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Ultrasonographic findings of the mammary gland, liver, gallbladder,
spleen, and kidneys in transgenic goats for hG-CSF during induced

lactation

Achados ultrassonograficos de glandula mamaria, figado, vesicula
biliar, baco e rins de caprinos transgénicos para o hG-CSF durante

lactacao induzida

Francisco Carlos de Sousa'; Carlos Henrique Sousa de Melo?;
Ribrio Ivan Tavares Pereira Batista®; Deisy Johana Diaz Sanchez?;
Joanna Maria Gongalves Souza-Fabjan’; Alexsandra Fernandes Pereira®;
Luciana Magalhaes Melo’; Vicente José de Figueirédo Freitas’;
Darcio [talo Alves Teixeira”™

Abstract

In transgenic murine models, the study of certain organs or tissues can be performed after euthanasia
of some specimens. However, this practice may not be economically feasible when applied to livestock
such as transgenic goats. It is necessary to use minimally invasive methods to perform in vivo studies
of organs that may be affected by disorders related to the activity of the transgene, particularly during
milk production, when the recombinant protein is secreted. The aim of this study was to describe
ultrasonographic findings of the liver, gallbladder, spleen, kidneys, and mammary glands in transgenic
goats for evaluating the effect of human granulocyte-colony stimulating factor (hG-CSF) expression in
milk during induced lactation. Six female Canindé goats-three transgenic (T) and three non-transgenic
(NT)-were subjected to hormone therapy to induce lactation; ultrasonographic examinations of the
liver, gallbladder, spleen, kidneys, and mammary gland were performed during both the hormonal
therapy and the lactation period at different intervals depending on the organ being examined. On Day
16 (Day 1 = hormonal therapy initiation), all goats were lactating and presented healthy mammary
glands, characterized by echogenic parenchyma showing a granular echotexture. Transgenic and non-
transgenic goats were compared on the basis of measurements and ultrasound images obtained from
each organ. No differences between T and NT animals were observed in the examined area for the liver,
gallbladder, spleen, and kidneys. Liver and renal echogenicity and appearance of gallbladder and portal
and hepatic veins were similar in all females. Ultrasonographic findings of the mammary gland, liver,
gallbladder, spleen, and kidneys in transgenic goats did not show any difference from those in non-
transgenic goats.Thus, these results suggest that the presence and expression of the transgene had no
effect on the ultrasonographic findings of mammary gland and abdominal organs in the transgenic goats.
Moreover, the findings shows that ultrasonography is a useful screening tool for clinical examination
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of transgenic goats; this allows the investigation of possible disorders and avoids the unnecessary use
of invasive techniques.
Key words: Caprine. Transgenesis. Ultrasonography. Abdominal organs.

Resumo

Em camundongos transgénicos, o estudo de certos 6rgaos ou tecidos pode ser viabilizado por meio da
eutanasia de alguns exemplares. Entretanto, esta pratica pode ndo ser economicamente viavel quando
aplicada a animais de produgio, como caprinos transgénicos. E necessério utilizar métodos minimamente
invasivos para estudar in vivo os 6rgdos que podem estar envolvidos em desordens relacionadas a
atividade do transgene, principalmente durante a producao de leite, quando a proteina recombinante ¢
secretada. O objetivo deste estudo foi descrever as caracteristicas ultrassonograficas de figado, vesicula
biliar, baco, rins e glandula mamaria de caprinos transgénicos expressando o fator estimulante de
colonias de granuldcitos humano (hG-CSF) no leite, durante lactagdo induzida. Seis fémeas caprinas
da raca Canindé: trés ndo transgénicas (NT) e trés transgénicas (T) foram submetidas a tratamento
hormonal para indugdo da lactagdo; os exames ultrassonograficos de figado, vesicula biliar, bago, rins
e glandula mamaria foram realizados durante tratamento hormonal e lactacao, em diferentes intervalos
de acordo com o 6rgdo. No dia 16 (Dia 1 = inicio do tratamento hormonal) todas as cabras estavam em
lactagdo e apresentando uma glandula mamaria saudavel, caracterizada por parénquima ecogénico, com
uma ecotextura granular. As cabras T e NT foram comparadas em relagdo as mensuragdes e aparéncia
ultrassonografica obtida de cada 6rgdo. Nao foram observadas diferengas com relag@o a area para exame
de figado, vesicula biliar, baco e rins entre T ¢ NT. A ecogenicidade de figado e rins, a aparéncia
da vesicula biliar e das veias porta e hepatica foram similares em todas as fémeas. As mensuragdes
ultrassonograficas dos 6rgdos abdominais examinados ndo revelaram diferencas entre animais T e NT.
Assim, esses resultados sugerem que a presenga e expressdo do transgene ndo tiveram efeito sobre as
caracteristicas ultrassonograficas de glandula mamaria e 6rgaos abdominais nos animais transgénicos.
Além disso, os achados mostram que a ultrassonografia ¢ uma importante ferramenta para o exame
clinico em caprinos transgénicos e que permite a investigacao de possiveis desordens, evitando o uso

desnecessario de técnicas invasivas.

Palavras-chave: Caprino. Transgénese. Ultrassonografia. Orgdos abdominais.

Introduction

The human granulocyte-colony stimulating
factor (hG-CSF) protein plays a crucial role in
neutrophil-based immune reactions This is because
it regulates the growth, differentiation, survival,
and activation of neutrophils and their precursors
(BARREDA et al., 2004). However, most of the
existing studies for recombinant hG-CSF refer to
murine species and only one describes a study on
transgenic goats (KO et al., 2000). Recently, we
produced two founder goats and its F1 offspring
able to produce hG-CSF in milk (FREITAS et
al., 2012; MOURA et al., 2013). Nevertheless,
literature about studies on transgenic livestock
health is scarce.

In transgenic murine models, the study of certain
organs or tissues can be performed after euthanasia
of some specimens. However, this practice may not
be economically feasible when applied to livestock
such as transgenic goats. Therefore, it is necessary to
use minimally invasive methods to perform in vivo
studies of organs that may be affected by disorders
related to the activity of the transgene, particularly
during milk production, when the recombinant
protein is secreted.

Currently, ultrasound has been successfully used
in goats to evaluate the morphology of different
internal organs including liver (ACORDA et al.,
2006), spleen (ACORDA et al., 2009a), and kidneys
(ACORDA etal.,2005; ROSSI etal.,2012). The aim
of this study was to describe the ultrasonographic
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findings of the mammary gland, liver, gallbladder,
spleen, and kidneys in transgenic (T) goats for
hG-CSF compared with non-transgenic (NT) ones
during induced lactation.

Material and Methods
Ethics and biosafety

All protocols used in this work were approved
by the Animal Ethics Committee of the State
University of Ceara (Protocol no. 12237085-6)
and the Brazilian Biosafety Technical National
Committee (CTNBio 228/06). Additionally, all
studies were conducted according to the guidelines
for the ethical use of animals in research (ASAB,
2012).

Location and experimental animals

The experiment was performed in the Laboratory
of Physiology and Control of Reproduction, located
in Fortaleza-CE, Brazil, 3° 47° 38> S and 38° 33’
29” W. For this trial, six female Canindé goats F1
transgenic for hG-CSF (n = 3) and non-transgenic
(n = 3), aged ~ 10 months and weighing ~ 23 kg
were studied. Goats were housed indoors and
maintained in a semi-intensive system; they were
provided Tifton (Cynodon dactylon) hay in pens and
had 4 h of daily access to a solarium. In addition,
the animals were given supplements in the form of
a commercial concentrate containing 20% of crude
protein (Caprino Top, Integral Mix, Fortaleza, CE,
Brazil). They also had unrestricted access to water
and mineralized salt.

Induced lactation

For induction of lactation, we used a hormonal
therapy for goats previously described by Cammuso
(2000). On Day 1 (hormonal therapy
initiation), 0.25 mg/kg estradiol cypionate (Ouro
Fino Satde Animal, Cravinhos, SP, Brazil) and 0.75

et al

mg/kg progesterone (Hertape Calier Saude Animal,
Juatuba, SP, Brazil) were administered to goats by
intramuscular injection. Estrogen and progesterone
were injected every other day for seven days (Days
1,3,5,7,9, 11, and 13). From Day 14 to 16, 0.4 mg/
kg prednisolone (Laboratorios Konig, Avellaneda,
BA, Argentina) was administered daily. From
day 5, external massage of the mammary gland
was performed daily for 5 min on each female to
stimulate lactogenesis; this was continued until milk
production was observed. Animals were then hand-
milked daily and individual volumes were recorded.

Ultrasonographic procedure and image analysis

Ultrasound examinations were conducted using
a dual frequency convex-array transducer of 3.5/5.0
MHz coupled to a B-mode Falco Vet 100 apparatus
(Pie-Medical, Maastricht, Netherlands). Ultrasound
configurations such as overall gain, far gain, near
gain, and focus were adjusted according to the
characteristics of the organ examined.

Goats were handled using gentle physical
restraint, and their abdominal and thoracic skin was
shaved. Ultrasound gel was applied to their skin and
to the transducer. The examination was performed
on non-sedated goats after overnight fasting; the
goats were in standing position during the procedure.
To reduce the time required for the examinations,
all ultrasonographic procedures were recorded on
video and analyzed retrospectively (SOUSA et al.,
2011). All examinations were performed by only
one operator who had been trained previously.
On recorded images, subjective ultrasonographic
evaluation was performed through codes associated
to T or NT goats, using the software Image J 1.45s
(National Institutes of Health, Millersville, PA,
USA). Ultrasonography of the liver, gallbladder,
spleen, and kidneys were performed on alternate
days during the induced lactation period. Once milk
production was achieved, these examinations were
performed at weekly intervals, until that lactation
stopped.
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Ultrasonography of mammary gland

For evaluation of the mammary gland,
ultrasonographic technique used was in direct
contact (transcutaneous ultrasonography), according
to Melo et al. (2012). Mammary gland examinations
were performed everyday immediately before
milking, from the 1% to the 17" day of lactation.
After this period, examinations were conducted
on alternate days until cessation of lactation. The
echogenicity of the mammary gland parenchyma
was evaluated in ultrasonograms; measurements
of area and greater and shorter lengths of the gland
cistern were calculated.

Ultrasonography of liver and gallbladder

Liver examination was performed by placing
the transducer in the right flank of the animal, in
a caudal-to-cranial direction [from the last rib to
the 6" intercostal space (ICS)] as earlier described
(BRAUN; STEININGER, 2011). The area to be
examined on the liver imaging was determined. The
appearance of liver parenchyma, blood vessels, and
gallbladder were subjectively assessed by ultrasound.
Concerning the liver, the appearance of the organ
surface, the echogenicity, and homogeneity of the
hepatic parenchyma were recorded. Hepatic blood
vessels and the caudal vena cava were visualized
and their appearance was evaluated. Liver width
measurement was done from the dorsal to the
ventral margin in the image containing the greatest
visible parenchyma. Liver width was measured at
expiration when the hepatic contour was clearly
defined. The area for examination, shape, length,
and width of the gallbladder were determined.

Ultrasonography of spleen

To evaluate the spleen, the transducer was
placed in the dorsal region of animal’s left flank
in the caudal-to-cranial direction starting from
the last lumbar vertebra on the paralumbar fossa
to the 6™ ICS (ACORDA et al., 2009a). The area

for examination of the spleen on the left flank was
determined. The appearance of the splenic capsule
and parenchyma were
In the image that contained the greatest visible
parenchyma, spleen width was measured from the
dorsal to the ventral margin; in the same image,
spleen length was determined from the cranial to
the caudal margin.

subjectively assessed.

Ultrasonography of kidneys

Visualization of both kidneys was performed
using a methodology similar to that used in previous
studies in sheep (ACORDA et al., 2009b). The
transducer was placed in the dorsal region of the
right flank, starting from the last lumbar vertebra
on the paralumbar fossa to the 10" ICS. The area
for examination of both kidneys was identified.
Transverse and longitudinal renal ultrasonograms
were obtained from different sites and ultrasound
appearance of various renal structures was
evaluated. The echogenicity of the different renal
structures was also recorded. The kidney length was
expressed as the distance between cranial and caudal
renal poles (measured in the longitudinal plane).
The kidney width was expressed as the distance
between ventral and dorsal surfaces (measured in
the transverse plane at the level of renal pelvis)

(BRAUN et al., 1992).

Statistical analysis

Transgenic and non-transgenic goats were
compared on the basis of measurements and
ultrasound images obtained from each organ. To
evaluate the data, the normality Kolmogorov-
Smirnov test was employed. Data showing normal
distribution were analyzed by paired t-test. For
non-normally distributed data, the Mann-Whitney-
Wilcoxon test was used. The relationship between
the average area of gland cistern and milk production
was plotted as linear regression and expressed as
a straight-line equation. Values were expressed as
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mean + SEM, and differences were considered to
be statistically significant at a level of P < 0.05.
Statistical analysis was performed using GraphPad
InStat 3.0 (GraphPad Software, San Diego, USA).

Results and Discussion

The main objective of the present study was
to describe the ultrasonographic findings of the
mammary gland, liver, gallbladder, spleen, and
kidneys during induced lactation in T goats that are
able to produce hG-CSF in milk. Data concerning

dimensions of liver, gallbladder, spleen, and kidneys
are presented in Table 1. No differences (P>0.05)
were observed between T (n=3) and NT (n=3)
animals in the analysis of 336 ultrasonographic
images of abdominal organs (Figure 1). Previous
studies have validated ultrasonography as a reliable
investigative method in goats since its results were
further confirmed by post mortem examinations
(ACORDA et al, 2005, 2006). All these data
showed that ultrasonography is a useful and non-
invasive technique to detect possible disorders in T
goats.

Table 1. Measurements obtained from ultrasonographic images of liver, gallbladder, spleen, and kidneys in transgenic

and non-transgenic goats.

Measurements (cm)'

Organ Variable P value
NT
Liver Width 55+02 53+0.1 0.24
Area’ 1.0+0.1 1.1+£0.1 0.20
Gallbladder Length 1.6 £ 0.1 1.5+0.1 0.49
Width 0.7+0.0 0.7+0.0 0.36
Width 1.7+0.1 1.7+0.0 0.72
Spleen
Length 47+0.2 49+0.2 0.44
Length 53+0.1 55+0.1 0.35
Right kidney cne
Width 25400 2.6+0.0 0.22
Length 5.7+0.1 5.8+£0.1 0.52
Left kidney cne
Width 2.7+0.0 29+0.0 0.10

'Organ measurements are presented as mean = SEM for transgenic (T) and non-transgenic (NT) goats. 2 Area unit in

cm?.

One transgenic goat started lactation on Day 10;
on Day 16 of hormonal therapy, all the remaining
goats also started lactating. Lactation stopped after
four months. The average milk production was ~ 19
mL per day for T and ~ 39 mL per day for NT female
goats in the first month. The hormonal therapy used

in the present study was 100% effective for inducing
lactogenesis; this result was slightly greater than
the 95% effectiveness previously obtained in goats
(MELLADO et al., 1996). In addition, the lactation
started in the expected time period (Day 16)
(CAMMUSO et al., 2000).
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Figure 1. Ultrasonograms of liver (a and a’), spleen (b and b’), and kidneys (c and ¢’) in transgenic (a, b, and ¢) and
non-transgenic (a’, b’, and ¢”) goats. Liver (L), caudal vena cava (arrow), gallbladder (asterisk), spleen (S), cortex (C),

pelvis (P), and medulla (M).

On the 358 images of mammary glands

examined, the parenchyma was uniformly
echogenic with a granular echotexture (Figure 2).
This typical image is the result of connective tissue
and gland parenchyma having higher and lesser
echogenic density, respectively. Milk secretion in

the gland cistern resulted in an anechogenic image

with echogenic particles. The large lactiferous ducts
within the cisterns were clearly perceptible and
showed anechogenicity, which was also noticed in
other studies (FASULKOV et al., 2010). A similar
ultrasonographic appearance of lactating mammary
gland was previously described by us in T and NT
goats (MELO et al., 2012).

Figure 2. Ultrasonograms of mammary glands in transgenic (a) and non-transgenic (b) goats during induced lactation.
Sonograms were recorded at Day 15 of lactation. White arrow: gland cistern; yellow arrow: gland parenchyma.

In the widest section, detailed measurements

values (£ SEM) for area, length, and width of the

of the gland cistern size were determined. Mean gland cistern were, respectively, 4.0 £ 0.3 cm?, 3.1

4114
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+0.1 cm, and 1.1 £ 0.0 cm for T goats and 5.5+ 0.3
cm?, 3.6 £ 0.1 cm, and 1.7 + 0.0 cm for NT goats.
The relationship between the cistern area (Y) and
milk yield (X) was expressed as a linear correlation
curve, with a correlation coefficient significantly
positive for both T (Y=0.1266X + 3.9144; r=0.8;
P<0.0001) and NT (Y=0.0526X + 5.4551; r=0.8;
P<0.0001) animals.

Several studies have used ultrasonography to
determine the cistern size of the ruminant mammary
gland and its relationship with milk yield. The main
ultrasonographic parameters used to estimate milk
yield in ruminants are length, width, and cistern
area (AYADI et al., 2003; NUDDA et al., 2000).
In the current study, a high positive correlation
coefficient between cistern area and milk yield was
observed in both T and NT (r=0.8) goats, similar
to the value obtained (r=0.9) in Polish White goats
(WOJTOWSKI et al., 2002).

The liver could be imaged from the 7" ICS to
the 13" rib in the right flank of T and NT goats.
The largest visible extent of liver was from the
8" to the 12" ICS. This was the area considered
for examination and was in accordance with
previous reports in goats (KANDEEL et al., 2009).
The liver was thinnest in the 7" ICS and 13" rib,
as demonstrated for Saanen goats (BRAUN;
STEININGER, 2011). Hepatic parenchyma and the
right kidney were visualized caudally to the 13" rib
on the same image.

The parenchyma pattern of the liver was
characterized by hypoechogenicity; numerous weak
echoes were clearly present and homogeneously
distributed over the entire area of the liver. However,
it had a higher echogenicity in comparison with
the renal cortex. In all the female goats, the
diaphragmatic surface of the liver appeared as a
smooth and narrow echogenic line, which was
located immediately adjacent to the peritoneum
and moved in synchrony with the diaphragm during
breathing. In the present study, the appearance of
hepatic parenchyma was the same as described in

previous reports in goats (KANDEEL et al., 2009),
sheep (ACORDA et al., 2006), and bovine animals
(IMRAN et al., 2011; RIZZO et al., 2014). Several
common diseases in goats, such as fluke infestation
and pregnancy toxemia, primarily involve the
liver and may cause considerable economic loss
of livestock. Additionally, ultrasonography can be
helpful in identifying uncommon masses, such as
abscesses, hydatid cysts, and neoplasms (ACORDA
et al., 2009a).

The liver vasculature was represented by
anechogenic lumen structures and the portal vein
by hyperechogenic walls; the hepatic vein walls
were not detected. The caudal vena cava was
characterized by anechogenic lumen with thin and
echogenic walls. In general, the caudal vena cava
presents a triangular shape in cross sections, but
the cross section of portal vein is circular. Both
longitudinal and cross sectional segments of these
vessels could be identified. It was not possible to
detect the bile ducts in the liver parenchyma. Neither
the caudal vena cava nor hepatic vessels showed
any changes; their appearance was in agreement
with that described in earlier reports in Saanen
goats (BRAUN; STEININGER, 2011). The non-
detectability of the bile ducts on ultrasonograms
was expected in goats, according to Kandeel et
al. (2009). Thus, these structures were considered
normal in all studied animals.

The gallbladder was visualized in all T and NT
goats. It was visible in the 9™, 10™, or in both ICS
in the ventral area of the right flank. It appeared
as a fluid-filled vesicle with variable shape (from
round to pyriform shape), anechogenic lumen, and
echogenic walls. No significant differences were
observed in gallbladder dimensions between T
and NT animals. The gallbladder interior and its
wall were checked for the presence of pathologic
particularly  calculi,
and foreign mass in the anechogenic lumen
(ACORDA et al., 2006). Its area for examination
and appearance were similar to that in earlier
reports on goats and sheep (ACORDA et al., 2009b;

conditions, obstructions,
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BRAUN; STEININGER, 2011; KANDEEL et al.,
2009). A smaller gallbladder length was observed in
comparison with Saanen goats (4.5 cm) (BRAUN;
STEININGER, 2011), probably because of the
smaller size of Canindé female goats. Moreover,
gallbladder dimensions may vary with its degree of
fullness, which is dependent on the bile volume. In
the current study, no abnormalities in the gallbladder
lumen and wall were observed between T and NT
goats.

With respect to the spleen, it was easily
identified on the upper left abdominal wall
between the 10" and the 12" ICS. In T animals,
the spleen was extended to the region immediately
caudal to the 13™ rib. Splenic structures such as
vein, parenchyma, and capsule were identified. A
highly echogenic capsule appeared marking the
distal border of the spleen; this highlighted its
visualization. The splenic parenchyma consisted
of numerous weak echoes homogeneously
distributed throughout the visible extent of the
organ. The splenic vein was observed internally
in the parenchyma; it had an anechogenic lumen
with hypoechogenic walls and appeared tubular
in shape. The splenic hilum was not visible. In
addition, no significant differences were observed
in the spleen length between T (4.7 = 0.2 cm) and
NT (4.9 £ 0.2 cm) goats.

In T goats, the spleen was slightly extended
caudal to the last rib. This result does not suggest
splenomegaly and is consistent with that reported
in 14 out of 30 Saanen goats in another report
(BRAUN; STEININGER, 2010). This variability of
the splenic position could be attributed to breathing
movements during ultrasound examination. The
ultrasonographic splenic appearance was similar to
that described for Philippine native goats (ACORDA
et al., 2009a) and cattle (IMRAN et al., 2011).
Splenic hilum was not visible on ultrasonograms
because it was superimposed by the lung. In the
current trial, the spleen width did not differ between
T and NT female goats (~1.7 cm) and from that

obtained in previous studies in native goats (1.9 cm)
(ACORDA et al., 2009a).

Visualization of the right kidney was achieved
by placing the transducer in the dorsal region of
the right flank, and the area for obtaining the best
image was from the caudal region to the last rib,
near to the midline of the abdominal wall. The left
kidney was located in the paralumbar fossa of the
right flank and caudal to the right kidney. In general,
kidneys appeared to have a horseshoe shape. The
renal capsule was seen as a thin hyperechogenic
line surrounding the kidney, and both renal cortex
and renal pelvis also appeared hyperechogenic.
the
hypoechogenic, being located between the cortex

Conversely, renal medulla appeared
and pelvis. The medullary pyramids were identified

as hypoechogenic circular structures.

Acorda et al. (2005) reported that only the right
kidney was visualized by ultrasonography in goats.
Sisson and Grossman (1975) stated that when the
rumen is full, the left kidney usually lies entirely
to the right of the median plane. In normal Saanen
goats, Rossi et al. (2012) demonstrated that the left
kidney was viewed caudally to the right kidney in
the same horizontal plane. Likewise, in the current
trial, both kidneys were visualized in the right flank
of the animals. The echogenicity of renal structures
was consistent with that previously observed in
goats (ACORDA et al., 2005) and sheep (ACORDA
et al., 2009b).

The kidney length and width measured in the
present trial are in accordance with those described
for Philippine native goats (ACORDA et al.,
2005). Interestingly, a length of 7.1 to 8.9 cm and
a width of 3.3 to 4.7 cm were observed by Braun
et al. (1992) in sheep, possibly due to their larger
size and weight (41-89 kg for sheep vs. ~ 23 kg
for Canind¢ goats). According to El-Kammar et al.
(2012), hydronephrosis and kidney enlargement can
be diagnosed by ultrasonography. However, in our
study, no changes in the ultrasonographic image of
kidneys were observed in T or NT goats.
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The evaluation of the transgenic animal health
is an important aspect for defining the safety of the
application of transgenic technology to livestock
production and human medicine. However, specific
studies focusing on the health and welfare of
transgenic livestock are lacking in the literature.
Breeding and maintaining transgenic animals in
case of murine species is more convenient; in
contrast, the number of live animals when studying
livestock such as goats is small, and euthanasia of
these transgenic specimens for studying certain
organs or tissues is not feasible.

Conclusion

Ultrasonographic findings of the mammary
gland, liver, gallbladder, spleen, and kidneys
in transgenic goats did not show any difference
from those in non-transgenic goats. These results
suggest that the ultrasonographic findings of
mammary gland and abdominal organs in the
transgenic female goats were not affected by
the presence and expression of the transgene.
Moreover, the results shows that ultrasonography
is a useful screening tool for clinical examination
of transgenic goats, which allows the investigation
of possible disorders and avoids the unnecessary
use of invasive techniques.
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