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A B S T R A C T
In the present study, the diagnostic efficiency of infrared thermography (IRT) implementation in pseudopregnant 
rabbits, the change of these images in the pseudopregnancy process, and its relationship with serum progesterone 
(P4) levels were examined. Fourteen healthy female rabbits of New Zealand breed were divided into two study 
groups. Pseudopregnancy induction was performed in the first study group with GnRH injection (0.2 ml Buserelin 
acetate, intramuscularly) on the 0th day of the study (Group 1, n=7). The second group (Group 2, n=7) was given 
placebo (0.2 ml 0.9% NaCl, intramuscularly). Rectal temperature was taken from all rabbits on days 0-5-10 and 15; 
eye, nasal tip, and vulvar IRT were applied; and serum P4 values were measured by Enzyme-linked immunosorbent 
assay (ELISA) method. In the pseudopregnant group, the temperatures of the eyes, nose, and vulva were higher 
on the 10th day (P<0.05). While time-dependent eye, nose, vulva, and rectal temperature changes were observed 
in the pseudopregnant group (P <0.05), it was not observed in the control group (P>0.05). The increase in rectal 
temperature was only on the 15th day in the pseudopregnant group (P<0.001). Serum P4 value was high on day 0 
in Group 1 (P<0.05), but no change was observed in both groups over time (P>0.05). A significant correlation was 
observed between the serum P4 value and rectal temperature and the groups (r=-0.32, P<0.05; r=0.35, P<0.01). 
A significant difference was determined between nasal temperature and rectal temperature (r=0.28, P<0.05). As 
a result, IRT implementation in rabbits; It was determined that it is useful in noninvasive and rapid monitoring of 
body temperature and can determine the temperature increase in the eyes, nose and vulva on the 10th day of 
pseudopregnancy.
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Yalancı Gebe Tavşanlarda İnfrared Termografi Bulgularının Değerlendirilmesi

Ö Z E T
Sunulan çalışmada yalancı gebe tavşanlarda infrared termografi (IRT) uygulamalarının tanısal etkinliği, bu görüntülerin 
yalancı gebelik sürecindeki değişimi ve serum progesteron (P4) düzeyi ile olan ilişkisi incelendi. Yeni Zelanda ırkı, 14 
adet sağlıklı dişi tavşan iki adet çalışma grubuna ayrıldı. Birinci çalışma grubuna çalışmanın 0. gününde (Grup 1, n=7) 
GnRH enjeksiyonu (0,2 ml Buserelin asetat, im) ile yalancı gebelik indüksiyonu yapıldı. İkinci gruba ise (Grup 2, n=7) 
plasebo (0,2 ml %0,9 NaCl, im) verildi. Tüm tavşanlardan 0-5-10 ve 15 günlerde rektal sıcaklık alındı;göz, burun ucu 
ve vulvar termografi uygulandı; Enzyme-linked immunosorbent assay (ELISA) yöntemi ile serum P4 değerleri ölçüldü. 
Yalancı gebe grubunda göz, burun ve vulvar bölge sıcaklığı 10. günde daha yüksekti (P<0,05). Zamana bağlı göz, 
burun, vulva ve rektal sıcaklık değişimi yalancı gebe grubunda görülürken (P<0,05) kontrol grubunda gözlenmedi 
(P>0,05). Rektal sıcaklık artışı ise yalancı gebe grubunda sadece 15. günde belirlendi (P<0,001). Grup 1’de serum P4 
değeri 0. günde yüksekti (P<0,05) ancak her iki grupta zaman içinde değişim görülmedi (P>0,05). Serum P4 değeri ve 
rektal sıcaklık ile gruplar arasında anlamlı bir ilişki gözlendi (r=-0,32, P<0,05; r=0,35, P<0,01). Burun sıcaklığı ile rektal 
sıcaklık arasında anlamlı bir farklılık belirlendi (r=0,28, P<0,05). Sonuç olarak tavşanlarda IRT uygulamaları noninvaziv 
ve hızlı şekilde vücut sıcaklığının izleminde yararlı olup, yalancı gebeliğin 10. gününde göz, burun ve vulvadaki sıcaklık 
artışını belirleyebileceği belirlendi.
Anahtar kelimeler: Progesteron, tavşan, termografi, yalancı gebelik 

*Corresponding Author: Güneş ERDOĞAN, Aydin Adnan Menderes University, Faculty of Veterinary Medicine, Department of Obstetrics and 
Gynecology, 09020, Aydin / Turkey e-mail: gerdogan@adu.edu.tr ORCID: 0000-0002-9807-810X
Received Date: 02.02.2022 – Accepted Date: 23.02.2022
DOI: 10.53913/aduveterinary.1066877

Animal Health Prod and Hyg (2022) 11 (1) : 12 - 20

Research ArticleResearch Article

https://orcid.org/0000-0003-3757-7682

https://orcid.org/0000-0002-9807-810X


Kul and Erdoğan� Infrared Thermography Findings in Pseudopregnant Rabbit

.

13

Introduction
Rabbits have been bred for meat production and 
experimental animals in scientific research for a long 
time, but they have been frequently seen as pet animals 
in veterinary clinics. Although their reproductive 
physiology depends on day length, environmental 
temperature, nutrition, and social factors (Bell, 1999), 
the rabbits bred in the laboratory environment reflect 
the symptoms more stable. By the neurohumoral 
pathway due to mating, jumping movements, or carrying 
stress, ovulation stimulates (Dal Bosco et al., 2011; 
Donnelly, 2013; Carter et al., 2016). Within 1-2 hours 
after stimulation, serum LH level reaches its peak level 
and reaches 8-10 ovulation takes place within hours. 
However, spontaneous ovulation can also be seen under 
good care and feeding conditions (Bekyürek, 2010). In 
each ovulation, an average of 6-10 oocytes reaches the 
oviduct (McNitt et al., 1996). In the condition of non-
fertilization, pseudopregnancy lasting 15-18 days may be 
encountered (McNitt et al., 1996; Donnelly, 2013). There 
is no difference in serum progesterone levels until luteal 
regression begins in pregnant and pseudopregnant 
rabbits (Ptaszynska, 2001). Corpora lutea that occurs 
in pseudopregnancy persists for 10-12 days and causes 
external deposits such as pregnancy behaviors and nest 
preparation for birth with the effect of estrogen, P4 and 
prolactin hormones. Observed behavioral changes also 
disappear with luteal regression (Donnelly, 2013). 
Infrared thermography (IRT) is a real-time, non-
invasive, and side-effect-free auxiliary diagnostic tool 
(Huynh, 2019). In addition, the compatibility of eye 
temperature with rectal and vaginal measurements was 
also investigated (Sykes et al., 2006; Willard et al., 2006). 
Its non-invasive usage has made it more accessible to 
detect ovulation and pregnancy in Asian elephants, 
rhinos, and giraffes (Durrant et al., 2006; Hilsberg-Merz, 
2008). Moreover, the distinction between pregnant and 
pseudopregnant pandas could be performed (Durrant 
et al., 2006). It is also effective in detecting estrus and 
determining the appropriate insemination time with IRT 
in the farm animals, dogs, and chinchillas (Osawa et al., 
2004; Sykes et al., 2006; Talukder et al., 2015; Olğaç et 
al., 2017; De Freitas et al., 2018; Façanha et al., 2018). 
Although many IRT results belong to different species 
in literature, limited data are seen about the rabbits. 
Therefore, this study was aimed to evaluate the 
diagnostic efficiency of IRT taken from different body 
parts of rabbits undergoing pseudopregnancy.

Materials and Methods
In the study, 14 New Zealand breed female rabbits, 1-3 
years old, housed in an individual cage setup and known 
to be healthy in general, and gynecological examinations 
were used. All animals were housed in individual wire 
mesh cages under controlled temperature (18-24°C) and 
light conditions during the study. They were fed ad-libitum 
water and pellet calf rearer feed. Animals were randomly 
divided into two study groups (Group 1 and 2). During 
the study, general care and all clinical practices were 

carried out according to the regulations of Aydın Adnan 
Menderes University Experimental Animals Application 
and Research Center and in line with the relevant ethics 
committee decision (64583101/2019/007).
In the study, rabbits with pseudopregnancy induction 
were included in Group 1 (n=7), while rabbits without any 
induction were considered Group 2 (n=7). Accordingly, 
on the 0th day of the study, 0.8 mcg buserelin acetate 
(Buserin, Alke®, Turkey) was injected intramuscularly 
to stimulate pseudopregnancy in Group 1. In Group 2, 
intramuscularly placebo injection (0.2 ml of 0.9% NaCl) 
was used on the same day. All IRT imaging from different 
body points, measuring rectal temperature with degrees, 
and collecting venous blood samples are included in 
the 0-5-10-15 days of the study. The procedures were 
repeated 70 times for all animals on the respective days, 
280 times.

Taking IRT Samples
A mobile thermal camera (Flir E6, Flir Systems AB®-Sweden) 
system recorded thermal images. Attention was paid to 
keeping the ambient conditions (temperature change, 
airflow, humidity, etc.) for the images’ standardization. 
During the measurements, uniformity was ensured in the 
images under the environment’s temperature, in which 
the device was single and center oriented. During the IRT, 
care was taken to ensure an average of 1 meter between 
the camera and the rabbit. During thermal imaging, the 
rabbits were taken from their cages not to cause stress, 
and they were rested on the table on which the shooting 
would take place for about 10 minutes. At the end of 
the waiting period, thermal images of the eye, nose tip, 
and vulvar region were taken from the rabbits in both 
study groups. In eyeshots, images were taken from the 
lateral line, regardless of the direction, while the animals 
were not stressed. In nasal tip extractions, the nasal 
tip was fully visualized (upright/slightly oblique), taking 
into account the stress conditions. In the vulvar region 
shots, the rabbits were taken in restraint by lying on their 
backs not to cause stress. Finally, the tail tip was directed 
ventrally, the vulva and perineum region were visualized, 
and the shooting was taken.  All measurements were 
completed in approximately 15 minutes for each rabbit.

Serum Progesterone Measurements
Venous blood samples were taken to measure serum 
progesterone value from the ear vein (Vena auricularis) 
after the images were taken on the days (0-5-10-15. days) 
when images were taken with a thermal infrared camera. 
The serum extracted from the samples were stored at 
-20 degrees until the progesterone measurement was 
made. At the end of the study, serum P4 levels were 
determined from the serum samples by the Enzyme 
Linked Immunosorbent-Assay method (ELISA) using 
the commercial Rabbit (PROG) ELISA test kit (Shanghai 
Sunred Biological Technology) was used.
Body temperature values measured on IRT images were 
compared between Group 1 and Group 2, and the curves 
of change over time for each group were extracted. The 
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obtained data were evaluated using the SPSS 22.0 (SPSS 
Inc. Chicago, IL, USA) package program. Shapiro-Wilk 
test was used to analyze whether the data met normal 
distribution assumptions. Pairwise comparisons were 
evaluated with the Independent Groups t-test. Repeated 
Measures ANOVA was used to detect time-dependent 
changes within the group. Pearson Correlation Analysis 
was used to determine the relationship between 
variables. The tables, graphics, and results are given 
as mean±standard error of mean (SEM). Statistical 
significance was accepted as P < 0.05.

Results
After the intramuscular injection of 0.2 ml of GnRH, 
no complications were encountered to induce 
pseudopregnancy in rabbits. Imaging was performed 
smoothly and quickly thanks to the elimination of 
stress factors. It was observed that around 12-15 days, 
pseudopregnant rabbits pulled their underbelly wool to 

a corner of the cage as if they were going to give birth, 
and exhibited the behavior of preparing for birth.
At the end of the study, the average temperature values 
are taken from the eye, nose, and vulva region with the 
help of a thermal camera are presented in Table 1, Table 
2, Table 3, Figure 1, Figure 2, Figure 3. Accordingly, on the 
10th day of pseuopregnancy, a significant temperature 
increase was observed in the IRT images taken from the 
eye, nose, and vulva region (P <0.05), especially from 
the eye (P <0.01). At the end of the study, the rectal 
temperatures by digital thermometer are presented in 
Table 4 and Figure 4. Accordingly, a significant difference 
was detected between the body temperatures taken on 
the 15th day (P <0.05). The serum P4 levels of the rabbits 
in the pseudopregnant group were 135.57±19.05 pmol/L 
on day 0, 122.43±14.95 pmol/L on Day 5, 125.29±9.61 
pmol/L on Day 10, and was measured as 120.00±10.11 
pmol/L on the 15th day (Table 5, Figure 5). There was no 
statistical difference in serum P4 concentrations between 

Table 1. The mean eye temperatures of the study groups (⁰C).

Day n
Pseudopregnant Control

P
± ±

0 7 34.34±0.29ab 33.95±0.30 0.382

5 7 34.22±0.32ab 34.51±0.26 0.509

10 7 35.12±0.14a 34.18±0.23 0.006

15 7 33.87±0.22b 34.05±0.12 0.487

PANOVA 0.016 0.407

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi nt di erence between study groups

Table 2. The mean nasal temperatures of study groups (⁰C).

Days n
Pseudopregnant Control

P
± ±

0 7 30.77±0.68ab 30.84±0.61 0.940

5 7 28.84±0.96b 28.88±0.96 0.975

10 7 31.80±0.37a 30.20±0.59 0.041

15 7 30.35±0.67ab 30.12±0.63 0.809

PANOVA 0.050 0.299

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi t di erence between study groups

Table 3. The mean vulvar temperatures of study groups (⁰C).

Day n Pseudopregnant Control P
± ±

0 7 30.82±1.16b 32.38±0.54 0.249

5 7 32.61±0.68ab 32.11±1.06 0.699

10 7 34.58±0.38a 31.41±1.01 0.012

15 7 32.17±1.02ab 32.61±0.52 0.707

PANOVA 0.041 0.756

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi t di erence between study groups

Table 4. The mean rectal temperatures of study groups (⁰C).

Day n Pseudopregnant Control P

± ±

0 7 38.35±0.30b 38.14±0.11 0.530

5 7 37.88±0.24b 38.22±0.19 0.287

10 7 38.80±0.30ab 38.20±0.20 0.125

15 7 39.50±0.15a 37.62±0.37 0.001

PANOVA 0.002 0.276

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi cant di erence between study groups

Table 6. Correla ons between temperatures and serum progesterone values in all rabbits

Group Day Eye Nose Vulva Rectal Progesterone

Group - - - - - - -

Day 0.00 - - - - - -

Eye 0.14 -0.04 - - - -

Nose 0.10 0.02 0.10 - - -

Vulva 0.09 0.14 0.23 0.13 - - -

Rectal 0.35** 0.18 0.04 0.28* 0.08 - -

Progesterone -0.32* 0.09 -0.08 -0.16 -0.03 -0.04 -

*P<0.05; **P<0.01: Showing signi t correla ons

Table 5. The mean progesterone values of study groups (pmol/L).

Day n
Pseudopregnant Control

P
± ±

0 7 135.57±19.05 83.57±6.02 0.023

5 7 122.43±14.95 105.71±3.84 0.300

10 7 125.29±9.61 109.71±15.77 0.416

15 7 120.00±10.11 116.29±12.94 0.825

PANOVA 0.867 0.189

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi cant di erence between study groups
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Figure 1. The mean eye temperatures of study groups (°C).
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Figure 2. The mean nasal temperatures of study groups (°C).
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Day n Pseudopregnant Control P
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0 7 38.35±0.30b 38.14±0.11 0.530

5 7 37.88±0.24b 38.22±0.19 0.287

10 7 38.80±0.30ab 38.20±0.20 0.125

15 7 39.50±0.15a 37.62±0.37 0.001
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Group Day Eye Nose Vulva Rectal Progesterone

Group - - - - - - -

Day 0.00 - - - - - -

Eye 0.14 -0.04 - - - -

Nose 0.10 0.02 0.10 - - -

Vulva 0.09 0.14 0.23 0.13 - - -

Rectal 0.35** 0.18 0.04 0.28* 0.08 - -

Progesterone -0.32* 0.09 -0.08 -0.16 -0.03 -0.04 -

*P<0.05; **P<0.01: Showing signi t correla ons
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Day n
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P
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0 7 135.57±19.05 83.57±6.02 0.023

5 7 122.43±14.95 105.71±3.84 0.300
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Figure 4. The mean rectal temperatures of study groups (°C).
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Figure 3. The mean vulvar temperatures of study groups (°C).

Table 1. The mean eye temperatures of the study groups (⁰C).

Day n
Pseudopregnant Control

P
± ±

0 7 34.34±0.29ab 33.95±0.30 0.382

5 7 34.22±0.32ab 34.51±0.26 0.509

10 7 35.12±0.14a 34.18±0.23 0.006

15 7 33.87±0.22b 34.05±0.12 0.487

PANOVA 0.016 0.407

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi nt di erence between study groups

Table 2. The mean nasal temperatures of study groups (⁰C).

Days n
Pseudopregnant Control

P
± ±

0 7 30.77±0.68ab 30.84±0.61 0.940

5 7 28.84±0.96b 28.88±0.96 0.975

10 7 31.80±0.37a 30.20±0.59 0.041

15 7 30.35±0.67ab 30.12±0.63 0.809

PANOVA 0.050 0.299

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi t di erence between study groups

Table 3. The mean vulvar temperatures of study groups (⁰C).

Day n
Pseudopregnant Control

P
± ±

0 7 30.82±1.16b 32.38±0.54 0.249

5 7 32.61±0.68ab 32.11±1.06 0.699

10 7 34.58±0.38a 31.41±1.01 0.012

15 7 32.17±1.02ab 32.61±0.52 0.707

PANOVA 0.041 0.756

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi t di erence between study groups

Table 4. The mean rectal temperatures of study groups (⁰C).

Day n Pseudopregnant Control P

± ±

0 7 38.35±0.30b 38.14±0.11 0.530

5 7 37.88±0.24b 38.22±0.19 0.287

10 7 38.80±0.30ab 38.20±0.20 0.125

15 7 39.50±0.15a 37.62±0.37 0.001

PANOVA 0.002 0.276

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi cant di erence between study groups

Table 6. Correla ons between temperatures and serum progesterone values in all rabbits

Group Day Eye Nose Vulva Rectal Progesterone

Group - - - - - - -

Day 0.00 - - - - - -

Eye 0.14 -0.04 - - - -

Nose 0.10 0.02 0.10 - - -

Vulva 0.09 0.14 0.23 0.13 - - -

Rectal 0.35** 0.18 0.04 0.28* 0.08 - -

Progesterone -0.32* 0.09 -0.08 -0.16 -0.03 -0.04 -

*P<0.05; **P<0.01: Showing signi t correla ons

Table 5. The mean progesterone values of study groups (pmol/L).

Day n
Pseudopregnant Control

P
± ±

0 7 135.57±19.05 83.57±6.02 0.023

5 7 122.43±14.95 105.71±3.84 0.300

10 7 125.29±9.61 109.71±15.77 0.416

15 7 120.00±10.11 116.29±12.94 0.825

PANOVA 0.867 0.189

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi cant di erence between study groups
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days (P>0.05). The serum P4 levels of the rabbits in the 
control group were 83.57±6.02 on day 0, 105.71±3.84 on 
Day 5, 109.71±15.77 on Day 10, and 116.29±12.94 on 
Day 15. In addition, there was no statistical difference 
in serum P4 levels between days in the control group (P 
>0.05). On the 0th day of the study, serum progesterone 
value was significantly higher in the pseudopregnant 
group (P<0.05).
There is a low (+) positive correlation between 
progesterone level and day (0.09). A low negative 
relationship (-0.08, -0.16, -0.03, -0.04, respectively) 
was observed between progesterone and eye, nose, 
vulva, and rectal temperature. There was a significant 
(P<0.05) moderate negative (-0.32) relationship between 
progesterone and the group. There was a significant 
(P<0.01) positive moderate (0.35) relationship between 
the rectal temperature and the group. There was a 
low positive correlation (0.18, 0.04, 0.08, respectively) 
between rectal temperature and day, eye, and vulva 
temperature. A positive and moderate (0.28) relationship 
was found between the rectal and nasal temperature 

(P<0.05). There was a low positive correlation (0.09, 
0.14, 0.23, 0.13, respectively) between the measured 
from the vulva with a thermal camera and the group, day, 
eye, and nose temperatures. There was a low positive 
correlation between nose temperature and group, day 
and eye temperatures (0.10, 0.02, 0.10), respectively. 
Considering the eye temperature, the group is positively 
low (0.14); there was a low negative correlation with the 
day (-0.04) (Table 6).

Discussion 
The main purpose of this study is to use non-invasive and 
easy-to-apply IRT images to diagnose pseudopregnancy 
in rabbits. Although the rate of pseudopregnancy is 
expected to be relatively low in female rabbits kept in 
individual cages and raised away from the presence of 
males, spontaneous ovulation and pseudopregnancy 
can be seen for different reasons (Bekyürek, 2010; 
Donnelly, 2013; Carter et al., 2016). Despite the use 
of drugs compatible with the literature for induction 
(0.2 ml Buserelin, intramuscularly); it is noteworthy 

Figure 5. The mean progesterone values of pseudopregnant and control groups (pmol/L)

33,20
33,40
33,60
33,80
34,00
34,20
34,40
34,60
34,80
35,00
35,20
35,40

0 5 10 15

Te
m

pe
ra

tu
re

 (°
C)

Day

EYE

Pseudopregnant

Control

27,00
27,50
28,00
28,50
29,00
29,50
30,00
30,50
31,00
31,50
32,00
32,50

0 5 10 15

Te
m

pe
ra

tu
re

 (°
C)

Day

NOSE

Pseudopregnant

Control

28,00

29,00

30,00

31,00

32,00

33,00

34,00

35,00

0 5 10 15

Te
m

pe
ra

tu
re

  (
°C

)

Day

VULVA

Pseudopregnant

Control

36,50

37,00

37,50

38,00

38,50

39,00

39,50

40,00

0 5 10 15

Te
m

pe
ra

tu
re

  (
°C

)

Day

RECTAL

Pseudopregnant

Control

0

20

40

60

80

100

120

140

160

0 5 10 15

pm
ol

/L

Day

PROGESTERONE

Yalancı Gebe

Kontrol

Table 1. The mean eye temperatures of the study groups (⁰C).

Day n
Pseudopregnant Control

P
± ±

0 7 34.34±0.29ab 33.95±0.30 0.382

5 7 34.22±0.32ab 34.51±0.26 0.509

10 7 35.12±0.14a 34.18±0.23 0.006

15 7 33.87±0.22b 34.05±0.12 0.487

PANOVA 0.016 0.407

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi nt di erence between study groups

Table 2. The mean nasal temperatures of study groups (⁰C).

Days n
Pseudopregnant Control

P
± ±

0 7 30.77±0.68ab 30.84±0.61 0.940

5 7 28.84±0.96b 28.88±0.96 0.975

10 7 31.80±0.37a 30.20±0.59 0.041

15 7 30.35±0.67ab 30.12±0.63 0.809

PANOVA 0.050 0.299

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi t di erence between study groups

Table 3. The mean vulvar temperatures of study groups (⁰C).

Day n
Pseudopregnant Control

P
± ±

0 7 30.82±1.16b 32.38±0.54 0.249

5 7 32.61±0.68ab 32.11±1.06 0.699

10 7 34.58±0.38a 31.41±1.01 0.012

15 7 32.17±1.02ab 32.61±0.52 0.707

PANOVA 0.041 0.756

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi t di erence between study groups

Table 4. The mean rectal temperatures of study groups (⁰C).

Day n
Pseudopregnant Control

P

± ±

0 7 38.35±0.30b 38.14±0.11 0.530

5 7 37.88±0.24b 38.22±0.19 0.287

10 7 38.80±0.30ab 38.20±0.20 0.125

15 7 39.50±0.15a 37.62±0.37 0.001

PANOVA 0.002 0.276

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi cant di erence between study groups

Table 6. Correla ons between temperatures and serum progesterone values in all rabbits

Group Day Eye Nose Vulva Rectal Progesterone

Group - - - - - - -

Day 0.00 - - - - - -

Eye 0.14 -0.04 - - - -

Nose 0.10 0.02 0.10 - - -

Vulva 0.09 0.14 0.23 0.13 - - -

Rectal 0.35** 0.18 0.04 0.28* 0.08 - -

Progesterone -0.32* 0.09 -0.08 -0.16 -0.03 -0.04 -

*P<0.05; **P<0.01: Showing signi t correla ons

Table 5. The mean progesterone values of study groups (pmol/L).

Day n
Pseudopregnant Control

P
± ±

0 7 135.57±19.05 83.57±6.02 0.023

5 7 122.43±14.95 105.71±3.84 0.300

10 7 125.29±9.61 109.71±15.77 0.416

15 7 120.00±10.11 116.29±12.94 0.825

PANOVA 0.867 0.189

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi cant di erence between study groups
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that the difference between the P4 values ​​of the two 
study groups was statistically seen only on the 0th 
day, and the presence of a numerical increase in the 
pseudopregnant group on the other days, which did 
not make a difference. Although fur plucking and nest-
building behaviors were observed during the study, 
this suggests the existence of possible individuals with 
spontaneous ovulation on different days. It has been 
reported that 23% of pseudopregnancy are seen even 
in rabbit populations in individual cages (Carter et al., 
2016). Pseudopregnancy could be observed in 23% 
of rabbits housed in groups and in hierarchical order 
(Rommers et al., 2006). Rabbits that remain passive by 
leaving the group and switching to a single cage system 
may also have pseudopregnancy (Carter et al., 2016). 
Researchers have provided the induction of ovulation 
by mechanical stimulation of the vagina, mating with a 
vasectomized male or injections of GnRH, LH, and hCG to 
investigate ovulation and corpus luteum (CL) physiology 
(Zavos et al., 1998). The hormone measurements made 
to determine the success of the induction process 
were made with ELISA at the end of the study, instead 
of using the rapid P4 kit during the study, caused this 
situation to be noticed later. Again, this situation can be 
investigated with more animals in the future. In future 
studies, it will be helpful to confirm that all material is 
not in the luteal phase using perineal inspection, vaginal 
cytology, and rapid hormone measurements. However, 
the possibility that the physician can stimulate ovulation 
during manipulations during this clinical evaluation 
should also be considered. Pregnancy behaviors can be 
observed in pseudopregnant rabbits under the influence 
of estrogen, progesterone, and prolactin hormones 
(Donnelly, 2013). Among all these physiological changes, 
it is expected that the diagnostic efficiency will be limited 
since the temperature changes due to pseudopregnancy 
will occur in a narrower temperature range. The  
diagnosis of pseudopregnancy in the use of IRT in the 
reproductive examinations of domestic and wild animals 
is a new application, and a similar application has been 
investigated using abdominal scans in pandas and dogs 

(Durrant et al. 2004; 2006). At the end of this research, 
it was seen that especially the shots in pregnant pandas 
were more sensitive than dogs.
In thermographic studies in rabbits, it is known that 
the most suitable attraction areas are the eyes and 
ears (Redaelli et al., 2014). However, the study aimed 
to investigate alternative regions, and the nasal tip and 
vulvar region were added to this. Additionally, hiding 
abdomen postures in the cage also arose the need for 
these measurements to be focused on the face, and 
the measurements were carried out considering these 
conditions in the present study. Measurements of vulvar 
temperature changes can be challenging, mainly since 
they cover the perineum with their tails. Unlike facial 
imaging, it can be thought that there are manipulations 
that can trigger stress and affect the results, taking the 
animals out, tilting them, and pulling the tail to make the 
region visible. In order to prevent such negativities, it will 
be effective to monitor the animals by the same person 
and handle them duly without causing stress.
When this study is evaluated within the data obtained 
with the number of animals available, the most sensitive 
period for the eye, nose and vulvar region thermal shots in 
terms of diagnostics is the 10th day. In pseudopregnancy, 
the CL is functional for 16-18 days, and thus the CL 
of pseudopregnant rabbits begins to regress due to 
increased PGF-2α luteal response (Dugré et al., 1989). 
Considering that the CL formed in pseudopregnancy 
persists for 10-12 days (Donnelly, 2013) and that 
increased P4 activates the catabolic metabolism and 
raises the basal body temperature (Regidor, 2014), 
this situation is compatible with the literature. It was 
determined that the significant temperature increase 
observed on the 10th day in the pseudopregnant group 
was mainly in the eyes, followed by the vulva and nasal 
region. A mature CL will respond to luteolytic agents 
in the relevant period. The high correlation between 
eye temperature and the rectal temperature has been 
detected in different species, and it is known to facilitate 
remote thermal evaluations (Redaelli et al., 2014), 
additionally, to measure stress response (Ludwig et al., 

Table 1. The mean eye temperatures of the study groups (⁰C).

Day n
Pseudopregnant Control

P
± ±

0 7 34.34±0.29ab 33.95±0.30 0.382

5 7 34.22±0.32ab 34.51±0.26 0.509

10 7 35.12±0.14a 34.18±0.23 0.006

15 7 33.87±0.22b 34.05±0.12 0.487

PANOVA 0.016 0.407

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi nt di erence between study groups

Table 2. The mean nasal temperatures of study groups (⁰C).

Days n
Pseudopregnant Control

P
± ±

0 7 30.77±0.68ab 30.84±0.61 0.940

5 7 28.84±0.96b 28.88±0.96 0.975

10 7 31.80±0.37a 30.20±0.59 0.041

15 7 30.35±0.67ab 30.12±0.63 0.809

PANOVA 0.050 0.299

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi t di erence between study groups

Table 3. The mean vulvar temperatures of study groups (⁰C).

Day n Pseudopregnant Control P
± ±

0 7 30.82±1.16b 32.38±0.54 0.249

5 7 32.61±0.68ab 32.11±1.06 0.699

10 7 34.58±0.38a 31.41±1.01 0.012

15 7 32.17±1.02ab 32.61±0.52 0.707

PANOVA 0.041 0.756

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi t di erence between study groups

Table 4. The mean rectal temperatures of study groups (⁰C).

Day n
Pseudopregnant Control

P

± ±

0 7 38.35±0.30b 38.14±0.11 0.530

5 7 37.88±0.24b 38.22±0.19 0.287

10 7 38.80±0.30ab 38.20±0.20 0.125

15 7 39.50±0.15a 37.62±0.37 0.001

PANOVA 0.002 0.276

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi cant di erence between study groups

Table 6. Correla ons between temperatures and serum progesterone values in all rabbits

Group Day Eye Nose Vulva Rectal Progesterone

Group - - - - - - -

Day 0.00 - - - - - -

Eye 0.14 -0.04 - - - -

Nose 0.10 0.02 0.10 - - -

Vulva 0.09 0.14 0.23 0.13 - - -

Rectal 0.35** 0.18 0.04 0.28* 0.08 - -

Progesterone -0.32* 0.09 -0.08 -0.16 -0.03 -0.04 -

*P<0.05; **P<0.01: Showing signi t correla ons

Table 5. The mean progesterone values of study groups (pmol/L).

Day n
Pseudopregnant Control

P
± ±

0 7 135.57±19.05 83.57±6.02 0.023

5 7 122.43±14.95 105.71±3.84 0.300

10 7 125.29±9.61 109.71±15.77 0.416

15 7 120.00±10.11 116.29±12.94 0.825

PANOVA 0.867 0.189

a.b: Di erent le ers at the same column show sta s cal di erences
P<0.05: Signi cant di erence between study groups
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2007). 
An increase of more than 2.33 0C was found in 
thermal images made due to hyperemia in the vulva in 
Chinchillas during the estrus period (Polit et al., 2018). 
Similarly, IRT can determine the vulvar temperature 
increase during estrus in rabbits and other livestock 
(Osawa et al., 2004; De Freitas et al., 2018; Façanha et 
al., 2018). However, it was also stated that perivulvar 
temperature measurements were not successful in 
pregnancy diagnosis in cows (Radigonda et al., 2017). 
Vulvar hyperemia is seen in estrus in rabbits (Bekyürek, 
2010); however, it is not among the pseudopregnancy 
findings. Despite this, in the presented thesis study, a 
temperature increase of 3.17 0C was detected on the 10th 
day of pseudopregnancy compared to the control group. 
Although there is no hyperemia or cyanosis in the vulva, 
this temperature increase is expected to be in parallel 
with the measurements in the eyes and nose, but the 
limited literature on the subject creates difficulties in 
interpretation. Due to the excessive hairiness of the 
perineal region in vulvar measurements, the application 
is not practical, and this situation is similar to previous 
studies (Polit et al., 2018). When measuring in future 
studies, it should be kept in mind that the hairs in the 
area, the fecal residue found on the rectum’s outer 
surface and cannot be cleaned entirely, can create 
artifacts and prevent temperature measurement.
When the rectal temperature measurements taken in 
the study were examined, it was seen that they did not 
show similar curves with the IRT results. A significant 
temperature increase in the pseudopregnant group was 
observed on the 15th day. As shown in the graph in Figure 
4, the temperature increase on the 10th and 15th days in 
the pseudopregnant group was evident only on the 15th 
day (P<0.001). It is noteworthy that temperature changes 
were detected in two different methods on different 
days. Although rectal temperature measurement is an 
effortless application, the reason for this incompatibility 
may be that the temperature is in contact with feces in 
the rectum and not enough in contact with the mucosa. 
In addition, different from far-IRT, it was thought that 
the stress caused by manipulations in rectal degree 
measurement might have affected the results. Another 
problem is the risk of ovulation stimulation during 
rectal temperature measurements. Another possible 
reason for the control group’s P4 values ​​to be close 
to the pseudopregnant group during the study is the 
uncontrolled stimulation during these measurements.
By decreasing of the P4 level after the Days 10-12, as 
seen in Table 6, the eye, nose, and rectal temperature 
continue to increase with the decrease in days showing 
a negative correlation between progesterone and eye, 
nose, and rectal temperature. The negative correlation 
between the P4 level and the groups is a finding parallel 
to the fact that the P4 level in the pseudopregnant group 
increased until the 10th day and then decreased. Regarding 
P4 measurements made in similar studies, it has been 
reported in the literature that serum progesterone 
levels in rabbits are high during pseudopregnancy, and 

the upper limit values ​​measured are around 30 ng/ml. 
However, with the regression of the corpus luteum, 
there is a rapid decrease in progesterone, and it has been 
stated that it falls below 0.6 ng/ml (Orstead et al., 1988; 
Maranesi et al., 2018). Therefore, generally, it is seen that 
the P4 measurement unit is ng/ml in literature studies 
(Maranesi et al., 2018). However, due to the kits used 
in the presented study, calculations were made at the 
pmol/L level. Since this unit is mentioned in the previous 
literature (Fragalà et al., 2015), the current measurement 
unit is ng/ml (Orstead et al., 1988; Maranesi et al., 2018) 
can be challenging to discuss the findings. 

Conclusion 
As a result, temperature rise can be easily determined 
by IRT taken from different body parts on the 10th day 
of pseudopregnancy rabbits. This condition should be 
considered a preliminary diagnosis finding to distinguish 
it from other individuals and should be evaluated with 
other clinical / laboratory measurements. Depending on 
the species, the findings should be carefully examined 
against the possibility of pseudopregnancy even in 
separate breedings with ovulation stimulation during 
handlings. Although IRT measurements are a helpful 
method like a rabbit, they are open to new regulations 
and improvements. Therefore, investigating optimum 
conditions and making preliminary preparations will 
benefit more precise and practical measurements.
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