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Alterations in the lipid profile and oxidative stress associated with 
anorexia in donkeys with large intestinal impaction

Introduction

Donkeys (Equus asinus) play a vital role in the livelihoods of rural 
and agricultural communities, particularly in developing countries. They 
are widely used for transportation, cart-pulling, and agricultural labor, 
making them indispensable working animals. Despite their significant so-
cioeconomic value (Rodrigues et al., 2021), donkey health remains largely 
neglected, This has contributed to a lack of research into common dis-
eases affecting donkeys, especially gastrointestinal disorders such as im-
paction of the large intestine.

Impaction of the large intestine has been identified as a leading 
cause of morbidity and mortality in donkeys, accounting for up to 54.8% 
of colic cases in some populations. It is often associated with secondary 
complications such as anorexia and metabolic disturbances like hyper-
lipemia, which can be life-threatening if not managed promptly (Cox et 
al., 2007; Hamed et al., 2017). Therefore, greater attention to the clinical 
and metabolic consequences of anorexia associated with impaction of 
the large intestine is essential for improving donkey welfare and health 
outcomes.

Hyperlipemia is a dyslipidemia defined as abnormally high blood 
triglyceride concentrations (hypertriglyceridemia). It is one of the most 
common diseases in donkeys. Although epidemiologic data are lacking 
in this species, it is estimated to have a high incidence (10%) (Burden 
et al., 2011). It is caused by a negative energy balance from a primary 
clinical disorder (e.g., colic, pleuropneumonia, laminitis, parasitism, etc.), 
stressful situations (e.g., transport, husbandry changes, hospitalization, 
etc.) or physiological needs (e.g., pregnancy and lactation) (Mendoza et 
al., 2019).

No primary causes of dyslipidemia (as seen e.g., in cats) have been 
reported in donkeys. Liver disease (19.4%) followed by colic (13.8%) were 
the most common primary conditions in a study of 449 dyslipemic don-
keys (Burden et al., 2011).

Regarding the pathogenesis of hyperlipemia is that When donkeys 
experience anorexia whether due to illness, pain, stress, or medical treat-
ment their energy intake drops below the baseline requirements of es-
sential physiological functions. As a result, they enter a state known as 
negative energy balance (NEB) (Hassan et al., 2022). 

Hormone-sensitive lipase starts body fat mobilization, free fatty acids 
(FFAs) are released to the bloodstream, and the liver begins to re-esterify 
FFA into triglycerides (Mendoza et al., 2018), The donkey liver is very effi-
cient at transforming FFA into triglycerides. When this metabolic pathway 
is overwhelmed, triglycerides are released into the bloodstream as very 
low-density lipoproteins (VLDL) (Mendoza et al., 2024a). Unlike ruminants 
and cats, the liver of equids does not produce ketone bodies. If lipolysis 
persists, plasma triglycerides levels increase (hyperlipemia), resulting in 
macroscopic lipemia (from turbid to creamy plasma) and ultimately fatty 
infiltration of multiple organs (most commonly the liver, but also kidneys, 
intestine, pancreas, heart, and skeletal muscle). Severe liver infiltration, 
in addition to causing dysfunction may lead to hepatic rupture (Barton, 
2010). Cortisol, which increases in stressed animals, may contribute to the 
development of hyperlipemia by activating hormone-sensitive lipase, fat 
mobilization (Frank et al., 2003), impairing triglyceride clearance by lipo-
protein lipase (Watson, 1998), and reducing insulin sensitivity, emphasiz-
ing the relevance of stress as a risk factor for this condition in donkeys 
(Forhead et al., 1995).

Lipoprotein lipase is an extracellular enzyme on the endothelial sur-
face (predominantly present in adipose tissue and heart and skeletal 
muscle) that is important for triglyceride removal from the circulation 
and subsequent translocation into cells (Mendoza et al., 2024a). Trans-
port can be also stressful for donkeys, and some animals may develop 
hyperlipemia after transportation (Fazio et al., 2013). Hormone-sensitive 
lipase can also be activated by catecholamines, some interleukins, glu-
cocorticoids, adrenocorticotropic hormone (ACTH), and glucagon and is 
inhibited by insulin (Tarrant et al., 1998).
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This metabolic cascade is further exacerbated by hormonal respons-
es: decreased insulin due to low circulating glucose from anorexia in-
creases lipase activity, while elevated cortisol and catecholamines pro-
mote lipolysis. The imbalance between fat mobilization and peripheral 
tissue uptake results in a dangerous accumulation of lipids in the blood-
stream and key organs (Morrone et al., 2024). Therefore, this study aimed 
to investigate the impact of anorexia associated with impaction of the 
large intestine in donkeys over different time intervals specifically after 1, 
3, 5, and 6 or more days on various physiological and biochemical chang-
es, including alterations in the lipid profile and other related parameters.

Materials and methods

Animals

A total of 23 donkeys (Equus asinus) were included in this investiga-
tion. The age of the examined donkeys was 7-13 years old and the weight 
was ranged from 200-290 kg. All donkeys under investigations were 
female non pregnant. This study was carried out at Veterinary teaching 
hospital, Mansoura University, during the period from September 2020 
to August 2024. 

Clinical examination and selection of cases

Donkeys were clinically examined at the admission according to stan-
dard methods (Constable et al., 20016). The selection of the clinical cases 
based on sharing the same clinical signs. All cases were diagnosed to 
have large intestinal impaction, constipation and anorexia. The duration 
of anorexia varied from case to another, consequently the classification 
of animal groups was based on the duration of anorexia associated with 
impaction of the large intestine.

Samples

Blood samples were collected from each donkey by jugular vein via 
needle (1.2 mm × 38 mm) to normal tubes then transferred to biochemi-
cal lab in ice box and then centrifuged at 3000g for 25 min. Serum sam-
ples were retained in Eppendorf tubes in a refrigerator at − 20°C until 
analysis time (Kısadere et al., 2019) for estimation of BUN, creatinine, uric 
acid, triglycerides, lipid peroxides, GGT, total bilirubin, AST, catalase, LDL, 
HDL, Vit. C, nitric oxide, total protein, and albumin. 

Biochemical analysis

All the serum biochemical parameters were estimated following stan-
dard methods of enclosed pamphlet using commercial kits (Spinreact, 
Girona, Spain). Serum uric acid was determined according to the method 
of Fossati et al. (1980) and Olisekodiaka et al. (2017).

Serum lipid profile including serum levels of total cholesterol was 
determined according described method (El-Kashef, 2022; Stein, 1986), as 
well as triglycerides (Elgazar et al., 2022; Wahlefeld, 1974) and high-densi-
ty lipoprotein (Burstein et al., 1970; Younas, 2025). Meanwhile, low densi-
ty lipoproteins (LDL) could be calculated according to specific technique 
(Friedewald et al., 1972; Ribeiro et al., 2023).

Lipid peroxidation was determined by measuring the formed MDA 
(an end product of fatty acid peroxidation)  by using thiobarbituric acid 
reactive substances (TBARS) method (Buege and Aust, 1978).  This assay 
is based on the formation of red adduct in acidic medium between thio-
barbituric acid and MDA, the product of lipid peroxidation was measured 
at 532 nm. MDA concentration was calculated using extinction coefficient 
value(ε) of MDA-thiobarbituric acid complex (1.56×105 /M/cm) (Aguilar 
Diaz De Leon and Borges, 2020). Serum blood urea nitrogen (BUN), cre-
atinine, total bilirubin in addition to serum activities of aspartate amino-
transferase (AST) and gamma glutamyl transferase (GGT) were measured 

using commercial kits supplied by Spinreact (Spinreact, GIRONA, Spain), 
using UV spectrophotometer (Optizen 3220 UV, Mecasys Co. Ltd., Korea) 
(Abd Ellah et al., 2013).

Catalase enzyme was determined by monitoring the decomposition 
of hydrogen peroxide (Aebi, 1984; Abedi et al., 2010). Nitrite concentra-
tion (an indirect measurement of NO synthesis) was assayed  using Griess 
reagent (sulfanilamide and N-1-naphthylethylenediamine dihydrochlo-
ride) in acidic medium (Bharwani et al., 2025; Moshage et al., 1995). Vita-
min C was estimated using Folin-Ciocalteu reagent. The color developed 
was read at 760 nm (Jagota and Dani, 1982).

Serum proteins including Spectrophotometric measurements of se-
rum total proteins and albumin were done using commercial kits supplied 
by Spinreact (Spinreact, GIRONA, Spain) and using UV spectrophotome-
ter (Optizen 3220 UV, Mecasys Co. Ltd., Korea) (Abd Ellah et al., 2013).

Statistical analysis 

Data analyses were carried out using statistical software program 
(SPSS for windows Version 15.01, USA). Normal distribution check of the 
data was applied using Shapiro-Wilk Test. As the data were found nor-
mally distributed, the results were presented as means±SD. Analysis of 
variance (ANOVA) with post hoc Duncan multiple comparison test was 
used to determine significant differences between values. Differences 
were considered significant when P < 0.05. 

Results

Clinical findings in donkeys with large intestinal impaction and as-
sociated anorexia varied moderately. Few cases with prolonged anorexia 
showed collapse and nervous manifestations (Table 1). 

The results show a progressive increase in serum triglyceride con-
centrations in donkeys subjected to anorexia associated with impac-
tion of the large intestine. On day 1, the mean triglyceride level was 
196.0±23.0 mg/dL, which increased slightly by day 3 to 201.0±43.0 mg/
dL. A more noticeable rise was observed by day 5 (220.0±33.0 mg/dL), 
and the highest levels were recorded after 6 days or more of anorexia, 
reaching 224.6±36.0 mg/dL (Figures 1).

Lipid peroxides levels, a key marker of oxidative stress, showed 
a progressive increase in response to prolonged anorexia in donkeys 
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Clinical signs Frequency %

Dullness 23 100

Intestinal sound

Absent 21 91.3

Present (weak) 2 8.69

Defecation

Constipation 22 95.65

Normal fecal balls 1 4.35

Outcome.

Collapse 3 13.04

Seizures 1 4.35

Guarded 19 82.6

Respiratory rate (cycle/min)

Increased (23.0±7.0) 18 78.26

Normal (14.0±4.0) 5 21.73

Mucous membrane 

Pale 17 73.91

Brick red 6 26.08

Table 1. The characteristic signs that are associated with large intestinal impac-
tion and its outcome in donkeys.



with impaction of the large intestine. On day 1, the mean level was 
5.24±2.10 nmol/mL, which rose to 6.22±1.70 nmol/mL by day 3. This 
increase continued on day 5 (7.89±2.20 nmol/mL), reaching a peak of 
8.64±3.60 nmol/mL after 6 days or more of feed deprivation (Figure 2).

Low-density lipoprotein (LDL) levels increased progressively with the 
duration of anorexia in donkeys affected by impaction of the large intes-
tine. On day 1, the mean LDL concentration was 300.0±49.0 mg/dL, which 
rose slightly by day 3 to 308.0±32.0 mg/dL. A more noticeable increase 
was observed on day 5 (336.0±51.0 mg/dL), with levels peaking after 6 or 
more days at 353.0±29.0 mg/dL (Figure 3).

High-density lipoprotein (HDL) concentrations showed a marked 
progressive decline with increasing duration of anorexia in donkeys suf-
fering from impaction of the large intestine. On day 1, HDL levels were 
34.1±9.2 mg/dL, which significantly dropped to 22.7±3.7 mg/dL by day 
3. The decline continued on day 5 (20.6±4.5 mg/dL), reaching the lowest 
recorded level after 6 or more days at 13.8±8.1 mg/dL (Figure 3).

Regarding BUN, as shown in Figure 4; at 1–3 days of anorexia, BUN 
values are relatively low (~20–22 mg/dl) and not significantly different. 
After 5 days, BUN increases significantly (~40 mg/dl). As well as at ≥ 
6 days, BUN rises further (~55–60 mg/dl), significantly higher than all 
previous groups.

Concerning creatinine, at 1–3 days, it remains relatively low (~0.9–1.0 
mg/dl), with no significant difference. At 5 days, creatinine increases sig-
nificantly (~1.8–2.0 mg/dl). But at ≥ 6 days, creatinine rises further (~2.5–
3.0 mg/dl), still significantly higher than early group (Figure 4). 

Serum uric acid levels increased progressively in donkeys undergoing 
prolonged periods of anorexia due to impaction of the large intestine. On 
day 1, the mean concentration was 6.88±2.0 mg/dL, rising modestly by 
day 3 to 7.44±2.30 mg/dL. A more pronounced elevation was observed 
by day 5 (10.8±2.7 mg/dL), with levels peaking after 6 or more days of 
anorexia at 14.1±2.8 mg/dL (Figure 4).

Serum total bilirubin concentrations showed also a marked elevation 
with prolonged periods of anorexia. On day 1, the mean total bilirubin 
level was within the normal range (0.41±0.12 mg/dL), and it rose slightly 
by day 3 to 0.49±0.21 mg/dL. However, by day 5, there was a dramatic 
increase to 50.2±0.6 mg/dL, followed by a further rise to 56.0±0.2 mg/dL 
after 6 or more days (Figure 5).

Serum AST activity showed a progressive and significant increase 
with the duration of anorexia in donkeys affected with impaction of the 
large intestine. On day 1 of anorexia, AST values were relatively low (~20 
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Figure 1. Changes in serum triglyceride concentrations in donkeys with impaction of the 
large intestine at different durations of anorexia.

Figure 2. Changes in serum lipid peroxides concentrations in donkeys with impaction of the 
large intestine at different durations of anorexia.

Figure 3. Changes in serum HDL and LDL concentrations in donkeys with impaction of the 
large intestine at different durations of anorexia.

Figure 4. Changes in serum BUN, creatinine and uric acid concentrations in donkeys with 
impaction of the large intestine at different durations of anorexia.



IU/L). By day 3, levels increased significantly (~30 IU/L). A further marked 
elevation was observed on day 5 (~50 IU/L). The highest values were re-
corded after more than 6 days of anorexia (~80 IU/L), which were signifi-
cantly higher than all previous groups (Figure 5). Concerning GGT; There 
is a clear progressive increase in GGT levels as the duration of anorexia 
increases. At 1st day approximately 20 IU/L. At 3rd day approximately 35 
IU/L and after 5 days approximately 55 IU/L. in addition to more than 6 
days approximately 80 IU/L. This reflects that as the duration of anorexia 
increases, there is a significant and steady rise in GGT enzyme levels in the 
blood, with each step showing a statistically meaningful difference from 
the previous duration group.

Catalase activity demonstrated a progressive decline in donkeys suf-
fering from anorexia associated with impaction of the large intestine, with 
lower values observed as the duration of feed deprivation increased. On 
day 1 (n = 4), the mean catalase level was 0.088±0.03 U/mL This value de-
creased by day 3 (n = 7) to 0.070±0.02 U/mL, followed by a sharper drop 
on day 5 (n = 5) to 0.038±0.01 U/mL, and reached its lowest level after 6 
or more days (n = 7) at 0.021±0.01 U/mL (Figure 6).

Vitamin C levels declined significantly with increasing duration of an-
orexia in donkeys affected by impaction of the large intestine. On day 1, 

the mean concentration was 6.6±2.4 mg/dL, dropping sharply by day 3 
to 3.1±1.6 mg/dL. The decline continued on day 5 (1.8±0.9 mg/dL) and 
reached its lowest value after 6 or more days at 1.3±0.9 mg/dL (Figure 7).

Nitric oxide (NO) concentrations increased steadily with prolonged 
anorexia in donkeys suffering from impaction of the large intestine. On 
day 1, the mean NO level was 10.6±2.9 μmol/L, rising to 14.8±4.4 μmol/L 
by day 3. A continued increase was observed on day 5 (15.1±3.6 μmol/L) 
and peaked after 6 or more days at 16.2±7.1 μmol/L (Figure 8).

Serum total protein levels remained relatively stable across all du-
rations of anorexia in donkeys affected by impaction of the large intes-
tine. The mean values were 8.1±2.7 g/dL on day 1, 8.2±3.1 g/dL on day 3, 
8.0±2.2 g/dL on day 5, and 8.0±3.2 g/dL after 6 or more days.

Serum albumin levels exhibited a mild but progressive decline in 
donkeys experiencing anorexia due to impaction of the large intestine. 
On day 1, the mean albumin concentration was 4.1±1.2 g/dL, decreasing 
slightly to 4.0±2.1 g/dL by day 3. By day 5, levels dropped to 3.9±1.3 g/
dL, and further decreased to 3.6±1.8 g/dL after 6 or more days.

Discussion

Donkeys (Equus asinus) are indispensable working animals in many 
rural communities but remain highly neglected in veterinary research, 
particularly concerning metabolic disorders. Among these, hyperlipemia 
is one of the most common and life-threatening conditions, frequently 
associated with anorexia secondary to impaction of the large intestine. 
The clinical signs of prolonged anorexia associated with large intestinal 
impaction is not characteristic due to their stoic nature of the donkeys.  
The animal usually shows less dramatic signs of colic than those seen in 
horses (Cox et al., 2007).  The present study demonstrates that anorexia 
associated with impaction of the large intestine in donkeys initiates a cas-
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Figure 5. Changes in serum total bilirubin, AST and GGT concentrations in donkeys with 
impaction of the large intestine at different durations of anorexia.

Figure 6. Changes in serum Catalase concentrations in donkeys with impaction of the large 
intestine at different durations of anorexia.

Figure 7. Changes in serum vitamin C concentrations in donkeys with impaction of the large 
intestine at different durations of anorexia.

Figure 8. Changes in serum nitric oxide concentrations in donkeys with impaction of the 
large intestine at different durations of anorexia.
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cade of metabolic and oxidative disturbances, which progressively wors-
en with time. When compared with findings in the literature, our results 
align closely with previously described pathophysiological mechanisms 
in donkeys undergoing negative energy balance (NEB) and hyperlipemia 
(Mendoza et al., 2018; Thiemann and Sullivan, 2019; Meng et al., 2024).

The escalation in triglycerides and LDL concentrations over 1, 3, 5, 
and ≥6 days reflects the intense lipolysis and hepatic lipid re-esterifica-
tion characteristic of NEB in donkeys. The donkey liver efficiently converts 
mobilized free fatty acids (FFAs) into triglycerides and very-low-density 
lipoproteins (VLDL), which eventually spill into the bloodstream when 
clearance mechanisms are overwhelmed (Mendoza et al., 2024b).

In contrast, the progressive decline in HDL levels further indicates im-
paired lipid transport and reduced antioxidant function, aggravating lipid 
toxicity–mediated organ stress. HDL’s role in reverse cholesterol trans-
port and anti-inflammatory activity is especially critical in counteracting 
metabolic imbalance (Lewis and Rader, 2005; Chiesa et al., 2019; Ouimet 
et al., 2019; Denimal, 2023).

The observed rise in lipid peroxidase (LPO) and nitric oxide (NO), 
paired with the declines in catalase activity and vitamin C, clearly indicates 
mounting oxidative stress. Lipid peroxidation degrades cell membranes 
and generates ROS; the reduced antioxidant reserves (catalase, vitamin C) 
weaken the donkey’s capacity to neutralize this oxidative burden (Men-
doza et al., 2018; Meng et al., 2024; Xu et al., 2025).

Marked increase in BUN and creatinine, particularly after 5 days, with 
the highest levels observed in cases lasting more than 6 days. This pattern 
strongly suggests evolving prerenal azotemia, most likely due to dehy-
dration, decreased renal perfusion, and catabolism. This finding aligns 
with the effects of feed deprivation in donkeys and other equids, where 
prolonged fasting (e.g., 10 days) leads to elevated creatinine, total pro-
tein these changes attributed not to primary renal injury, but to reduced 
glomerular filtration rate (GFR) and prerenal factors (Filippo et al., 2021).

In equine medicine, both BUN and creatinine are recognized bio-
markers for renal dysfunction but creatinine is generally more specific, 
while BUN can be influenced by extrarenal variables such as protein in-
take, dehydration, and catabolism (Frączkowska et al., 2021). The rise in 
both markers in this data likely reflects prerenal mechanisms (e.g., hy-
povolemia, reduced intake), which impair renal blood flow and filtration, 
rather than primary renal parenchymal damage.

Although this study focuses on donkeys with impaction of the large 
intestine, broader equine research supports the notion that colic and as-
sociated anorexia can compromise renal indicators. For instance, horses 
with colic often show significantly higher serum creatinine compared to 
healthy controls, even when values remain within reference ranges, hint-
ing at early renal stress (Arosalo et al., 2007). The progressive nature of 
these findings and minimal elevation at 1–3 days, followed by stepwise 
increases at day 5 and beyond strongly mirrors evolving prerenal azote-
mia under sustained anorexia and colic.

Elevations in uric acid and total bilirubin serve as biomarkers for he-
patic strain and oxidative-metabolic dysfunction. Uric acid may function 
in part as an endogenous antioxidant buffer, whereas bilirubin rises signal 
hepatocellular impairments due to fat infiltration, as often seen in hyperli-
pemia–compromised donkeys (Li et al., 2018; Mendoza et al., 2018; Thie-
mann and Sullivan, 2019; Nnamdi et al., 2020; Akan, 2021; Yánez-Ortiz et 
al., 2021;  Li et al., 2022; Tripathi et al., 2023; Mendoza et al., 2024b; Meng 
et al., 2024; Huang et al., 2025;Xu et al., 2025; ).

The progressive increase in serum AST activity observed in donkeys 
with impaction of the large intestine and prolonged anorexia suggests a 
gradual development of hepatic and/or muscular stress. AST is a widely 
recognized enzyme marker in equids, found in both liver and muscle tis-
sues, and its elevation often reflects hepatocellular leakage, muscle injury, 
or systemic catabolism (Constable et al., 2016; Kaneko et al., 2008). Com-
parable findings have been reported in horses, where gastrointestinal 
disorders and colic are associated with elevated serum hepatic enzymes, 
including AST, due to both direct hepatocellular damage and systemic 

metabolic effects (Knottenbelt and Pascoe, 1994).  Clinically, the marked 
increase in AST after 3–5 days of anorexia underscores the importance of 
early diagnosis and intervention. Monitoring serum AST, alongside other 
markers such as BUN and creatinine, may help veterinarians detect early 
signs of organ compromise in donkeys with impaction of the large intes-
tine and guide supportive therapy (Al-Haid et al., 2025).

The current study revealed a clear and progressive increase in serum 
γ-glutamyl transferase (GGT) activity in donkeys with impaction of the 
large intestine as the duration of anorexia increased, rising from about 
20 IU/L on day 1 to nearly 80 IU/L after more than 6 days. GGT is con-
sidered one of the most sensitive indicators of hepatobiliary dysfunction 
in equids, as it is localized in the biliary epithelium and hepatocytes. 
The gradual elevation observed here likely reflects hepatic stress and 
cholestasis secondary to prolonged anorexia, dehydration, and intestinal 
stasis, which impair hepatic perfusion and biliary excretion (Kaneko et al., 
2008).

The mild downward trend in albumin amidst stable total protein lev-
els suggests that while overall protein balance remains fairly maintained, 
hepatic albumin synthesis may begin to falter under the stress of NEB, 
inflammation, or early liver compromise. A relative increase in globulin 
fractions could mask albumin loss when only total protein is assessed 
(Shibutani et al., 2015).

These findings fit well within the broader understanding of donkey 
physiology. Donkeys are especially predisposed to hyperlipaemia and 
oxidative damage due to their efficient fat mobilization coupled with 
reduced ability to adapt to sustained fasting or physiological stress. In 
colic cases, this risk is further amplified by stress‐induced cortisol release 
and inflammatory cytokines (e.g. TNF-α, IL-6), which potentiate hor-
mone-sensitive lipase activity and impair lipid clearance by insulin resis-
tance (Mendoza et al., 2018).

Conclusion

The results of this study revealed a clear association between the 
duration of anorexia and progressive biochemical alterations in donkeys 
suffering from impaction of the large intestine. Triglycerides and LDL 
levels showed a steady increase over time. indicating enhanced lipolysis 
and lipid mobilization due to negative energy balance. Conversely, HDL 
concentrations declined notably, reflecting impaired lipid transport and 
metabolic stress. Markers of oxidative stress, such as lipid peroxidase and 
nitric oxide, increase significantly, while antioxidant parameters including 
catalase activity and vitamin C levels decrease sharply, confirming a shift 
toward oxidative imbalance. Uric acid and total bilirubin levels also rose 
markedly, suggesting hepatic strain and metabolic dysregulation. Mean-
while, albumin showed a mild decline, with total protein levels remaining 
relatively stable throughout the anorexia period. These biochemical pat-
terns collectively highlight the metabolic and oxidative burden imposed 
by prolonged feed deprivation, particularly after 5 to 6 days of anorexia.

Acknowledgments

This work was supported through the Annual Funding track by the 
Deanship of Scientific Research, Vice Presidency for Graduate Studies and 
Scientific Research, King Faisal University, Saudi Arabia (KFU253257).

Conflict of interest

Authors declare that there is no conflict of interest.

References

Abd Ellah, M., Hamed, M.I., Derar, R.J., 2013. Serum biochemical and haematological 
reference values for midterm pregnant buffaloes.  Journal of Applied Animal 
Research 41, 309-317.

Abedi, T., Pakniyat, H.J.C.J.o.G., Breeding, P., 2010. Antioxidant enzyme changes in 
response to drought stress in ten cultivars of oilseed rape (Brassica napus L.).  

F. Bohassan et al. /Journal of Advanced Veterinary Research (2025) Volume 15, Issue 4, 492-497

496



Czech Journal of  Genetic and Plant Breed 46, 27-34.
Aebi, H.J., 1984. Catalase in vivo. Methods of Enzymology. 105, 121-126.
Aguilar Diaz De Leon, J., Borges, C.R., 2020. Evaluation of Oxidative Stress in Biologi-

cal Samples Using the Thiobarbituric Acid Reactive Substances Assay. Journal of 
visualized experiments : Joournal of Visualized Eexperiments 12, 159.

Akan, 2021. An evaluation of the in vitro antioxidant and antidiabetic potentials 
of camel and donkey milk peptides released from casein and whey proteins.  
Journal of Food Science and Technology 58, 3743-3751.

Al-Haid, S.F., El-Hawari, S.F., Almubarak, A.I., Al Mohamad, Z.A., Abdel-Raheem, S.M., 
Youssef, H.A., Abdallah, A.M.J., 2025. Evaluation of anesthetic, locomotor, and 
sedative scores for lumbosacral epidural analgesia using bupivacaine and bupi-
vacaine-dexmedetomidine in sheep. Open Veterinary Journal 15, 1803.

Arosalo, B.M., Raekallio, M., Rajamäki, M., Holopainen, E., Kastevaara, T., Salonen, H., 
Sankari, S., 2007. Detecting early kidney damage in horses with colic by mea-
suring matrix metalloproteinase -9 and -2, other enzymes, urinary glucose and 
total proteins. Acta veterinaria Scandinavica 49, 4.

Barton, M.J., 2010. In: Reed SM, Bayly WM, Sellon DC,  Equine Internal Medicine, 
Third Edition. Pp  963.

Bharwani, H., Kapur, S., Palani, S.G., 2025. Rapid detection of hydrogen peroxide and 
nitrite in adulterated cow milk using enzymatic and nonenzymatic methods on 
a reusable platform. Royal Society of Chemistry Advances 15, 1577-1589.

Buege, J.A., Aust, S.D., 1978. [30] Microsomal lipid peroxidation, In: Methods in en-
zymology. Elsevier, pp. 302-310.

Burden, F., Du Toit, N., Hazell‐Smith, E., Trawford, A.J., 2011. Hyperlipemia in a popu-
lation of aged donkeys: description, prevalence, and potential risk factors. Jour-
nal of Veterinary Internal Medicine 25, 1420-1425.

Burstein, M., Scholnick, H., Morfin, R., 1970. Rapid method for the isolation of lipo-
proteins from human serum by precipitation with polyanions. Journal of lipid 
Research 11, 583-595.

Chiesa, S.T., Charakida, M.J., 2019. High-density lipoprotein function and dysfunc-
tion in health and disease.  Cardiovascular drugs and therapy 33, 207-219.

Constable, P.D., Hinchcliff, K.W., Done, S.H., Grünberg, W., 2016. Veterinary medi-
cine: a textbook of the diseases of cattle, horses, sheep, pigs and goats. 11th 
edition, Elsevier Health Sciences, UK, pp. 1737-1739

Cox, R., Proudman, C.J., Trawford, A.F., Burden, F., Pinchbeck, G.L., 2007a. Epidemi-
ology of impaction colic in donkeys in the UK. BMC Veterinary Research 3, 1.

Denimal, D.J.A., 2023. Antioxidant and anti-inflammatory functions of high-density 
lipoprotein in type 1 and type 2 diabetes.  Antioxidants 13, 57.

El-Kashef, M.M., 2022. Evaluation of using Moringa oleifera leaves meal on physio-
logical response, hormonal changes and variance in reproductive activity out-
comes on female rabbits. Egyptian Poultry Science Journal 42, 229-242.

Elgazar, A.F., Shalaby, M.A., Mohamed, A.M.A., 2022. Anticarcinogenic effect of 
opuntia ficus indica juice, doxorubicin and their combination against breast 
cancer in rats. Journal of Pharmaceutical Negative Results 13, 6413-6422.

Fazio, E., Medica, P., Cravana, C., Aveni, F., Ferlazzo, A.J., 2013. Comparative endo-
crinological responses to short transportation of E quidae (Equus asinus and 
Equus caballus).  Animal science Journal 84, 258-263.

Filippo, P.A.D., Duarte, B.R., Albernaz, A.P., Quirino, C.R., 2021. Effects of feed depri-
vation on physical and blood parameters of horses. Brazilian journal of veteri-
nary Medicine 43, e000321.

Forhead, A., Smart, D., Smith, R., Dobson, H.J., 1995. Transport-induced stress re-
sponses in fed and fasted donkeys. Research in Veterinary Science 58, 144-151.

Fossati, P., Prencipe, L., Berti, G.J., 1980. Use of 3, 5-dichloro-2-hydroxybenzenesul-
fonic acid/4-aminophenazone chromogenic system in direct enzymic assay of 
uric acid in serum and urine.  Clinical Chemistry 26, 227-231.

Frączkowska, K., Trzebuniak, Z., Żak, A., Siwińska, N., 2021. Measurement of Selected 
Renal Biochemical Parameters in Healthy Adult Donkeys Considering the Influ-
ence of Gender, Age and Blood Freezing. Animals 11, 1748.

Frank, N., Sojka, J.E., Latour, M.A., 2003. Effects of hypothyroidism and withhold-
ing of feed on plasma lipid concentrations, concentration and composition of 
very-low-density lipoprotein, and plasma lipase activity in horses. American 
Journal of Veterinary Research  64, 823-828.

Friedewald, W.T., Levy, R.I., Fredrickson, D.S., 1972. Estimation of the concentration 
of low-density lipoprotein cholesterol in plasma, without use of the preparative 
ultracentrifuge. Clinical Chemistry 18, 499-502.

Hamed, M.A., Abouelnasr, K.S., Ibrahim, H.M.M., El-khodery, S.A., 2017. Comparative, 
Sedative, and Analgesic Effects of Epidural Dexmedetomidine and Xylazine in 
Donkeys (Equus asinus). Journal of Equine Veterinary Science 59, 104-109.

Hassan, Z.M., Manyelo, T.G., Nemukondeni, N., Sebola, A.N., Selaledi, L., Mabelebele, 
M., 2022. The Possibility of Including Donkey Meat and Milk in the Food Chain: 
A Southern African Scenario. Animals 12, 1073.

Huang, F., Ma, Z., Du, X., Wang, C., Liu, G., Zhou, M., 2025. Methionine alters the 
fecal microbiota and enhances the antioxidant capacity of lactating donkeys. 
Animals 15, 648.

Jagota, S., Dani, H., 1982. A new colorimetric technique for the estimation of vitamin 
C using Folin phenol reagent. Analytical Biochemistry  127, 178-182.

Kaneko, J.J., Harvey, J.W., Bruss, M.L., 2008. Clinical biochemistry of domestic ani-
mals. 6th edition, Academic press, pp 259-285.

Kısadere, I., Donmez, N., Omurzakova, N., 2019. Serum biochemical reference values 
of Kyrgyz donkeys (Equus asinus). Comparative Clinical Pathology 28, 817-823.

Knottenbelt, D.C., Pascoe, R.R., 1994. Color atlas of diseases and disorders of the 
horse. Saunders Ltd, UK

Lewis, G.F., Rader, D.J., 2005. New insights into the regulation of HDL metabolism 
and reverse cholesterol transport. Journal of  Circulation Research 96, 1221-
1232.

Li, L., Liu, X., Guo, H., Biotechnology, 2018. The nutritional ingredients and anti-
oxidant activity of donkey milk and donkey milk powder.  Food Science and 
Biotechnology 27, 393-400.

Li, Y., Ma, Q., Liu, G., Wang, C.J.J.o.F.B., 2022. Effects of donkey milk on oxidative 
stress and inflammatory response. Journal of Food Biochemistry 46, e13935.

Mendoza, F.J., Toribio, R.E., Perez-Ecija, A., 2019. Metabolic and Endocrine Disorders 
in Donkeys. The Veterinary clinics of North America. Equine Practice 35, 399-
417.

Mendoza, F.J., Toribio, R.E., Perez-Ecija, A., 2024a. Metabolic and Endocrine Insights 
in Donkeys. Animals 14, 590.

Mendoza, F.J., Toribio, R.E., Perez-Ecija, A.J., 2018. Donkey internal medicine—Part 
I: Metabolic, endocrine, and alimentary tract disturbances. Journal of Equine 
Veterinary Science 65, 66-74.

Meng, Q., Shao, Y., Li, W., Lu, J., Wang, X., Deng, L., 2024. Evaluation of serum lipids, 
biochemical parameters, selected antioxidant elements and oxidative stress 
profiles in late pregnant jennies with hyperlipemia. Veterinary Science 11, 664.

Morrone, S., Sechi, S., Carta, C., Senes, A., Cocco, R., Pinna Parpaglia, M.L., Sanna 
Passino, E., Cappai, M.G., 2024. Nutritional management of hyperlipaemia in 
a jenny: a brief report. Veterinary Research Communications 48, 3323-3329.

Moshage, H., Kok, B., Huizenga, J.R., Jansen, P., 1995. Nitrite and nitrate determina-
tions in plasma: a critical evaluation.  Clinical Chemistry 41, 892-896.

Nnamdi, O.H., Ijeoma, U.R., Gilbert, N.L., Toochukwu, E.H., Ositadinma, U.S., 2020. 
In vitro assessment of time-dependent changes in red cell cytoplasmic anti-
oxidants of donkey blood preserved in citrate phosphate dextrose adenine 1 
anticoagulant. Veterinary World  13, 726.

Olisekodiaka, M., Onuegbu, A., Igbeneghu, C., Nwagbo, N., Amah, U., Okwara, J., 
2017. Determination of malondialdehyde, uric acid, bilirubin and total antioxi-
dant status, in children under 5 years suffering from malaria in Osogbo, Nigeria. 
IOSR Journal of Dental and Medical Sciences  6, 65-69.

Ouimet, M., Barrett, T.J., Fisher, E.A., 2019. HDL and reverse cholesterol transport: 
Basic mechanisms and their roles in vascular health and disease. Circulation 
research 124, 1505-1518.

Ribeiro, R.M., Ribeiro, D.d.S.F., Cota, L.O., Carvalho, A.M., de Oliveira Gobesso, A.A., 
Faleiros, R.R., 2023. Comparison between the direct method and Friedewald’s 
formula for the determination of low-density lipoprotein cholesterol serum lev-
els in horses. Journal of Equine Veterinary Science 122, 104230.

Rodrigues, J.B., Raw, Z., Santurtun, E., Cooke, F., Clancy, C., 2021. Donkeys in transi-
tion: Changing use in a changing world. Brazilian Journal of Veterinary Research 
58, e174325-e174325.

Shibutani, M., Maeda, K., Nagahara, H., Ohtani, H., Iseki, Y., Ikeya, T., Sugano, K., 
Hirakawa, K., 2015. The pretreatment albumin to globulin ratio predicts che-
motherapeutic outcomes in patients with unresectable metastatic colorectal 
cancer.  BMC Cancer 15, 347.

Stein, C.J., 1986. Lectures on the theory of estimation of many parameters. Journal 
of Soviet Mathematics 34, 1373-1403.

Tarrant, J., Campbell, T., Parry, B., 1998. Hyperlipaemia in a donkey.  Australian Vet-
erinary Journal 76, 466-469.

Thiemann, A.K., Sullivan, R.J., 2019. Gastrointestinal disorders of donkeys and mules.  
The Veterinary clinics of North America. Equine practice 35, 419.

Tripathi, S., Nandi, S., Gupta, P., Mondal, S., 2023. Antioxidants supplementation im-
proves the quality of in vitro produced ovine embryos with amendments in key 
development gene expressions. Theriogenology 201, 41-52.

Wahlefeld, A.W., 1974. Determination of Serum Triglycerides Level. In: Bergmeyer, 
H., Ed., Methods of Enzymatic Analysis, Academic Press, New York, USA. Pp 
1831-1835.

Watson, T.J., 1998. Metabolic and endocrine problems of the horse. First edition, 
Bailliere Tindall, U.K. pp. 23.

Xu, Q., Wei, L., Chen, X., Zhu, H., Wei, J., Zhu, M., Khan, M.Z., Wang, C., Zhang, Z., 
2025. Nutritional Composition and Biological Activities of Donkey Milk: A Nar-
rative Review.  Foods 14, 2337.

Yánez-Ortiz, I., Catalán, J., Delgado-Bermúdez, A., Carluccio, A., Miró, J., Yeste, M., 
2021. Addition of reduced glutathione (GSH) to freezing medium reduces intra-
cellular ROS levels in donkey sperm.  Veterinary Science 8, 302.

Younas, U., 2025. Effect of Therapeutic Efficacy of Amla (Emblica Officinalis) on Di-
abetic Dyslipidemia: A Preclinical Study. Journal of Food and Agriculture Com-
munications 2, 021-026.

F. Bohassan et al. /Journal of Advanced Veterinary Research (2025) Volume 15, Issue 4, 492-497

497


