T. 
Y., and Y. K) for each patient. This study surveyed all clinical in-
dices every 4 weeks from baseline to 12 weeks. 

PVAS 
The PVAS score was used to grade the severity of pruritus 

based on history taking and evaluation by the owners. The 
PVAS consists of 10 scales, with 0 indicating normal status and 
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10 indicating the most severe pruritus [21]. 

CADESI-4 
CADESI-4 was developed to assess 20 body sites and to eval-

uate the extent and severity of skin lesions in this study. Three 
types of skin lesions, including lichenification, erythema, and 
excoriation/alopecia, were assessed based on a four-point sever-
ity scale. The scale indicated none (score 0), mild (score 1), 
moderate (score 2), or severe (score 3). We assessed 20 body 
sites, 3 types of lesions, and 4 grades of severity, thus generating 
a maximal score of 20 ×  3 ×  4 =  180 [22]. 

TEWL 
Before measuring TEWL, the dogs were given time intervals 

to acclimate to the environment of the test room. TEWL was 
measured using an unventilated closed-chamber device, Va-
porMeter SWL3 (Delfin Technologies Ltd., Finland) according 
to the manufacturer’s instructions. In a constant environment, 5 
consecutive measurements of the pinnae, axillae, and groin 
were performed for 10 seconds to minimize the variety of 
TEWL (room temperature, 24°C to 26°C; relative humidity, 
44% to 66%). Subsequently, the maximum and minimum val-
ues were excluded, and the remaining results were averaged and 
presented in g/m2/h. 

Medication scores 
Altered doses of the prescribed drugs for managing CAD, 

such as prednisolone, oclacitinib, and cyclosporine, were con-
verted into a medication score. A medication score of 1.0 was 
assigned to the drug dose that was administered before the start 
of the elimination diet trial. 

Evaluation for safety 
The theoretical adverse effects of insect-based diets in dogs 

include hypersensitivity according to individual susceptibility, 
the occurrence of CAFR in these foods, and infections [23,24]. 
Adverse effects, such as gastrointestinal (e.g., vomiting, diar-
rhea, anorexia) and dermatologic signs (e.g., erythema, pruri-
tus), were monitored at home by the owners or at every visit by 
the veterinarians. 

Statistical analysis 
Data analysis was performed using GraphPad Prism 7 soft-

ware (GraphPad Software Inc., USA). The Wilcoxon test was 
conducted to analyze the PVAS, CADESI-4, TEWL, and medi-
cation scores in both groups. The difference values obtained be-
tween-groups every 4 weeks were also analyzed using the 

non-parametric Mann-Whitney U-test. All data are expressed 
as the mean ±  standard deviation (SD). Differences were con-
sidered statistically significant at p <  0.05.  

Results 

Animal population 
Patient information, such as signalments (age, sex, and 

breed), previously prescribed drugs, and their dosage, are listed 
in Table 1. The patients were grouped into the insect-based diet 
group (n =  7), salmon-based diet group (n =  6), and control 
group (n =  6). The major dog breeds in the insect-based diet 
and salmon-based diet groups were Maltese (n =  5), while 
those in the control group were Maltese (n =  2) and Shih Tzu  
(n =  2) dogs. The mean ages in the insect-based diet, salm-
on-based diet, and control group were 5.14 ±  2.67, 9.17 ±  2.32, 
and 7.5 ±  4.14 years (mean ±  SD), respectively. In the in-
sect-based diet group, one dog was administered cyclosporine 
(6 mg/kg, Cipol-N; Chong Kun Dang Pharmaceutical Corp., 
Korea) every alternate day to manage CAD before the start of 
the experiment, one dog was not prescribed any drug, and the 
others were administered oclacitinib (0.4 to 0.6 mg/kg, Apo-
quel; Zoetis Inc., USA) once daily. In the salmon-based diet 
group, one dog was administered prednisolone (0.5 mg/kg, So-
londo; Yuhan Corp., Korea) every alternate day and the others 
were not prescribed any drugs. All dogs in the control group 
were managed using oclacitinib (0.4 to 0.6 mg/kg) once daily. 

Clinical assessments 

PVAS 
The mean and SD of the control group’s PVAS increased 

gradually from the onset of the experiment to 12 weeks, while 
those of the insect-based diet and salmon-based diet groups re-
mained nearly the same throughout the experimental period. 
Nevertheless, no significant differences within-group were found 
in any of the groups (Fig. 1A). In addition, there were no signifi-
cant differences between-groups at any time point (Fig. 1A). 

CADESI-4 
The CADESI-4 score of the insect-based diet group decreased 

significantly at 8 weeks compared with baseline (0 vs. 8 weeks, p 
=  0.031) (Fig. 1B) and that of the control group increased at 8 
weeks, resulting in a significant difference between the 2 groups 
(8 weeks, p =  0.008). The CADESI-4 score of the insect-based 
diet group was slightly increased from 28 to 33.3, at 12 weeks 
when compared with 8 weeks; therefore, the significant differ-
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ence between baseline and 12 weeks disappeared. The be-
tween-group differences were maintained at 12 weeks (p =  
0.012). Moreover, the CADESI-4 score of the salmon-based diet 
group was significantly lower than that of the insect-based diet 
group at 8 and 12 weeks (8 weeks, p =  0.002; 12 weeks, p =  
0.002) and the control group throughout the 12 weeks (baseline, 
p =  0.007; 4 weeks, p =  0.004; 8 weeks, p =  0.002; 12 weeks,  
p =  0.002), respectively. 

TEWL 
There was no statistically significant difference in TEWL be-

tween the groups over time (Fig. 1C). However, the TEWL values 
of the salmon-based diet group were significantly lower than 
those of the control group at all time points (baseline, p =  0.002; 4 
weeks, p =  0.046; 8 weeks, p =  0.004; 12 weeks, p =  0.015). In 
addition, the TEWL value of the insect-based diet group was 
significantly lower than that of the control group at the end of 

the experiment (12 weeks, p =  0.022). 

Medication score 
The medication scores of all groups remained nearly unchanged 

for 12 weeks. Therefore, there were no significant within-group 
and between-group differences at any time point (p >  0.99). The 
medication scores of all groups remained nearly unchanged for 12 
weeks (Fig. 1D). 

Evaluation for safety 
Both the control and treatment groups had no adverse effects 

during or after the experimental period. 

Discussion 

Insects have been widely consumed as food in humans and 
animals for a long time. One of the most common edible in-

Table 1. Signalments and previously prescribed drugs for treating 19 dogs with concurrent atopic dermatitis and cutaneous adverse food 
reactions

Patient no. Age (y) Sex Breed Previously prescribed drugs
I-1* 8 IF Maltese Cyclosporine 6 mg/kg eod
I-2 7 SF Cocker Spaniel None
I-3 4 IF Maltese Oclacitinib 0.4 mg/kg sid

Amoxicillin-clavulanic acid 25 mg/kg bid
itraconazole 5 mg/kg sid

I-4 3 SF Maltese Oclacitinib 0.6 mg/kg sid
I-5* 1 SF Maltese Oclacitinib 0.4 mg/kg sid
I-6 8 SF Maltese Oclacitinib 0.4 mg/kg sid
I-7* 5 CM Bichon Frise Oclacitinib 0.6 mg/kg sid
S-1 11 CM Shih Tzu None
S-2 12 CM Shih Tzu Prednisolone 0.5 mg/kg eod
S-3 9 SF Maltese None
S-4 7 CM Maltese None
S-5 10 SF Chihuahua None
S-6 6 SF Maltese None
C-1 6 SF Maltese Oclacitinib 0.4 mg/kg sid

Itraconazole 5 mg/kg sid
C-2* 3 SF Mixed breed Oclacitinib 0.4 mg/kg sid
C-3 4 IF Shih Tzu Oclacitinib 0.4 mg/kg sid
C-4 7 SF Pekingese Oclacitinib 0.6 mg/kg sid
C-5* 13 IF Maltese Oclacitinib 0.6 mg/kg sid

Amoxicilline-Clavulanic acid 25 mg/kg bid
Itraconazole 5 mg/kg sid

C-6* 12 SF Shih Tzu Oclacitinib 0.6 mg/kg sid
Itraconazole 5 mg/kg sid

I, insect-based diet group; S, salmon-based diet group; C, control group; IF, intact female; SF, spayed female; CM, castrated male; eod, every other day; 
sid, once daily; bid, twice daily.
*Diagnosis of cutaneous adverse food reactions after provocative challenge.
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sects—the yellow mealworm—is widely used as animal feed be-
cause of its short life cycle and ease of handling and breeding 
worldwide [17,25]. In 2014, the Ministry of Food and Drug 
Safety of Korea recognized yellow mealworm larvae as a new 
food ingredient and added it to the list of edible insects, which 
was temporarily accepted in 2016. In May 2018, it was adopted 
as a general food ingredient, making it suitable for universal 
consumption. In addition, the safety standards for heavy metal 
content in yellow mealworms were presented as follows: <  0.1 
mg/kg of Pb, 0.05 mg/kg of Cd, and 0.1 mg/kg of As in dried 
insects. 

In veterinary medicine, insect-based diets have been applied 

to increase the productivity of industrial animals such as pigs, 
poultry, fish, and shellfish, as well as to manage and diagnose 
CAFR in terms of a novel protein source [17-19]. In Europe, at 
least 12 types of insect-based pet food have been launched over 
the 4 years since 2015. Nonetheless, only one clinical study has 
been conducted on the complementary effects of insect-based 
diets in dogs [26]. This report applied a marketed diet (Insect 
Dog; Josera Petfood GmbH & Co., Germany), which utilized 
black soldier fly larvae as a single protein source in dogs with 
CAFR for 2 weeks [19]. The skin lesion and hair coat scores 
showed significant improvements, but the experimental period 
was much shorter than the 8 weeks, which is a minimally rec-
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ommended period for an elimination diet trial. In contrast, the 
present study was performed using a yellow mealworm-based 
diet as a single protein source for 12 weeks in dogs already diag-
nosed or suspected with CAFR based on clear dietary history. 

It was found that CADESI-4 scores of the insect-based diet 
group decreased significantly at 0 vs. 8 weeks; however, this was 
not found in the control group. In 3 dogs in the control group, 
clinical deterioration occurred between 8 and 12 weeks, result-
ing in a significantly higher CADESI-4 score than that of the 
insect-based diet group. This result is consistent with previous 
reports that approximately 95% of dogs showed improved skin 
lesions after 8 weeks of an elimination diet trial with an ade-
quate hypoallergenic diet [9]. However, the CADESI-4 score 
and TEWL of the salmon-based diet group were significantly 
lower than those of the control group at all time points, and sig-
nificantly lower at 8 and 12 weeks when compared to the in-
sect-based diet group. In particular, the statistical significance 
of the CADESI-4 score between the salmon-based diet group 
and the control group consistently increased from 0.007 to 
0.002 during the experimental period. In addition, the TEWL 
of the control group showed an increasing trend 8 weeks on-
ward with a significantly high measurement at 12 weeks com-
pared to the insect-based diet group. Therefore, it was suspected 
that the insect-based diet improved the clinical signs of CAFR 
as a hypoallergenic diet; however, the degree of lesion improve-
ment demonstrated that the hypoallergenicity of the in-
sect-based diet was higher than that of the salmon-based diet. 

On the other hand, PVAS of the insect-based diet group was 
maintained without any deterioration during the 12 weeks, but 
there was no significant decrease between and within all groups. 
This experiment was performed on dogs with relatively well-con-
trolled mild pruritus, which made it difficult to accurately deter-
mine the effectiveness of the insect-based diet since little change 
in PVAS was observed. As a result, there was no change in the 
dose of the applied CAD drug, which indicated the same medi-
cation score in the treatment group. Relapse of clinical signs oc-
curred between 8 and 12 weeks in 3 dogs in the control group, 
increasing the pruritus and worsening the skin lesion. However, 
eliminating the allergen was a more fundamental treatment than 
increasing the dose of CAD drugs; therefore, the medication 
score of the control group was not altered. 

The digestibility of an insect-based diet is affected by not only 
the insect species and the processes, such as drying and defat-
ting but also the presence of chitin, which is a component of in-
sect exoskeleton [18]. In general, chitin reduces protein digest-
ibility. However, it has been shown that the ratio of Escherichia 
coli and Salmonella spp. is reduced and that of Lactobacillus spp. 

is increased to modulate intestinal microflora and improve skin 
health [27]. Since the beneficial effects of insect proteins on ani-
mals are rarely found in dogs, further studies are needed. 

Possible theoretical adverse effects of an insect-based diet, 
such as excessive immune reaction by the susceptible individu-
als, CAFR outbreaks due to the insect-based diet, and systemic 
infection have been reported [23,24]. Hypersensitivity to insects 
can be due to inhalants and contact with body parts, waste 
products, or excreta [23]. Several studies have revealed that E. 
coli, Salmonella spp., and heavy metals such as Hg, Pb, As, and 
Cd were not detected in the larvae of T. molitor [16,28,29]. 
Short-term safety was also demonstrated when freeze-dried yel-
low mealworms were administered to rats for 90 days to assess 
toxicity [29]. 

These results support the suitability of introducing meal-
worms in animal feed as well as in human food. In this study, 
no adverse effects were detected by dog owners and veterinari-
ans during and after the experiment. However, the long-term 
effects of ingesting insect-based diets should be consistently 
monitored and evaluated. 

The limitation of this study is the relatively small number of 
enrolled dogs. Although a significant between-group difference 
was not confirmed in the PVAS and medication scores, addi-
tional large cohort studies are needed to evaluate the beneficial 
effects of an insect-based diet. In addition, studies involving 
only patients previously diagnosed with CAFR are needed. In 
future studies, medication for concurrent CAD management 
must be stopped to confirm the effects of an insect-based diet 
alone. It was nearly impossible for the dog owners to participate 
in this experiment without any prescription for CAD for their 
dogs. Therefore, the dogs enrolled in this study were main-
tained with a minimum dose of medication to manage CAD. 
Unlike main food allergens weighing more than 20 kDa, the 
analysis of yellow mealworm proteins that could have shown 
hypoallergenicity was not carried out [30]. In addition, fecal 
analysis to evaluate the effect of an insect-based diet on intesti-
nal microflora was not conducted. 

In conclusion, although our preliminary results indicated that 
administration of an insect-based diet had supplementary ef-
fects on improving skin lesions and skin barrier function in 
dogs with CAD and CAFR, it was not enough to alleviate pruri-
tus and the dosage of prescribed drugs for controlling CAD. 
Further studies are needed to clarify these aspects. 
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Introduction 

Canine otitis externa (OE) is one of the most common dermatological problems 
for which dog owners frequently seek veterinary care and is associated with a high 
rate of recurrence [1-3]. Dogs with OE may show erythema, swelling, exudate, 
and clinical signs related to pruritus and pain due to inflammation in the external 
ear canal [3,4]. 

Numerous underlying issues can cause or worsen OE; however, addressing 
pathogens such as bacteria or yeast plays an important role in the management of 
OE. Although various pathogens are associated with canine OE, Staphylococcus 
pseudintermedius, Pseudomonas aeruginosa, and Malassezia pachydermatis are the 
most common pathogens found in this condition [3-7]. Thus, reducing number of 
these infectious organisms is critical to the successful treatment of OE. For this 
purpose, topical and systemic antimicrobials with or without anti-inflammatory 
agents are used in veterinary clinics [3]. 

The otic solution used in this study (Neptra; Elanco, USA) includes florfenicol, 
terbinafine, and mometasone furoate in a single-dose regimen. This otic solution 
is the Food and Drug Administration−approved, veterinarian−administered treat-
ment for canine OE, and S. pseudintermedius and M. pachydermatis show suscep-

This study evaluated the efficacy of a new, single-dose otic solution combining flor-
fenicol, terbinafine, and mometasone furoate for the treatment of canine otitis exter-
na (OE) in vitro and in vivo. Forty-one client-owned dogs with OE were included in the 
study and divided into a treatment group that received the test solution and a nega-
tive control group that received a normal saline solution. On day 0, the dogs were 
treated either with the test or the control solution and evaluated over 30 days. Clinical 
efficacy was evaluated by clinical signs and cytological organism counts. In vitro anti-
microbial susceptibility was evaluated by the minimum inhibitory concentration (MIC). 
After treatment with the test solution, clinical signs continuously decreased and cyto-
logical scores were significantly reduced. The results of MIC testing showed that the 
test solution was potent against the common pathogenic causes of canine OE. In this 
study, the most common causative pathogens were Staphylococcus pseudintermedius, 
Pseudomonas spp. and Malassezia pachydermatis. No issues related to safety were 
identified. Based on these results, this new ototopical drug can be used as first line 
treatment for canine OE. 

Keywords: dogs; otitis externa; florfenicol; terbinafine; mometasone furoate  

pISSN 2466-1384 · eISSN 2466-1392
Korean J Vet Res 2021;61(4):e37
https://doi.org/10.14405/kjvr.2021.61.e37

*Corresponding author:
Taeho Oh 
Department of Veterinary Internal Medicine, 
College of Veterinary Medicine, Kyungpook 
National University, 80 Daehak-ro, Buk-gu, 
Daegu 41556, Korea 
Tel: +82-53-950-5959 
Fax: +82-53-950-7488
E-mail: thoh@knu.ac.kr   

ORCID: 
https://orcid.org/0000-0003-2898-6476

Conflict of interest: 
The authors declare no conflict of interest.

Received: July 12, 2021 
Revised: September 17, 2021 
Accepted: October 14, 2021 

Original Article

In vivo and in vitro efficacy of florfenicol, 
terbinafine, and mometasone furoate topical 
otic solution for the treatment of canine 
otitis externa  

Seulgi Bae, Yunseok Jin, Taeho Oh* 

Department of Veterinary Internal Medicine, College of Veterinary Medicine, Kyungpook National 
University, Daegu 41556, Korea 

http://crossmark.crossref.org/dialog/?doi=10.14405/kjvr.2021.61.e37&domain=pdf&date_stamp=2021-12-28


https://doi.org/10.14405/kjvr.2021.61.e37

Korean J Vet Res 2021;61(4):e37  •  Seulgi Bae, et al.

2 / 6

tibility to the active ingredient. Similar to chloramphenicol, 
florfenicol is a broad-spectrum antibiotic with efficacy against 
many bacteria. This drug was investigated for use in treating re-
spiratory diseases in domestic animals as well as dermatologic 
diseases in small animals [8-10]. Terbinafine is an antifungal 
agent used primarily for dermatophytosis but may be useful for 
Malassezia spp. dermatitis [11-13]. Finally, mometasone furoate 
is a highly potent topical corticosteroid used to treat pruritic 
and/or inflammatory conditions in skin infection [14]. A previ-
ous study demonstrated the efficacy of this formulation in the 
treatment of OE [15]. In addition, the active ingredients in this 
solution are not generally used in Korea, thus we explored the 
merits of this otic solution on canine OE in our country. 

The purpose of this study was to evaluate the in vivo and  
in vitro efficacy of an otic solution containing florfenicol, terbi-
nafine, and mometasone furoate for the treatment of canine 
OE. 

Materials and Methods 

Animals 
Dogs diagnosed with OE caused by bacterial and fungal in-

fection with any clinical signs were included. Inclusion criteria 
further included a minimum age of 12 weeks and intact tympan-
ic membrane. Animals with any concurrent ear disease associat-
ed with OE (e.g., neoplasia, polyp, or parasite otitis) or with any 
systemic disease requiring treatment, such as immune-mediated 
or hormonal disease, were excluded. Dogs administered with an-
ti-infective, and antifungal and anti-inflammatory agents during 
the last 4 weeks prior to the study were also excluded. 

Study design 
Before the study, the experiment process was briefed to the 

dog’s owners, and they consented to their dogs’ inclusion in the 
study. The animals were randomly divided into the group that 
received the test solution or the other group that received a sa-
line solution as negative control. Prior to the application of each 
solution, ear cleaning was performed using warm saline solu-
tion. The dosage for both, the test and control solution, was 1 
mL per one ear. 

The animals were observed on day 0, day 7 ±  2, day 14 ±  2, 
and day 30 ±  2. The overall schedule of events is shown in  
Table 1. Throughout the study clinical examination and scoring 
were performed using otoscopic examination and total clinical 
scoring (TCS) system. The TCS system evaluated for erythema, 
swelling, erosion/ulceration, and exudate based on severity 
scores ranging from 0 (absent) to 3 (severe). The primary end-

point of the efficacy evaluation was expressed as success or fail-
ure of the treatment. If the TCS score was less than 3 points on 
the last visit day and the scores for each evaluation factor of 
TCS did not deteriorate, the treatment was judged as a “success”. 

At the initial and final visits, ear swabs for pathogen culture 
and cytology were conducted. Each ear exudate sample was 
smeared onto a clean slide and stained with Diff-Quik. The cli-
nician scanned the slide and evaluated infectious organisms at 
× 1,000 magnification (high power field). Five to ten high pow-
er fields were scanned in each evaluation, and average counting 
number of infectious organisms were used for scoring. The 
scoring criteria for bacteria and yeast count on cytology are 
shown in Table 2 [16]. The secondary endpoint of the efficacy 
evaluation was also expressed as “success” or “failure” of the 
treatment. If the cytology scores per bacteria or Malassezia de-
creased more than 2 points on day 30 compared with day 0, the 
treatment was judged as successful. 

Microbiological culture and minimum inhibitory 
concentrations tests 

Ear exudate samples were cultured in 5% sheep blood agar 
and MacConkey agar at 37°C for 24 hours and Sabouraud dex-
trose agar at 35°C for 24 to 48 hours aerobically. The identifica-
tion of organisms was done by polymerase chain reaction. The 
minimum inhibitory concentration (MIC) results were inter-
preted as the lowest concentration of antimicrobial agent that 

Table 1. Schedule of experiment

Day 0 Day 7 Day 14 Day 30
Physical examination ○ ○ ○ ○

Ear swab for culture and cytology ○ ○

Otoscopic evaluation ○ ○ ○ ○

Administration of solution ○

Recording of adverse event ○ ○ ○ ○

Table 2. Semi-quantitative scale for cytological organism counts

Organism Count/high power field Score
Malassezia yeasts 0 0

1–2 1 (+)
3–8 2 (++)
>  8 3 (+++)

Cocci/rods 0–2 0
3–8 1 (+)
9–40 2 (++)
>  40 3 (+++)

Five to ten high power fields were observed in each counting, and aver-
age counts were used for scoring.
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completely inhibited the growth of the organism. The isolated 
bacteria and yeast specimens were tested for MIC against flor-
fenicol and terbinafine, respectively. The testing was conducted 
by microdilution as recommended by the Clinical and Labora-
tory Standards Institute [17,18].  

Safety evaluation 
At each of the visits, the investigator conducted a physical 

examination for the evaluation of the safety of the test solu-
tion. In addition, the investigator educated the owner to con-
tact or visit an animal hospital in the case of an adverse event 
such as for example head tilt, nystagmus, or circling during the 
study period. 

Statistical analysis 
The experimental unit was the individual dog. In bilateral OE, 

both ears were treated, but the ear with the higher entry score was 
selected as the study ear. In the case of equal scores, the right ear 
was determined to be the study ear. All analyses were performed 
with GraphPad Prism version 9.0.0 for Windows (GraphPad Soft-
ware Inc., USA). The difference in treatment success rates be-
tween the 2 groups was evaluated using Fisher exact test at a sig-
nificance level of 0.05 or less. Quantitative analyses for TCS and 
cytological evaluation were performed using Wilcoxon code 
ranking test and Mann-Whitney U-test. 

Results 

Animals 
A total of 41 dogs were included in the study with 28 subjects 

receiving the test solution and 13 the control solution. Two sub-
jects in the treatment group dropped out because of owner 
non-compliance. Both subjects did not undergo efficacy evalua-
tion, but MIC was performed from exudate collected from one 
of them. During the clinical trial period, the subjects were kept 
in their usual living conditions. The most common breed was 
the Maltese (26.8%, 11/41), followed by the Poodle (14.6%, 
6/41). The mean age was 7 years (range, 1 to 18 years). Animal 
experiments were performed according to the Guide for the In-
stitutional Animal Care and Use Committee of the Kyungpook 

National University (IACUC-2019-0117).  

Clinical efficacy 

TCS evaluation 
The average TCS scores on day 0, day 7, day 14, and day 30 of 

each group are shown in Table 3 and Fig. 1. The mean TCS on 
day 0 of the treatment and control groups were 6.27 and 5.62, 
respectively and no significant difference in the mean TCS was 
found between the groups. On day 14, the mean TCS of the 
treatment group was 2.42, which was lower than that of the 
control group at 4.46. On day 30, the mean TCS of the treat-
ment group decreased to 1.85; however, that of the control 
group on day 30 increased to 4.54. The differences in the mean 
TCS between treatment and control group were statistically sig-
nificant on day 14 and day 30 (p <  0.01 and p <  0.001, respec-
tively). The treatment success rate based on TCS (primary effi-
cacy endpoint) was 88.5% (23/26) in the treatment group and 
7.7% (1/13) in the control group. 

Cytological evaluation 
Cytological evaluation using organism counts was conducted 

Table 3. Average total clinical scores on days 0, 7, 14, and 30

TCS Number Day 0 Day 7 Day 14 Day 30
Treatment group 26 6.27 ±  1.46 3.23 ±  1.86 2.42 ±  1.84 1.85 ±  1.71
Control group 13 5.62 ±  0.96 4.31 ±  2.53 4.46 ±  1.51 4.54 ±  1.66

Values are presented as mean ± SD unless otherwise indicated.
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on day 0 and day 30. Table 4 shows the success rates of bacterial 
and yeast cytology score reductions based on the secondary 
endpoint in the treatment and control groups. A significant re-
duction in organism count was achieved in the treatment group 
(p <  0.001). 

Secondary endpoint efficacy evaluation findings are shown in 
Table 4. The success rate of bacterial reduction was 88.5% and 
23.1% in the treatment and control group, respectively. The suc-
cess rate of yeast reduction was 96.2% and 23.1% in the treat-
ment and control groups respectively. These results indicate a 
statistically significant difference in the reduction of organism 
count in the treatment group (p <  0.001).  

Microbiological culture and MIC tests  
A total of 54 bacteria and 50 fungi were isolated, and subse-

quent MIC evaluation was conducted on the pathogens (Table 5). 
Florfenicol showed an inhibitory effect on the growth of S. 
pseudintermedius from concentrations of 4 to 16 μg/mL in vitro. 
The MIC ranges of P. aeruginosa and Staphylococcus schleiferi 
were observed at florfenicol concentrations of 2 to 16 μg/mL 
and 2 to 8 μg/mL, respectively. Terbinafine showed a growth in-
hibitory effect against M. pachydermatis at a concentration from 
0.03 to 16 μg/mL. 

Safety evaluation 
The animals included in this study were physically examined 

on each visit day, and owners were asked for any adverse reac-
tions or side effects they had observed since the last visit. No 
adverse events were observed by the clinician or reported by the 
owners at any time point during the study. 

Discussion 

In this clinical study, the test solution was evaluated for safety 
and therapeutic efficacy in vitro and in vivo. 

In vivo clinical efficacy of the otic solution was determined by 
TCS. On day 0, the TCS of the treatment and control group were 
6.27 and 5.62, respectively, and no significant difference was ob-
served between the 2 groups. After treatment, the TCS continu-
ously decreased to 2.42 on day 14 and 1.85 on day 30 in the treat-
ment group, while no relevant improvement of the TCS was ob-
served in the control group (4.46 and 4.54 on day 14 and day 30, 
respectively). This result shows that the efficacy of the otic solu-
tion was maintained throughout 30 days from application. 

The treatment success rate based on TCS (primary efficacy 
endpoint) was 88.5% in the treatment group with 23 out of 26 
dogs successfully treated. On the contrary, only one out of 13 
dogs was treated successfully in the control group, and overall 
success rate was 7.7%. TCS consisted of assessments of 4 clinical 
signs associated with inflammation. Mometasone furoate is a 
synthetic anti-inflammatory glucocorticoid [14]. The anti-in-
flammatory effect of mometasone furoate may reduce exuda-

Table 4. Proportion of clinical trial animals with reduced bacterial and fungal counts on day 30 of cytology

Treatment group (n =  26) Control group (n =  13) Total (n =  39)
Reduced bacterial counts
 Success 23 (88.5) 3 (23.1) 26 (66.7)
 Failure 3 (11.5) 10 (76.9) 13 (33.3)
Reduced fungal counts
 Success 25 (96.2) 3 (23.1) 28 (71.8)
 Failure 1 (3.8) 10 (76.9) 11 (28.2)

Values are presented as number (%).

Table 5. MIC values of active agents against pathogens

Agent Pathogen Number MIC range (μg/mL) MIC50 (μg/mL) MIC90 (μg/mL)
Florfenicol Staphylococcus pseudintermedius 34 4−16 8 16

Pseudomonas aeruginosa 11 2−16 16 >  16
Staphylococcus schleiferi 7 2−8 8 8
Staphylococcus sciuri 1 8 N N
Corynebacterium auriscanis 1 4 N N

Terbinafine Malassezia pachydermatis 50 0.03−16 0.06 0.125

MIC required to inhibit the growth of (MIC50 = 50%; MIC90 = 90%) the isolated.
MIC, minimum inhibitory concentration; N; no result.
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tion and swelling and, as a result, increase the effectiveness of 
the antimicrobial agent. Therefore, this otic solution can effec-
tively manage canine OE symptoms. 

In cytologic evaluation, successful decrease in bacterial 
counts was observed in the treatment group. The reduction rate 
in the treatment group was considerably higher than in the con-
trol group (88.5% versus 23.1%). In terms of yeast count, the 
treatment group had a reduction rate of 96.2%, whereas the 
control had 23.1%. Therefore, we considered this otic solution 
effective in reducing the pathogen count, thereby improving the 
cytologic score. 

The efficacy of the otic solution against pathogenic activity 
was also demonstrated in vitro. The MIC50 values of florfenicol 
to suppress bacterial growth were 8 μg/mL, 16 μg/mL, and 8 
μg/mL for S. pseudintermedius, P. aeruginosa, and S. schleiferi, 
respectively. The MIC50 and MIC90 of terbinafine to control 
Malassezia activity was 0.06 μg/mL and 0.125 μg/mL, respec-
tively. Based on the MIC values obtained, the otic solution 
seems to be more effective on Staphylococcus spp. than Pseudo-
monas spp. In a previous study, the florfenicol concentration 
from an ear flush sample at 10 days after application of the otic 
solution was 8.7 μg/mL, whereas the terbinafine concentration 
at this time point was 4.8 μg/mL [15]. These concentrations 
were higher than the MIC50 values of Staphylococcus spp. and 
Malassezia spp. in our study. Thus, we presume that one appli-
cation of the otic solution can sustain efficacy over a few days. 

S. pseudintermedius, P. aeruginosa, and M. pachydermatis are 
the most common causative pathogens in canine OE [3-7]. In 
the present study, S. pseudintermedius and Pseudomonas spp. 
were observed in 66.7% (26/39) and 17.9% (7/39) of the sub-
jects, respectively. Malassezia was found in all cases. The most 
common multiple infections involved S. pseudintermedius and 
M. pachydermatis, which confirm the previous research find-
ings. Thus, the combined efficacy of florfenicol and terbinafine 
in this solution may be considered as a first option for veteri-
narians to treat common dogs with OE.  

Antimicrobial resistance affects the successful treatment of 
canine OE and can lead to refractory canine OE [3,19]. Our 
findings in vivo and in vitro demonstrate that this new otic solu-
tion is effective in managing canine OE, especially cases involv-
ing S. pseudintermedius and Malassezia spp. In addition, be-
cause this product is veterinarian administered, the chances of 
treatment failure by improper application or low compliance 
can be reduced. Finally, no safety related issues were reported 
during the study. Therefore, the combination of florfenicol, ter-
binafine, and mometasone furoate is highly recommendable in 
the treatment of canine OE. 
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Introduction 

Acid–base and electrolyte disorders are commonly found in critically ill patients 
in human and veterinary medicine [1-4]. In particular, metabolic acid–base disor-
ders have been reported in various critical diseases, such as diabetic ketoacidosis, 
hepatitis, and kidney disease [1,2,5]. In cats, acid–base disorders have prognostic 
relevance, and the bicarbonate concentration in feline patients is inversely propor-
tional to mortality [6,7]. Therefore, accurate diagnosis and proper treatment of 
acid–base disorders in critically ill patients are essential. 

Various acid–base analysis methods, such as traditional and physicochemical 
approaches, have been developed to manage acid–base disorders successfully. The 
traditional approach called the physiologic approach is based on the Henderson– 
Hasselbalch equation to evaluate the acid–base status using the pH, partial pres-
sure of carbon dioxide (pCO2), bicarbonate (HCO3

−), anion gap (AG), and base 
excess (BE) [8]. This method can describe the compensations [9], but it has the 
disadvantage of being incompetent in detecting complex metabolic acid–base dis-
orders, which are often found in severely ill patients [10,11]. Physicochemical ap-
proaches include the Stewart method (strong ion model, quantitative approach) 
[12-14] and the Fencl–Stewart method (semiquantitative approach) [15] and are 
more useful for analyzing the underlying cause than the traditional method. The 

Acid–base disorder is a common problem in veterinary emergency and critical care. 
Traditional methods, as well as the Stewart method based on strong ion difference 
concepts and the Fencl–Stewart method, can be used to analyze the underlying caus-
es. On the other hand, there are insufficient comparative study data on these methods 
in cats. From 2018 to 2020, 327 acid–base analysis data were collected from 69 sick 
and 18 healthy cats. The three most well-known methods (traditional method, Stewart 
method, and Fencl–Stewart method) were used to analyze the acid–base status. The 
frequency of acid–base imbalances and the degree of variation according to the dis-
ease were also evaluated. In the traditional acid-base analysis, 5/69 (7.2%) cats 
showed a normal acid-base status, and 23.2% and 40.6% of the simple and mixed 
disorders, respectively. The Fencl–Stewart method showed changes in both the acidot-
ic and alkalotic processes in 64/69 (92.8%), whereas all cats showed an abnormal sta-
tus in the Fencl–Stewart method (semiquantitative approach). The frequencies of the 
different acid-base imbalances were identified according to the analysis method. 
These findings can assist in analyzing the underlying causes of acid–base imbalance 
and developing the appropriate treatment. 
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strong ion difference (SID) and the total quantity of nonvolatile 
weak acids [AToT] can be calculated from the measured parame-
ters to estimate the magnitude of their contribution to the BE 
[15] from the Stewart method. The Fencl–Stewart method cal-
culates the effect of individual contributors (free water, chloride, 
albumin, phosphorus, and lactate concentrations) to estimate 
the magnitude of their contribution to the BE [15]. Although 
several studies have compared analytical methods [3,16,17], 
there is no consensus on which approach is superior, particular-
ly in cats. 

This study compared the interpretations of acid–base disor-
ders using the traditional, quantitative, and Fencl–Stewart meth-
ods and analyzed the metabolic acid–base disorders in cats using 

the three methods. This would elucidate the pathophysiology of 
acid–base disorders arising from certain diseases and conduct an 

underlying cause analysis. 

Materials and Methods 

Three hundred and twenty-seven acid–base analysis data 
from 69 sick cats collected from 2018 to 2020 were reviewed 
retrospectively. Furthermore, 18 healthy client-owned cats 
served as the control data. The study was conducted with the 
approval of the Institutional Animal Care and Use Committee 
of Gyeongsang National University (IACUC no. GNU-210107 
-T0001). The data were collected from medical records, includ-
ing the following: history, case signalment, physical examina-
tion, diagnostic imaging, blood analysis results (venous blood 
acid–base, electrolytes, lactate, and serum biochemistry pro-
files), and clinical diagnosis. The blood samples were collected 
from either the jugular or medial saphenous veins using a sy-
ringe with a 23G needle or a 24G intravenous catheter. Acid–
base, electrolyte, and lactate analyses were conducted using a 
benchtop blood gas analyzer (pHOx Ultra Blood Gas Analyzer; 

Nova Biomedical, USA). Serum biochemistry analyses were 
conducted using a chemistry analyzer (IDEXX Catalyst One; 
IDEXX Laboratories, USA). 

Supplementary Table S1 describes the calculated formula for 
the acid–base analysis [8,18,19]. The base excess of extracellular 
fluid (BEECF), HCO3

−, and standardized base excess were calcu-
lated using pHOx Ultra Blood Gas Analyzer. Acidosis and alka-
losis were defined using the pH reference based on 18 healthy 
cats. Table 1 lists the diagnostic criteria traditional acid–base 
analysis method for cats [8]. The definition of each acid–base 
disorder value was assumed to be ±  2 standard deviations 
above or below the mean of the comparison value. The statisti-
cal significance was set to p <  0.05. Statistical analyses were 
performed using IBM SPSS Statistics ver. 25.0 (IBM Corp., 
USA) and illustrated using GraphPad Prism 7 for Windows 
(GraphPad Software, USA). After the normality test using the 
Shapiro–Wilk test, all dependent variables of each acid–base 
analysis method between the healthy and each disorder groups 
using independent t-tests (parametric) or Mann-Whitney U 
tests (non-parametric) were compared: (pH, pCO2, HCO3

−, 
SID, strong ion gap [SIG], ATOT, free water effect, chloride effect, 
phosphorus effect, albumin effect, lactate effect, unmeasured 
anion effect); electrolytes (Na+, K+, Cl+, Mg2+, and Ca2+); lactate; 
AG; and BE. 

Results 

Sixty-nine sick cats were analyzed: 29 neutered males, 4 intact 
males, 24 spayed females, 8 intact females, and 4 with no sex in-
formation. The median age was 6 years (6 months to 20 years). 
Most were domestic shorthair (n =  29, 42.0%), followed by 
mixed (n =  16, 23.2%), Russian Blue (n =  6, 8.7%), Persian (n 
=  4, 5.8%), Turkish Angora (n =  4, 5.8%), Abyssinian (n =  3, 
4.3%), American Shorthair (n =  2, 2.9%), Munchkin (n =  2, 

Table 1. Diagnostic criteria for traditional acid-base analysis method for cats 

1. Simple disturbances
 a. Metabolic acidosis: pH <  7.35, HCO3

− <  18 mmol/L
 b. Metabolic alkalosis: pH >  7.44, HCO3

− >  26 mmol/L
 c. Respiratory acidosis: pH <  7.35, pVCO2 >  39 mmHg
 d. Respiratory alkalosis: pH >  7.44, pVCO2 <  34 mmHg
2. Mixed disturbances Compensation was not calculated for cats, if abnormalities were present of both pVCO2 and BE/HCO3

− it was reported as  
2 co-existing abnormalities

3. Metabolic acidosis further classified by AG
 a. Metabolic acidosis associated with increased AG: AG >  20 mmol/L
 b. Metabolic acidosis not associated with increased AG: AG ≤  20 mmol/L

pVCO2, venous partial pressure of carbon dioxide; AG, anion gap.
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2.9%), Scottish Fold (n =  2, 2.9%), and Siamese cats (n =  1, 
1.4%). There was no information regarding the breed of 11 cats. 
One or more diagnoses were recorded in 66 out of 69 cats. In 
contrast, 18 healthy cats included 8 neutered males (44.4%), 2 
intact males (11.1%), and 8 spayed females (44.4%), with a 
mean age of 4 years (range, 1 to 13 years). The most common 
breed was the domestic shorthair (n =  14, 77.8%), while the 
others included Munchkin, Scottish Fold, Persian, and Turkish 
Angora. 

Based on the data from the 18 healthy cats, acidosis and alka-
losis were defined as cases with a pH <  7.35, and >  7.44, re-
spectively. In the traditional acid–base analysis, 5/69 cats (7.2%) 
showed a normal acid–base status, and 23.2% and 40.6% 
showed simple and mixed disorders, respectively. Acidosis 
could not be explained by the traditional acid–base method 
(unknown cause) in 18/69 patients (26.1%). Similarly, 5/69 cats 

(7.2%) demonstrated a normal metabolic acid–base status in 
the Stewart method. On the other hand, 62/69 cats (89.9%) 
showed one or more acidotic processes, and SID acidosis was 
62/69 (89.9%). All cats showed an abnormal status in the Fencl–
Stewart method (semiquantitative approach) (Table 2). Both ac-
idotic and alkalotic processes were the most common disorders 
(64/69 cats, 92.8%), and one or more acidotic processes were 
observed in 5/69 cats (7.2%). The most common abnormality 
was increased unmeasured anions in 60/69 cats (87.0%), fol-
lowed by decreased albumin alkalotic processes in 39/69 cats 
(56.5%), increased chloride-associated acidotic processes in 
37/69 cats (53.6%), increased free water acidotic processes in 
35/69 cats (50.7%), and increased lactate in 33/69 cats (47.8%).  

The diagnosis of a normal metabolic acid–base status based 
on the traditional acid–base analysis method agreed with the 
Stewart and Fencl–Stewart methods in 5/39 and 0/39 cats, re-

Table 2. Frequencies of acid-base disorders in 69 cats based on three different methods in this study

Traditional analysis % Stewart method % Fencl-Stewart method %
Respiratory acidosis  10.1
Respiratory alkalosis 10.1
Normal 7.2 7.2 0

Simple disorders 23.2 One or more acidotic 
processes

90 One or more acidotic 
process

7.2

 Metabolic acidosis with normal 
anion gap

1.4 One or more alkalotic 
processes

0 One or more alkalotic 
process

0

 Metabolic acidosis with elevated 
anion gap

1.4 Both alkalotic and aci-
dotic processes

2.9 Both alkalotic and aci-
dotic

92.8

 Metabolic alkalosis 0
Mixed disorders 40.6
 Metabolic acidosis and respira-

tory acidosis
1.4

 Metabolic acidosis and respira-
tory alkalosis

39

 Metabolic alkalosis and respira-
tory acidosis

0

 Metabolic alkalosis and respira-
tory alkalosis

0

Acidosis with unknown cause 26.1
Individual abnormalities identified Increased SID alkalosis 1.4 Free water effect (acido-

sis/alkalosis)
50.7/26.1

Decreased SID acidosis 90 Chloride effect (acidosis/
alkalosis)

53.6/21.7

Increased ATOT acidosis 1.4 Albumin effect (acidosis/
alkalosis)

20.3/56.5

Increased ATOT alkalosis 1.4 Phosphorus effect (acido-
sis/alkalosis)

37.7/31.9

Increased SIG acidosis 16 Increased lactate acidosis 47.8
Unmeasured anions ef-

fect (acidosis/alkalosis)
87/4.3

SID, strong ion difference; ATOT, total quantity of weak acid; SIG, strong ion gap.
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spectively. The diagnosis of an abnormal metabolic acid–base 
status based on the traditional acid–base analysis method was 
noted in 30 cats. All results were in accordance with the Stewart 
and Fencl–Stewart methods. 

Discussion 

The three different analysis methods showed different diag-
noses. This was similar to a human study, in which the Stewart 
method was more useful for detecting metabolic acid–base dis-
orders than traditional methods [17], and that the three meth-
ods have different abilities in analyzing acid–base disorders in 
animals [16]. This study revealed abnormal metabolic acid–
base status in 30/69 cats, 64/69 cats, and 69/69 cats using the 
traditional, Stewart, and Fencl–Stewart methods, respectively. 
These results may be related to the good sensitivity or high 
overdiagnosis of physicochemical methods. The most common 
individual acid–base disorder was revealed as decreased SID 
acidosis in the Stewart method and acidosis due to the in-
creased unmeasured anion in the Fencl–Stewart method. In a 
previous study, increased SIG acidosis in the Stewart method 
and increased unmeasured anion acidosis in the Fencl–Stewart 
method were most frequently identified [16]. Moreover, the for-
mula for calculating the SID included magnesium and lactate in 
this study. The measurement of ionized magnesium is not used 
widely in veterinary practice. Therefore, more precise calcula-
tion data from the cases could be obtained. To the best of the 
authors’ knowledge, this is the first study to apply ionized mag-
nesium to calculate SID in cats. A variety of formulae can be 
used for the Stewart-type approach for acid–base analyses. 
Therefore, other analytic methods, such as the constable simpli-
fied strong ion model, may have provided different results. 

An analysis of acid–base disorders in 69 cats showed that re-
spiratory alkalosis (34/69 cats) and metabolic acidosis (30/69 
cats) were reported most frequently in the traditional method. 
According to previous reports, primary metabolic acidosis is 
the most common in dogs, whereas metabolic alkalosis is most 
common in human intensive-care unit patients [20]. In this 
study, respiratory alkalosis (simple or mixed) was most com-
mon. In general, the most common causes of respiratory alkalo-
sis include hyperventilation, interpretation errors, and drugs 
[21]. Hyperventilation caused by activation of the peripheral 
chemoreceptors due to hypoxemia, central neurogenic hyper-
ventilation caused by liver disease, hyperadrenocorticism, and 
overzealous mechanical ventilation might affect the result. In-
terpretation errors, such as falsely low pCO2 due to blood expo-
sure to air, might also lead to an increase in oxygen saturation 

and a decrease in pCO2. 
The most severe acidosis (pH =  7.001) was observed in a cat 

with a postoperative low perfusion status for tumor removal 
from the uterus. The most severe alkalosis (pH =  7.554) was 
identified in a case of iatrogenic alkalosis induced by bicarbon-
ate administration. These are well-known and common causes 
of severe acid–base disorders. Metabolic acidosis caused by 
cancer or inadequate perfusion has been reported in human 
and veterinary medicine [22]. According to previous studies, 
lactic acid fermentation in patients with tumors causes meta-
bolic acidosis. Moreover, the acidosis effect of cancer that affects 
its exacerbation, metastasis, resistance against chemotherapy, 
and tumor behavior, and acidosis mechanism is often set as the 
treatment goal [22]. Lactic acidosis is a common cause of meta-
bolic acidosis in critically ill patients [23]. Inadequate perfusion 
leads to hypotension and hypoxia in these tissues, resulting in 
lactic acidosis. Bicarbonate administration has been reported to 
be a common cause of metabolic alkalosis in human and veteri-
nary medicine [24]. Some studies have shown that the causes of 
metabolic alkalosis are similar between humans and animals. 
The causes of metabolic alkalosis in humans include bicarbon-
ate overdose, diuretics, and citrate overdose during therapeutic 
plasma exchange or blood transfusion [24]. In animals, the 
causes of metabolic alkalosis include bicarbonate overdose, di-
uretics, gastrointestinal tract obstruction, and loss of gastric 
acid [25-28]. 

The reference interval of pH from 18 healthy cats was 7.39 to 
7.41 in this study. In previous studies on the pH reference inter-
val and blood gas analysis, a study of 24 cats suggested a pH ref-
erence range of 7.24 to 7.44 [29]. Another study of 8 cats sug-
gested a pH reference range of 7.34 to 7.43 [29]. The reference 
ranges are essential for clinicopathological evaluations. There-
fore, the difference between the reference ranges may critically 
affect the interpretation and diagnosis of acidosis/alkalosis. The 
pH reference interval identified in this study was narrow com-
pared to the existing study results [29]. These results may lead 
to an increase in the rate of acidosis and alkalosis during the di-
agnosis of acid–base imbalances. A large sample size study (224 
dogs) was conducted to evaluate the reference interval of the 
acid–base parameters [30]. On the other hand, studies compris-
ing a large sample size of cats are lacking. An analysis of the 
acid–base parameters in 24 cats has been reported [29], and 
other studies have examined the blood gas acid–base parame-
ters in conscious cats [31,32]. Another study compared a small 
number of cats [16]. On the other hand, there is still a lack of 
studies on a large sample of cats, suggesting the need for further 
research on cats. 
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In conclusion, physicochemical methods, such as the Stewart 
and Fencl–Stewart methods appeared to have greater diagnostic 
ability in metabolic acid–base disorders than the traditional ap-
proach in cats. Further prospective studies will be needed to de-
termine the diagnostic and prognostic value of acid–base analy-
sis in veterinary patients and determine the gold standard anal-
ysis method for cats. 
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서론 

돼지유행성설사바이러스(porcine epidemic diarrhea virus, PEDV)는 Nidovirales목 

Coronaviridae과 Alphacoronavirus속에 속하는 외피를 가지는 단일가닥의 RNA 바이

러스로서 원형이며 외곽에 왕관모양으로 다수의 스파이크를 가지는 것이 특징이다[1]. 

PEDV는 돼지전염성위장염바이러스(transmissible gastroenteritis virus, TGEV)와 같

은 코로나바이러스이지만 항원성이 상이하다. PED는 1971년 영국에서 최초로 발생하

여 포유자돈을 제외한 육성 비육돈에서 급성 설사증을 나타내어 기존에 알려져 있는

TGE와 매우 유사한 증상을 나타내었다[2]. 이후 다른 유럽 국가들로 전파되어 이 질병

From April 2014 to September 2015, 153 piglets from 52 farms in Jeju were diagnosed 
with porcine epidemic diarrhea (PED). The major PED cases were focused on suckling 
piglets (144 piglets, 94.1%), particularly in 1-7-day-old piglets. Histopathologically, 
severe villous atrophy was observed in the small intestine, especially in the jejunum 
and ileum. The mean villous height to crypt depth ratios of the jejunum and ileum 
were 1.4:1 and 1.5:1, respectively. The major histopathologic findings of the small in-
testine were cytoplasmic vacuolation, cuboidalization, squamation, and exfoliation of 
the mucosal enterocytes in the villi. The cytoplasmic vacuolations in the enterocytes 
were the most prevalent lesions in the small intestine and were more severe in the ile-
um than in the jejunum. According to immunohistochemistry methods, the PED virus 
(PEDV) antigens were presented in the cytoplasms of the enterocytes, and were dis-
tributed more prevalently in the ileum than in the jejunum. PEDV antigens were also 
detected in the colon of 26 piglets (19.5%). Sequence comparison and phylogenetic 
analysis indicated that 12 PEDV had more than a 98.9% homology with each other. 
These PEDV strains were highly homologous with the genogroup 2 North American 
group. 

Keywords: cytoplasmic vacuolation; immunohistochemistry; piglet; porcine epidemic 
diarrhea virus; villous atrophy  
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을 epidemic viral diarrhea (EVD)로 명명하였다. 그 후 1976년 영

국에서 포유자돈을 포함한 모든 연령층의 돼지에서 급성 설사증이 

발생하였다. 이러한 두 번의 설사증 발생 돼지에서 TGEV와 기타 

장병원성 원인체는 검출되지 않았으며, 두 질병을 구분하기 위하여 

1971년 발생한 설사증은 EVD 1형으로, 1976년 발생 설사증은 

EVD 2형으로 명명하였다. 이후 EVD 2 발생 돼지에서 코로나바이

러스 유사 병원체가 분리되었고, 이 바이러스가 EVD 1 발생에도 관

여하였던 점이 밝혀져 이 설사병을 PED로 명명할 것을 제안하였으

며, 현재까지 전 세계적으로 통용되고 있다[2]. 

아시아에서는 일본에서 1983년 발생 보고가 있었으며[3], 국내에

서는 1992년 설사 증상을 보이는 자돈으로부터 PEDV를 처음으로 

분리하였다[4]. 수의과학연구소(현 농림축산검역본부)의 보고에 따

르면, 1992년 1월부터 1993년 12월까지 의뢰된 71건의 바이러스성 

설사 예 중 56.3%가 PED로 진단되었으며, 그 중 90% 정도가 10일

령 이하의 포유자돈에 집중되어 있었다[5]. 그 이후에는 전국적으로 

확산되어 지속적으로 발생하였으나 2011-2012년 사이에는 다소 소

강상태를 나타내었다. 그러나 2013년부터 전국 양돈 농가에서 PED
가 재발하고 빠르게 확산되어 큰 경제적 피해를 주고 있다[6,7]. 제

주에서는 PED가 2004년 3월 마지막으로 발생한 후 약 10년간 미발

생이었으나, 2014년 4월부터 다시 발생하여 현재까지 양돈 산업에 

큰 타격을 주고 있는 실정이다. 

따라서 본 연구는 제주지역의 재발생 시점인 2014년 4월부터 18
개월 동안의 PED 발생 상황을 분석하고, 감염된 돼지에 대한 병리

학적 검사와 함께 분리된 바이러스에 대한 유전학적 분석을 실시하

였다. 또한 중국과 미국에서 발생하였던 PEDV와 제주에서 분리된 

바이러스의 유전형을 비교하고자 하였다. 

재료 및 방법 

공시재료 및 PED 발생 현황 조사

공시동물은 2014년 4월부터 2015년 9월까지 제주도 내 양돈 농

가 52호에서 72회에 걸쳐 제주특별자치도 동물위생시험소에 병성

감정 의뢰된 돼지 153마리를 대상으로 하였다. 농가에서 의뢰된 돼

지에 대한 PED 진단은 역전사 중합효소연쇄반응(reverse transcrip-
tion polymerase chain reaction, RT-PCR) 검사 결과를 토대로 최

종 확진하였다. PED로 진단된 돼지를 연령별, 계절별 및 지역별로 

구분하여 발생 상황을 분석하였다. 

육안검사 

동물위생시험소에 의뢰된 돼지에 대하여 임상증상을 확인하고, 

외관 검사 후 일반적인 부검술식에 따라서 내부장기의 병변을 관찰

하였다. 특히 위장관을 포함한 소화기계의 변화상을 면밀히 관찰하

였다. 의뢰된 돼지의 육안 병변 발생 빈도를 포유 연령에 따라 4일령 

미만, 4일 이상 7일 이하, 8일 이상으로 세분하여 비교하였다. 

병리조직학적 검사 

돼지 부검 시 주요 내부 실질 장기를 채취하였다. 특히, 소화기계

는 위, 소장(십이지장, 공장 및 회장), 대장(맹장 및 결장)을 구분하여 

채취한 다음 10% 중성완충포르말린에 고정하여 일반적인 조직처리 

방법에 따라 파라핀 포매하여 3-4 μm 두께로 절편을 제작한 후 he-
matoxylin과 eosin 염색을 실시하여 광학현미경으로 검경하였다. 

병리조직학적 검사가 수행된 총 153마리의 돼지 중 사후변화와 

인위적 손상(artifact)이 수반되지 않은 124마리의 소장 조직에서 융

모의 위축 정도를 수치화하기 위하여 융모의 높이(villous height, 
VH)와 움의 깊이(crypt depth, CD)를 비교하였다. 특히 광학현미

경 40배 시야에서 무작위로 선정한 공장과 회장, 각 10개 부위를 측

정하여 평균 및 표준편차를 산출하였으며, 이를 토대로 VH와 CD
의 비율을 산정하였다. 또한 바이러스 감염으로 인해 손상 받은 융

모가 서로 융합하는 정도를 세분하여 분류하였다. 공장 및 회장을 

광학현미경으로 관찰하였을 때, 100배 시야에서 융모 융합의 정도

가 10% 미만일 경우 focal (G1), 10-50%는 multifocal (G2), 50% 이

상은 diffuse (G3)로 구분하였다. 

총 153마리 중 사후변화와 인위적 상피 탈락이 동반되어 있지 않

은 개체인 126마리의 공장과 120마리의 회장을 대상으로 소장 점막

상피세포의 변화상을 좀 더 면밀히 관찰하고 세분하여 기록하였다. 

광학현미경 100배 또는 200배 시야에서 융모상피세포의 탈락(exfo-
liation), 편평화(squamation) 및 세포질의 공포화(vacuolation)의 

정도에 따라 10% 미만인 경우 focal (G1), 10-50%는 multifocal 
(G2), 50% 이상은 diffuse (G3)로 구분하였다. 또한 병리조직학적 

병변도 육안 병변과 마찬가지로 돼지의 연령에 따라 4일령 미만, 4
일 이상 7일 이하, 8일 이상으로 세분하여 발생 빈도를 비교하였다. 

면역조직화학 검사 

의뢰된 돼지 시료 중 심한 사후변화가 진행된 것을 제외하고 135
마리의 공장, 127마리의 회장 및 133마리의 결장에서 대하여 

PEDV 항원의 분포를 확인하기 위하여 면역조직화학(immunohis-
tochemistry, IHC) 검사를 수행하였다. 파라핀 조직을 4-5 μm 두

께로 박절하여 silane 코팅 슬라이드에 부착하고 탈파라핀 및 함수

과정을 거쳤다. 조직 슬라이드를 3% H2O2가 첨가된 phosphate 
buffered saline (PBS, pH 7.2)에 10분간 반응하고, 항원성의 부활

을 위해 citrate buffer solution으로 97℃에서 60분간 반응하였다. 1
차 항체로는 mouse monoclonal anti-PEDV antibody (Median 

Diagnostics, Korea)를 1:500배로 희석한 다음 조직절편에 적하하

여 37℃에서 1시간 반응하였다. 2차 항체로 EnVision/horseradish 

peroxidase, rabbit/mouse reagent (Dako, Denmark)를 슬라이드

에 적하하여 37℃에서 40분간 반응하였다. 각 단계별로 반응 후에는 

PBS로 5분씩 2회에 걸쳐 수세하였다. 모든 반응이 끝난 절편은 

3,3‘-diamino-benzidine tetrahydrochloride (Dako)로 발색시킨 

후, 3차 증류수에서 반응을 종결하였다. 대조염색은 Mayer's hema-
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toxylin (Sigma, USA)으로 염색하였으며, 탈수와 투명과정을 거쳐 

봉입하였다. 

면역염색이 끝난 조직 내 PEDV 항원의 발현 정도는 기존의 보고

를 토대로 3등급(expression grade, EG)으로 세분하여 평가하였다

[8]. 즉, 광학현미경 200배 시야에서 공장, 회장 및 결장 점막상피세

포에서 PEDV 항원이 전체 상피세포의 10% 미만에서 발현되는 경

우 국소적(focal, EG1), 10-50%는 다병소성(multifocal, EG2), 50% 

이상은 미만성(diffuse, EG3)으로 구분하였다. 

병원체 검사

검사시료의 RNA 추출

설사 유발 병원체를 검사하기 위하여 총 153두의 돼지 대장에서 

무균적으로 분변을 채취 후 -70℃에 보관하여 바이러스검사에 활용

하였다. RNA 바이러스인 PEDV 및 TGEV에 대한 RT-PCR을 실

시하였다. 유전자검사를 위하여 분변시료를 DNase RNase free dis-
tilled water (Invitrogen, USA)와 1:10 비율로 혼합하여 상층액을 

이용하였다. RNA 추출은 RNeasy Mini kit (QIAGEN GmbH, 

Germany)를 이용하여 제조사가 제시한 실험방법에 준하여 실시하

였다. 

RT-PCR 반응 조건 

RT-PCR은 PEDV 및 TGEV를 검출하기 위한 primer가 함유되

어 있는 제품화된 premix인 i-TGEV/PEDV detection kit (Intron-
biotechnology, Korea)에 추출한 RNA 2 μL 및 DNase RNase free 
distilled water (Invitrogen) 18 μL를 분주하였으며, 제시된 실험방

법에 준하여 수행하였다. 

RT-PCR 증폭산물의 확인

반응 종료 후, 각각의 반응액 8 μL씩을 1.5% agarose gel 상에서 

전기영동을 실시한 다음 RedSafe nucleic acid staining solution 

(Intronbiotechnology) 용액(0.5 μL/mL in distilled water)으로 염

색하였다. Ultraviolet transilluminatior로 각각의 유전자에 대한 특

이적인 밴드 유무를 확인하였다. 

PEDV의 유전학적 검사 

제주도 돼지 시료에서 검출된 PEDV 중 12주(2014년 8주: KOR/

JJ-1-8/2014, 2015년 4주: KOR/JJ-1-4/2015)에 대한 유전학적 검

사를 실시하였다. PEDV spike (S) 유전자 검출을 위한 primer는 

Chen 등[9]의 방법에 따라 제작하였다. PEDV RNA는 설사 분변이

나 소장 조직으로부터 TRIzol LS (Invitrogen Corp., USA)를 이용

하여 추출하였다. RT-PCR은 RT 단계는 50℃에서 30분, pre-cycle 
heating 단계는 95℃에서 5분, cycle reactions 단계는 94℃에서 30
초, 52℃에서 2분 30초, 72℃에서 1분 30초간 35 cycles를 수행한 후 

증폭된 산물을 pGEM-T vector system II (Cat. No. A3610; Prome-
ga Corp., USA)를 이용하여 클로닝하였다.

PEDV 유전자를 분석하기 위하여 클로닝된 유전자를 T7과 SP6 

sequencing primer를 이용하여 마크로젠(Macrogen, Korea)에 ABI 
Prism 3730xi DNA sequencer로 유전자 염기서열을 판독하였으며, 

판독된 S 유전자들을 나열하기 위해 CLUSTALX alignment pro-
gram과 BIOEDIT 7.053 program을 사용하여 분석하였다.

이후, 유전자검사 결과를 토대로 계통학적 트리를 만들기 위해 

Mega ver. 6.0 (Mega Software, USA) 내에 들어있는 neighbor-join-
ing method를 사용하였다[10]. 

통계 처리 

IHC 검사를 통한 개체별 PEDV 항원의 발현 등급(EG)인 EG1, 

EG2, EG3를 각각 1, 2, 3으로 수치화하여 합한 다음 전체 개체수로 

나누어 평균 항원 발현 등급과 표준편차를 산출하였다. 돼지 공장, 

회장 및 결장 조직 내 PEDV 항원의 발현 정도에 유의성 있는 차이

가 있는지를 확인하기 위하여 IBM SPSS Statistics ver. 25.0 (IBM 

Corp., USA)을 사용하여 ANOVA test로 통계분석을 실시하였으

며, p <  0.05일 때 유의한 차이가 있는 것으로 간주하였다.

결과

제주도 내 PED 진단 현황 

제주도에서 2014년 4월부터 18개월 동안 PED로 진단된 예는 총 

153마리로 확인되었다. 돼지의 연령별로는 4일령 미만이 101마리

(66.0%), 4-7일령 43마리(28.1%) 및 8일령 이상 9마리(5.9%)로 확인

되었다. 이 중, 8일령 이상 돼지는 9일령 2마리, 10일령, 14일령, 15
일령, 및 17일령이 각각 1마리, 21령 3마리로 구분되었다. 

제주특별자치도 가축통계조사 자료에 따르면, 2014년 현재까지 

제주도 내 전체 양돈 농가수는 304호이며, 행정시 별로는 제주시 

214호, 서귀포시 90호로 나타나 있다. PED가 진단된 양돈 농가는 

총 52호로 전체 농가 중 약 17.1%에 달하였다. 지역별로는 제주시 

19.6% (42/214), 서귀포시 11.1% (10/90)로 나타나 제주시에서의 

PED 발생이 더욱 높은 것으로 확인되었다. 발생 농가를 읍, 면별로 

세분하여 살펴보았을 때, 제주도의 서부지역에 해당하는 한림읍 

29.9% (41/137), 대정읍 27.8% (10/36), 한경면 4.2% (1/24)에 국한

되어 발생하고 있었다. 

검사 기간 동안 동일한 농장에서 여러 차례 검사 의뢰된 경우를 

포함하여 PED로 진단된 예는 총 72건(153마리)이었다. 이를 월별

로 세분하여 PED 발생을 분석한 결과, 2014년 4월 13건(18.1%), 5
월 14건(19.4%), 6월과 7월이 각각 1건(1.4%), 8월 3건(4.2%), 9월 4
건(5.6%), 10월 1건(1.4%), 11월과 12월 2건(2.8%), 2015년 1월 9건

(12.5%), 2월 5건(6.9%), 3월 6건(8.3%), 4월 1건(1.4%), 5월 3건

(4.2%), 6월과 7월 1건(1.4%), 9월 5건(6.9%)으로 나타났다(Table 1). 
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따라서 제주도 내 최초 재발생 시점인 2014년 4월과 5월에 폭발적

인 발생을 보이다가 하절기에 소강상태로 접어들었으나, 이후 동절

기에 들어서면서 다시 증가하는 양상을 보이고 있었다. 

확진된 52호 농가를 의뢰 유형별로 분석한 결과 1회 검사 의뢰 농

가는 35농가(67.3%)였으며, 2회, 3회 및 4회 의뢰 농가는 각각 15농

가(28.8%), 1농가(1.9%) 및 1농가(1.9%)로 나타났다. 

육안검사 결과

육안적으로 PED로 확진된 돼지는 현저하게 위축되어 늑골이 노출

되고, 일부 개체는 안구가 함몰되어 있었다. 항문 주위 피부에는 담

황색 또는 황색의 수양성 변내용물이 부착되어 있었다(Fig. 1A). 위 

내에는 소화되지 않은 유백색의 응유가 다량 들어있었다. 소장은 담

색조로 퇴색되어 있거나 무력하였으며, 장벽이 현저하게 얇아져 장

강 내의 수양성 내용물이 명료하게 관찰되었다(Fig. 1B). 소장 장막과 

장간막의 혈관 및 림프관의 관찰은 용이하지 않았다. 상당수 개체의 

대장 내강에도 황색의 수양성 내용물이 충만되어 있었다. 신장의 단

면상에서는 유두부 또는 신우 부위에 황갈색의 요산염이 침착되어 

있었으며(Fig. 1C), 일부 개체의 방광 내에서도 관찰할 수 있었다. 

확진된 153마리 돼지에서 소장 내 수양성 내용물의 저류(98.0%)

가 위 내 응유의 존재(62.7%) 및 신장의 요산염 침착(60.1%)에 비하

여 높은 빈도로 관찰되었다(Table 2). 돼지의 연령별로는 큰 차이를 

보이지는 않았지만, 신장의 요산염 침착은 8일령 이상의 돼지에서 

현저하게 낮았다. 

병리조직학적 검사 결과

병리조직학적으로 소장의 점막층에서 가장 특징적인 변화상이 관

찰되었으며, 점막하직, 근육층 및 장막에서는 특별한 병변을 관찰할 

수 없었다. PED로 확진된 돼지의 소장에서 가장 두드러진 병리조직

학적 병변은 융모의 현저한 위축과 융합이었다. 공장과 회장에 대하

여 VH:CD 비율을 비교한 결과 공장(1.4:1)이 회장(1.5:1)에 비하여 

다소 낮게 나타났으며, 다른 연령에 비하여 4-7일령의 돼지들이 공

장과 회장 모두에서 1.3:1로 가장 낮았다(Table 3). 

바이러스 감염에 따른 소장 융모의 위축뿐만 아니라, 손상 받은 

융모가 서로 융합하는 병변도 자주 관찰되었다. 부위별로는 공장

(72.6%, 90마리)보다는 회장(78.2%, 97마리)에서 융모의 융합이 더

욱 빈번하게 관찰되었다(Table 4). 또한 심한 병변 등급인 G3가 공장

(50.0%, 62마리)과 회장(54.0%, 67마리)에서 모두 높게 관찰되었다. 

또한 융모상피세포의 미세융모 소실, 입방화(Fig. 2A), 편평화

(Fig. 2B), 상피세포의 세포질에 하나 또는 여러 개의 투명한 공포 

형성(Fig. 2C) 및 상피세포 탈락(Fig. 2D)이 관찰되었다. 일부 개체

에서는 움의 장선이 호염성으로 농염되어 있고, 술잔세포가 거의 소

실된 재생의 흔적이 존재하고 있었다. 그러나 고유층에서의 염증 반

응은 거의 없거나 매우 미약하였다. 신장 수질부의 원위곡세뇨관 또

는 집합관 내강에 호산성의 과립상 물질인 요산이 자주 관찰되었다. 

공장 126마리 및 회장 120마리에서 관찰된 융모상피세포의 특징적 

병변들을 비교하였다(Table 5). 이 중 세포질에 공포 형성 병변이 가

장 높은 비율로 관찰되었고 편평화 및 상피 탈락 순으로 나타났다. 

특히 세포질의 공포화는 G3 등급 비율이 가장 높았고, 공장(75.4%, 

95마리)보다는 회장(81.7%, 98마리)에서 더욱 빈번하게 확인되었

다. 상피세포의 탈락은 공장과 회장 모두에서 G1 또는 G3 비율이 

높은 반면, 편평화 병변은 공장에서의 G3 비율이 회장에 비하여 높

게 관찰되었다. 돼지의 연령별 비교하면, 공장에서는 돼지의 일령에 

Table 1. Monthly outbreaks for 72 porcine epidemic diarrhea cases in Jeju from April 2014 to September 2015

Year
Month

1 2 3 4 5 6 7 8 9 10 11 12
2014 - - - 13 (18.1) 14 (19.4) 1 (1.4) 1 (1.4) 3 (4.2) 4 (5.6) 1 (1.4) 2 (2.8) 2 (2.8)
2015 9 (12.5) 5 (6.9) 6 (8.3) 1 (1.4) 3 (4.2) 1 (1.4) 1 (1.4) 0 5 (6.9) - - -

Values are presented as number (%).
-, not tested.

A

C B

Fig. 1. Gross findings. (A) Note yellowish watery feces (arrow) 
around the anus in suckling piglet. (B) Small intestine. Note thin 
and transparent intestinal wall (arrows), and yellowish watery 
contents in the lumen. (C) The kidney. Note the yellowish-brown 
materials (urate crystal, arrows) in the renal papillae.
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Table 2. Frequency of the characteristic gross findings in the major target organs of pigs associated with porcine epidemic diarrhea

Age (d)
Gross findings (%)

Milk curd in the stomach Watery contents in the small intestine Urate in the renal papillae
<  4 (n =  101) 67 (66.3) 99 (98.0) 63 (62.4)
4-7 (n =  43) 22 (51.2) 42 (97.7) 27 (62.8)
≥  8 (n =  9) 7 (77.8) 9 (100.0) 2 (22.2)
Total (n =  153) 96 (62.7) 150 (98.0) 92 (60.1)

Table 3. Mean VH, CD, and VH/CD ratio of the small intestine from 124 piglets

Organ Age (d) No. of piglets Mean VH (μm) Mean CD (μm) VH/CD ratio (mean ±  SD)
Jejunum (n =  124) <  4 78 212.6 162.1 1.6 ±  0.6

4-7 38 205.7 177.3 1.3 ±  0.5
≥  8 8 225.5 179.9 1.4 ±  0.5

Total 124 214.6 173.1 1.4 ±  0.5
Ileum (n =  124) <  4 78 206.1 154.0 1.6 ±  0.6

4-7 38 179.5 162.0 1.3 ±  0.6
≥  8 8 217.7 174.6 1.6 ±  0.7

Total 124 201.1 163.5 1.5 ±  0.6

VH, villous height; CD, crypt depth.

Table 4. Histopathologic grade for the villous fusion of the small intestine from 124 piglets according to ages

Organ Age (d)
Grade

Negative
G1 G2 G3 Total (%)

Jejunum (n =  124) <  4 (n =  81) 10 6 40 56 (45.2) 25
4-7 (n =  35) 2 8 17 27 (21.8) 8
≥  8 (n =  8) 1 1 5 7 (5.6) 1
Total 13 15 62 90 (72.6) 34

Ileum (n =  124) <  4 (n =  81) 5 16 40 61 (49.2) 20
4-7 (n =  35) 1 6 21 28 (22.6) 7
≥  8 (n =  8) 0 2 6 8 (64.5) 0
Total 6 24 67 97 (78.2) 27

Fig. 2. Note the characteristic histopathologic porcine epidemic diarrhea virus lesions (arrows) in the small intestine. (A) Cuboidalization, 
(B) squamation, (C) cytoplasmic vacuolation, and (D) epithelial exfoliation of the enterocytes. (A-D) H&E, scale bar: 50 μm.

상관없이 상피세포의 공포화가 가장 많이 관찰되었으며 편평화 및 

상피세포탈락 순으로 나타났다. 공포화와 편평화 병변은 G3 등급

이 많은 빈도를 차지하는 반면, 상피세포의 탈락 병변은 등급별로 

비교적 다양하게 관찰되었다. 회장의 경우 4일령 미만 및 4-7일령

의 돼지에서는 상피세포의 공포화가 가장 많이 관찰되는데 비하여, 

8일령 이상에서는 뚜렷한 차이를 나타내고 있지 않았다. 또한 공포

화 병변은 4일령 미만 및 4-7일령의 돼지에서 G3등급 발현이 높게 

나타났다. 

A B C D
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면역조직화학 검사 결과 

소장에서 PEDV 항원은 대부분 위축된 융모 또는 점막을 피복하

고 있는 공포화 및 입방화가 진행된 상피세포의 세포질 또는 솔변연

에서 발현되고 있었으며(Fig. 3A and B), 일부 탈락 상피 또는 움 상

피세포에서도 항원을 관찰할 수 있었다. 조직학적으로 항원은 EG1 

또는 EG2로 분포하거나 심한 경우 EG3의 분포를 보이기도 하였다

(Table 6). 그러나 점막고유층, 점막하직 및 기타 근육층에서는 바이

러스 항원을 검출할 수 없었다. 특히 PEDV의 표적장기가 아닌 것

으로 알려져 있는 결장의 점막상피세포에서도 바이러스 항원이 검

출되기도 하였으며(Fig. 3C), 소장과 달리 국소적인 분포를 보이고 

있었다. 

바이러스 항원 발현은 회장(85.8%, 109마리)이 공장(82.2%, 111
마리)에 비하여 높게 나타났다(Table 6). 전체적으로 소장 조직에서

는 EG3 등급의 항원 발현 개체가 80% 이상을 점유하고 있었다. 결

장의 경우 검사한 133마리 개체 중 19.5% (26마리)에서 항원이 검출

되었다. 각 장기별로 평균 항원 발현 등급을 비교한 결과, 공장과 회

장이 결장에 비해서 유의성 있게 높은 수준으로 발현되었다(p <  

0.05). 항원의 발현을 돼지의 연령별로 비교한 결과(Table 5), 4-7일

령의 돼지 공장(90.0%, 36마리)과 회장(92.1%, 35마리)에서 가장 많

이 검출되었다. 반면 8일령 이상 돼지의 공장(55.6%, 5마리)과 회장

(66.7%, 6마리) 모두에서 현저하게 감소하는 경향을 보이고 있었다. 

또한 공장 및 회장의 PEDV 평균 항원 발현 등급을 연령별로 비교

한 결과에서도 8일령 미만의 돼지가 8일령 이상 돼지의 발현 등급보

다 유의성 있게 높게 나타났다(p <  0.05).  

결장의 경우 4일령 미만 19마리, 4-7일령 6마리 및 8일령 이상 1
마리 등 총 26마리의 돼지에서 PEDV 항원이 검출되었다.

병원체 및 유전학적 검사 결과  

돼지 분변에 대한 RT-PCR 검사 결과, PEDV 및 TGEV 유전자 

증폭산물이 각각 525 bp 및 755 bp에서 검출되었다(Fig. 3D). 

TGEV는 전 개체 음성이었으며, PEDV는 151마리(98.7%)에서 양성 

반응을 보였으나 나머지 2두(3 및 4일령)는 음성으로 확인되었다. 

제주도에서 검출된 12주의 PEDV S 유전자를 분석한 결과 각 분

리주간에 98.9% 이상의 상동성을 보이고 있었다(Fig. 4). 또한 계통

학적 트리를 작성한 결과, 분리된 PEDV는 genogroup 2 (G2)에 속

하여 있음이 입증되었다(Fig. 5). 최근 미국에서는 병원성이 경미한 

Table 5. Prevalence and grade of histopathologic lesions in the mucosal enterocytes in the jejunum and ileum according to ages

Organ Age (d) Histopathologic lesions
Grade

G1 G2 G3 Total (%)
Jejunum < 4 (n =  82) Exfoliation 17 2 18 37 (45.1)

Squamation 10 8 24 42 (51.2)
Vacuolation 9 10 44 63 (76.8)

4-7 (n =  36) Exfoliation 4 1 8 13 (36.1)
Squamation 1 5 10 16 (44.4)
Vacuolation 1 2 23 26 (72.2)

≥  8 (n =  8) Exfoliation 3 1 0 4 (50.0)
Squamation 0 2 3 5 (62.5)
Vacuolation 2 1 3 6 (75.0)

Total (n =  126) Exfoliation 24 4 26 54 (42.9)
Squamation 11 15 37 63 (50.0)
Vacuolation 12 13 70 95 (75.4)

Ileum < 4 (n =  80) Exfoliation 12 5 12 29 (36.3)
Squamation 14 14 11 39 (48.8)
Vacuolation 10 9 48 67 (83.8)

4-7 (n =  34) Exfoliation 6 1 5 12 (35.3)
Squamation 4 3 3 10 (29.4)
Vacuolation 2 3 23 28 (82.4)

≥  8 (n =  6) Exfoliation 3 1 0 4 (66.7)
Squamation 1 1 2 4 (66.7)
Vacuolation 0 1 2 3 (50.0)

Total (n =  120) Exfoliation 21 7 17 45 (37.5)
Squamation 19 18 16 53 (44.2)
Vacuolation 12 13 73 98 (81.7)
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insertions and delections in the spike gene (INDELs) 그룹 PEDV
와 병원성이 강한 North American 그룹 PEDV 2종이 분리되었으

며[11], 이번 연구에서 분석한 12주의 PEDV는 모두 North Ameri-
can 그룹에 속하고 있음을 확인할 수 있었다. 

고찰 

뚜렷한 동절기의 계절 발생을 보이는 TGE와는 달리 과거 국내에

서 유행하던 PED는 거의 연중 발생하였지만, 대체로 동절기에 해당

하는 기간이 11월에서 3월까지 집중하여 발생하는 경향을 보이고 

있었다[5]. 이번 연구를 통해 제주도 내에서 PED는 재발생 시점에 

폭발적인 발생이 있은 후 거의 계절에 관계없이 연중 발생하다가 동

절기에 들어서면서 증가하는 경향을 보이고 있었다. 또한 PED 발생 

52농가 중 17개(32.7%) 농가에서 2회에서 많게는 4회까지 지속 발

생하는 양상을 나타내고 있었다. 더욱이 양돈 농가가 밀집되어 있는 

제주도 서부지역(한림읍, 대정읍 및 한경면)에서 집중적으로 발생하

고 있었다. 이러한 점은 농장 간의 질병 전파를 예방하기 위한 차단

방역이 제대로 수행되고 있지 않을 뿐만 아니라, 농장에서의 부실한 

예방접종, 질병 발생 농장의 인공 면역 실시 또는 부적절한 환돈 관

리 등이 지속적 PED 발생의 원인으로 추정되고 있다. 과거 국내 양

돈장을 대상으로 실시한 PED 역학 조사 결과에 따르면, PEDV의 

농장 내 순환 감염의 원인으로 분만사 환돈에 대한 부적절한 조치, 

부적절한 예방접종에 따른 모돈의 면역 수준 불균형, 유즙불량 모돈

에서 자돈으로 초유항체 전달 실패, 모돈수 과다에 따른 분만사 공

간 부족 등으로 분석된 바 있다[12]. 

PEDV는 돼지의 소장 특히, 공장 및 회장의 융모상피세포에 감염

되어 융모의 위축을 초래하여 흡수불량성 설사를 유발한다. PEDV 

감염 시 육안적으로 소장은 팽윤되고 황색의 수양성 내용물을 함유하

Fig. 3. Expression of the porcine epidemic diarrhea virus (PEDV) antigens (arrows) in the cytoplasms of the intestinal enterocytes. (A) 
Jejunum (immunohistochemistry [IHC], scale bar: 200 μm). Higher magnification of enterocytes (insert) (IHC, scale bar: 20 μm). (B) Ileum 
(IHC, scale bar: 200 μm). Higher magnification of enterocytes (insert) (IHC, scale bar: 20 μm). (C) Colon (IHC, scale bar: 100 μm). (D) Re-
verse transcription polymerase chain reaction products of PEDV. NC, negative control; PC, PEDV (525 bp) and transmissible gastroenteritis 
virus (755 bp) positive control; M, 100 bp ladder; lanes 1 and 2, fecal samples.

Table 6. Expression grade of porcine epidemic diarrhea virus antigen in small and large intestine according to piglet ages

Organ Ages (d)
Grade

Average EG (mean ±  SD)
EG0 EG1 EG2 EG3 Total (%)

Jejunum < 4 (n =  86)† 16 7 9 54 70 (81.4) 2.17 ±  1.20*
4-7 (n =  40)† 4 1 6 29 36 (90.0) 2.50 ±  0.96*
≥  8 (n =  9) 4 0 0 5 5 (55.6) 1.67 ±  1.58*
Total (n =  135) 24 8 15 88 111 (82.2) 2.24 ±  1.17

Ileum < 4 (n =  80)† 12 3 9 56 68 (85.0) 2.36 ±  1.11*
4-7 (n =  38)† 3 3 2 30 35 (92.1) 2.55 ±  0.95*
≥  8 (n =  9) 3 1 0 5 6 (66.7) 1.78 ±  1.48*
Total (n =  127) 18 7 11 91 109 (85.8) 2.38 ±  1.10

Colon‡ <  4 (n =  88) 69 9 3 7 19 (21.6) 0.41 ±  0.89
4-7 (n =  36) 30 5 1 0 6 (16.7) 0.19 ±  0.47
≥  8 (n =  9) 8 0 0 1 1 (11.1) 0.33 ±  1.00
Total (n =  133) 107 14 4 8 26 (19.5) 0.35 ±  0.81*

EG, expression grade.
†Significant difference compared to the EG of 8 days or older pigs (*p < 0.05).
‡Significant difference compared to the EG of jejunum and ileum (*p < 0.05).

A B C D
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고 있으며, 병리조직학적으로는 VH:CD 비율이 정상범위인 7-8:1에

서 3:1까지 감소하는 것으로 알려져 있다[2]. 국내에서는 PED 감염

이 처음으로 확인된 1992-1993년 사이 총 71건을 검사한 결과 공장 

및 회장에서 VH:CD 비율이 평균 3:1-2:1 정도로 감소하였으며, 심

한 예에서는 1:1에서 1:2까지 현저하게 위축되기도 하였다[5]. 최근 

2013년 미국에서는 PED로 확진된 자돈의 장내용물에서 분리된 

PEDV를 10-35일령 무균돼지에 경구감염시킨 결과 접종 24-48시

간 후 심한 설사 및 구토 증상을 보였으며, 소장에서 VH:CD 비율

이 개체별로 1.2-3.4:1 정도로 심한 융모의 위축을 보였다고 하였다

[6]. 이번 연구에서 제주도 돼지의 경우 공장과 회장의 평균 VH:CD 

비율이 각각 1.4:1 및 1.5:1로 나타났으며, 특히 4-7일령 자돈의 공

장과 회장 모두에서 1.3:1로 가장 낮게 나타났다. 또한 위축된 융모

의 융합 소견도 심한 등급인 G3의 비율이 50% 이상의 돼지 공장 및 

회장에서 관찰되고 있었다. 따라서 과거 국내에서 발생한 PEDV에 

비하여 최근 제주도에서 발생하고 있는 PEDV의 병원성이 좀 더 강

할 것임을 간접적으로 시사하고 있는 것으로 추정된다.

PEDV에 감염된 돼지의 소장에서는 병리조직학적으로 장 융모의 

위축과 함께 상피세포의 탈락 및 세포질 내 공포 형성 소견이 특징

적으로 나타난다[2,6]. 과거 국내 발생한 PED 감염 돼지에서 병리조

직학적 소견은 십이지장보다는 공장과 회장에서 주로 병변이 관찰

되었다. 융모상피세포의 세포질에 무수히 많은 작은 공포가 형성되

어 있고, 원주상피세포의 높이가 낮아져 입방화되거나 심한 경우 편

평하게 되었으며, 때로 상피세포가 박리되어 점막고유층이 노출되

어 있기도 하였다[5,13]. 본 연구에서 병리조직학적 소견의 발생 빈

도를 살펴보았을 때, 세포질 내 공포 형성, 상피세포의 입방화 또는 

Fig. 4. Nucleotide sequence homol-
ogy for the spike gene of 12 porcine 
epidemic diarrhea virus strains in Jeju.

편평화 및 탈락의 순으로 나타나고 있었다. 또한 심한 개체에서는 

미세융모의 소실 또한 관찰되었다. 그러므로 PEDV 감염에 따른 융

모의 위축, 상피세포의 공포화 및 이에 따르는 일련의 변화로 인하

여 소장에서의 흡수 기능은 현저하게 떨어지게 되어 심한 흡수불량

성 설사와 함께 탈수를 유발하고 특히 어린 돼지에서 높은 폐사율을 

보이게 된다. 

IHC 검사 결과 공장과 회장에서 광범위하게 상피세포에서 

PEDV 항원이 발현되었으며 공장(82.2%)보다는 회장(85.8%)에서 

높게 발현되고 있었다. 비록 검사한 돼지의 결장에서 병리조직학적 

병변은 거의 관찰되지 않았지만, 19.5%의 결장에서도 국소적이지만 

PEDV 항원을 검출할 수 있었다. 과거 연구에 따르면, PEDV에 자

연감염되거나 인공감염시킨 돼지에서 소장의 융모상피세포와 결장 

점막에서 형광항체검사를 이용하여 바이러스 항원을 검출한 바 있

다[2]. 이에 반하여 과거 국내 또는 일본에서 발생한 PED의 경우 결

장에서는 바이러스가 검출되지 않거나 아주 약하게 검출되었다

[14,15]. 그러나 최근 2013년 미국에서 PEDV를 실험감염시킨 돼지

에서는 5마리 전 두수에서 맹장 및 결장에서 항원이 검출된 바 있다

[6]. 따라서 이번 제주도에서 발생한 PED는 과거 국내에서 발생한 

PED와 장 조직 내 바이러스 항원의 분포가 다르며, 결장 내 항원의 

존재는 일정 정도 돼지의 설사를 비롯한 임상증상을 더욱 심하게 만

드는 요인으로 작용되었을 것으로 추정된다. 

PED의 임상증상, 병리해부학적 및 병리조직학적 소견은 TGE와 

매우 유사하기 때문에 두 질병에 대한 감별진단은 매우 중요하다

[2,6,13]. 두 질병을 감별하기 위한 진단기법으로는 형광항체검사법, 

IHC, 전자현미경 검사법, 바이러스분리기법, 효소결합면역흡착측
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정(enzyme-linked immunosorbent assay) 기법, RT-PCR 등이 활

용되고 있다. 본 연구에서 돼지 분변 153점을 대상으로 RT-PCR 검

사를 수행한 결과, 151마리가 PEDV 양성이었으나, 나머지 2마리는 

음성을 나타내었다. 그러나 이 두 마리 돼지들은 병리조직학적으로 

소장 융모의 위축과 융합 및 상피세포의 병변이 있었을 뿐만 아니

라, IHC 검사 결과 PEDV 항원 양성으로 판명되었다. 따라서 돼지

에 바이러스가 감염된 후 소장 융모상피세포에 손상을 주기는 하였

으나, 세포 내에서 충분한 양의 바이러스 증식이 이루어지지 않아 

분변으로 바이러스 배출이 적거나 없었던 감염 초기 단계의 개체로 

해석될 수 있을 것으로 판단된다. PEDV의 원형으로 받아들여지고 

있는 CV777 분리주를 경구로 인공감염시킨 돼지에서 형광항체검

사법을 이용하여 바이러스 항원을 검사한 결과 감염 후 약 12-18시

간에 소장 상피세포에 감염이 이루어지고 24-36시간에 최대치에 달

하며, 이후 바이러스의 증식과 함께 상피세포의 변성과 융모의 위축

이 발생한다[2]. 최근 미국형 PEDV를 인공감염시킨 돼지의 경우 감

염 후 24-48시간 후에 분변을 통해 바이러스가 배출되었다고 하였

다[6]. RT-PCR 검사기법은 PEDV와 TGEV를 감별진단하기에 매

우 용이하고 민감한 진단기법이기는 하지만, 분변 내 바이러스 배출

이 매우 적은 감염 초기 또는 말기에는 검출되지 않을 개연성이 있

다. 또한 IHC 기법은 병리조직학적 병변의 관찰과 함께 조직 내 바

이러스의 유무까지 확인할 수 있는 매우 유용한 진단기법으로 증상 

발현 후 2일 이내의 급성기 돼지의 장 조직 시료에 적용할 수 있다. 

특히 설사 증상을 보이는 개체의 신선한 조직 또는 분변이 없는 상

황에서 포르말린 고정 조직만이 있을 경우 IHC 기법은 PEDV 검출

을 위해 유용하게 적용될 수 있다. 그러나 IHC 기법도 사후변화가 

심하게 진행되어 있거나, 상피세포의 탈락이 현저한 소장에는 진단

법 적용에 제한이 따른다. 따라서 바이러스의 감염 시기와 감염량, 

감염된 돼지의 병변 정도, 검사에 활용할 수 있는 시료의 종류와 보

관 상태 등에 따라 진단기법의 적용에 제한이 따를 수 있기 때문에, 

RT-PCR과 IHC 기법을 병용하여 활용하면 좀 더 정확한 PED 진

단이 이루어질 수 있을 것으로 생각된다.

과거 풍토병성 PED로 인한 영향은 그리 크지 않았으나, 2010년 

10월 중국 남부 지역 포유 자돈에서 80-100%에 달하는 높은 폐사율

을 보이는 PED가 발생한 이후 다른 아시아 국가들로 급속히 전파되

었으며[16], 미국에서는 2013년 5월 아이오와주에서 본 질병이 최초

로 발생한 후 전국으로 확산되었다[6]. 국내에서도 2013년 말부터 

충청남도와 경상남도 지역에서 PED가 잇달아 발생한 후 전국적으

로 확산된 상황이다. 제주도는 국내 내륙지역과 분리되어 있는 섬이

라는 특수성을 가지며, 2002년 4월부터 악성 돼지질병 청정화를 달

성하여 다른 지역으로부터 돼지 생축 및 돼지고기의 반입이 전면 금

지되어 있고, 일부 수입육 등에 한해서만 반입이 허용되고 있는 상

태이다. 따라서 2014년 4월 이후 발생하고 있는 제주도 내 PED의 

경우 가축 등에 의한 전파보다는 타시도에서 출입하는 축산관계자, 

차량 등에 의한 기계적 전파에 의해 유입되었을 가능성이 높은 것으

로 추정되고 있다.

과거 국내에서 분리된 PEDV는 CV777 분리주와 매우 유사한 것

으로 알려져 왔다[4]. 그러나 최근 농림축산검역본부 연구에 따르면, 

한국 내륙지역의 양돈 농가 돼지 설사 분변에서 분리한 바이러스 

2010년 8개, 2012년 및 2013년 9개 등 총 17주의 PEDV의 S, open 

reading frame 3 (ORF3), envelope (E), membrane (M), nucleop-
rotein (N) 유전자에 대한 염기서열을 분석하여 분자생물학적 특성

을 조사하였다[17]. 그 결과 국내 PEDV는 각 유전자별로 크게 2개

의 그룹(G1 및 G2)으로 나뉘었다. PEDV S 유전자의 경우 크게 백

신주가 속한 그룹(G1)과 대부분의 야외주가 속하는 그룹(G2)으로 

나뉘고, G2는 다시 G2-1과 G2-2로 세분되며, 국내분리주간의 상

동성은 최대 10% 이상 차이를 나타내고 있었다. 또한 시판되고 있는 

백신주와 국내분리주간 각 유전자별 상동성 분석결과 ORF3, E, S, 

N, M 순으로 상동성이 낮았으며, S 유전자의 경우 91.8-99.3% 

(90.0-98.9%)로 약 10%의 차이를 나타내고 있었다. 더욱이 해외에

서도 2010년 이후 중국 및 북미 등지에서 발생한 PEDV는 서로 상

동성이 높고 병원성이 강하여, 2010년 이전의 PEDV와 유전적 및 

병원성의 차이가 있었다[18,19]. 이러한 PEDV의 변이로 인하여 국

내를 비롯한 외국에서도 기존에 사용하고 있던 백신의 방어 효과에 

대한 문제점이 제기되고 있는 실정이다. 따라서 각국에서는 최근 발

생하고 있는 PED에 대한 신속 정확한 진단기법의 확립뿐만 아니라 

질병 발생 기전 및 유효성이 있는 백신 개발 등의 연구에 박차를 가

하고 있다[20,21]. 

이번 연구에서 분리된 총 12주의 PEDV S 유전자를 대상으로 염

기서열을 분석한 결과 각 바이러스의 상동성은 98.9-99.8%에 달하

는 것으로 확인되었다. 따라서 제주지역에서 10년 만에 PED가 재

발생하였지만, 거의 유전적으로 동일한 바이러스가 돼지에게 전파

되고 있는 것으로 생각된다. 또한 PEDV에 대한 계통학적 트리를 

작성한 결과 이들 바이러스는 모두 2013-2014년 한국 내륙에서 발

생한 PEDV [22] 및 북미형 PEDV에 속하는 G2 그룹에 속하였다. 

한편 국내 내륙에서 분리된 PEDV의 일부는 같은 G2 그룹에 속하

지만 병원성이 비교적 약한 것으로 알려져 있는 INDELs 그룹에 속

하는 것으로 밝혀졌으나[11], 이번 제주에서 검출된 12주의 PEDV
는 INDELs 그룹과는 동질성에 차이가 있는 것으로 확인되었다. 최

근 Lee 등[23]은 2018년에 제주에서 분리된 PEDV를 G2b PEDV와 

비교 분석한 결과 S 유전자 및 전체 유전체 수준에서 각각 96.7-

98.7% 및 98.5-99.4% 상동성을 보였다. 따라서 유전적 및 계통 발

생학적으로 2018년에 제주에서 분리된 PEDV가 기존 2014년 제주 

PEDV와 상동성 높기는 하지만 시간이 지날수록 상동성이 낮아지

고 있어 바이러스가 진화하고 있음을 시사하였다. 따라서 제주에서 

문제시되고 있는 PEDV와 국내 내륙지역에서 발생하고 있는 PEDV
와의 병원성의 차이 및 바이러스의 유연 관계를 비교 분석하는 연구

와 함께 적절한 백신주의 선별 및 효과적인 백신 개발을 통하여 

PED로 인한 양돈 농가의 피해를 최소화하는데 노력을 경주해야 할 
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것으로 판단된다. 
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서론 

최근 식생활과 생활양식이 급속히 서구화되면서, 비만, 고혈압, 심혈관계 질환, 당뇨 

등과 같은 만성 퇴행성 질환이 증가하고 있다. 특히, 당뇨병은 전 세계적으로 10대 사망

원인 중의 하나로 유병률이 꾸준히 증가하고 있다. 앞선 연구에 따르면[1], 2019년 전 

This study examined the anti-diabetic effects of aqueous extracts of Dendropanax 
morbifera leaves (DMWEs) in streptozotocin-induced diabetic Sprague-Dawley (SD) 
rats. Thirty male SD rats (body weight [BW], 250.4 ± 19.7 g) were divided into the fol-
lowing six groups: normal control rats (NC), diabetic control rats (DC), diabetic rats 
treated with metformin HCl 100 mg/kg BW (DT), diabetic rats treated with DMWEs 50 
mg/kg BW (DM-50), diabetic rats treated with DMWEs 100 mg/kg BW (DM-100), and 
diabetic rats treated with DMWEs 200 mg/kg BW (DM-200). From two weeks of ad-
ministration of DMWEs, the BW of all groups treated with DMWEs increased signifi-
cantly compared to DC (p < 0.05). At four weeks after treatment, the blood glucose 
levels in DT, DM-100, and DM-200 decreased below 200 mg/dL, while the glycated 
hemoglobin concentrations in all groups administered DMWEs were similar to those 
of NC and DT. Regarding the blood biochemical parameters, the levels of aspartate 
transaminase, alanine transaminase, blood urea nitrogen, and creatinine in DM-100 
and DM-200 were similar to those in NC and DT. Overall, these results highlight the 
effectiveness of DM-100 in the treatment of diabetes. 

Keywords: Dendropanax morbifera; diabetes mellitus; blood glucose level; glycated 
hemoglobin concentration; Sprague-Dawley rats  
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세계 당뇨병 환자수는 4억 6천 3백만 명으로 유병률이 9.3%라고 보

고하였으며, 2030년에는 유병률이 10.2%까지 증가할 것으로 예측

하였다. 우리나라의 경우, 당뇨병은 10대 사망원인 중 6위에 기록되

었으며, 전체 사망자의 2.7%가 당뇨병으로 사망한 것으로 나타났다

[2]. 또한 대한당뇨병학회에서 발표한 Korean diabetes fact sheet에 

따르면, 국내 30세 이상 성인 7명 중 1명은 당뇨병 환자이고, 30세 

이상 당뇨병 환자 501만 명 중 약 20%인 98만 명은 40대 이하인 것

으로 나타났다[3]. 

당뇨병은 체내 인슐린 분비와 활성에 장애가 생긴 만성 대사성 질

환이다. 체내 인슐린 분비 부족은 만성 고혈당증, 탄수화물 및 지질 

대사 이상, 골격근, 지방조직, 간 등의 대사신호전달 및 변환 체계 

이상 등을 유발하게 된다[4]. 당뇨병은 제1형 당뇨병과 제2형 당뇨

병으로 분류할 수 있다. 제1형 당뇨병은 췌장 β세포의 손상으로 인

슐린 분비가 되지 않아 당 대사 장애가 일어난 상태이며, 제2형 당뇨

병은 β세포 기능 장애는 없으나 각 장기에서의 인슐린 수용체에 저

항성이 생겨 인슐린의 작용이 원활하지 못해 당 대사 장애가 발생한 

상태이다[5]. 제2형 당뇨병에서의 고혈당 현상은 당 대사를 통해 체

내 에너지를 생산하지 않고 지질 대사에 의존함으로써 혈중 지질 농

도를 증가시켜 심혈관계 질환, 안과 질환, 신장 질환 등의 합병증을 

유발하는 것으로 알려져 있다[6].  

대부분 당뇨병 치료를 위해 식이조절과 운동요법을 수행하면서, 

인슐린 억제제 또는 경구용 혈당강하제를 병용하고 있지만, 경구용 

혈당강하제는 극심한 유산혈증과 저혈당과 같은 부작용을 동반하는 

것으로 알려져 있다[7]. 이런 부작용으로 인해, 최근에는 acarbose와 

같은 α-glucosidase 저해제가 사용되고 있는데, 이 저해제는 소장에

서 α-glucosidase의 기능을 억제하고 포도당 흡수를 지연시켜 식후 

고혈당 및 고인슐린 혈증을 개선하는 동시에 저혈당이 유발되지 않

도록 해주는 장점이 있는 것으로 보고되었다[8]. 하지만 이러한 약물

들은 장기간 복용하게 되면 속 쓰림, 메스꺼움, 구토, 설사, 저혈당, 

체중 증가, 간 독성, 젖산혈증 등과 같은 부작용으로 인해 사용상에 

제한이 있다[9]. 따라서 이같은 부작용을 감소시키고 장기복용에도 

부작용이 없이 안전한 당뇨병 치료제의 개발이 요구되고 있다. 

세계보건기구에서는 당뇨병의 치료에 효과가 있고 부작용이 적은 

천연물의 이용을 적극적으로 추천한 바 있어[10], 최근에는 기존 당

뇨병 치료제를 대체하기 위해 천연물로부터 당뇨병 치료 약물을 탐

색하기 위한 연구들이 활발하게 진행되고 있다[11-13]. 

황칠나무(Dendropanax morbifera Lev.)는 두릅나무과(Araliace-
ae)에 속하는 아열대성 상록활엽교목으로 동남아시아 등에 약 30여 

종이 분포하고 있다. 그 중 우리나라에 서식하는 황칠나무는 1속 1
종의 수종으로 온화한 기후의 남서해안 지역과 제주도에서만 자생

하고 있다[14]. 황칠나무의 수피에 상처를 내면 황색의 수지액이 나

오는데 이것을 황칠이라고 하며, 목재나 금속 또는 유리 등에 광범

위하게 쓰일 수 있는 천연도료로, 건조나 부착성이 좋고 진정, 안정 

효과가 있는 물질을 포함하고 있어서 칠을 하고 나면 안식향이 발산

되는 것으로 알려져 있다[15]. 앞선 연구에서, 황칠나무 수지액의 주

성분은 polyacetylenes계 화합물질로서 식물이 외상과 같은 외부 자

극을 받으면 분비되는 항균성 물질인 것으로 보고되었으며[16], 주

요 정유성분으로는 β-elemene, germacrene D, β-selinene, α-se-
linene, γ-cadinene, δ-cadinene 등이었으며, 이 중에서도 germac-
rene D가 주요 구성 성분이라고 보고하였다[17]. 

따라서 본 연구에서는 다양한 효능을 갖고 있는 황칠나무 잎의 열

수추출물(aqueous extracts of Dendropanax morbifera leaves, DM-
WEs)을 이용하여 당뇨병을 유발시킨 흰쥐를 대상으로, 체중 변화, 

혈당 농도 변화, 혈중 당화혈색소(glycated hemoglobin, HbA1c) 

농도 변화, 혈액생화학적 변화 등에 대해 조사함으로써 당뇨병에 대

한 치료효과를 확인하였다. 

재료 및 방법

실험동물 

7주령의 specific pathogen free (SPF) Sprague-Dawley 수컷 쥐 

30마리(체중, 250.4 ±  19.7 g)를 샘타코사(Korea)로부터 구입하여, 

SPF 상태를 확인하기 위한 미생물학적 검사를 실시하여 병원체가 

없는 것을 확인한 후 실험에 사용하였다. 쥐는 5마리씩을 임의로 선

택하여 케이지에 분리하여, 1주일 동안 적응을 시킨 후 실험에 사용

하였다. SPF 상태를 유지하기 위해 음수, 사료, 깔짚 등은 모두 고압

멸균 후 사용하였으며, 사료와 음수는 자유롭게 섭취하도록 하였다. 

사육 온도와 습도는 각각 23°C ±  1.0°C와 50% ±  10%로 하였으며, 

환기는 자동으로 조절되는 실험동물 사육장치(쓰리샤인, Korea)에

서 사육하였다. 본 실험은 국립경상대학교의 실험동물윤리위원회의 

승인을 받아 본 위원회의 규정에 의거하여 수행하였다(GNU-

210210-R0014).

황칠나무 잎 추출 

황칠나무 잎은 경상남도 하동에서 재배된 것을 휴림황칠(Korea)

로부터 제공받아 실험에 사용하였다. 제공받은 황칠나무 잎은 냉암

소에서 건조시킨 후, 건조 시료 100 g에 10배(w/w)의 증류수를 가

하여 환류추출장치를 이용하여 80°C에서 3시간 동안 추출한 다음, 

여과지(Whatman No. 2; Merck, Germany)로 여과하였다. 이어서 

여액을 50°C 수욕상에서 rotary vacuum evaporator (EYELA, 

USA)로 감압•농축한 후, 동결건조기(Labconco Corp., USA)를 이

용하여 동결건조하여, 4°C 이하로 냉장보관하면서 실험에 사용하였

다. DMWEs의 수율은 14.3%였다. 

실험군 설정 및 시험물질 투여

각 군 당 5마리씩으로 군 당 체중이 고르게 분포하도록 하여, 실

험군을 6개로 구성하였다. 정상 대조군(normal control group, 

NC)은 당뇨를 유발시키지 않고, 4주 동안 매일 일정시간에 증류수 
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0.1 mL를 투여하였으며, 당뇨 대조군(diabetic control group, DC)

은 당뇨를 유발시켜 증류수 0.1 mL를 투여하였다. 약제 투여군

(drug treatment group, DT)은 당뇨약으로 사용되는 metformin 

HCl (500 mg, 다이아벡스; 대웅제약, Korea)을 100 mg/kg body 

weight (BW)로 4주 동안 투여하였으며, DMWEs 투여군(DM-50, 

DM-100, DM-200)은 각각 DMWEs를 50, 100, 200 mg/kg BW
로 4주 동안 경구 투여하였다. DT의 투여 용량은 Mali 등[18]의 연

구를 참고하여 설정하였으며, DMWEs 투여군의 투여 용량은 Ahn 

등[17]의 연구를 참고하여 설정하였다. 

당뇨병 유발 

앞선 연구[19]을 참고하여, 0.1 M의 citrate buffer (pH 4.5)에 

streptozotocin (STZ; Merck)을 용해시켜 60 mg/kg BW을 쥐의 복

강에 1회 주입하였다. STZ 주입 1주일 후, 모든 실험동물들의 꼬리

에서 혈액을 채취하여 혈당측정기(Accu-Check Active; Roche, 

Switzerland)를 이용하여 혈당을 측정하여, 당뇨병 기준 혈당인 200 

mg/dL 이상을 확인한 다음[20], 약제 투여를 시작하였다. 

혈당 측정 

모든 실험동물에 대해, 시험물질을 투여하기 전과 시험물질 투여 

후, 매 1주일 간격으로 꼬리에서 혈액을 채취하여 혈당측정기(Ac-
cu-Check Active)를 이용하여 혈당을 측정하여 기록하였다. 

혈액 채취 

실험동물의 혈액을 채취하기 위하여 실험 종료 12시간 동안 절식

을 시킨 후, diethyl ether (Sigma-Aldrich Korea, Korea)로 마취시

킨 다음, 심장천공법을 이용하여 혈액을 채취하였다. 채취한 혈액은 

heparin이 처리된 혈액채취 튜브(BD Vacutainer; BD Korea, Ko-
rea)에 담아, 전혈은 HbA1c 측정에 사용하였고, 나머지는 상온에 1
시간 동안 방치한 후, 3,000 rpm에서 10분 동안 원심분리하여 혈청

을 분리하여 혈액생화학적 분석에 사용하였다. 

HbA1c 측정 및 혈액생화학적 분석

HbA1c는 실험동물로부터 채취한 혈액을 A1c 측정용 카트리지에 

주입한 후, 당화혈색소 측정기(Easy A1c; Asan Pharmaceutical, 
Korea)를 이용하여 측정하였다. 분리한 혈청을 혈액자동생화학분석

기(Hitachi 911 chemistry analyzer; Hitachi, Japan)를 이용하여, 

aspartate transaminase (AST), alanine transaminase (ALT), blood 

urea nitrogen (BUN)과 creatinine의 농도를 각각 측정하였다. 

통계분석

통계적 분석은 SPSS 12.0 for Windows (SPSS Inc., USA)를 이

용하여, 실험군들 간의 차이를 비교하기 위하여 일원배치분산분석

(one-way analysis of variance, ANOVA)으로 검증하였다. 각 그룹 

간의 차이를 검증하기 위하여 Duncan multiple range test를 이용

하여 분석을 실시하였고 통계적 유의수준은 p <  0.05로 하였다. 

결과

체중 변화 

Fig. 1은 DMWEs의 투여 용량에 따른 경시별 쥐의 체중 변화를 나

타낸 것이다. NC, DT, DM-200은 경시별로 체중이 증가하는 경향

을 나타낸 반면에, DC와 DM-50은 경시별로 체중이 감소하는 경향

을 나타내었다. 약제 투여 7일 후에는, 모든 DMWEs 투여군들(DM-

50, DM-100, DM-200)의 체중은 DT의 체중과 비교하여 통계적으

로 유의적인 차이를 보이지 않았으나, DM-100과 DM-200의 체중은 

DC와 비교하여 통계적으로 유의성 있게 증가하였다(p <  0.05). 약제 

투여 14일 이후에는, 모든 DMWEs 투여군들의 체중은 DC의 체중

과 비교하여 통계적으로 유의성 있게 증가하였으나(p <  0.05), DM-

100과 DM-200의 체중은 DT와 비교하여 통계적으로 유의한 차이를 

보이지 않았다. 

혈당 변화 

Table 1은 DMWEs를 4주 동안 투여하면서 매주 쥐의 혈당을 측

정한 결과를 나타낸 것이다. 실험기간 동안, DMWEs를 투여한 모

든 군과 DT의 혈당은 DC와 비교하여 통계적으로 유의성 있게 감소

하는 결과를 보였다(p <  0.05). 약제 투여 후 3주째에, DM-200과 

DT의 혈당은 정상범위(200 mg/dL)로 감소하였으며, 약제 투여 후 

4주째에는 DM-100, DM-200, DT의 혈당 수치가 정상범위 내로 

감소하였다. 

HbA1c 농도

Fig. 2는 DMWEs 투여 4주 후 심장천공법으로 채취한 혈액에 대

해 HbA1c 농도를 분석한 결과를 나타낸 것이다. DMWEs를 투여

한 모든 군들의 HbA1c 농도는 NC와 DT의 값과 비교하여 통계적

으로 유의적인 차이를 나타내지 않았다. DM-100과 DM-200의 

HbA1c 농도는 DC의 값과 비교하여 통계적으로 유의성 있게 감소

하는 결과를 보였다(p <  0.05). 

혈액생화학적 분석

Table 2는 DMWEs 투여 4주 후 심장천공법으로 채취한 혈액을 

원심분리하여 혈청을 분리한 후, 쥐의 혈액생화학학적 지표들을 분

석한 것을 나타낸 것이다. DMW를 투여한 모든 군과 DT의 creati-
nine 농도는 DC의 농도와 비교하여 통계적으로 유의성 있게 감소

하였다(p <  0.05). DM-100과 DM-200에서 AST, ALT, BUN 농

도는 NC와 DT와 비교하여 통계적으로 유의적인 차이를 보이지 않

았으나, DC와 비교해서는 통계적으로 유의성 있게 감소하는 결과

를 나타내었다(p <  0.05).  
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Fig. 1. Changes in the body weight (BW) in male Sprague-Dawley rats administered aqueous extracts of Dendropanax morbifera leaves 
(DMWEs) for 28 days. ■ (NC), normal control given distilled water; ○ (DC), streptozotocin (STZ)-induced diabetic rats given distilled 
water; ▲ (DT), STZ-induced diabetic rats given metformin HCl with 100 mg/kg BW; ▼ (DM-50), STZ-induced diabetic rats given DM-
WEs with 50 mg/kg BW; ◆ (DM-100), STZ-induced diabetic rats given DMWEs with 100 mg/kg BW; ● (DM-200), STZ-induced di-
abetic rats given DMWEs with 200 mg/kg BW. a-cMean values (mean ± SD) with different superscripts within the same day are signifi-
cantly different at the p < 0.05 level by Duncan multiple range test.

Table 1. Changes of blood glucose levels (mg/dL) after oral administration of DMWEs for 4 weeks

Experimental groups
Weeks after treatment

0 1 2 3 4
NC 91.33±3.83* 95.46±2.68* 97.16±3.49* 94.82±4.12* 92.64±3.35*
DC 225.44±9.17† 259.60±7.29† 286.23±9.82† 304.53±11.76† 279.29±10.62†

DT 231.10±5.98† 227.25±5.65‡ 218.48±6.96‡ 196.27±6.30‡ 187.47±5.78‡

DM-50 227.34±5.63† 245.61±6.47§ 262.97±8.02§ 246.45±9.38§ 234.38±6.24§

DM-100 229.28±5.37† 232.56±7.35‡,§ 229.18±7.67‡ 208.18±7.64‡ 186.78±4.96‡

DM-200 233.42±6.15† 220.24±5.92‡ 217.53±7.02‡ 193.26±5.65‡ 173.40±5.68‡

DMWEs, Dendropanax morbifera leaves; NC, normal control given distilled water; DC, streptozotocin (STZ)-induced diabetic rats given distilled water; DT, 
STZ-induced diabetic rats given metformin HCl with 100 mg/kg body weight (BW); DM-50, STZ-induced diabetic rats given aqueous extracts of DMWEs 
with 50 mg/kg BW; DM-100, STZ-induced diabetic rats given DMWEs with 100 mg/kg BW; DM-200, STZ-induced diabetic rats given DMWEs with 200 
mg/kg BW.
*-§Mean values (mean ± SD) with different superscript within the column are significantly different at p < 0.05 level by Duncan multiple range test.

고찰

당뇨병은 췌장의 β세포 기능저하로 인해 당 대사와 관련된 효소

의 활성을 정상적으로 유도하지 못하는 질환으로, 에너지원으로 사

용되어야 하는 당이 세포 속으로 충분히 흡수되지 못하므로 당의 이

용률이 낮아져 혈당치가 높아지는 질병이다[16]. 당뇨병은 대사 장

애로 식후 혈당 수준의 비정상적인 증가를 특징으로 한다[21]. 음식 

섭취 후 혈당 수준을 효과적으로 제어하기 위하여 천연 공급원으로

부터 얻은 acarbose 및 voglibose 등이 당뇨병의 치료에 임상적으로 

사용되어왔다[22]. 하지만 위장관에서의 부작용으로 인해 약물의 안
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1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine에 의해 유도된 

미크로글리아(microglia)에서의 신경-염증 매개 활성을 현저하게 

감소시키고, 행동 결손을 회복시켰다고 보고하였다[30]. 

앞선 연구에서[31], STZ (70 mg/kg)를 5일 동안 복강에 투여하여 

당뇨를 유발시킨 쥐에 2주 동안 DMWEs (100, 200 mg/kg BW)과 

70% 에탄올 추출물(100, 200 mg/kg)을 경구 투여한 결과, 시험기

간 동안, 황칠나무 추출물들을 투여한 모든 군들의 체중이 당뇨 유

발 대조군과 비교하여 통계적으로 유의성 있게 증가하였다고 보고

하였다(p <  0.05). 다른 앞선 연구에서[28], STZ (70 mg/kg)를 1회 

복강에 투여하여 당뇨를 유발시킨 쥐에 2주 동안, 황칠나무 잎 추출

물로부터 분리한 dendropanoxide를 30, 60, 100 mg/kg BW로 경

구 투여한 결과, 2주째에 dendropanoxide를 투여한 모든 군들의 체

중이 당뇨 유발 대조군과 비교하여 통계적으로 유의적인 차이가 없

었다고 보고하였다. 본 연구에서도 An 등[31]의 연구결과와 같이 

DMWEs를 투여한 군들의 체중이 당뇨 유발 대조군과 비교하여 통

계적으로 유의성 있게 증가하는 결과를 보였다(p <  0.05). 또한 당

뇨 유발 쥐에서 DMWEs가 dendropanoxide보다 체중 증가에 더 

효과적인 것으로 판단된다. 대표적인 항당뇨 활성을 가진 바나바

(banaba)로 불리는 Lagerstroemia speciosa는 많은 연구들을 통해 혈

당조절 효과가 검증된 식물이다. Singh 등[32]은 L. speciosa 잎을 탈

지방화시킨 다음, 열수추출한 추출물을 100과 200 mg/kg BW 농도

로 당뇨를 유발시킨 쥐에 14일 동안 투여한 결과, 14일째에 정상 대

조군의 체중과 비교해서는 통계적으로 유의성 있게 감소하였으나 

(p <  0.05), 당뇨 치료제인 glibenclamide (0.25 mg/kg BW)를 투

여한 군의 체중과 비교해서는 통계적으로 유의한 차이를 보이지 않

았다고 보고하였다. 본 연구에서도 DM-100과 DM-200의 체중은 

당뇨 치료제인 metformin HCl을 투여한 군(DT)의 체중과 비교해

서 통계적으로 유의적인 차이를 보이지 않아, 앞선 연구와 유사한 

결과를 보였다.

앞선 연구에서[31], DMWEs와 에탄올 추출물을 각각 100과 200 

mg/kg의 농도로 STZ로 당뇨를 유발시킨 쥐에 14일 동안 경구 투여

한 결과, DMWEs를 투여한 모든 군들의 혈당 농도가 당뇨 유발 쥐

의 혈당 농도에 비해 통계적으로 유의성 있게 감소하였다고 보고하

Fig. 2. Blood glycated hemoglobin (HbA1c) level in streptozoto-
cin-induced diabetic rats administered aqueous extracts of Den-
dropanax morbifera leaves (DMWEs) for four weeks. NC, normal 
control given distilled water; DC, streptozotocin (STZ)-induced 
diabetic rats given distilled water; DT, STZ-induced diabetic rats 
given metformin HCl with 100 mg/kg body weight (BW); DM-50, 
STZ-induced diabetic rats given DMWEs with 50 mg/kg BW; DM-
100, STZ-induced diabetic rats given DMWEs with 100 mg/kg BW; 
DM-200, STZ-induced diabetic rats given DMWEs with 200 mg/
kg BW. a.bMean values (mean ± SD) with different superscripts are 
significantly different at the p < 0.05 level by Duncan multiple 
range test.
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Table 2. Serum biochemical parameters in rats at 4 weeks after administration

Parameters
Experimental groups

NC DC DT DM-50 DM-100 DM-200
AST (U/L) 94.91±5.45* 130.11±11.51† 98.46±6.37* 112.42±8.16†,‡ 101.25±6.82*,‡ 95.53±4.98*
ALT (U/L) 31.94±1.73* 47.86±4.67† 34.72±2.83*,‡ 40.25±3.54†,‡ 33.92±2.64* 31.76±2.06*
BUN (mg/dL) 19.48±1.59* 35.24±5.83† 22.41±2.05* 28.9±3.17† 23.07±2.29* 20.29±1.72*
CREA (mg/dL) 0.44±0.03* 0.52±0.05† 0.44±0.04* 0.41±0.03* 0.43±0.03* 0.41±0.05*

NC, normal control given distilled water; DC, streptozotocin (STZ)-induced diabetic rats given distilled water; DT, STZ-induced diabetic rats given met-
formin HCl with 100 mg/kg body weight (BW); DM-50, STZ-induced diabetic rats given aqueous extracts of Dendropanax morbifera leaves (DMWEs) 
with 50 mg/kg BW; DM-100, STZ-induced diabetic rats given DMWEs with 100 mg/kg BW; DM-200, STZ-induced diabetic rats given DMWEs with 200 
mg/kg BW; AST, aspartate transaminase; ALT, alanine transaminase; BUN, blood urea nitrogen; CREA, creatinine.
*-‡Mean values (mean ± SD) with different superscript within the row are significantly different at p < 0.05 level by Duncan multiple range test.

전성 문제가 제기됨에 따라 치료의 효과를 높이고 부작용이 없는 천

연물을 이용한 대안적 소재들에 대한 요구가 증가하고 있다[19]. 본 

연구에서는 우리나라 고유 수종인 황칠나무의 DMWEs를 당뇨 유

발 쥐에 투여하여 항당뇨 효과를 확인하기 위해 수행되었다. 

황칠나무는 예로부터 잎, 줄기, 뿌리 등 다양한 부분들이 아토피 

피부염, 천식, 인후염, 빈혈, 정신병, 바이러스 감염 및 신장 질환들

을 치료하는 데 일반적으로 사용되었다[23-25]. 앞선 많은 연구들에

서, 황칠나무는 항산화 효과[26], 신장보호 효과[27], 항당뇨 효과[28] 

그리고 항암 효과[26] 등이 있는 것으로 보고되었다. 최근 황칠나무의 

잎은 잠재적으로 해마 기능을 개선하고[29], 쥐에서 수은에 의한 신경 

독성을 완화시키는 것으로 보고되었다[27]. 또한 DMWEs가 쥐에서 
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였다(p <  0.05). 다른 선행 연구에서[33], 당뇨 유발 쥐에 DMWEs
를 100과 300 mg/kg 농도로 11주 동안 경구 투여한 결과, DMWEs
를 투여한 군에서의 혈당 농도는 당뇨 유발 대조군에 비해 통계적으

로 유의성 있게 감소하였다고 보고하였다(p <  0.05). 또한 황칠 발

효액을 이용한 연구에서[29], 황칠나무 잎을 대나무 발효액과 대나

무 수액과 같이 발효시킨 발효액을 200과 400 mg/kg 농도로 6주 

동안 당뇨 유발 쥐에 경구 투여한 결과, 모든 황칠나무 잎 발효액 투

여군의 혈당 농도가 당뇨 유발 대조군의 혈당 농도에 비해 통계적으

로 유의성 있게 감소하였다고 보고하였다(p <  0.05). 한편, DMWEs
를 이용한 연구에서[34], DMWEs (50 mg/kg)와 metformin HCl 
(50 mg/kg)을 당뇨 유발 쥐에 4주 동안 경구 투여한 결과, 4주째에 

당뇨를 유발하지 않은 무투여 대조군의 혈당 농도와 통계적으로 유

의적인 차이를 보이지 않았으며, DMWEs를 투여한 군의 혈당 농도

가 metformin HCl 투여군의 혈당 농도와 비교하여 상대적으로 낮

은 결과를 보였다고 보고하였다. 본 연구에서 DM-100과 DM-200
을 4주 동안 투여한 경우의 혈당 농도는, 앞선 연구들과 같이, 당뇨 

유발 대조군의 혈당 농도에 비해 통계적으로 유의성 있게 감소하였

다(p <  0.05). 특히 DMWEs를 50 mg/kg 농도로 투여한 연구[34]

의 경우는 본 연구의 결과에 비해 혈중 농도의 감소 효과가 뛰어난 

것으로 나타났는데, 이는 황칠나무 잎을 채취한 지역별, 시기별 그

리고 추출용매별로 유효성분의 함량에 차이를 보이기 때문인 것으

로 판단된다[35]. 

HbA1c는 장기간 동안 혈중 혈당 농도를 알기 위해 사용하는 혈

색소의 한 형태로 당뇨 환자에서 혈당이 잘 조절되지 않을 경우 

HbA1c의 수치가 증가하게 되므로, 당뇨 환자의 혈당조절 여부를 

확인하기 위해 HbA1c를 측정하여 확인하고 있다[36]. 앞선 연구에

서[37], 황칠나무과 같이 두릅나무과에 속하는 오가피나무의 잎을 

열수추출한 추출물을 당뇨를 유발시킨 Wistar계 쥐에 사료 kg 당 

11.42 g을 혼합하여 7주 동안 투여한 결과, HbA1c 농도가 당뇨 유

발 대조군에 비해 통계적으로 유의성 있게 감소하였다고 보고하였

다(p <  0.05). 한편, 당뇨 유발 쥐에 metformin을 투여한 연구에서

[12], 당뇨 유발 쥐에 metformin을 150 mg/kg으로 15일 동안 투여

한 결과, 당뇨 유발 대조군의 HbA1c 농도와 비교하여 통계적으로 

유의성 있게 감소하였으나, 대조군보다는 통계적으로 유의성 있게 

높았다고 보고하였다(p <  0.05). 본 연구에서도 DM-50의 HbA1c 
농도는 당뇨 유발 대조군과 비교하여 통계적으로 유의적인 차이를 

보이지 않았으며, NC와 DT와도 통계적으로 유의적으로 유의적인 

차이를 보이지 않았다. 앞선 연구에서[12], 본 연구에서보다도 높은 

metformin 농도를 투여했음에도 HbA1c 농도가 정상 대조군보다 

높았던 것은 투여기간이 본 연구와 비교하여 약 반 정도로 짧아서 

이러한 결과가 나타난 것으로 판단된다. 

STZ에 의해 당뇨병이 유도된 쥐의 경우, 간문맥과 간동맥의 손상

과 간 세포 사이의 밀도 감소, 염증세포 침윤 등이 일어나며[38], 신

장조직에서 사구체 기저막 비후, 섬유화, 사구체 경화증 등이 유발

된다고 알려져 있다[39]. Sachan 등[34]은 DMWEs를 25 mg/kg 

BW로 4주 동안 당뇨 유발 쥐에 투여한 결과, AST, ALT, BUN, 

creatinine 농도가 당뇨 유발 대조군에 비해 통계적으로 유의성 있

게 감소하였다고 보고하였다(p <  0.01). Moon [28]은 당뇨 유발 쥐

에 dendropanoxide를 100 mg/kg BW로 2주 동안 복강 내로 투여

한 결과, AST (p <  0.001), ALT (p <  0.01), creatinine (p <  0.05) 

값이 당뇨 유발 대조군과 비교하여 통계적으로 유의성 있게 감소하

였다고 보고하였다. 앞선 연구들과 같이, 본 연구에서는 DM-50의 

creatinine 값과, DM-100과 DM-200의 AST, ALT, BUN, creati-
nine 값은 모두 DC와 비교하여 통계적으로 유의성 있게 감소하여 

(p <  0.05), DMWEs는 당뇨 유발 쥐에서 간과 신장 손상을 개선시

키는 것으로 확인되었다.  

이상의 연구결과로부터, DM-100은 혈당과 HbA1c 값을 정상범

위로 저하시키고, 혈액생화학적 지표값들을 개선시켜 당뇨병 치료

에 효과가 있는 것으로 확인되어, 당뇨병 치료를 위한 대체 보조제

로 활용이 가능할 것으로 판단된다. 본 연구에서는 DMWEs의 항당

뇨 작용기전 및 항당뇨 효과 유효물질에 대한 규명이 이루어지지 못

한 연구의 한계점이 있어서, 향후, DMWEs의 항당뇨 작용기전 및 

유효물질에 대한 규명이 필요할 것으로 판단된다. 
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서론 

선사시대 유적에서 출토된 토기편과 석기류 등의 유물은 당시 인류의 생활, 수렵, 어

로, 채집 등의 생활양식을 연구하는 데 중요한 단서가 된다. 동물 유물은 구석기시대부

터 신석기시대, 철기시대의 선·원사시대의 유적을 비롯해 역사시대의 여러유적(패총, 

우물, 고분 등)에서 출토되고 있어 당시의 동물 분포상 및 동물지리학적 연구와 당시의 

문화상을 연구하는데 귀중한 자료가 되고 있다[1-5]. 

선사시대 동물 유물에 대한 보고로는 제주도 빌레동굴에서 출토된 불곰(Ursus arctos 
lasiotus; brown bear)의 동물화석은 50만 년에서 1만 년 전의 것으로 추정하였는데, 불

곰은 중국의 저우커우덴(周口店)에서 중기홍적세(中期洪積世)에 해당하는 Mindel II기

The classification of the bone pieces excavated from Gasan-ri archaeological site 1 in 
Jinju, presumed to be relics was investigated macroscopically. The remains of the ani-
mal bone were 3 classes (Mammalia, Aves, Amphibia), 5 orders (Carnivora, Artiodacty-
la, Galliformer, Rodentia, Salientia), and 6 species (Sus scrofa, Cervidae sp., Nyctereutes 
procyonides, Phasianidae, Rattus norvegicus caraco, Rana nigromaculata). The total 
weight of the animal bone remains was 1,002.80 g, with the identified bones compris-
ing 975.30 g and an identification rate of 97.26%. A total of 447 animal bone frag-
ments were identified, including 204 bone pieces of S. scrofa (468.00 g, 47.99%), 102 
bone pieces of Cervidae sp. (453.79 g, 46.53%), 68 bone pieces of R. nigromaculata 
(4.69 g, 0.48%), 59 bone pieces of N. procyonides (47.14 g, 4.83%), 9 bone pieces of 
Phasianidae (0.98 g, 0.10%), and 5 bone pieces of Rattus norvegicus caraco (0.70 g, 
0.07%). The bone pieces of the animal relics consisted of 81 skull (18.12%), 161 axial 
skeleton (36.02%), 64 forelimb (14.32%), and 141 hindlimb (31.54%) fragments. The 
archaeological significance of the animal bones excavated in this investigation was 
that wild boars and deer were presumed to have been mainly used animals in the 
Gasan-ri area of Jinju during the Three Kingdoms period. 

Keywords: animal bone; archeology; Cervidae; Nyctereutes procyonides; Sus scrofa  
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의 지층에서 출토된 적이 있으며 아시아 지역을 기반으로 빙하기에 

많이 번식하였던 동물로 보인다[6]. 

우리나라의 유적에서 출토된 동물유물로는 김해 수가리패총에서 

출토된 동물유물에서 연골어강(Chondrichthyes), 골어강(Osteich-
thyes), 양서강(Amphibia), 포유강(Mammalia)의 동물뼈에 대한 보

고가 있고[7], 진해 용원패총의 자연유물에서는 어강(Pisces), 조강

(Aves), 포유강 등에 대한 보고가 있다[8]. 또한 백령도 말등유적의 

뼈 유물에 관한 보고[9], 제주 곽지유적에서 출토된 동물뼈 유물

[10], 제주 종달리 패총유적[2] 및 제주 김녕리 궤내기동굴유적에서 

출토된 뼈 유물에 관한 보고가 있다[11]. 

저자들은 삼국시대의 유적으로 추정되는 진주시 이반성면 가산리

의 우물지에서 출토된 동물뼈의 동물 종과 뼈 명칭에 대한 동정을 

의뢰받아 당 시대의 주요 동물 분포상과 거주인들이 동물을 이용한 

생활상을 추정해 보고자 하였다.  

재료 및 방법 

재료는 경남문화재연구원이 진주시 이반성면 가산리 1지구 B구

간 우물지에서 출토되었다(Fig. 1). 출토된 동물뼈는 경상대학교 수

의과대학 해부학 표본실에 보관 중인 동물골격 표본을 이용하거나 

유사한 동물의 종, 나이, 크기 등을 고려하여 각종 동물의 골격 표본

을 제작하여 활용하였다. 동물뼈의 분류는 Schmid [12]의 방법에 

따라 유물 뼈조각을 동물별로 분류하였고, 골격을 몸 부분에 따라 

머리뼈(skull), 몸통뼈대(axial skeleton), 앞다리뼈(bones of fore-
limb), 뒷다리뼈(bones of hindlimb)로 구분하였다.

결과 

동물뼈가 출토된 우물지는 상부 직경 304 cm, 하부 직경 120 cm, 

깊이 310 cm로 상부가 넓고 하부가 좁은 형태였고, 단면 형태는 U
자형이었다. 우물 내부의 퇴적토는 4개의 층으로 구분하였는데 동

물 유물뼈는 최하층인 바닥층에서 토기, 목기 및 식물유체와 함께 

출토되었다(Fig. 2). 

출토된 동물뼈의 분류 

진주시 이반성면 가산리 우물지에서 출토된 동물뼈 유물은 포유

강, 조강, 양서강 등의 3강(class)이었고(Table 1), 식육목(Carnivo-
ra), 소목(Artiodactyla), 닭목(Galliformer), 쥐목(Rodentia), 개구리

목(Salientia)으로 5목(order)이었으며, 멧돼지(Sus scrofa), 사슴류

Fig. 1. Animal bone relics were discovered on the map of district 1, 
Gasan-ri, Ibanseong-myeon, Jinju. Arrow indicates the area where 
animal bone relics were excavated.

Fig. 2. External and internal photographs of the well excavated 
from animal bones relics. (A) Outside view of the well. The size of 
the well where animal bones were excavated was 304 cm in di-
ameter at the top, 120 cm in diameter at the bottom, and 310 cm 
in depth. (B) Inside view of the well. The sedimentary soil inside 
the well was divided into 4 layers. The bones of animal relics were 
excavated together with earthenware, wooden tools, and plant 
relics from the bottom layer (layer IV).

A

B
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(Cervidae sp.), 너구리(Nyctereutes procyonides), 꿩(Phasianidae), 
시궁쥐(Rattus norvegicus caraco), 개구리(Rana nigromaculata)로 6
종(species)이었다(Table 2). 

동물뼈의 총 중량은 1,002.80 g이었는데, 포유류가 997.13 g으로 

전체 동물뼈 유물의 99.43%였고, 조류가 0.98 g (0.10%), 양서류는 

4.69 g (0.47%)이었다. 출토된 전체 골격에서 동물의 종과 명칭이 동

정된 골격의 중량은 975.30 g으로 동정률은 97.26%였고, 뼈의 명칭

을 동정할 수 없는 작은 뼈조각은 27.50 g (2.74%)으로 모두 포유류

의 것이었다. 한편, 동물유체의 뼈조각 수는 모두 498개였는데 동물 

종과 명칭이 동정된 뼈조각은 447개로 동정률은 89.76%였고, 동정

되지 않은 뼈조각은 51개였다(Table 1). 

동물 종의 부위별 뼈 종류와 수량 

동물의 종과 명칭이 동정된 동물뼈(975.30 g) 중에서 멧돼지뼈

가 468.00 g이었고, 사슴류가 453.79 g으로 전체 뼈의 94.52%로 

대부분을 차지하였다. 나머지 동물뼈는 너구리뼈 47.14 g (4.83%), 

개구리뼈 4.69 g (0.48%), 조류뼈 0.98 g (0.10%), 시궁쥐뼈 0.70 g 

(0.07%) 순이었는데, 각 동물의 몸 부위별 뼈의 종류와 수량 및 무

게는 Table 2에 나타내었다. 동정된 동물뼈 유물 중 신체 부위별 

동물뼈 조각의 수는 머리뼈가 81개였고, 척추와 갈비뼈, 복장뼈 등

의 몸통뼈대는 161개였다. 앞다리뼈는 64개였고 뒷다리뼈는 141
개였다. 

멧돼지의 뼈

동정된 동물뼈 유물 447개 중에서 멧돼지 유물뼈로 분류된 수는 

204개였는데, 멧돼지 뼈의 무게는 468.00 g으로 동정된 동물뼈 전

체 무게의 47.99%로 출토된 동물뼈 중에서 가장 많은 비율을 차지

하였다. 멧돼지의 뼈로는 머리뼈, 척추, 갈비뼈, 복장뼈, 볼기뼈, 앞

다리뼈, 뒷다리뼈가 동정되었다(Table 2). 

사슴류의 뼈 

동정된 동물뼈 유물에서 사슴류로 분류한 것은 노루(Cervus ca-
preolus), 만주사슴(Cervus nippon) 등으로 구분하기 어려워 통칭

하여 사슴류라 하였다. 사슴류의 뼈로 분류된 뼈조각은 102개로 사

슴류의 뼈 무게는 453.79 g으로 동정된 동물뼈 무게의 46.53%로 멧

돼지뼈 다음으로 많았다. 사슴류의 뼈로는 머리뼈, 척추, 갈비뼈, 복

장뼈, 볼기뼈, 앞다리뼈, 뒷다리뼈가 동정되었다(Table 2). 

너구리의 뼈 

동정된 동물뼈 유물에서 너구리의 뼈로 분류된 뼈조각은 59개였

는데, 너구리뼈의 무게는 47.14 g으로 동정된 동물뼈 유물 전체 무

게의 4.83%였다. 너구리의 뼈로는 머리뼈, 척추, 갈비뼈, 볼기뼈, 앞

다리뼈, 뒷다리뼈가 동정되었다(Table 2). 

조류의 뼈

동정된 동물뼈 유물에서 조류의 골격은 형태학적 특성으로 미루

어 닭목에 속하는 것으로 여겨지지만 정확한 판단이 어려워 조류로 

분류하였다. 조류의 뼈로 분류된 뼈조각은 9개였는데, 조류로 분류

된 뼈의 무게는 0.98 g으로 동정된 동물뼈 전체 무게의 0.10%였다. 

조류의 뼈로는 머리뼈는 출토되지 않았고 복장뼈, 볼기뼈, 부리뼈, 

날개뼈, 뒷발뼈가 동정되었다(Table 2). 

시궁쥐(집쥐)의 뼈

동정된 동물뼈 유물에서 시궁쥐로 분류된 뼈로는 머리뼈 1개, 아

래턱뼈 1개 및 치아 3개였는데 쥐뼈로 확인된 뼈조각은 5개였다. 시

궁쥐 뼈의 무게는 0.70 g으로 동정된 동물유체 전체 무게의 0.07%

에 불과하였다(Table 2).  

개구리의 뼈

동정된 동물뼈 유물에서 개구리의 뼈는 68개였는데 멧돼지, 사슴

류 다음으로 많은 수를 차지하였지만, 개구리 뼈의 무게는 4.69 g으

로 동정된 동물뼈 무게의 0.48%에 불과하였다. 개구리의 뼈로는 머

리뼈는 출토되지 않았고 척추, 앞다리뼈, 볼기뼈, 뒷다리뼈가 동정

되었다(Table 2). 

고찰

동물뼈 유물의 분류에 관한 보고로 제주도에서 출토된 종달리패

총유적 4지구와 제주 고내리유적에서 출토된 동물 유물에서는 식육

목 1종, 소목, 멧돼지, 사슴, 소 등 2목 4종의 동물을 동정하였다

[1,13]. 제주도 종달리패총유적에서 출토된 동물유체에서는 사슴, 

멧돼지, 소, 말 및 식육목 등 3목 5종이었고[2], 곽지패총 출토 동물

뼈에서 개, 고양이, 멧돼지, 소, 사슴, 말 등 3목 6종이었으며[10], 제

주 김녕리 궤내리동굴유적 동물뼈에서 사슴, 멧돼지, 소, 말 등 3목 

4종을 동정하였다[11]. 본 연구의 진주시 이반성면 가산리 우물지에

서 출토된 동물뼈 유적은 양서강, 조강, 포유강 등 3강이고, 식육목, 

Table 1. Total number and weight of animal bones excavated from Gasan-ri archaeological site 1

Kindness of animal class Mammalia Aves Amphibia Classified animal species Unclassified animal species Total
No. of bone pieces 421 (84.54) 9 (1.81) 68 (13.65) 447 (89.76) 51 (10.24) 498 (100.0)
Weight of bone pieces (g) 997.13 (99.43) 0.98 (0.10) 4.69 (0.47) 975.30 (97.26) 27.50 (2.74) 1,002.80 (100.0)

Values are presented as number (%).
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Table 2. The number and weight of bones in each body part identified as an animal species

Bone
Animal species

Total
Sus scrofa Cervidae sp. Nyctereutes 

procynides
Rattus norvegi-

cus caraco Phasianidae Rana nigro-
maculata

Skull 81 (18.12)
 Individual bones of skull (Ossa cranii) 2 2 1 1
 Mandible 4 3 2 1
 Teeth 29 29 4 3
Axial skeleton 161 (36.02)
 Vertebrae
  Cervical vertebrae 10 4 3
  Thoracic vertebrae 21 6 4
  Lumbar vertebrae 12 4 1
  Sacral vertebrae 2 1
  Caudal vertebrae
  7th vertebra 1
  10th vertebra 3
 Ribs 49 27 11
 Sternum 1 1
Bones of forelimb 64 (14.32)
 Scapula 3 3 2
 Humerus 4 2 2 7
 Coracoid bone 1
 Radius 4 2 3
 Ulna 4 3 2 2
 Radioulna 1
 Carpal bones 2 3
 Metacarpal bones 10 2
 Carpometacarpal bones 1
 Phalanges 1
Bones of hindlimb 141 (31.54)
 Hip bone 4 2 2 1 10
 Femur 4 3 2 1 15
 Patella 1
 Tibia 4 3 3
 Fibula 4 4
 Tibiofibula 21
 Tibiotarsal bone 1
 Tarsal bones 10 3 2 2
 Tarsometatarsal bone 1
 Metatarsal bones 12 2 8 8
 Phalanges 8
Total
 No. of bones 204 (45.64) 102 (22.82) 59 (13.20) 5 (1.12) 9 (2.01) 68 (15.21) 447 (100.0)
 Weight of bones (g) 468.00 (47.99) 453.79 (46.53) 47.14 (4.83) 0.70 (0.07) 0.98 (0.10) 4.69 (0.48) 975.30 (100.0)

Values are presented as number only or number (%).

소목, 닭목, 쥐목, 개구리목으로 5목이었으며, 멧돼지, 사슴류, 너구

리, 조류, 시궁쥐, 개구리가 확인되어 6종의 동물뼈를 동정하였다. 

그 중에서 멧돼지와 사슴류 및 너구리는 전신 골격이 출토되었으나 

조류, 시궁쥐, 개구리의 뼈는 골격의 일부만 출토되었는데, 다른 지

역에서 출토된 동물뼈 유물에서는 발견되지 않았던 조류, 시궁쥐 및 

개구리는 우물지에서 출토된 동물뼈라는 특성을 고려하여 볼 때 생
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활속의 동물들이 유입된 것으로 추정된다. 

본 연구의 우물지에서 출토된 유물은 삼국시대인 8세기 이전의 

유적으로 추정하였지만 정확한 연대는 확인되지 않았으며 출토된 

동물뼈 유물은 4개의 퇴적층 중에서 최하층인 바닥층(Ⅳ)에서 토기

와 목기 등의 다른 유물과 함께 출토되었고 우물의 바닥층이 60 cm 

두께의 점질토에 묻혀 있었다[14]. 출토된 동물뼈 중에서 멧돼지, 사

슴류 및 너구리의 뼈는 연골을 일부 포함하여 거의 완전한 형태를 유

지하고 있었는데, 출토된 동물뼈가 외부와의 공기가 차단된 점질토

에 묻혀 있어서 원래의 뼈 형태로 보존될 수 있을 것으로 추정된다. 

동물뼈 유물의 부위별 뼈 점유율에 관한 보고로는 제주도 종달리

패총유적에서 출토된 동물뼈는 머리뼈 조각이 2,118개(61.75%), 척

추 뼈조각 214개(6.24%), 앞다리뼈 445개(12.97%), 뒷다리뼈 508개

(14.81%), 앞발허리뼈와 뒷발허리뼈를 구분하지 못한 것이 11개, 앞

발가락뼈와 뒷발가락뼈를 구분하지 못한 것이 134개였다[1]. 제주 

고내리유적에서 출토된 동물뼈 유물 1,285개 중에서 분류가 가능한 

뼈조각이 515개였는데 멧돼지뼈가 247개(48%), 소뼈 180개(35%)가 

주종을 이루었으며, 사슴뼈 86개(17%)와 육식동물의 뼈 2개(0.4%)

가 출토되었다[13]. 고내리유적에서 출토된 동물뼈 중에서는 머리뼈

(50%)가 가장 많았고, 그 외에 몸통뼈대(5%), 앞다리뼈(22%), 뒷다

리뼈(23%)가 출토되었다. 제주 김녕리 궤내기동굴유적에서는 사슴, 

소, 멧돼지, 말, 고양이 및 조류의 골격이 출토되었는데, 머리뼈가 

1,538개(91%)로 대부분을 차지하였고 척추와 갈비뼈 45개(2%), 앞

다리뼈 52개(3%), 뒷다리뼈 71개(4%)였다[11]. 일본 가고시마현의 

무기노우라패총과 무로카와동굴에서 발견된 동물뼈에서는 머리뼈, 

몸통뼈대, 앞다리뼈, 뒷다리뼈가 고르게 출토되었다[3,4]. 

출토된 유물 중에서 동물뼈 조각으로는 머리뼈가 81개(18.12%), 

척추와 갈비뼈 및 복장뼈 161개(36.02%), 앞다리뼈 64개(14.32%), 

뒷다리뼈 141개(31.54%)로 앞다리뼈의 수는 적었고 척추, 갈비뼈, 

복장뼈(36.02%) 및 뒷다리뼈(31.54%)의 수는 많았다. 본 조사에서 

출토된 동물뼈 유물은 멧돼지와 사슴류의 뼈조각이 306개(68.46%)

로 전체 동물뼈 무게의 94.52%를 차지하였는데, 제주 김녕리 궤내

기유적의 멧돼지(75%)와 사슴(11%)의 비율[11] 및 제주도 종달리패

총유적의 사슴(53.3%)과 멧돼지(13.7%) 골격의 점유율과 비슷하였

으며[1], 곽지패총의 사슴(36.4%)과 멧돼지(18.1%) 골격의 비율보다

는 높았다[10]. 진해 용원패총에서 출토된 육서포유동물(陸棲哺乳動

物)의 유물뼈로는 사슴, 멧돼지, 노루, 수달, 너구리 등의 야생동물과 

개, 소 등 가축의 유물뼈가 출토되었고, 해서포유동물(海棲哺乳動物)

로는 강치, 고래, 돌고래 등이 출토되었는데, 비율로는 사슴 61.2%, 

강치 18.4%, 멧돼지 12.9%의 순으로 남부 지역에서 출토된 동물뼈

는 사슴과 멧돼지의 비율이 높았다[8]. 

우리나라 고농서(高農書)에 나타난 가축 및 다른 동물류에 관한 

보고에서 고려 이전의 고기록에 나타난 가축의 종류는 말, 소, 양(산

양), 돼지, 개, 사슴, 나귀, 노루, 낙타, 토끼, 닭, 오리, 거위, 학, 꿩 

15종이었으며, 그 중 사슴과 노루는 야생동물로 보았다[15]. 고농서

에 나타난 돼지의 사육연대는 적어도 2,000년 이상으로 보았고, 돼

지의 사육은 삼국시대 이전인 고조선 시대로 추정하였다[16,17]. 한

편, 국립경주박물관 부지 내 유적에서 조사된 우물에서 출토된 230
여 점의 유물 중에서 멧돼지를 포함한 동물뼈가 발굴되었는데 고고

학적 자료로 나타난 우물의 제의적 현상으로 식수공급을 기본 목적

으로 이루어진 우물제사 행위로 사용된 것으로 보았다[18]. 본 연구

에서 6종의 동물뼈 유물 중에서 멧돼지와 사슴류 및 너구리의 뼈는 

전신 골격이 출토되었고, 전체 무게의 대부분을 차지하였는데, 동물

의 전신 골격이 우물지의 바닥층에서 함께 출토된 사례는 매우 이례

적인 것으로 당시 동물을 식용으로 이용한 것은 아닌 것으로 보이며 

우물의 제의적 행위나 폐기 시에 투여하였을 가능성이 있지만 분명

하지는 않다. 

따라서 본 연구의 가산리 우물지에서 발굴된 동물뼈 유물의 고고

학적 의미는 삼국시대의 진주 가산리 지역에서 주된 동물은 멧돼지

와 사슴류로 추정되며, 당 시대의 동물상과 거주인들의 생활양식을 

이해하는데 활용될 수 있을 것이다. 특히 식량자원으로 이용되었던 

동물과 당시 인류의 생활양식을 이해하고 재구성하는 데 기본자료

로 활용될 수 있을 것으로 여겨진다. 

진주시 이반성면 가산리 우물지 유적에서 출토된 동물뼈 유물을 

육안적으로 조사하여 다음과 같은 결과를 얻었다. 동물뼈 유물로는 

포유강, 조강, 양서강으로 3강이었고, 식육목, 소목, 닭목, 쥐목, 개

구리목으로 5목이었으며, 멧돼지, 사슴류, 너구리, 조류, 시궁쥐, 개

구리로 6종이었다. 동물뼈 유물의 총 중량은 1,002.80 g이었고, 이

들 중 동물의 종과 뼈의 명칭이 동정된 것은 975.30 g으로 동정률은 

97.26%였다. 동물의 종과 뼈의 명칭이 동정된 447개의 뼈조각 중에

서 멧돼지 뼈조각은 204개로 468.00 g (47.99%)이었고, 사슴류가 

102개로 453.79 g (46.53%), 개구리가 68개로 4.69 g (0.48%), 너구

리가 59개로 47.14 g (4.83%), 조류가 9개로 0.98 g (0.10%), 쥐가 5
개로 0.70 g (0.07%)였다. 동물의 뼈조각으로는 머리뼈가 81개

(18.12%), 척추 161개(36.02%), 앞다리뼈 64개(14.32%), 뒷다리뼈 

141개(31.54%)로 구성되었다. 본 조사에서 발굴된 동물뼈의 고고학

적 의미는 삼국시대의 진주 가산리 일대의 주된 동물은 멧돼지와 사

슴류이었을 것으로 추정된다. 
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Bovine anemia due to Theileria orientalis group (BATOG) is a tick-borne disease 
(TBD) affecting cattle, with Haemaphysalis spp. as the major tick involved in disease 
transmission [1]. Unlike the lymphoproliferative Theileria species, BATOG mainly 
affects the erythrocytes (RBC) and RBC-associated parameters [2]. Clinical signs 
include weakness, abortion, fever, pallor, and elevated respiratory and heart rates 
[2]. However, few clinical cases of T. orientalis infection in cattle have been reported. 
Consequently, T. orientalis was historically considered to cause benign infection 
only [2]. Despite the minimal pathogenic effects of BATOG to the cattle, significant 
losses have been associated due to increased treatment costs, and reduced body 
weight, production, and reproductive performance, and ultimately, poor welfare 
and death [2]. BATOG is also known as ‘oriental theileriosis’ because the main vec-
tor, Asian long-horned tick, was previously thought to be endemic in East-Asian 
countries only. But in the past decade, outbreaks of BATOG have been reported in 
many countries, including several Asian and Asia-Pacific countries [2], and recently 
the United States [3]. T. orientalis is categorized onto 11 genotypes, with Chitose 
and Ikeda as genotypes that could lead to reduced health status in cattle [4]. 

In South Korea, above 95% of cattle farm are operating under non-grazed man-
agement. It is favorable for the dairy farmers as it can control outdoor conditions, 
reduce tick exposure, and enhance the milk yield volume and composition. In 
South Korea, the most studied bovine TBD was BATOG, as previous reports re-
vealed that it has the highest prevalence compared to anaplasmosis, rickettsiosis, 

This study reports the detection and genotyping of the first clinical case of bovine 
anemia due to Theileria orientalis group (BATOG) in non-grazed dairy cow in upper 
South Korea. Blood and serum tests revealed anemia and hyperbilirubinemia from ani-
mal showing clinical symptoms, and later confirmed as piroplasmosis-positive. Fol-
low-up surveillance on the herd revealed 2 asymptomatic cows with anemia. The 
three animals were confirmed theileriosis-positive and genotyping revealed the clinical 
and one of the asymptomatic cases have Chitose, while the other has Ikeda genotype. 
Clinical BATOG cases were rarely reported worldwide, and asymptomatic animals left 
untreated could serve as parasite reservoir. 

Keywords: Theileria orientalis; hemolytic anemia; hyperbilirubinemia; major piroplasm 
surface protein; Holstein-Friesian  
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ehrlichiosis, paralleled to theileriosis which has 69.4% to 96.0% 
prevalence in three different regions of South Korea [5], while 
babesiosis was not detected based on a recent study [6]. Recent 
reports on hematological changes in BATOG in South Korea, 
in relation to the genotypes [4], season [1], management and 
breed [5], suggests that outbreaks in the country are mainly as-
ymptomatic or subclinical cases only [5]. With regards to this, 
we report the first clinical case of BATOG in a dairy cow raised 
under non-grazed farm in the upper part of South Korea. 

In May 2019, the referring veterinarian had reported a Hol-
stein-Friesian cow, exhibiting lameness, fever, inappetence, and 
mucosal pallor (ID: AW133). These manifestations were report-
ed to have occurred for the past 2 years, with no proper diagno-
sis. The dairy farm operates under an indoor/non-grazed man-
agement, located on a hillside with bush overgrowth, on the 
outskirt of city of Pyeongtaek, Gyeonggi Province. The cow was 
45 days in milk (high milk yield period) on its fifth parity, and 
was 7 years old during the clinical manifestation. Whole blood 
and serum was collected using ethylenediaminetetraacetic acid 
and serum tubes through the tail vein, and were analyzed for 
hematology and serum biochemistry using IDEXX ProcyteDx 
and IDEXX Catalyst One (IDEXX Laboratories Inc., USA), re-
spectively. Giemsa-Wright stained blood smear was also pre-
pared for microscopy. DNA was extracted using QIAamp DNA 
kit (Qiagen, Germany). Polymerase chain reaction (PCR) assays 
were used to detect piroplasmosis (Babesia and Theileria), and 
Anaplasma marginale using specific region of piroplasm 18S 
rRNA gene [7], and Anaplasma major surface protein gene [8], 
respectively. 

Initial results showed below normal values of RBC and certain 
RBC parameters, high total bilirubin (TBil) (Table 1). Microsco-
py showed no hemoparasites, but anisocytosis was observed (Fig. 
1). The case was confirmed piroplasm-positive based on PCR 

(Fig. 1C). Then, surveillance was conducted to all the lactating 
cows from the same farm after the release of the initial results of 
AW133. A total of 40 whole blood samples were collected from 
asymptomatic lactating cattle and were tested as above. Among 
the animals, 2 (ID: AW134, AW174) showed low RBC count 
(Table 1). These were also positive for piroplasmosis, and nega-
tive for anaplasmosis. Stained blood smear also showed anisocy-
tosis, with no hemoparasite observed. To identify whether Thei-
leria or Babesia is involved (including AW133), genus-specific 
regions of 18S rRNA were PCR amplified, revealing these ani-
mals have theileriosis. To further identify the Theileria genotype, 
major piroplasm surface protein gene (mpsp) was amplified (Fig. 
1D) following published protocol [9], then sequenced for geno-
typing. Phylogenetic analysis identified the clinical and one as-
ymptomatic case as Type 1 (Chitose), while the other was identi-
fied as Type 2 (Ikeda) (Fig. 2). The infected cows were immedi-
ately treated with 1 mL 5% Buparvaquone (Butalex; MSD Ani-
mal Health, Egypt) per 20 kg body weight (intramuscular injec-
tion), twice (48-hour interval). Two weeks later, the clinical case 
recovered, and RBC returned to normal levels. 

This study reported a rare clinical case of BATOG in non-
grazed dairy cow in the upper part of South Korea, where no 
previous case was reported. The cause of the clinical presenta-
tions was unknown, therefore, a potential hemoparasitism-caus-
ing anemia and hyperbilirubinemia on AW133 was hypothe-
sized. Upon piroplasmosis confirmation, a follow-up surveillance 
on all lactating cows from the same herd was conducted. Lastly, 
the T. orientalis genotypes were identified. 

Low RBC was detected on the clinical, and on 2 asymptomat-
ic cases, indicating anemia or hemorrhage. Hemolytic anemia is 
a regenerative bone marrow response associated with hemopar-
asitism and was considered as an initial diagnosis for theilerio-
sis [3]. This is because piroplasmosis causes destruction of RBC 

Table 1. RBC count, RBC-associated parameters/indices, and TBil (AW133 only) of Theileria orientalis-infected animals and healthy 

Parameter Normal reference range* AW133 AW134 AW174 Healthy (mean ±  SD, n =  36)
RBC (M/μL) 4.47–9.35 3.32† 4.12† 4.33† 6.16 ±  0.54
HCT (%) 22.5–39.9 20.50† 21.20† 22.60 30.56 ±  2.74
HGB (g/dL) 7.4–12.8 6.50† 6.50† 7.60 10.15 ±  0.77
MCV (fL) 40.4–56.4 61.70‡ 51.50 52.20 49.74 ±  3.33
MCH (pg) 11.5–18.5 19.60‡ 17.00 17.60 16.52 ±  0.93
MCHC (g/dL) 30.2–33.5 31.70 33.00 33.60‡ 33.24 ±  0.8
RDW (%) 20.0–35.9 23.20 21.50 23.50 24.25 ±  1.82
TBil (mg/dL) 0–0.7 1.3 NA NA NA

Both clinical and asymptomatic cases have below normal levels of RBC parameters compared to the healthy (T. orientalis-negative) animals. 
RBC, erythrocyte; TBil, total bilirubin; HCT, hematocrit; HGB, hemoglobin level; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; 
MCHC, MCH concentration; RDW, red cell distribution width; NA, not available.
*Reference range based on IDEXX Procyte (IDEXX Laboratories Inc., USA), †below normal range, ‡above normal range.
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[2], linking AW133’s high TBil level. After hemolysis, hemoglo-
bin escapes into the bloodstream, binds to haptoglobulin/he-
mopexin, then taken up by macrophages/hepatocytes which 
transform it to unconjugated bilirubin. The more unconjugated 
bilirubin is produced than the liver can handle, the higher bili-
rubin values can be measured. Lawrence et al. [10] have ob-
served the same pattern of increased bilirubin in anemic T. ori-
entalis-infected cattle in New Zealand. 

The microscopy of stained-blood which showed no parasite-
mia can either be due to the early phase of infection or a recov-
ered acute infection that sustained subclinical infection, which 
are both microscopically undetectable [11]. Anisocytosis or un-
equal RBC size is a commonly observed morphological change 
of RBC in animals with regenerative anemia [10]. Oakes et al. 
[3] also observed this in cows infected with T. orientalis, along-
side the increase in TBil.  

Phylogenetic analysis of mpsp of the samples revealed that 
Type 1 and 2 were present within the farm. Previous studies 
suggested that Type 2 is the key causal genotype for clinical T. 
orientalis infection. But in a recent study, cattle with Type 1 in-
fection showed a higher number of cattle with lower RBC, com-
pared to those infected with other genotypes [4]. However, 

though RBC and RBC-related indices were lower to those that 
are non-infected, the values were still within normal range [1,5]. 
The presence of multiple genotypes in a herd is not a rare oc-
currence. Previous studies reported that vector ticks in a speci-
fied area could harbor three pathogenic genotypes of T. orienta-
lis [12], and cases of mixed infection do not always lead to a 
clinical disease [13]. 

In South Korea, subclinical BATOG was often reported in 
native beef cattle, Hanwoo [4,5], and Holstein breed were re-
ported to be more susceptible [14], but limited studies are avail-
able [1,15]. The low percentage prevalence of theileriosis ob-
served in this report could be due to the non-grazing manage-
ment, because grazing cattle are more exposed to ticks in pas-
tures. Kim et al. [5] in 2017 previously reported that theileriosis 
in grazed Hanwoo has higher prevalence (56.6%) compared to 
non-grazed (17.6%). In this study, tick was not observed on the 
infected animals. Thus, it is not definite how these animals ob-
tained BATOG, but it was presumed that vector ticks could 
have originated from the hillside bushes around the farm. Also, 
the warm weather during the transitioning of spring to summer 
in May could have also attributed in increased tick distribution, 
as during this month was reported to be the start of an increas-
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Fig. 1. Giemsa-Wright stained blood smear of infected (A), and the non-infected (B); and gel electrophoresis image for molecular detec-
tion of piroplasm (Theileria spp./Babesia spp.) 1,080-bp 18S rRNA region (C), and amplicon of 776-bp major piroplasm surface protein 
gene (mpsp) (D). (A, B) Scale bar: 10 μm.
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ing distribution of Haemaphysalis spp. in upper South Korea 
[1,16]. Furthermore, the effect of climate change on the 
re-emergence of TBDs, especially in temperate countries like 
South Korea, could have also aided on the disease incidence. 
However, due to the absence of ticks in the herd, the possibility 
of transmission via other mechanisms such as husbandry prac-
tices, transplacental and colostral transfer, are also likely, as sug-
gested by Lakew et al. [17] who investigated on endemic multi-
ple genotype infection of T. orientalis, despite limited presence 
of ticks. Additionally, the clinical manifestations of BATOG to 
AW133 could have interplayed with the weakened immunity 

Fig. 2. Maximum likelihood tree of the 11 genotypes of Theileria orientalis inferred based on the Tamura-Nei model using the mpsp gene. 
AW133 and AW134 grouped with Type 1 (Chitose), while AW174 grouped with Type 2 (Ikeda).

due to age, lactation period, and parity. These factors could con-
tribute to stress leading to immunosuppression, worsening the 
symptoms. Moreover, warm weather can also increase the patho-
genic effect of BATOG [18]. The 2 asymptomatic cases could 
have been a long-term carrier of T. orientalis and already devel-
oped immunity. 

This is the first report of a clinical case of BATOG in non-
grazed dairy cow in South Korea, specifically at the upper part 
of the country. Clinical cases of BATOG were rarely reported, 
especially in non-grazed dairy cattle, as reports in South Korea 
were subclinical manifestations only. Asymptomatic BATOG 
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cases left untreated could serve as parasite reservoir [6], which 
could lead to significant production losses, especially in non-
grazed animals confined in limited space. With the effects of 
climate change, indoor-raised animals are now becoming at 
higher risk of TBDs which were previously under control in 
non-grazing system. Farm management adaptations to TBD 
emergence, fluctuating climate, and seasonal tick control, ac-
companied with regular animal health monitoring, are efficient 
means for early prevention of the severity and spread of this 
disease. 
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Clear cell hepatocellular carcinoma (CCHCC) is a rare subtype of hepatic tu-
mors that occur in less than 10% of dogs and is extremely rare in cats [1]. Histo-
logically, the CCHCC comprises well-differentiated hepatocytes with vacuolated 
cytoplasm in hematoxylin and eosin (H&E) stained section. Generally, the vacu-
oles represent intracytoplasmic accumulation of glycogen and/or lipids [2,3]. In 
human medicine, CCHCC is considered as a low-grade malignancy with a favor-
able prognosis, which is unique when compared to other subtypes of hepatocellu-
lar carcinoma (HCC) [4,5]. However, in veterinary medicine, the incidence of 
CCHCC is rare, and thus clinical features of CCHCC have not been fully charac-
terized. Here we describe the cytological, histological, and clinical aspects of 
CCHCC in a dog with obesity and hyperlipidemia. 

An 11-year-old spayed female mixed-breed dog weighing 7.5 kg presented to a 
local hospital with elevated liver enzymes and increased total cholesterol levels 
(450 mg/dL; RI, 112 to 312 mg/dL). There was no evidence of other underlying 
diseases based on the exam. The patient received liver supplements for 1 month, 
but the liver enzyme levels remained high. After 2 months, the patient was re-
ferred to Seoul National University Veterinary Medical Teaching Hospital (SNU-
VMTH) for further evaluation. At the time of admission to SNU-VMTH, the pa-
tient had no observable clinical signs. On physical examination, no remarkable 
findings were detected except that the body condition score (BCS) was 8/9. 

The complete blood count (ADVIA2120i; Siemens Healthcare GmbH, Germa-
ny) showed mild thrombocytosis (70.4 ×  104/μL; RI, 14.3 to 40.0 ×  104/μL) and 

An 11-year-old obese dog was referred for a liver mass. Cytologic examination re-
vealed vacuolated hepatocytes with mild pleomorphism. A partial liver lobectomy was 
performed. On histopathologic examination, the mass was diagnosed as hepatocellular 
carcinoma composed of hepatocytes with clear vacuoles. These findings were consis-
tent with clear cell hepatocellular carcinoma (CCHCC). The CCHCC is a rare subtype of 
hepatocellular carcinoma in dogs, and clinical features are poorly defined. This is the 
first report on the cytological, histological and clinical aspects of CCHCC, suggesting 
that obesity and hyperlipidemia are potential risk factors for CCHCC in dogs. 

Keywords: clear cell; hepatocellular carcinoma; hyperlipidemias; obesity; case reports 
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neutrophilia (8.75 ×  103/μL; RI, 3.9 to 8.0 ×  103/μL). Serum 
biochemistry (Hitachi 7180; Hitachi High-Technologies Co., Ja-
pan) revealed a mild elevation of alanine aminotransferase (195 
U/L; RI, 5.8 to 83.3 U/L), gamma-glutamyl transferase (31 U/L; 
RI, 0 to 14 U/L) and marked elevation of alkaline phosphatase 
(ALP, 2,375 U/L; RI, 0 to 97.9 U/L). Glucose (102 mg/dL; RI, 75 
to 128 mg/dL), total bilirubin (0.2 mg/dL; RI, 0.1 to 0.5 mg/dL) 
and ammonia (24 μmol/L; RI, 16 to 75 μmol/L) were within the 
reference range. Computed tomography imaging revealed a 
mass, 1.84 ×  1.65 ×  2.6 cm in size with contrast enhancement, 
located on the right medial lobe of the liver. Based on the image 
analysis, malignant proliferative hepatic lesions were consid-
ered. No evidence of metastasis was found in other organs, in-
cluding hepatic lymph nodes. 

Fine-needle aspiration of the liver revealed clusters of hepato-
cytic epithelial cells (Fig. 1A). These cells were approximately 3 
to 5 times of red blood cell (RBC) diameter and had moderate 
amounts of cytoplasm, which contains membrane-bound, dis-
crete, and clear macro-vacuoles. The nuclei were round to oval, 
approximately 1.5 to 2 times of RBC diameter. The nuclei were 
displaced peripherally and flattened by the vacuoles (Fig. 1B). 
The nuclei had coarse chromatin and 1 to 2 small nucleoli in 
most cells. Anisocytosis and anisokaryosis were mild to moder-
ate and mitotic figures were not observed (Fig. 1C). Occasional-
ly, capillary vessels were coursing through the sheets of the he-
patocytes (Fig. 1D). Lipids were strongly suspected for the vac-
uoles because of the distinct and refractile features. Based on 
the radiographic features and cytological findings, the diagnosis 
of well-differentiated HCC was made. Other differential diag-
noses were benign hepatic lesions, including vacuolar hepatop-
athy or hepatic lipidosis. 

Partial lobectomy of the right medial lobe of the liver was 
performed, and the tissue was subjected to histopathological 
evaluation (IDEXX Laboratories, USA). The liver specimens 

contained a coalescing irregular nodular mass devoid of portal 
architecture. Neoplastic hepatocytes compressed non-neoplastic 
hepatocytes near the capsule (Fig. 2A). The neoplastic cells had 
mildly pleomorphic nuclei and variably-sized vacuoles. The 
mitotic count was approximately 5 per 10 high power fields 
(Fig. 2B). We performed periodic acid-Schiff (PAS) staining to 
evaluate whether vacuolar components were glycogen or some 
other substance. Non-vacuolated neoplastic hepatocytes and 
non-neoplastic hepatocytes in the vicinity of the capsule con-
tained abundant PAS-positive granules (Fig. 3A). However, 
most of the neoplastic hepatocytes with large vacuoles con-
tained less PAS-positive granules (Fig. 3B). Based on the histo-
pathology, a diagnosis of CCHCC was made because over 80% 
of hepatocytes were clear cells with vacuolated cytoplasm in 
H&E stain. 

The patient was subjected to regular checkups to monitor liv-
er enzyme levels and potential recurrence of the tumor, assessed 
via ultrasound. Six months after surgery, there was no evidence 

BA C D

Fig. 1. Fine-needle aspiration from a mass on the right medial liver lobe in a dog. (A) Note the clusters of hepatocytes with variably-sized 
vacuoles. (B) The neoplastic hepatocytes have moderate amounts of cytoplasm with vacuoles that displace the nuclei (arrows). (C) Note 
the mild to moderate nuclear pleomorphism (black box) in the clusters of neoplastic cells. (D) Capillary vessels (black box) are coursing 
through the sheets of the hepatocytes. Diff-Quick, scale bar: (A) 100 μm, (B-D) 50 μm.

A B

Fig. 2. Histopathology of the right medial liver lobe in a dog. (A) 
A nodular mass composed of vacuolated hepatocytes is devoid 
of portal architecture. Neoplastic hepatocytes (lower right side) 
compress non-neoplastic hepatocytes (upper left corner) near the 
capsule (arrowheads). (B) The neoplastic cells have mildly pleomor-
phic nuclei and variably-sized vacuoles which displace the nucleus 
peripherally (arrows). H&E, scale bar: (A) 1,200 μm, (B) 50 μm.
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of recurrence, but ALP was elevated further (from 1,727 to 
3,009 U/L; RI, 0 to 97.9 U/L). Moreover, severe hyperlipidemia 
(triglyceride, 936 U/L; RI, 21 to 133 U/L) and hypercholesterol-
emia (385 mg/dL; RI, 112 to 312 mg/dL) were observed even 
after a 16-hour fasting period. The patient was prescribed anti-
hyperlipidemic drugs, liver supplements and returned to the lo-
cal hospital for treatment. 

HCC is the most common liver tumor in dogs, accounting 
for approximately 50% of primary hepatic tumors [3]. It is clas-
sified into 4 major histologic subtypes, including trabecular, 
pseudoglandular, solid, and uncommon patterns, including 
scirrhous and clear cell types. The frequency of CCHCC in 
dogs is not well-established but relatively common in dogs than 
other species [2]. A study by Patnaik et al. [1] classified 5 out of 
57 cases of canine HCC as a clear cell subtype. In humans, al-
though no set of diagnostic criteria exist regarding the percent-
age of clear cells in CCHCC, if ≥  50% of cell types are used as a 
cut-off, CCHCC accounts for 2.2% to 6.7% of all HCCs [6]. In 
the present case, most of the neoplastic cells had cytoplasmic 
vacuoles, and thus there was no difficulty in diagnosing CCH-
CC. Another important consideration for the diagnosis of 
CCHCC is the possibility of metastatic clear cell tumors, such 
as renal cell carcinoma [3,6]. In this case, tumors were not de-
tected in any other organ on imaging analysis. Therefore, we 
could rule out the possibility of metastasis from other origins. 

Compared to cats, glycogen accumulation in hepatocytes is 
common, but lipid vacuolation is relatively rare in dogs [7]. 
Cases of hepatic lipidosis were reported in dogs with aflatoxico-
sis [8] and metabolic disorders, including diabetes mellitus and 
idiopathic hyperlipidemia [9]. In this case, hyperlipidemia was 
present, but no other evidence of metabolic disease was found. 

Although it has been reported that dogs with hyperlipidemia 
also have hepatic lipidosis [10], no neoplastic lesions associated 
with hyperlipidemia have been reported. To the best of our 
knowledge, this is the first report of CCHCC in a dog with hy-
perlipidemia. 

Considering obesity, indicated by BCS of 8/9 and severe hy-
perlipidemia in this patient, we could raise the question of 
whether obesity was a predisposing factor for developing CCH-
CC. In human medicine, studies suggested a positive rate of 
hepatitis C virus infection or liver cirrhosis as risk factors for 
CCHCC [6]. However, the relationship between obesity and 
CCHCC is not well understood. A study by Ko et al. [11] re-
ported a CCHCC in a young woman with obesity, type II diabe-
tes mellitus, and hyperlipidemia. Another case by Orikasa et al. 
[12] described a lipid-rich CCHCC in a slightly overweight pa-
tient with non-alcoholic steatohepatitis and diabetes mellitus. 
Moreover, Bannasch et al. [13] illustrated the pathogenesis and 
metabolic traits of CCHCC in vitro and suggested that lipidosis 
could provide metabolic precursors and enhance tumor devel-
opment. Taken together, we postulate that obesity and idiopath-
ic hyperlipidemia in our dog was associated with the develop-
ment of CCHCC. Although fat metabolism in dogs is not iden-
tical to humans, this case could expand our knowledge about 
the risk factors of CCHCC in both human and veterinary med-
icine. Further investigations are warranted to determine the risk 
factors associated with CCHCC. 

Although some reports describe the cytopathologic features 
of canine HCC [14,15], no cases are available for CCHCC in 
dogs. In this case, not only vacuolated cytoplasm but some cap-
illaries were also seen, which are one of the cytologic features of 
well-differentiated HCC [14]. Because CCHCC is the well-dif-
ferentiated neoplastic hepatocytes with vacuolated cytoplasm 
[5], cytological features in our case could help to differentiate 
CCHCC from benign lesions. To the author’s knowledge, this is 
the first case to describe cytopathologic features of CCHCC that 
was diagnosed with a specimen from a liver lobectomy. 

There are some limitations in this report. To confirm the lipid 
accumulation, special stains like Oil red O are required but 
could not be performed due to lack of available fresh tissue at 
the time of diagnosis. In the present case, the vacuoles were 
most likely lipid in nature because of negative staining for PAS 
and cytologic features of distinct, refractile vacuolation [7]. 

This is the first report to describe cytologic, histopathologic 
features and suggest the possibility of obesity and hyperlipid-
emia as risk factors of CCHCC in dogs. The CCHCC is a rare 
subtype of hepatic tumor in dogs and relatively unfamiliar in 
veterinary medicine. Because of the cytologic features of CCH-

A B

Fig. 3. Periodic acid-Schiff (PAS) staining of tissues from the right 
medial liver lobe in a dog. (A) Abundant PAS-positive materials 
are observed in non-vacuolated neoplastic hepatocytes (lower 
left) and non-neoplastic hepatocytes (upper right) in the vicinity 
of the capsule (arrowheads). (B) Note the neoplastic hepatocytes 
with large vacuoles containing a less amount of pink PAS-positive 
material. Scale bar: (A) 50 μm, (B) 100 μm.
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CC, a presumptive diagnosis of benign lesions like vacuolar 
hepatopathy and hepatic lipidosis is most likely made using cy-
tology alone. Limitations of hepatic cytology should be recog-
nized, and for the definitive diagnosis, histological and imaging 
evaluation is essential. Additionally, we emphasize that more 
cases should be compiled to understand the characteristics of 
the CCHCC in veterinary medicine. 
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Lymphangiosarcoma is a rare tumor arising from lymphatic endothelial cells in 
both humans and animals [1]. Dogs in the literature with lymphangiosarcoma 
range from 8 weeks to 13 years of age, and most reported cases occurred in medi-
um to large breeds with no sexual predisposition [2-4]. Lymphangiosarcoma in 
dogs typically presents as a poorly demarcated subcutaneous mass or focal swell-
ing with edema tissues. Lesions have been commonly reported to originate in the 
subcutaneous tissue in the inguinal and axillary regions; thoracic cavity; mediasti-
num; limbs; ventral cervical and midline areas [2,3,5]. However, information re-
garding the treatment of lymphangiosarcoma is limited, and the prognosis is con-
sidered to be poor in both humans and animals because of its aggressive and infil-
trative characteristics [6]. Although it has been described in dogs, cats, and horses, 
the number of reported cases of lymphangiosarcoma is limited in veterinary med-
icine [1,2,7,8]. This case report describes the clinical history and histopathological 
features of a progressive and metastatic lymphangiosarcoma in the submandibular 
region of a dog. 

A 12-year-old neutered male Golden Retriever was presented to the animal hos-
pital with a history of a progressively enlarging mass in the submandibular region, 
which had rapidly grown for approximately 1 month. Complete blood count and 
serum biochemistry analyses were within the normal ranges for the species but 
revealed anemia. Radiographic and computed tomographic (CT) analyses were 
performed for the examination of other organs and detection of metastasis. The 
mass was biopsied for histopathological diagnosis. The biopsied tissue was fixed 
in 10% neutral buffered formalin, processed routinely, and embedded in paraffin 
wax. The samples were sectioned 4-μm thick, stained with hematoxylin and eosin 

A 12-year-old neutered male Golden Retriever presented with a progressively enlarg-
ing mass in the submandibular region. Histopathological diagnosis confirmed lymph-
angiosarcoma with metastasis to the liver and spleen. The pleomorphic neoplastic en-
dothelial cells of the tumor grow directly on bundles of dermal collagen, forming nu-
merous clefts and interconnecting channels that are devoid of conspicuous hematic 
elements. As lymphangiosarcoma is an uncommon malignant neoplasm, the number 
of previously reported cases and information of the tumor is limited. The present re-
port describes the clinical history and histopathological diagnosis of a progressive 
lymphangiosarcoma in the submandibular region with metastases in a dog. 
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(H&E), and Masson’s trichrome (MT). Immunohistochemistry 
(IHC) was performed using anti-lymphatic vessel endothelial 
receptor-1 (LYVE-1; Abcam, UK), and examined microscopi-
cally. 

On radiographical analysis, a round shaped soft tissue opacity 
mass sized 9.8 ×  8.7 cm was identified at the ventral to the basi-
hyoid bone with moderate enlargement of the retropharyngeal 
lymph node (Fig. 1), which was confirmed to be associated with 
both left mandibular lymph node and left retropharyngeal 
lymph node on CT images (Fig. 2A and B). Multiple oval-to-
round hypoattenuating nodules of varying size were found in 
the hepatic and splenic parenchyma on CT images (Fig. 2C and 
D). Grossly, the biopsied tumor mass with whitish cut surface 
consisted of necrotic center and hemorrhage. Histopathologi-
cally, the pleomorphic neoplastic cells proliferated, dissecting 
the collagen and forming numerous collagen clefts and chan-
nels which were identified in MT staining (Fig. 3A and B). Al-
though there were numerous necrotic cell debris with hemor-
rhage at the center of the biopsied mass, the anastomosing 
channels did not contain erythrocytes. The cells lining the clefts 
and channels were oval to spindle shaped nuclei with promi-
nent nucleoli (Fig. 3C). Individual neoplastic cells with indis-
tinct borders had a scant eosinophilic cytoplasm. A few mitotic 
figures were found and the mitotic count was 6 per 10 high 
power field. In IHC, the neoplastic cells lined arborizing chan-
nels was immunopositive for LYVE-1 (Fig. 3D), a specific 
marker for lymphangiosarcoma. Based on the histological find-
ings, the mass was diagnosed with lymphangiosarcoma. 

Lymphangiosarcoma is an uncommon, highly malignant, and 
infiltrative neoplasm that replaces and effaces the dermis and 
subcutis [9,10]. They occur as poorly defined fluctuant or 
edematous dermal masses that are often wet on cut surfaces and 
exude a clear serous to milky fluid [1,5]. Histopathologically, 
the neoplastic endothelial cells grow directly on bundles of 
edematous dermal collagen, dissecting them and forming nu-

merous clefts and channels. The majority of interconnecting 
channels are devoid of conspicuous hematic elements [1,4]. The 
malignant tumor lining the cleft and channels have increased 
cellular and nuclear pleomorphism with hyperchromatism and 
few mitotic figures [1]. In this case, diagnosis was achieved by 
histopathological examination, which showed features similar 
to those described in literatures about lymphangiosarcoma. 
Contrary to the common characteristics of lymphangiosarcoma 
that mitoses are not evident [1], a few mitotic figures were 
found in this dog, which was supposed to be related to the in-
tense and rapidly progressive neoplastic proliferation, with dis-
tant metastases, of the tumor for 1 month. In dogs with lymph-

Fig. 1. The lateral head and neck radiograph. A round shaped soft 
tissue opacity mass (asterisk) sized 9.8 × 8.7 cm2 at the ventral to 
the basihyoid bone. In addition, the moderately enlarged retro-
pharyngeal lymph node is identified, which also leads to ventral 
indentation of the dorsal tracheal margin (arrows).

Fig. 2. Post-contrast transverse computed tomography images of the submandibular region and the abdomen. (A) The left mandibular 
lymph node (arrow) is moderately enlarged which is associated with heterogeneously contrast enhanced soft tissue mass (asterisk). (B) 
The mass extends caudally to the left retropharyngeal lymph node (arrow). (C, D) Multiple oval-to-round hypoattenuating nodules of 
varying size are shown, which have no contrast enhancement in the entire hepatic lobes (C) and spleen (arrow) (D).

A B C D
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angiosarcoma, complete blood cells count and serum biochem-
istry are usually within normal reference ranges; however, there 
are some reports of anemia in dogs with lymphangiosarcoma as 
our case [3]. 

In humans, most lymphangiosarcomas arise in regions of 
chronic lymphedema following radical mastectomy, which in-
cludes lymph node resection or radiation for breast carcinoma, 
and present as multiple nodules that invade the pleura and 
lungs with pulmonary metastases [11-13]. As in humans, it has 
been shown that lymphangiosarcoma in dogs appears to arise 
most commonly in anatomical regions with a history of lymph-
edema, suggesting that the lingering protein-rich interstitial flu-
id and chronic physical pressure on the lymphatic endothelium 
may stimulate neoplastic transformation [13]. However, because 
a few cases of canine lymphangiosarcoma were not associated 
with prior lymphedema, it is uncertain whether lymphedema is 
a definitive cause of the tumor [13,14]. 

Diagnosis of lymphangiosarcoma can be challenging because 
of its histological similarity to hemangiosarcoma. Tumors of 
both the lymphatic vascular endothelium (lymphangiosarcoma) 
and the blood vascular endothelium (hemangiosarcoma) are 
invasive, and non-encapsulated masses composed of elongat-
ed-to-plump spindle cells forming arborizing channels [2,9]. 
Compared with hemangiosarcoma, the irregular neoplastic vas-
cular channels of lymphangiosarcoma are generally character-
ized by a paucity or complete lack of erythrocytes [5,9]. The 
presence of stromal edema with lymphoplasmacytic infiltration 
supports a diagnosis of lymphangiosarcoma [15]. However, oc-
casionally, microscopic differentiation between lymphangiosar-
coma and hemangiosarcoma with typical H&E staining alone, 
which is traditionally based on the presence or lack of erythro-
cytes within the vascular spaces, can be problematic because 
both angiosarcomas display overlapping histomorphological 
features [3,9]. IHC is recommended to definitively diagnose tu-

mors of vascular origin. LYVE-1 and prospero-related homeo-
box gene-1 (PROX-1) are specific positive markers of the lym-
phatic endothelium [9]. LYVE-1 is exclusively expressed on 
moderately to well-differentiated lymphatic vessels and absent 
in blood vessel. PROX-1 is expressed for differentiation towards 
the lymphatic vasculature and is expressed exclusively in the 
lymphatic endothelial cells at all stages of development [2,9]. 
Therefore, LYVE-1 can be a first choice to detect lymphangio-
sarcoma and PROX-1 should be used in conjunction with 
LYVE-1 in poorly-differentiated vascular tumor [9]. Conse-
quently, the mass in the present case were identified to be origi-
nated from lymphatic endothelium through the IHC using an-
ti-LYVE-1. Several studies have used transmission electron mi-
croscopy to describe ultrastructural differences between the 
lymphatic vasculature and the blood vasculature. Lymphangio-
sarcomas have a discontinuous or absent basement membrane, 
fewer micropinocytotic vesicles and intercellular junctions, with 
lack of surrounding pericytes. On the contrary, hemangiosarco-
mas have a continuous basement membrane, many micropino-
cytotic vesicles and intercellular junctions, and surrounding 
pericytes [2,9]. However, considering the cost and sample 
preparation, the routine application of electron microscopy is 
precluded in the diagnostic setting [9]. 

Although the optical treatment of lymphangiosarcoma is not 
well established, aggressive local therapy with either surgical ex-
cision or a combination of surgery and chemotherapy, or radia-
tion, is often recommended. Surgery requires a wide surgical 
margin, but the poorly defined borders and highly infiltrative 
growth of the tumors make complete excision difficult [3]. Ad-
junctive cytotoxic chemotherapy for lymphangiosarcoma 
should be considered based on a moderate to high risk of me-
tastasis to the local lymph nodes and other internal organs [3]. 
Previously reported cytotoxic chemotherapeutic agents include 
doxorubicin, carboplatin, vinorelbine, and lomustine, metro-

Fig. 3. Histological examination of the mass. (A) Pleomorphic neoplastic cells formed numerous collagen clefts and channels. Most of the 
channels had no blood, although the center of the mass was necrotic with hemorrhage on the right side of figure (H&E) (B) Numerous 
collagen clefts and channels are confirmed blue by Masson’s trichrome staining. (C) Note spindle shaped nuclei with prominent nucleoli. 
Anaphase mitotic figure is found (arrow) (H&E). (D) Neoplastic cells immunopositive for lymphatic vessel endothelial receptor-1, which is 
a specific marker expressed on moderately to welldifferentiated lymphatic vessels. Scale bars: 100 μm.
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nomic agents with chlorambucil, meloxicam, and cyclophos-
phamide [2]. Chemotherapy using toceranib, chlorambucil and 
non-steroidal anti-inflammatory drugs was proposed for the 
resolution of a recurrent mass [6]. Recently, treatment of 
lymphangiosarcoma with toceranib, a selective inhibitor of sev-
eral receptor tyrosine kinases including vascular endothelial 
growth factor receptor, has been considered to be effective in 
dogs with relapsed disease by inhibiting lymphangiogenesis 
[3,6,16]. 

The present report describes a case of canine lymphangiosar-
coma with metastases to the lymph nodes, liver, and spleen. Al-
though the number of reported cases of lymphangiosarcoma is 
limited, this tumor may be more prevalent than recognized, as 
it is likely that other cases of lymphangiosarcoma have been di-
agnosed but not reported, or have gone undiagnosed or misdi-
agnosed, which may be associated with properties of the tumor 
including the short survival time and similarity to hemangio-
sarcoma [2,3,9]. Lymphangiosarcoma should be considered as a 
differential diagnosis in cases of progressive and non-resolving 
edematous lesions with no detectable underlying causes [13]. 
Histopathological examination of this unusual tumor may allow 
for more accurate diagnosis and treatment. 
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The third eyelid gland lies at the base of the nictitating membrane and sur-
rounds the base of the vertical cartilage of the third eyelid [1]. Although the over-
all frequency of the third eyelid gland tumors is low, the majority of tumors origi-
nating from the third eyelid gland are adenocarcinomas [2]. The tumor location is 
important to differentiate the third eyelid gland origin mass from other orbital 
masses [3-5]. Computed tomography (CT) examination allows to determine the 
exact location of the mass and understand the anatomic relationship between the 
ipsilateral globe and adjacent structures. CT also delineates the margin of the mass 
and evaluates bone lesions and calcification of the soft tissue with excellent con-
trast resolution [3,4]. CT findings of the third eyelid gland adenocarcinoma have 
been reported only in two dogs [3,6]. The third eyelid gland mass invaded the ret-
robulbar space and induced exophthalmos in both dogs [3,6]. In one dog, the fo-
cal invasion of the tumor into the posterior wall of the globe was observed on CT 
images [3]. Although the invasion has not been reported in the previous two cases, 
the third eyelid gland tumor can invade the nasolacrimal drainage apparatus due 
to the infiltrative character of the adenocarcinomas. Therefore, in this report, we 
described the CT findings of the third eyelid gland adenocarcinoma about the lo-
cation, enhancement pattern, secondary exophthalmos, and the lysis of the body 
nasolacrimal duct which is not observed in the previous cases. 

A 15-year-old castrated male Schnauzer was presented with right exophthal-
mos. Ophthalmic examination showed a pink, firm mass located ventral to the 
right globe with mild protrusion of the third eyelid. There were no abnormal find-
ings in the right eye globe except for exophthalmos due to the mass. Blood test re-

A 15-year-old Schnauzer, showing right exophthalmos, was diagnosed as adenocarci-
noma originated from the third eyelid gland. On computed tomography, a normal right 
third eyelid gland was not observed. Instead, a heterogeneous cystic mass invaded the 
retrobulbar space and displaced the eye globe dorsolaterally. In addition, lysis of the 
bony nasolacrimal duct was found, which was considered the tumor invasion. These 
findings indicated that third eyelid gland adenocarcinoma should be considered when 
a retrobulbar mass is found ventromedial to the globe without observation of the nor-
mal third eyelid and accompanies osteolysis of the bony nasolacrimal duct in dogs 
showing exophthalmos. 

Keywords: dog, computed tomography, exophthalmos, nictitating membrane, eye
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sults did not reveal any specific findings. Ultrasonography re-
vealed a mass with an anechoic center caudal to the right globe. 
However, the exact location, size, extent, and origin of the mass 
could not be determined due to poor acoustic window by the 
orbit.  

CT images were acquired using a multi-detector CT scanner 
(Emotion 16; Siemens, Germany) with the following settings: 
110 kVp, 130 mA; slice thickness, 1 mm; and pitch, 1. Post-con-
trast CT images were obtained after intravenous injection of 
640 mg iodine/kg ioversol (Optiray; Liebel-Flarsheim, USA) 
using a power injector (Mallinckrodt; Liebel-Flarsheim). On 
pre-contrast CT images, a mass of 20 ×  21 ×  29 mm in size 
was located ventromedial to the right globe (Fig. 1A-E). The 
mass with a few mineral density foci was hyperattenuating (63 
HU) compared to the retrobulbar fat and had a clear margin 
from the fat. There were multiple hypoattenuating regions (16-

32 HU) within the mass. The largest region of the hypoattenu-
ating region was 13 ×  10 ×  9 mm in size and located ventro-
caudal to the globe. The mass was enhanced moderately except 
for the hypoattenuating center. A tubular structure with 2 mm 
diameter was shown as double hypoattenuating parallel lines in 
the mass at the level of the frontal sinus and coursed medially 
(Fig. 1C and D). The right main lacrimal gland and zygomatic 
gland were observed normally. However, the right third eyelid 
gland was not identified separately. The mass at the level of the 
right third eyelid gland occupied from the rostral of the globe to 
the retrobulbar region and caused marked dorsolateral displace-
ment of the right globe (Fig. 1E). Mild erosive change of the 
bony nasolacrimal duct was observed (Fig. 1F). There were no 
lytic or proliferative changes in the surrounding bones, includ-
ing the frontal, lacrimal, maxillary, zygomatic, palatine, and 
sphenoid bones. 

A

E F

B C D

Fig. 1. Computed tomography images of the head. (A) Pre- and (B) post-contrast transverse plane images at the level of third eyelid 
gland show a well-defined mass (long white arrows) with a central cystic area ventromedial to the right eye globe. This mass causes 
right-sided exophthalmos in contact with the dorsal external ophthalmic vein (dotted arrows). The mass heterogeneously enhances 
including subtle enhancement of the cystic area. There is no invasion of the adjacent perpendicular plate of the palatine bone and eye 
globe. (C) Pre- and (D) post-contrast transverse plane images at the level of the frontal sinus show that the mass contains a double par-
allel tubular component (white short arrows). The third eyelid gland mass had clear margin from normal right zygomatic gland (asterisks) 
shown lateral to the pterygoid muscle. The heterogeneous contrast-enhancing mass (black arrow) occupies the retrobulbar region on the 
sagittal plane (E). There is no significant invasion of the surrounding retrobulbar fat. Window level = 40 HU, window width = 200 HU. (F) 
Three-dimensional reconstructed surface rendering image shows mild osteolysis of the nasolacrimal duct (white arrow). Left side of the 
image is the right side of the dog on the transverse plane. Left side of the image is the rostral of the dog on the sagittal plane.
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Enucleation and surgical excision of the third eyelid gland 
mass were performed for therapeutic and diagnostic purposes. 
Grossly, the mass was irregular in shape with a diameter around 
25 ×  15 mm (Fig. 2A). The cut surface of the mass appeared 
white at the center and black-brown in the periphery. On histo-
logical examination, papillary, tubular, and solid nested patterns 
of lesions were observed (Fig. 2B). The mass did not show any 
atypia, including the high cellular pleomorphism and mitotic 
figures; however, it invaded into the retrobulbar space indicat-
ing its malignancy. The positive results on Periodic-Schiff stain 
and Alcian blue stain indicated that this tumor was of the lacri-
mal serous gland origin and excluded the mucin producing zy-
gomatic gland origin. Immunohistochemistry revealed that the 
tumor was strongly positive for cytokeratin and partially posi-
tive for the proliferating cell nuclear antigen but was negative 
for vimentin. Finally, the mass was diagnosed as adenocarcino-
ma originating from the third eyelid gland using histological 
examination and immunohistochemistry. 

After surgery, the dog was recovered from anesthesia un-
eventfully and restored without any swelling or inflammation of 
the surgical region. However, unfortunately, the dog was lost to 
follow-up. 

In this study, a third eyelid gland tumor was diagnosed based 
on the enhancement and location of the mass, direction of the 
secondary displacement of the ipsilateral globe, and absence of 
normal third eyelid gland through CT images and confirmed as 
adenocarcinoma on histologic examination. Although thinning 
of the adjacent bones meaning possibility of invasion was ob-
served in the previous case [6], there was no change of the or-
bital bones in our case. Instead, the tumor invasion into the 
bony nasolacrimal duct was observed on CT images. This find-
ing can be used as a sign of aggressive nature and a potential 
complication of the neoplastic process. 

Diagnostic imaging is needed to localize the mass to the third 
eyelid gland and differentiate it from the mass originating from 

adjacent tissues [1,3,7]. The orbital masses can be originated 
primarily from the muscle of the eye, fat, nerves, blood vessels, 
and tear glands. In addition, secondary tumors arising from the 
adjacent structures such as the salivary gland, nasal cavity, or 
oral cavity can invade into the orbital region. Ocular ultrasound 
is effective for the visualization of the intraocular and retrobul-
bar structures. However, the orbit is the bony socket. Therefore, 
ultrasonography is difficult to access the lesion to visualize the 
orbital masses [8]. 

CT images can delineate the size, extent, location, and ana-
tomic relation with adjacent structures of the third eyelid gland 
mass. In particular, the displacement of the adjacent structures, 
including the globe by the mass, can help to localize the third 
eyelid gland mass. In the present case, the third eyelid gland ad-
enocarcinoma invaded the retrobulbar space through the ven-
tromedial aspect of the ipsilateral globe and displaced the globe 
dorsolaterally, like the previous two cases [3,6]. Another dog 
with basal cell carcinoma originating from the third eyelid 
gland showed dorsal displacement of the ipsilateral eye globe 
[7]. However, exophthalmos can be caused by primary orbital 
conditions such as abscess, cellulitis, and tumors, or by disease 
extension from adjacent structures such as zygomatic sialadeni-
tis, zygomatic salivary mucocele, and masticatory myositis [9]. 
Therefore, it is difficult to diagnose the third eyelid gland tumor 
based on exophthalmos. 

Although often challenging, the mass originated from the 
third eyelid gland can be differentiated from other orbital mass-
es based on the tumor location on CT images [3,5]. The mass 
arising from the main lacrimal gland tumor should be included 
in the differential list of the third eyelid gland tumor because 
both can show similar appearances on histologic examination 
[10,11]. 

However, the main lacrimal gland is located on the supero-
temporal surface of the globe; hence, it can displace the ipsilat-
eral eyeball ventromedially [1,12]. Meanwhile, the zygomatic 
salivary gland is located ventral to the eye globe. The lesions 
originating from the zygomatic salivary gland can cause dorsal 
displacement of the eye globe, similar to the third eyelid gland 
tumor [13]. Therefore, the mass originating from the zygomatic 
salivary gland was included in the differential list in this case. In 
the present case, the ipsilateral zygomatic salivary gland was 
typically identified separately from the mass in this case. There-
fore, the mass originating from the zygomatic salivary gland 
could be ruled out. 

The invasion of the third eyelid gland adenocarcinomas into 
the posterior wall of the ipsilateral eye was identified in a dog of 
the previous report [3]. In our case, the invasion of the third 

A B

Fig. 2. (A) Gross and (B) histopathological examinations of the 
third eyelid gland adenocarcinoma. Histopathological examination 
shows the papillary, tubular, and solid nested patterns of the third 
eyelid gland adenocarcinoma. H&E, scale bar: 400 μm.

400 μm
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eyelid gland adenocarcinoma into the nasolacrimal drainage 
apparatus was found as the mild osteolysis of the bony nasolac-
rimal duct. The bony nasolacrimal duct is the component of the 
nasolacrimal drainage apparatus, a route for releasing tears pro-
duced by the third eyelid gland [14]. In addition, the hypoatten-
uating tubular structure in the mass was observed, which may 
be the dilated canaliculus; however, unfortunately, this finding 
was not confirmed through histologic examination or CT da-
cryocystography [15]. 

In conclusion, the third eyelid gland adenocarcinoma ap-
peared as a heterogeneous cystic mass and moderately en-
hanced. The mass caused exophthalmos dorsolaterally. CT can 
determine the location of the mass in the retrobulbar space, and 
loss of normal third eyelid gland appearance helped determine 
the mass origin. In addition, osteolysis of the bony nasolacrimal 
duct showed the invasive character of the adenocarcinoma. 
These findings could help distinguish the third eyelid gland ad-
enocarcinoma from other orbital diseases. 
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The vestibular system generates neurological signals containing information 
about the forces of gravity and movement [1]. Based on these signals, the brain 
maintains balance and coordinates movements [1]. Vestibular system disease in-
duces signs including nystagmus, head tilt, leaning, falling, and rolling [2]. Mag-
netic resonance imaging (MRI) is considered a valuable diagnostic tool for vestib-
ular disease [2]. In veterinary medicine, general anesthesia is required for MRI 
scan, and diazepam is one of the options of premedication for anesthesia in sick 
patients to reduce the dose of general anesthetics and minimize hemodynamic 
changes [3]. It is suggested that benzodiazepine may impair postural control in 
humans medicine [4], however only balance impairment cases after midazolam 
injection were reported in veterinary medicine [5,6]. Here, the authors present 2 
canine cases of sudden onset of leaning, falling, and rolling after diazepam pre-
medication. 

Case 1. An 11-year-old 3.1 kg castrated male Maltese suffering from acute left 
head tilt was referred to the diagnostic imaging center for MRI (Magnetom Essen-
za; Siemens Healthcare, Germany) scan of the brain. The owner noticed that the 
symptom had begun 2 days earlier. There were no abnormalities on complete 
blood count, serum chemistry, and thoracic radiography. The dog was bright, 
alert, and responsive. The neurological examination revealed a left-sided head tilt 
and horizontal nystagmus (fast phase to the right), and there were no detectable 
proprioceptive deficits and paresis. The heart rate (HR) of the patient was 102 
bpm, and the respiratory rate (RR) was 30 rpm. The systolic blood pressure (BP) 
measured by Doppler (811-B; Parks Medical Electronics, USA) ultrasonic method 
was 136 mmHg. The dog was premedicated with intravenous (IV) 0.2 mg/kg diaz-
epam (Diazepam; Samjin Pharm, South Korea). Immediately following the injec-
tion, an abrupt balance impairment characterized by leaning, falling, and rolling 

Following intravenous (IV) administration of diazepam as a preanesthetic agent, sud-
den balance impairment, such as falling, leaning, and rolling, was identified in 2 ca-
nine cases. The 2 dogs were anesthetized for brain magnetic resonance scan to diag-
nose about a history of head tilt. After end of the diagnostic procedures, during the 
anesthetic recovery period, balance impairment was also observed. However, the 
symptoms gradually ceased by IV administration of flumazenil. These 2 canine cases 
indicated that diazepam premedication was responsible for the acute balance impair-
ment. 

Keywords: diazepam; falling; flumazenil; leaning; rolling
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was noticed. For additional premedication, 0.2 mg/kg butorph-
anol (Butorphanol; Myungmoon Pharm, South Korea) IV was 
injected, and anesthesia was induced with propofol (4 mg/kg 
IV, Provive 1%; Myungmoon Pharm). After the induction of 
anesthesia, the dog’s leaning, falling, and rolling stopped. Gen-
eral anesthesia was maintained with sevoflurane (Sevoflurane; 
Piramal Critical Care Inc., USA) in 1.5 L/min oxygen using a 
semi-closed circle system (Royal 77; Royal Medical, South Ko-
rea). Throughout the peri-anesthetic period, the dog was ad-
ministered with normal saline (0.9% NaCl, 0.9% NS; Dai Han 
Pharm, South Korea) at a rate of 5 mL/kg/h IV. Multiparameter 
patient monitor (Datex Ohmeda N-MRI2-00; G.E. Healthcare, 
Finland) was used to monitor the vital parameters of the dog, 
and during MRI scan, the initial readings were HR of 112 bpm, 
oscillometric mean BP of 102 mmHg, RR of 6 rpm, end-tidal 
carbon dioxide partial pressure (Et CO2) of 45 mmHg, pulse 
oximetry (SpO2) of 97%, and end-tidal sevoflurane concentra-
tion (Et Sevo) of 1.5%. The MRI scan was performed without 
any complications. After all MRI scan procedures, the vaporizer 
was turned off. Fifty-seven minutes after the diazepam premed-
ication, the dog was extubated. Sixteen minutes after extuba-
tion, the leaning, falling, and rolling were observed again, and 
the dog was unable to maintain a standing position. At that 
time, flumazenil (0.01 mg/kg IV; Flunil; Bukwang Pharm, South 
Korea) was injected. Within 5 minutes of flumazenil adminis-
tration, balance impairment gradually ceased, and the dog was 
able to maintain an upright posture. No balance impairment 
was found on follow-up examination after flumazenil adminis-
tration. MR images showed high T2 and T1 intensities in the 
left tympanic bulla (Fig. 1). Based on the MRI results, the man-
agement of otitis media and interna was performed by the pri-
mary care veterinarian. 

Case 2. A 14-year-old spayed female mongrel dog suffering 

from acute left head tilt was referred to the diagnostic imaging 
center for brain MRI scan. The client reported that the head tilt 
had begun 3 days earlier. The results of the complete blood 
count and serum chemistry were within reference ranges, and 
there were no abnormalities in thoracic radiography. The neu-
rological examination revealed a left-sided head tilt, horizontal 
nystagmus (fast phase to the right), and left-sided circling. 
There were no obvious proprioceptive deficits and paresis. The 
physical examination showed that HR, RR, and systolic BP were 
120 bpm, 42 rpm, and 140 mmHg, respectively. For premedica-
tion, the dog was administered with 0.2 mg/kg diazepam IV. 
Immediately after the administration, the dog began leaning, 
falling, and rolling. Additional premedication with 0.2 mg/kg 
butorphanol IV was performed, and general anesthesia was in-
duced with propofol (4 mg/kg IV). After anesthetic induction, 
the dog’s leaning, falling, and rolling ceased. Anesthesia was 
maintained with sevoflurane in 2 L/min oxygen. The dog was 
administered with isotonic saline (0.9% NaCl) at a rate of 5 mL/
kg/h IV during the peri-anesthetic period. During MRI scan, 
the measured vital parameters were as follows: HR of 87 bpm, 
oscillometric mean BP of 65 mmHg, RR of 21 rpm, Et CO2 of 
47 mmHg, SpO2 of 98%, and Et Sevo of 1.3%. The MRI scan 
was performed without any complications, and after the scan, a 
cerebrospinal fluid (CSF) tap was performed. After all proce-
dures, the vaporizer was turned off. Sixty minutes after the di-
azepam premedication, the dog was extubated. During the an-
esthetic recovery period, leaning and falling were again ob-
served, and the dog was administered with flumazenil (0.01 
mg/kg IV). Within 5 minutes of the administration of the 
flumazenil, balance maintenance ability was recovered, and the 
dog could retain an upright posture. The MR images showed 
high T2 intensities in the right tympanic bulla (Fig. 2), and the 

Fig. 1. (A) T2 and (B) T1 transverse magnetic resonance images. 
Hyper intense (white arrow) and isointense (white arrowhead) are 
identified in left tympanic bulla on T2 image and T1 image, re-
spectively.

A B

Fig. 2. (A) T2 and (B) T1 transverse magnetic resonance images. 
Hyper/hypo mixed intense (white arrow) and isointense (white 
arrowhead) are identified in right tympanic bulla on T2 image and 
T1 image, respectively.

A B
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CSF examination revealed no remarkable findings. Since the di-
rection of the peripheral vestibular lesion was not matched with 
the clinical signs of the dog, geriatric vestibular syndrome was 
considered a priority. The management of idiopathic peripheral 
vestibular disease and right otitis media was performed by the 
primary care veterinarian. 

In the 2 dogs of this case report, acute balance impairment 
including leaning, falling, and rolling, which were not observed 
before being referred to the center, occurred after the adminis-
tration of diazepam. Additionally, the dogs suddenly lost the 
ability to maintain an upright posture although they were able 
to maintain their balance and walk before diazepam premedica-
tion. Hence, it is inferred that the main cause of the onset of the 
symptoms is the effect of diazepam. Diazepam is usually rec-
ommended as the treatment of vestibular dysfunction because 
the medicine decreases the resting activity of vestibular nuclei 
neurons [1]. The agent decreases the imbalance in vestibular 
nerve signal to the brain by suppressing vestibular tone of the 
contralateral normal vestibular system [1]. However, the pre-
sented cases showed that diazepam administration causes bal-
ance impairment. 

Sedatives and anesthetics are known to influence balance 
control movement and vestibulo–ocular reflex [7-9]. There 
were canine case reports associated with only midazolam that 
demonstrated acute balance impairment in veterinary medicine  
[5,6], while it is documented that benzodiazepines, including 
diazepam, can affect postural control in human medicine [4]. 
The probable reason of benzodiazepine-induced balance im-
pairment is presented to be the weak psychomotor functioning 
resulting from the effects of benzodiazepines on the central 
nervous system (CNS) [4]. Furthermore, the benzodiazepine 
effects on skeletal muscle contraction may also influence bal-
ance control [10]. 

Benzodiazepines, such as diazepam and midazolam, enhance 
the gamma-aminobutyric acid (GABA)A receptor’s affinity for 
GABA, which is an inhibitory neurotransmitter in CNS [3]. The 
results from the GABA action revealed that chloride conduc-
tance and hyperpolarization of postsynaptic cell membranes in-
crease [3]. Diazepam has poor water solubility, and the elimina-
tion half-life following IV administration is approximately 3.2 
hours in dogs [3]. In this report, since 2 dogs were recovered 
from general anesthesia within 1 hour from diazepam adminis-
tration, diazepam would have affected during recovery periods. 
Flumazenil, which is a competitive benzodiazepine antagonist 
reverses the effects of benzodiazepines on the CNS [3]. In this 
case report, balance impairment was resolved by flumazenil ad-
ministration and no balance impairment was found on fol-

low-up examination. This fact not only strongly suggests that 
the symptoms were caused by benzodiazepines but also makes 
it possible to recommend clinicians to consider flumazenil ad-
ministration when balance impairment occurs after diazepam 
administration. 

It is difficult to search for information about the effect of an-
esthetics on the vestibular system in canine vestibular disease 
patients. The methods for rapid and complete recovery, such as 
use of short-acting anesthetics and administration of low-dose 
dexmedetomidine to reduce general anesthetics’ requirements, 
are suggested in only one reference [11]. 

Benzodiazepines and opioids are an acceptable choice for 
premedication in neurological patients to reduce induction and 
inhalation agent requirements with a minimal direct effect on 
CNS [12]. This case report is meaningful as it provides the 
reader with the required information about the possibility of 
sudden balance impairment occurrence on the administration 
of diazepam as a premedication for anesthesia in dogs with ves-
tibular disease. 

In conclusion, balance impairment, including leaning, falling, 
and rolling, can occur after diazepam premedication before 
and/or after general anesthesia in dogs with vestibular disease. 
The practitioners can consider antagonization of diazepam us-
ing flumazenil when such neurological signs, which are gener-
ally not expected, are observed. 
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horses. Res Vet Sci 2010. Epub ahead of print. doi: 10.1016/ 
j.rvsc.2010.06.023.

The following types of references are not valid for listing: unpub-
lished data, personal communication, manuscripts in prepara-
tion or submitted, pamphlets, thesis for a degree, proceedings, 
abstracts, patents, newsletters, website, in press and material that 
has not been subjected to peer review. However, article(s) that 
can be available in Medline/PubMed and SCOPUS can be used 
as reference(s).

Tables and figures
Tables should be typewritten separately from the text, double 

spaced, and each table should include a title. Figures should ordi-

www.kjvr.orgiv



narily be original drawings. However, glossy photographs of 
line-drawing are usually satisfactory. In each original line-drawing, 
letters or numbers should be left blank because they will be typed 
in during printing. Letters or numbers should be included in the 
figures contained in a submitted manuscript along with caption for 
figures. Figures should be submitted in final size (printed 1 : 1). 
They may be printed in either single column (75 mm width) or 
double column (165 mm width) format. The size of text in figures 
should be 8~10 points, except for single letter markers which may 
be 12 points. Numbers, letters, and symbols used in multi-paneled 
figures must be consistent. Authors should place explanatory mat-
ter in footnotes, not in the heading. Explain in footnotes all non-
standard abbreviations that are used in each table. For footnotes use 
the following symbols, in sequence: *, †, ‡, §, ||, ¶, **, ††, ††††

Draw each curve with a different kind of line (solid, dashed or 
dotted) or with a different symbol for the plotted points dot, trian-
gle and square in order of ○, ●, △, ▲, □, ■, ◑ ···. All figures 
should be created with applications that are capable of preparing 
high resolution in TIFF, JPEG or PPT files acceptable for publica-
tion. Scale bars should be used rather than magnification factors, 
with the length of the bar defined in the legend rather than on the 
bar itself. Diagrams and photographs submitted in electronic for-
mat must be of the following minimum resolutions:

*600 dpi for photographs or halftones only, in both B/W or color
*600 dpi for photographs or halftones with line art work as insets 

or lettering
*1200 dpi for line art work and artwork with greyscale

All kinds of figures may be reduced, enlarged or trimmed for 
publication by the Editor. The figure numbers should be appeared 
directly at the lower left corner. Symbols, arrows, or letters used in 
photographs could be possible to rearrange for journal format.

Supplementary materials
Authors can submit supplementary materials for online-only 

publication when there is insufficient space to include the materials 
in the main article. Supplementary materials should be original and 
important to the understanding and interpretation of the article. As 
supplementary materials will not be edited or formatted after publi-
cation, authors are responsible for the accuracy and presentation of 
this material.

Supplementary materials should be submitted in a single Micro-
soft Word document or as a single PDF file which should include 
all relevant material (textual information, tables, figures, and refer-
ences). Each element included in supplementary material should be 
cited in the text of the main manuscript (e.g., Supplementary Table 
1, Supplementary Fig. 1, Supplementary Methods). The first page 

of the online-only document should list the number and title of 
each element included in the document.

Nomenclatures, units, and abbreviations
Nomenclatures for chemicals and biochemicals, microorganism, 

and genes should follow the guidelines in the instructions to au-
thors of journals published by American Society for Microbiology. 
SI units (System International Units) should be used whenever pos-
sible. Abbreviations should be used for those recommended by IU-
PA-IUB Commission on Biochemical Nomenclature and Related 
Documents. In addition to abbreviation to SI unit, other common 
abbreviations may be used without definition and the same abbre-
viations are used for plural forms: hour(s) =  h, minute (s) =  min, 
second(s) =  sec, liter(s) =  L, mililiter(s) =  mL, meter (s) =  m, 
centimeter(s) =  cm, gram(s) =  g, miligram(s) =  mg, microliter (s) 
=  μL, micrometer(s) =  μm, micron(s) =  μm, standard deviation 
=  SD, standard error =  SE, molar =  M, mole =  mol.

6. Alteration in proof

The Korean J Vet Res provides corresponding author with galley 
proofs for their correction. Corrections should be kept to mini-
mum. The Editor retains the prerogative to question minor stylistic 
alterations and major alteration that might affect the scientific con-
tent of the paper. Fault found after publication is a responsibility of 
the authors. We urge our contributors to proofread and their ac-
cepted manuscript very carefully. The corresponding author may 
be contacted by Editorial Office, depending on the nature of cor-
rection in proof. If the proof is not returned to Editorial Office 
within 48 hours, it may be necessary to reschedule the paper for a 
subsequent issue. Extensive alteration in proof cause delays in pub-
lication.

Reprint: The author who orders reprint copies should send re-
print requests to the printing office with the corrected proofs. The 
author will be charged the reprint cost. Contact the Printing office, 
M2PI (E-mail: support@m2-pi.com), with any questions.

7. Research and publication ethics

All manuscripts should be prepared according to the research and 
publication ethics guidelines recommended by the Council of Sci-
ence Editors (http://www.councilscienceeditors.org/), the Interna-
tional Committee of Medical Journal Editors (ICMJE, http://www.
icmje.org/), the World Association of Medical Editors (WAME, 
http://www.wame.org/), or the Korean Association of Medical Jour-
nal Editors (KAMJE, https://www.kamje.or.kr/en/main_en). The 
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Korean J Vet Res will follow the guidelines of the Committee on 
Publication Ethics (COPE, http://publicationethics.org/) for settle-
ment of any ethical issue or misconduct.

Research ethics
Animal experiments should be reviewed by an appropriate com-

mittee for the care and use of animals (i.e., an Institutional Animal 
Care and Use Committee; IACUC). Studies with pathogens requir-
ing a high degree of biosafety should pass the review of a relevant 
committee (i.e., an Institutional Biosafety Committee; IBC). We en-
courage authors to adhere to animal research reporting standards, 
for example, the ARRIVE reporting guidelines (https://www.nc3rs.
org.uk/arrive-guidelines) for reporting study design and statistical 
analysis; experimental procedures; experimental animals, and hous-
ing and husbandry practices. For studies using client-owned ani-
mals, authors should demonstrate a high standard (best practice) of 
veterinary care that includes obtaining informed client consent. 
Manuscripts will be rejected if the manuscript or author fails to meet 
the aforementioned requirements, and the study involved unneces-
sary pain, distress, suffering, or lasting harm to animals.

All studies involving human subjects or human data must be re-
viewed and approved by a responsible Institutional Review Board 
(IRB). Authors should follow the principles embodied in the Decla-
ration of Helsinki (https://www.wma.net/policies-post/wma-decla-
ration-of-helsinki-ethical-principles-for-medical-research-involv-
ing-human-subjects/) for all investigations involving human materi-
als.

The approvals obtained for the above should be described in the 
manuscript’s Methods section. For studies of humans, including case 
reports, also state whether informed consents were obtained from 
the study participants. The Editor may request submission of copies 
of IACUC, IBC, or IRB approval documents and copies of informed 
consents from human subjects in clinical studies.

Redundant publication and plagiarism: Redundant publica-
tion occurs when two or more papers, without full cross reference, 
share the same hypothesis, data, discussion points, or conclusions. 
Plagiarism ranges from the unreferenced use of others’ published 
and unpublished ideas, including research grant applications to 
submission under “new” authorship of a complete paper, some-
times in a different language. It may occur at any stage of planning, 
research, writing, or publication: it applies to print and electronic 
versions. The Korean J Vet Res will follow the COPE flow chart (http://

publicationethics.org/) for settlement of any misconduct.
Authors should specify, in the cover letter, any potential overlap 

with other already published material or material being evaluated 
for publication and should also state that the submitted manuscript 
substantially differs from this other material.

Authorship: The Korean J Vet Res follows the recommendations 
for authorship by the International Committee of Medical Journal 
Editors (ICMJE, 2010, http://www.icmje.org) and the Good Publi-
cation Practice Guidelines by the Korean Association of Medical 
Journal Editors (KAMJE, 2008, http://kamje.or.kr). The Uniform 
Requirements by the ICMJE recommends authorship as follows. 
“Authorship credit should be based on 1) substantial contributions 
to conception and design, acquisition of data, or analysis and inter-
pretation of data; 2) drafting the article or revising it critically for 
important intellectual content; 3) final approval of the version to be 
published; and 4) agreement to be accountable for all aspects of the 
work in ensuring that the questions related to the accuracy or integ-
rity of any part of the work are appropriately investigated and re-
solved. Authors should meet these 4 conditions. If any persons who 
do not meet the above four criteria, they may be placed as contrib-
utors in the Acknowledgments section.

Beyond the ICMJE recommendations, the KAMJE guidelines 
suggest that all authors should make a substantial intellectual con-
tribution to the publication, the guidelines warn against authorship 
abuse, and list common types of abuse. Authorship is an important 
aspect of research publication, and all involved authors should 
agree whole contents of the document including authorship. Con-
tributors should be differentiated from authors as recommended by 
the ICMJE. The Korean J Vet Res does not correct authorship after 
publication unless any mistake has been made by the editorial staff. 
Authorship may be changed before publication but after submis-
sion when an authorship correction is requested by all authors in-
volved.

8. Article-processing charge

The publication fee is US$ 300 up to 3 pages, and US$ 50 per ad-
ditional page, indexing charge US$ 100. If a certificate of English 
proofreading is missing before submitting the article, English edit-
ing is carried by the journal, and the journal will charge the English 
editing fee according to the invoiced.
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Author’s checklist

☐  To proceed submission, you need to check the following. Manuscript that do not meet the guide lines mentioned below will be immedi-
ately returned to the author.

☐  An invoice will be sent to the corresponding author with galley proof of an article before publication in journal. Publication of an article 
will be delayed until the whole cost is paid.

English proofreading
☐  If the certificate for English language revision is not submitted, Authors will be charged for the English editing service.

Cover letter
☐  An acknowledgement that the manuscript has not been published is included.
☐  An acknowledgement that all authors have contributed significantly and that all authors are in agreement with the content of the manu-

script is included.
☐  An acknowledgement that all authors agree to the conditions outlined in the copyright assignment form is included.

Manuscript
☐  The manuscript should be in the following sequence: abstract, keywords, introduction, materials and methods, results, discussion, ac-

knowledgments, references, tables, and figure legends.
☐  In case of short communication and case report, do not use section heading (introduction, materials and methods, results, and discus-

sion etc.). The manuscript should be in a single section. The abstract, keywords, references are identical to that of articles.
☐  The Manuscript is typed double-spaced (including references, tables, figure legends, and footnotes) on each every side only of A4 sized 

white paper with 2.5 cm margin.
☐  Standard abbreviations are used in the list provided by the Koran Journal of Veterinary Research and spelled out in parentheses in its first 

use in the text.
☐  Page number is placed at bottom of each page.
☐  Text lines must be numbered. Each page should begin with line no. 1.

Title Page
☐  In the top margin of the first page of each paper, the kind, and field of the paper should be noted.
☐  Title is concise and informative. A running title is provided if the title exceeds 10 words.
☐  The authors’ names are listed as follows: first name, middle initial(s), and family name and the hospital or institution at which the research 

was undertaken is included.
☐  The name, full postal address, telephone and facsimile numbers and E-mail address of the author to whom correspondence should be sent, 

is provided.
☐  Authors should involve an Open Researcher and Contributor Identifier (ORCID) at the title page.
☐  Information concerning sources of financial support should be placed on the title page for blind review apart from acknowledgement.

Abstract
☐  An abstract of no more than 200 words (original article) or 100 words (short communication and case report) is described in one para-

graph under the following contents: purpose, methods, results, and conclusions.
☐  A list of keywords (5 words or less) are provided below the abstract using the Medical Subject Headings list from Index Medicus.



Body of paper
☐  Ethical guideline for human or animal study is described.
☐  Statistical method used is outlined.
☐  Drugs and chemicals are identified by generic name (manufacturer name and country are given).

References
For references editing and author's convenience, we present the sample file of references style in journal homepage (http://www.kjvr.org).
☐  References should be written in English.
☐  References should be numbered in the order they appear in the text.
☐  References are typed double-spaced on sheets separate from the text and numbered consecutively. The number of references does not 

exceed 40 in original article and 15 in short communications and case reports.
☐  Cite each listed reference in the text by number in square brackets.
☐  The style and punctuation of the references conform to the style of the recent issue of Korean Journal of Veterinary Research.
☐  Journal titles are abbreviated in accordance with the style of Index Medicus.
☐  Unpublished observations, proceedings, abstracts, websites, and personal communications are not listed as references.

Tables
☐  Arrange the data so that columns of like material read down, not across.
☐  Tables are typed double-spaced on a separate sheet, accompanied by table number and title above table and explanatory notes below.
☐  Each table is numbered according to order of citation.

Figures
☐  All figures are included.
☐  Acceptable formats for figures are TIFF, JPEG and PPT.
☐  Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than on the bar itself. 
☐  Each figure is numbered according to the order of citation.
☐  All figures should be correctly exposed, sharply focused, and prepared in files of at least 600 dpi.
☐  Symbol, arrows, and letters are clear and of sufficient size to retain legibility when reduced by 50%.

Table and Figure legends
☐  Table and Figure legends should be written in English.
☐  Legends are typed double-spaced on a separate sheet.
☐  Symbols, arrows, and letters used to indicate parts of illustrations are identified in the legend.

Publication charge
☐  All authors recognize the publication fees.
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