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ABSTRACT

Equines are more affected by lipid metabolism disturbances (hyperlipidemia), and donkeys
are especially susceptible to hyperlipidemia. It is usually a primary disease process, and stress
and obesity appear to be important predisposing factors or secondary diseases due to any
disease that results in a negative energy balance. Treatment is critical as quickly as possible,
including fluid therapy (mainly Dextrose 5%) and insulin injections. The study was set up as a
prospective, observational and experimental trial including 10 donkeys. The experiment
period (10 days) consisted of two stages. In the fasting stage (4 days) and the post-fasting
stage (6 days), the treatment was administered for 3 days. On six occasions, the following
were determined according to the effect of hyperlipidemia and its therapy: body weight, body
condition score, ultrasound subcutaneous croup fat thickness (CFT), liver ultrasonography,
and blood metabolites. The ultrasound CFT was significantly decreased at the fasting stage
(P<0.05). Hepatic ultrasonography showed no changes. The portal vein (PV) diameter
decreased during the 4 days of fasting. The hepatic relative echogenicity (RE) significantly
increased during fasting (P<0.05). The lipid profile showed an increase in all parameters
during fasting. The plasma glucose decreased during the fasting period (P<0.05) and
increased in the post-fasting stage (P<0.05). The serum levels of FFAs and liver enzymes
increased significantly (P<0.05). In conclusion, quick intervention with therapy and
management in cases of hyperlipidemia helps easily correct any abnormalities that occur in
the animal body due to a negative energy balance state.
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conditions (Gordon et al., 2007; Mendoza
etal., 2015).

Hyperlipidemia refers to excess fatty acids
rather than a problem with their
elimination from the body (Watson et al,
1992). According to Hughes and Dart
(2004), hyperlipidemia is a pathophysio-
logical reaction to long-term negative
energy balance that causes abnormality in
lipid metabolism and elevated blood levels
of TG. Due to the combination of low-
quality rations, stress during transit, and
fasting, donkeys are more prone to
hyperlipidemia (Burden and Thiemann,
2015).

The body fat reserves of various farm
species can be measured using various
techniques. Morphometric measures of
total body fat are the primary basis for
subjective body condition assessments
(Pearson and Quassat, 2000). However,
according to Quaresma et al (2013),
ultrasonographic assessment of body fat
reserves is considered the gold standard
and a useful instrument. The metabolism
of mobilized lipidosis in donkeys with
negative energy balance is carried out by
the liver (Hughes and Dart, 2004), which is
regarded as the second largest organ in
horses (Dyce et al., 2010; Divers, 2015).
Hepatic lipidosis and TG build up, which
result from excessive fat mobilization that
exceeds the liver's capability (Mckenzie,
2011). In the diagnosis of hepatic
abnormalities in horses (Durham et al,
2003) and donkeys (Hussein et al., 2017),
liver ultrasonography has emerged as the
preferred technique due to its accessibility,
noninvasiveness, safety, and ease of use.

The best method for diagnosing
hyperlipidemia is to analyze the serum
hepatic profile and hormones that regulate
energy (Watson, 1994). In ponies (Dugdale
et al., 2010), donkeys (Gupta et al., 1999)
and horses (Christensen et al, 1997,
Connysson et al., 2010), feed deprivation
causes excessive lipolysis and increases
NEFA and TG concentrations. The
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previous prandial alterations in these
metabolites, however, were not mentioned
in any investigations. Furthermore, to the
best of the author’s knowledge, no studies
have examined how feed deprivation
affects donkey hepatic ultrasonography
and echogenicity, as well as ultrasound

assessments of subcutaneous fat and
gluteal muscle thickness.

Retaining the negative energy state,
restoring normal lipid content, and
managing hepatic lipidosis are all
important aspects of treating
hyperlipidemia (Durham, 2013; Diver,

2015). To inhibit FFA mobilization and
promote insulin  release, nutritional
support, including the consumption of
high-calorie foods, should be employed
(Durham and Thienmann, 2015). To
reduce catabolic conditions, heparin or
insulin is administered (Tarrant et al,
1998; Moore et al., 1994; Harold and
Mckenzie, 2011). Hypoglycemia can also
be treated with fluid therapy (IV Dextrose
5%) (Moore et al, 1994). The present
study hypothesized that hyperlipidemia
affects clinical, liver ultrasonography, and
biochemical parameters in donkeys.
Therefore, the study evaluated the therap-
eutic and management of experimentally
induced hyperlipidemia and its subsequent
effect on clinical, hepatic ultrasonography
and biochemical variations.

MATERIALS AND METHODS

1-Animals and study design

The Animal Care and Welfare Committee
of the Faculty of Veterinary Medicine,
Assiut University, Assiut, Egypt, ethically
approved this research (06/2024/0261). All
national guidelines for the care and use of
animals for experimentation were followed
during the research procedures, and all
animals were housed and cared for
according to the Egyptian Animal Welfare
Act (No. 53, 1966). This work was
performed in compliance with the
ARRIVE guidelines and regulations. All
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rules and instructions for animal care were
followed in this study.

The present study was conducted on 10
clinically healthy adult donkeys (Equus
asinus) of both sexes (3 males and 7
females). The age ranged from 2 years to 6
years. All donkeys were housed in
identical paddocks (6x20cm) with an open
outdoor shelter. Physical and
haematological examinations were
performed for each animal before the
beginning of the study. Before the start of
this work, all donkeys were examined for
parasitic infections, and no internal
parasitic eggs were detected. However, all
donkeys were treated orally with
piperazine citrate (as an anthelmintic drug,
Stavro International co, Egypt) with a dose
of 100mg/kg bw. The dose was repeated
after two weeks. All the donkeys were fed
green fodder, Berseem  (Trifolium
alexardrnium), and the concentrate
mixture (chopped wheat straw and maize
with mineral mixture).

The experimental period (10 days)
consisted of two stages: the fasting stage (4
days) and the post-fasting stage (6 days).

The animals had free access to water only
during fasting (Fig. 1). Throughout the
study, all donkeys were monitored closely
and gradually refed with a small amount
every 4 hours for 24 hours. They were then
offered ad libitum Berseem and
concentrates as pre-fasting feeding.

Therapeutic protocol and management
included two primary approaches, which
were nutritional and medical treatment.
Nutritional treatment focused on high-
quality, extremely appetizing Berseem and
concentrates (Morrone et al., 2024).
Moreover, the medical protocol included
insulin and fluid therapy. 0.1IU/KG of
insulin  was administrated parentally
throughout the post-fasting phase (at 4
days, 5 days, and 6 days) according to
Durham and Thiemann (2015) and
Mendoza et al. (2018). Additionally, fluid
therapy was employed, which included
intravenous 0.9% normal saline and 5%
dextrose, which are used in sufficiently
high dosages (Mogg and Palmer, 1995;
Divers, 2015).

Fasting stage Post-fasting stage
(free access to water, 4 days) (free access to water and feeds, 6 days)
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Figure 1: Schematic representation of the study design.
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2-Physical examination and assessment
of body condition

Physical examination, including rectal
temperature, heart and respiratory rates,
and capillary refilling time (CRT), was
also determined for each donkey during the
experimental period according to Costa
and Paradis (2018). The body condition
score (BCS) for all donkeys was
determined using a 1-5 scale according to
the chart reported by Burden (2012).
Furthermore, the body weight (BW) was
calculated as described previously by
Pearson and Quassat (2000; Mendoza et
al., 2018):

Body weight (kg) = (heart circumference
[cm]2.12) % (length [cm]0.688)/3801

The body weight measures included heart
girth and body length. The heart girth was
measured around the thorax, passing 3cm
caudally to the highest point of the withers,
and the body length was calculated as the
distance from the end of the shoulder to the
point of the buttock.

The subcutaneous croup fat (CFT)
represented the subcutaneous fat depth
overlying the gluteal region in donkeys and
gluteal muscle thickness (GMT) was
measured using ultrasonography with a
linear probe (6-10 MHZ, My Lab One
VET, Esoate, Italy). The probe was placed
on the flat area anterior to the tail-head
parallel to the midline (Quarsema et al.,
2013). Before examination, the hair was
clipped close to the skin, and alcohol was
used as a coupling medium; then the gel
was applied. After freezing the ultrasound
images, the distance from the skin to the
fascia covering the gluteal muscle was
defined as the CFT, while the distance
from the performed fascia to the
hyperechoic line from the pelvic bone was
defined as GMT.

3-Hepatic ultrasonography

Each donkey was prepared for liver
ultrasonography. First, hair covering the
right side of the abdomen was clipped and
shaved, then alcohol was applied, followed
by the application of coupling gel.
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Ultrasound examination was performed
using a real-time B-mode scanner with a
multifrequency micro convex probe (My
Lab One VET, Esoate, Italy) (Williams et
al., 2014; Hussein et al., 2017). The liver
was identified on the right side of the
abdomen (Williams et al., 2014). The left
lobes are located ventrally near the 7™ to
10" intercostal spaces, and the right lobes
are positioned more dorsally and opposite
the 9" to 16" intercostal spaces (Divers,
2015). Ultrasound images were performed
by placing the probe in each intercostal
space dorsally and then moving it ventrally
parallel to the ribs. The hepatic
dimensions, including size, depth, and
thickness, were measured. The hepatic size
was calculated as the distance between the
dorsal and ventral margins of the liver. The
location and diameter of the caudal vena
cava and portal vein were also measured.
Moreover, all hepatic ultrasound images
were stored to assess liver echogenicity
throughout the study. Stored images were
converted from 8-bit RGB images to 8-bit
grayscale images, subsequently, the photos
were  digitilized, and the mean
echogenicity (ME) of the region of interest
(ROI) (defined as the mean pixel
brightness or mean grey level of the liver)
was calculated using image processing
software (ImageJ, National Institutes of
Health, Bethesda, Maryland, USA) with a
scale of 255 grey levels (0 = black; 255 =
white). The grey distribution appears as a
histogram, and the software system
automatically calculates the mean value
(echogenicity). Values of probe frequency,
gain, depth, and place at the same
intercostal space on the animal were kept
the same throughout the study for accurate
measurements of liver echogenicity.

4-Blood sampling and laboratory
analysis

Two blood samples were collected by
jugular venipuncture from each donkey.
The first sample was collected in tubes
with sodium fluoride as an anticoagulant
for glucose determination (Mendoza ef al.,
2018) and the second sample without an



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 186 July 2025, 291-305

anticoagulant. Blood samples were
collected before morning feeding. Further
blood samples were taken at 2,4,5,7, and
10 days of the study. All collected blood
samples were chilled on ice, centrifuged at
1500 RPM for 10 min., aliquoted and
stored at -20 °C until measurements. The
serum samples were assayed for the levels
of TG, total cholesterol, high-density
lipoprotein (HDL), low-density
lipoproteins (LDL), activities of gamma-
glutamyl transferase (GGT), alkaline
phosphatase (ALP), and total bilirubin,
urea, and creatinine. Detection of insulin
concentration has been measured by using
a commercial radioimmunoassay
previously validated for donkeys (Gorden
and McKeever, 2005; Mendoza et al.,
2015). ELISA kit supplied by Sun Long
(Sun Long BiotechCo, Ltd, China). The
other biochemical indices were analyzed
using commercial test kits according to the
instructions  of the  manufacturers
(Spectrum Diagnostics, Egypt), and a UV
spectrophotometer (Optizen 3220 UV,
Mecasys Co, Ltd, Korea) was used for this
purpose.

5-Statistical analysis

The data are presented as the means +
standard errors of the mean (SE). For
statistical evaluation, the data were
analyzed using IBM SPSS Statistics
(Version 25, Munich, Germany). First, the
normality of all the variables was tested
using the Kolmogorov-Smirnov test. All
tested variables were normally distributed.
Moreover, a repeated measures analysis of

variance was calculated, where the
donkeys’ numbers were the subjects and
the time relative to sampling was set as a
repeated variable. The variations within the
same group at different time points were
assessed using the least significant
difference (LSD)

RESULTS

1-Effect of fasting-induced
hyperlipidemia on physical parameters
and body condition

All  feed-restricted donkeys showed
dullness and depression during the fasting
period. Table 1 illustrates the effect of
fasting-induced hyperlipidemia on
temperature, heart and respiratory rates,
and CFT. All vital and clinical parameters
were still within normal ranges, and there
were no significant variations among time
points. CRT revealed an increase during
the fasting period in all donkeys compared
with the zero-day before fasting (P<0.05).
Table (2) summarizes the different
methods for evaluating the body condition
and body weight in the experiment. The
fasting period showed no significant
variations in BW, BCS, and ultrasound-
related GMT (P>0.005). However, there
was a significant change in the croup fat
thickness measurements during the fasting
stage in comparison with the first day of
the study (P<0.05). The ultrasound CFT
decreased gradually after fasting till the
end of the study (Fig. 2).

Table 1: The effect of fasting on the physical parameters of donkeys (Equus asinus)

Parameters

Days relative to fasting’

F-values

Fasting stage

Post-fasting stage

0 2

5 7 10

Temperature (° C)

37.1£0.1 37.5+0.3 37.0+0.3

37.2+0.2 37.1+0.3 37.240.1 0.366

Heart rate (beats/min)

46.0+0.2 43.0+0.2 40.0+0.1

41.0£0 .2 42.0+0.3 44.0+0.3 0.086

Respiratory rate 14£0.2 13£0.2 12+0.4 13204 14403 14+0.1 0.299
(cycles/min)
CRT (sec) 1.5+0.3° 2.3+0.1* 2.2+0.2*  1.9+0.4°> 1.840.2>  1.6+0.3° 0.004

Abbreviations: CRT, Capillary refill time. TValues are mean =+ standard error of the mean.

F-values of times relative to fasting.

*means different superscript letters in the same row of the same group, differ significantly (p<0.05).
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Table 2: The effect of fasting on the body condition of donkeys (Equus asinus)

Parameters Days relative to fasting’ F-values
Fasting stage Post-fasting stage
0 2 4 5 7 10
BW (Kg) 206+2.3 197+2.1 192425  189+2.6 193+1.5 192+1.2 0.810
BCS (unit) 2.9+0.4 2.8+0.2 2.7£0.1  2.6£0.4 2.6+0.3 2.6+0.2 0.386
Ultrasound CFT (mm) 9.9+0.5*°  9.2+0.4* 7.7£0.5" 7.4+0.3" 7.9£0.4° 8.2+0.5" 0.005
Ultrasound GMT (cm) 4.2+0.2 4.0+£0.4 3.8+0.1 3.7¢04 3.7£0.3 3.6+0.2 0.910

Abbreviations: BW, body weight; BCS, body condition score; CFT, croup fat thickness;
GMT, gluteal muscle thickness. T Values are mean + standard error of the mean.
* F-values times relative to fasting. “Means in the same row differ significantly (p<0.05).

Figure 2: Ultrasound images of a donkey show the impact of fasting on the measurements of croup fat
(CFT) and gluteal muscle thicknesses (GMT) throughout the study. Image (A), just before fasting,
reveals 11.23mm of CFT and 4.60cm of GMT. Image (B), after 2 days of fasting, shows 10.89mm of
CFT and 4.57cm of GMT. Image (C), after 4 days of fasting, represents 8.02mm of CFT and 4.58cm
of GMT. Image (D), after 5 days of study, indicates 8.08mm of CFT and 4.59cm of GMT. Image
(E), after 7 days of the study, reveals 8.12mm of CFT and 4.56cm of GMT. Image (F), after 10 days
of study, shows 8.10mm of CFT and 4.58 mm of GMT.

2-Effect of fasting-induced
hyperlipidemia on hepatic

ultrasonography
Table (3) shows different ultrasound
measurements of the donkey liver

throughout the study. Ultrasound imaging
of the liver showed no significant
variations in size, thickness, and depth
among different time points. However, the
mean values of portal vein diameter
decreased gradually during the fasting
period and then increased at the end of the
study (P<0.05). By contrast, CVC showed
a decrease in diameter through the fasting
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stage, but there were no significant
variations among the different time points
of the study (P>0.05). The ultrasound
determination of liver echogenicity
revealed a substantial increase in the 2,4,5
days (P<0.001) shown in Fig. (3). It
peaked at 4 days in all fasted donkeys.
Furthermore, hepatic  ultrasonography
revealed that the liver parenchyma was
brighter in colour during the fasting time,
indicating increased liver echogenicity
(Fig.4), however, this brightness was slight
but significant.
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Table 3: Effect of fasting on the hepatic ultrasound measurements of donkeys (Equus asinus)

Parameters Days relative to fasting+ F-values
Fasting stage Post-fasting stage
0 2 4 5 7 10
Size (cm) 12+0.6 12.2+0.4 12.1+£0.8 12.4+0.512.0£0.6  11.9£0.5 0.941
Depth (cm) 2.240.3 2.1+0.5 2.24+0.4 2.3£0.6 2.2+0.1 2.1+ 0.1 0.281
Thickness (cm)  6.9+0.3 6.840.6 6.8+0.5 6.7+0.8 6.8+0.4 6.9+0.3 0.414
PVD (cm) 1.84£0.32 1.6+0.4° 1.5+0.2b 1.6+0.3° 1.7+0.5° 1.840.42 0.022
CVC (cm) 2.7£0.6 2.5+0.3 2.44+0.3 2.5+£0.3 2.6+0.5 2.7+0.4 0.140

Abbreviations: PVD, portal vein diameter; CVC, caudal vena cava diameter.
 Values are mean =+ standard error of the mean. * F-values of times relative to fasting.
% Means in the same row differ significantly (p<0.05).

Fastin Post-fastin
110 g g

100+

®
(=]
1

Liver echogenicity
©
=)
1

70

Time intervals (days)

Figure 3: Diagram illustrates the significant variations of liver echogenicity during the study periods.
Data represent mean + SE.

Figure 4: Ultrasound images of the liver, at the mid-way of the 14" intercostal space of the right side,
of a donkey show variation in hepatic echogenicity during the study. Image (A), just before
fasting, reveals 72 of echogenicity. Image (B), after 2 days of fasting, shows 80 of
echogenicity. Image (C), after 4 days of fasting, represents 90 of echogenicity. Image (D),
after 5 days of studying, indicates 88 of echogenicity. Image (E), after 7 days of study,
reveals 80 of echogenicity. Image (F), after 10 days of the study, shows 77 of echogenicity.
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3-Effect of fasting-induced
hyperlipidemia on blood metabolites
Figure (5) illustrates the variations in the
lipid profile of donkeys during the study,
where the serum levels of TG, TC, VLDL,
HDL, and LDL significantly varied among
time points. After 4 days of fasting, the
serum metabolites peaked and gradually
decreased after the fasting period. The
duration of fasting had significant effects

on the mean TG (P<0.001), total
cholesterol (P<0.001), VLDL (P<0.001),
HDL (P<0.05), and LDL (P<0.001) levels.
It was noted that it was quickly decreasing
in all metabolites, especially TG, during
the therapy period, which reflects the
action of the insulin hormone as an
anticatabolic hormone for decreasing body
lipolysis.
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Figure °: Concentrations of triglycerides (TG, A), total cholesterol (B), high-density lipoproteins
(HDL, C), and low-density lipoproteins (LDL, D) in donkeys of the fasting group during the

study period. Data represent mean + SE.

Table (4) summarizes the fasting effects on

energy-related  metabolites, including
glucose, insulin and FFAs (P<0.05,
P<0.05, P<0.001, respectively). The

glucose level had been recorded at a lower
level at 4 days of fasting than at zero days
(before fasting), then it was noted that
there was a high increase in glucose levels
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at 5, 7 days after fasting, reaching
approximately the pre-fasting level. By
contrast, FFA serum levels were greater
during the fasting time compared with
before fasting; however, there were no
significant variations in serum insulin
levels among different time points.
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Hepatic  enzymes, including GGT
(P<0.001) and ALP (P<0.05), showed

the urea levels (P<0.001), then decreased
gradually after fasting. By contrast, serum

significant differences during the fasting total bilirubin and creatinine
period. They peaked at 4 days of fasting, concentrations showed no significant
then rapidly decreased during the post- differences during the fasting stage
fasting period. Furthermore, the fasted compared with zero days.
donkeys showed a significant increase in
Table 4: The effect of fasting on the blood metabolites in donkeys (Equus asinus)
Metabolites Days relative to fasting’ F-values
Fasting stage Post-fasting stage
0 2 4 5 7 10
Glucose (mg/dl) 96+3.1° 78+£4.3% | 484+2.9°¢ 92+4.7% 94+4.5° 95+3.8* | 0.001
Insulin (mU/L) 3.4+0.4 N/A 4.2+0.2 N/A N/A 4.1+0.2 0.920
FFA (mmol/l) 0.43+0.07° N/A 1.2+0.052 N/A N/A 0.61£0.07 ¢| 0.000
GGT (IU/1) 6443.1° 110+£2.8" | 130+6.1* || 108+6.1* | 100+5.6° 90+6.4¢ 0.000
IALP (IU/L) 116+4.5¢ | 180+£5.7% [250 £5.6% || 200+£5.6° [ 115+£5.4¢| 114+4.5¢ | 0.010
Total bilirubin(mg/dl)| 0.97+0.1 | 0.96+£0.09 [0.98+0.05|| 0.96+0.2 | 0.97+0.1 | 0.95+0.1 | 0.031
Urea (mmol/1) 6.6+0.6" | 7.9+0.7° | 9.1+0.5* || 7.8£0.4"> | 6.9+0.5* | 6.7+0.3> | 0.001
Creatinine (mg/dl) 0.97+0.1 | 0.98+0.2 | 0.99+0.2 || 0.99+0.1 | 0.97+0.1 | 0.90+0.2 | 0.082

Abbreviations: FFA, free fatty acids; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase
T Values are mean + standard error of the mean. * F-values of times relative to fasting.

acMeans in the same row differ significantly (p<0.05).

N/A means not applicable.

DISCUSSION

Feed restriction, either accidentally or
relative to a negative energy balance state,
is commonly noted in equine (Durham et
al., 2013; Divers, 2015). This condition
leads to hyperlipidemia, which is
characterized by disturbances of lipid
metabolism and abnormalities in hepatic
and renal functions (Hughes and Dart,
2004). To our knowledge, no studies have
reported the effect of fasting on
ultrasonographic imaging of CFT, GMT
and the liver in donkeys suffering from
hyperlipidemia, and the effect of treatment
on biochemical parameters was also not
previously reported. Therefore, this study
was designed to investigate the impact of
therapeutic protocol and management on
body condition, liver ultrasonography
results, and blood metabolites in fasting-
induced hyperlipidemia in donkeys.
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In the present study, the most common
signs observed were depression, dullness,
and weakness during the fasting stage.
Similar findings were reported in ponies
(Baetz and Pearson, 1972; Brinkmann et
al., 2013), in donkeys and mules (Gupta et
al., 1999), and in horses (Toth et al.,
2018). Clinical ~ parameters  were
unremarkable, and there were no
significant variations between different
time points. However, CRT increased
during the fasting period in all donkeys,
which may be due to decreased water
intake (Horton et al, 1996). It was
reported that feed restriction may lead to
low water consumption in ponies and
horses (Tasker, 1967; Naylor, 1977,
Freeman et al., 2021). In the present study,
the therapeutic protocol, including fluid
therapy, enhanced and improved CRT to
return to the pre-fasting level rapidly.
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In the present research, the evaluation of
body fat reserves with body weight and
body condition score system exhibited no
significant changes throughout the study.
These results could be attributed to both
BCS and BW methods that are considered
subjective tools for the estimation of
animal body fat reserves (Ferguson 1996;
Mottet et al., 2009). Dugdale et al. (2010)
suggested that BCS and BW are not good
indicators for the estimation of weight loss
in horses.

In the current study, the mean values of
croup fat thickness (CFT) were
significantly decreased during the fasting
stage and improved post-therapy. The drop
in the CFT during fasting could be
attributed to fat mobilization as a result of
negative energy balance. The little
improvement in the croup fat thickness
after therapy may indicate the cessation of
fat mobilization following the therapeutic
protocol, including IV dextrose. Dugdale
et al  (2010) reported decreased
subcutaneous fat depth on ultrasound
measurements in pony mares suffering
from feed restriction. By contrast, in this
study, there were no changes observed in
the ultrasound measurements of GMT in
all fasted donkeys, which indicated the
absence of muscular protein breakdown or
disturbance in  protein  metabolism.
Conversely, Dugdale et al. (2010) reported
that negative energy balance is associated
with muscle loss due to the intense
breakdown and catabolism of proteins.

Ultrasonography is a good noninvasive
tool for the assessment of the equine liver
and the detection of any abnormalities
(Rantanen, 1986; Durham ef al, 2003).
Ultrasound  imaging of the liver
measurements (size, thickness, and depth)
showed no significant variations among
time intervals in the present study,
indicating no hepatomegaly despite
fasting. In the current study, portal vein
diameter decreased during fasting, which
may be attributed to decreased portal blood

300

flow during this stage. Moreover, the liver
echogenicity increased during fasting in all
donkeys compared to the first day of the
study. Increasing liver echogenicity may
be due to hepatic fatty infiltration as a
result of negative energy balance. Durham
et al. (2003) reported increased ultrasound
hepatic echogenicity in some cases of
hepatic lipidosis in donkeys.

In the present study, the serum
concentrations of glucose decreased
significantly during the fasting stage,

because of negative energy balance. This
condition could be attributed to the
depletion of carbohydrate reserves and the
induction of hyperlipidemia (Naylor et al.,
1980; Hughes and Dart, 2004). All
donkeys showed high glucose Ilevels
during the post-fasting stage, which could
be explained by the use of dextrose in the
therapeutic ~ protocol. By  contrast,
Blackmore and Brobst (1981) reported
hyperglycemia in hyperlipidemic donkeys.
Increased FFA levels during the fasting
stage can be explained by excessive lipid
mobilization because of negative energy
balance. Feed deprivation increases NEFA
levels in horses (Depew ef al., 1994; Nadal
et al., 1997; Connysson et al., 2010), and
in ponies (Dugdale ef al., 2001). However,
insulin levels showed no changes during
the fasting stage in all donkeys. Insulin
inhibits hormone-sensitive lipase, so it is

considered an anticatabolic hormone
(Glade and Reimers, 1985). Gluco-
corticoids released through negative

energy balance states lead to the reduction
of insulin secretion as a stress response of
the body (Toth et al, 2018). However,
Bertin et al. (2016) reported no significant
changes in insulin during fasting in horses.
The same results were recorded in feed-
restricted mares by Sticker et al. (1995).

In the current study, lipid profiles
including TG, TC, HDL, LDL, and VLDL
increased significantly during the fasting
stage, which could be explained by the
mobilization of peripheral fat stores during
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the catabolic state due to negative energy
balance (Naylor et al., 1980; DeFilippo et
al., 2021). Hypercholesterolemia was
noted in fasted donkeys and mules (Gupta
et al., 1999), and in horses (Sticker, 1995;
Seifi et al., 2002). Gupta et al. (1999)
reported increasing concentrations of LDL
during fasting in fasted donkeys and
mules.

In the present study, increased activities of
GGT and ALP during the fasting stage
suggest impaired liver functions, as a result
of subclinical hepatic lipidosis. Similar
observations were reported in donkeys and
mules (Gupta et al., 1999). Moreover, in
the current research. Increased blood urea
concentrations during fasting may be due
to either the mild dehydration state of the
animal (Freeman et al, 2021) or
impairment of renal function due to fatty
infiltration in the kidneys. During negative
energy balance, subsequent
lipomobilization and fat accumulate in the
liver and kidneys (Harold and Mckenzie,
2011). However, in the present work, it
was suggested that increased urea
concentrations may be due to mild
dehydration as confirmed clinically by
increased CRT. Connysson et al. (2001)
observed increasing urea levels in feed-
deprived horses. In the current study, there
were no significant variations in total
bilirubin and creatinine levels during the
fasting stage, indicating the fasting has no
drastic effect on total bilirubin and
creatinine. Similar findings were reported
elsewhere by Difilippo et al. (2021) and
Toth et al. (2018).

The therapeutic and nutritional plan
includes insulin injections and dextrose 5%
with sufficient feeding. Dextrose is fuel for
the body because of hypoglycemia and
fluid therapy to improve animal
dehydration (Mogg and Palmer, 1995).
The gradual re-feeding procedures of
fasted donkeys aimed to re-establish the
voluntary feed intake in sufficient amounts
to progressively cover energy needs
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(Bookbinder and Schott, 2021). In the
present study, Insulin was injected to
minimize lipomobilization. Tarrant et al.
(1998) concluded that insulin injection is
essential for decreasing the catabolism of
the stored fat and activating lipogenesis.
Moreover, Durham and Thiemann (2015)
mentioned that insulin promotes VLDL
uptake into adipocytes and decreases
hepatic lipidosis. In addition, Insulin also
favours  glucose uptake from the
bloodstream into the cells (Morrone et al.,
2024).

CONCLUSION

In donkeys, fasting results in a reduction of
CFT and ultrasound hepatic echogenicity.
Both of them are considered valuable
indicators  for  the  diagnosis  of
hyperlipidemia. Based on these findings,
the therapeutic protocol and management
procedures applied in the present study
may provide an effective treatment plan for
hyperlipidemia in donkeys.
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