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IntrOductIOn

Urine retention is a serious condition that often occurs 
due to the presence of stones and sediments in the 

urinary tract (urolithiasis).  It can lead to kidney dysfunc-
tion, disturbances in fluid and solute balance, and renal 
failure. It can also result in bladder rupture and the oc-
currence of azotemia. Causes of urolithiasis include several 

factors such as inadequate nutrition, vitamin A deficiency, 
urinary tract anatomy, excessive estrogen administration, 
geographic and seasonal influences, hormonal factors, and 
urinary system infections (Ewoldt et al., 2008, Gazi et al., 
2014, Sharun et al., 2021).

Diet plays a significant role in stone formation, with a high 
concentrate and low fiber diet inducing an imbalance in 
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the calcium and phosphorus ratio. This imbalance, particu-
larly low calcium and high phosphorus levels contributes 
to the formation of uroliths. Ideally, the calcium-to-phos-
phorus ratio should be 1:1 to 2:1, but it often ranges from 
1:4 to 1:6, leading to increased phosphorus excretion in 
the urine. Clinical signs of urolithiasis vary depending on 
the location and duration of the obstruction, including ab-
dominal pain, anorexia, muscle weakness, apathy, anuria, 
and dysuria (Makhdoomi and Gazi, 2013, Santarosa et al., 
2021).

Obstructions are more common in males due to the nar-
rower and longer penile urethra, which contains structures 
like the sigmoid flexure and vermiform appendix that in-
crease the risk of obstructions. Early castration of young 
animals reduces the urethral diameter, thus increasing the 
risk of obstruction (Gazi et al., 2014, Sharun et al., 2021).

Understanding the systemic effects of urine retention is 
crucial to prevent the worsening of the condition and de-
termining the stone’s location for surgical intervention. 
Once clinical signs appear, reversal becomes difficult, and 
surgical treatment may render animals unfit for reproduc-
tion. Therefore, assessing the hemato-biochemical pro-
file of animals with urine retention is important. Recent 
research suggests the use of immunological biomarkers 
such as pro-inflammatory cytokines, acute phase proteins 
(APPs), and total antioxidant capacity (TAC) as sensitive 
diagnostic and prognostic tools for various animal diseases. 
However, limited studies have investigated these markers 
in urine retention in sheep (El-Deeb and Elmoslemany, 
2016; Maciel et al., 2019). 

Hence, this study aims to investigate the immunological 
and clinicopathological changes associated with urine re-
tention in Barki rams, with a specific focus on the diag-
nostic and predictive value of pro-inflammatory cytokines, 
APPs, and TAC for urine retention and urethral process 
amputation outcomes respectively.

MAtErIAlS And MEthOdS

AnimAls
According to the ethical approval No. 2, January 2023 of 
the animal and poultry health department, animal and 
poultry production division, Desert Research Center 
(DRC), Cairo, Egypt, this study was conducted, after the 
owners` agreements, on 40 Barki rams aged 3-4 years, ran-
domly collected from different cities of Matrouh gover-
norate (31.35 °N 27.23°E), Egypt. The owners depend on 
concentrates (14-16% protein) and grazing for the rams 
feeding. The rams were divided into two groups as follows: 

Control group (CG): 20 apparently-healthy Barki rams 

(no abdominal pain, normal appetite, flying response, clean 
eyes and nostrils, physiological ranges of respiration and 
pulse rates, heavy musculature (60-65 kg), no problem in 
urination process). 

Diseased group (DG): 20 Barki rams suffered from signs 
of urine retention (reluctance to move, legs stretched out, 
straining to urinate, little or no urine flow, arched back and 
bruxism, stretching and kicking at the abdomen), off-food 
and low body weights (50-55 kg). 

All the rams in the diseased group were subjected to a ure-
thral process amputation using sterile instruments, and all 
hygienic measures were taken into consideration during 
the operation. After the amputation, the urine flow con-
firmed the absence of any other stones (Riedi et al., 2018). 
The diseased animals were followed up for 2 weeks after 
amputation to ensure that they received appropriate post-
operative care and to determine the dead and live animals 
for ROC analysis. The objective of the analysis was to eval-
uate the significance of the studied markers in predicting 
the outcomes of urethral process amputation.

BlooD sAmples
Blood samples were collected from CG and DG (before 
amputation). Each sample was divided into three parts for 
analysis. Na2EDTA was added to the first part to stop the 
coagulation process, later it was used for manual estimation 
of the hemogram (red blood cells count (RBCs), hemoglo-
bin concentration (Hb), packed cell volume (PCV), mean 
corpuscular volume (MCV), mean corpuscular hemoglo-
bin (MCH), mean corpuscular hemoglobin concentration 
(MCHC)) and leukogram (total leukocytic count (TLC) 
and differential leukocytic count, (DLC)) parameters of 
rams of both groups according to the method mentioned 
by Feldman et al. (2000). Citrate was added to the sec-
ond part (to prevent the coagulation cascade) and it was 
centrifuged to obtain plasma at 3000 r.p.m for 20 min for 
fibrinogen (Fb) measuring using ELISA kits from IBL In-
ternational Crop (Canada)®. The third part was collected 
in a plain test tube, allowed to coagulate, and centrifuged 
at 3000 r.p.m. for 20 min to obtain serum for detection of 
various parameters including total protein (TP), albumin 
(Alb), kidney function tests (urea, creatinine (Cr)), hepatic 
enzymes (alanine transaminase (ALT), aspartate transam-
inase (AST), alkaline phosphatase (ALP)), minerals (cal-
cium (Ca), phosphorus (P), magnesium (Mg)), electrolytes 
(sodium (Na), potassium (K), chloride (Cl)), trace ele-
ments (copper (Cu), zinc (Zn)), glucose, total lipids, phos-
pholipids, triglycerides, T/LDL/HDL-cholesterol, free 
radicals (malondialdehyde (MDA), nitric oxide (NO)), 
total antioxidant capacity (TAC), antioxidants (catalase 
(CAT), glutathione peroxidase (GPx), glutathione reduc-
tase (GR)), serum iron (SI) and total iron binding capacity 
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(TIBC) spectrophotometrically using kits from Biodiag-
nostic Company®, serum pro-inflammatory cytokines (in-
terleukin-1alpha (IL-1α), interleukin-1beta (IL-1β), in-
terleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α)) 
and anti-inflammatory cytokine (interleukin-10 (IL-10)) 
using ELISA kits from MyBioSource Company®, serum 
amyloid A (SAA) and haptoglobin (Hp) using ELISA kits 
from IBL International Crop (Canada)®, caeruloplasmin 
(Cp) and transferrin (Tf ) by a turbidimetric method us-
ing Elabscience USA® kits, and ferritin by CLIA method 
using Abnova® (Taipei) kits. All manual instructions were 
carefully followed.   

-  Transferrin saturation percent (Tf sat. %) = SI/TIBC*100.
- Unsaturated iron binding capacity (UIBC) = TIBC-SI.

stAtisticAl AnAlysis
Mean values of CG and DG were compared by independ-
ent-sample T test using SPSS® program version 23. A dif-
ference was considered significant at P< 0.05. 

Graph pad prism version 8 program was used to evaluate 
the area under the curve (AUC), cut-off points, sensitivity, 
specificity, and likelihood ratio (LR) for TAC, the meas-
ured pro-inflammatory, and APPs of DG compared to 
CG, and dead group (De) compared to survive group (SG).  

The positive predictive value (PPV), negative predictive 
value (NPV), and accuracy rate for them were calculated 
according to the next equations:

 

rESultS

The immunological parameters of DG (compared to CG) 
displayed a significant (P<0.05) increase in the pro-inflam-
matory cytokines (IL-1α, IL-1β, IL-6, TNF-α), APPs (Fb, 
Cp, SAA, Hp), and free radicals (MDA, NO,) concentra-
tions and a significant (P<0.05) decrease of anti-inflamma-
tory cytokine (IL-10), TAC, and antioxidants (CAT, GPx, 
GR) concentrations (Table 1).

The biochemical parameters of DG (in relation to CG) 
demonstrated a significant (P<0.05) decrease in serum 
levels of TP, Alb, A/G, glucose, total lipids, T/HDL/
LDL-cholesterol, minerals (Ca, P, Mg), electrolytes (Na, 
K, Cl), and trace elements (Cu, Zn), while a significant 
(P<0.05) elevation in serum levels of Glob, triglycerides, 
kidney function tests, and liver enzymatic activity (Table 
2). 

table 1: the immunological parameters of the diseased 
group (DG) compared to the control group (CG). Value= 
mean ±SD.
Parameter cG dG
IL-1α (Pg/ml) 37.49±4.03 127.84±11.87*
IL-1β (Pg/ml) 34.03±1.87 128.58±4.28*
IL-6 (Pg/ml) 34.44±1.48 89.78±5.01*
TNF-α (Pg/ml) 36.10±1.82 115.06±13.3*
IL-10 (Pg/ml) 113.17±1.81 84.45±3.48*
Fb (mg/dl) 127.50±5.74 298.50±16.23*
Cp (mg/dl) 4.29±0.06 8.52±0.07*
Hp (g/dl) 0.25±0.02 4.24±1.47*
SAA (mg/L) 2.95±0.02 8.45±1.17*
MDA (nmol/ml) 14.61±0.52 24.55±0.55*
NO (μmol/L) 32.00±1.45 42.90±2.07*
TAC (Mm/L) 1.44±0.02 0.37±0.06*
CAT (U/L) 424.25±9.90 250.01±3.24*
GPx (mU/L) 71.28±3.14 11.54±3.12*
GR(U/L) 31.90±1.65 13.72±1.78*

Significant differences in the values between the diseased group 
and the control group were indicated by (*) at P< 0.05.
IL-1α: interleukin-1alpha, IL-1β: interleukin-1beta, IL-6: 
interleukin-6, TNF-α: tumor necrosis factor-alpha, IL-10: 
interleukin-10, Fb: fibrinogen, Cp: caeruloplasmin, SAA: serum 
amyloid A, Hp: haptoglobin, MDA: malondialdehyde, NO: 
nitric oxide, TAC: total antioxidant capacity, CAT: catalase, GPx: 
glutathione peroxidase, GR: glutathione reductase. 

The hematological parameters of DG clarified microcytic 
hypochromic anemia accompanied by neutrophilic leuko-
cytosis and lymphocytopenia (indicated by the significant 
(P<0.05) decline in the red blood cell parameters and in-
dices (RBCs, Hb, PCV, MCV, MCH, MCHC), and lym-
phocytes count and the significant (P<0.05) increase in 
TLC and neutrophils count depicted in DG in compari-
son with CG). The iron profile of DG (in relation to CG) 
showed a significant (P<0.05) hypoferremia, hypotrans-
ferrinemia, hyperferritinemia, with a significant (P<0.05) 
elevated TIBC, UIBC, and decreased Tf. Sat. % (Table 3). 

After the urethral process amputation, two distinct out-
comes were observed in the diseased rams. The urine flow 
resumed in ten rams, and a gradual improvement was no-
ticed in their appetite and the clinical symptoms related to 
urine retention showed a marked regression (survive group 
(SG)). Conversely, the other ten rams although the urine 
flow returned, their appetite did not recover, and their clin-
ical signs worsened over time, and finally died (dead group 
(DeG)).
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table 2: the biochemical parameters of the diseased group (DG) compared to the control group (CG). Value= mean 
±SD.
Parameter cG dG
Total protein (g/dl) 7.98±0.09 7.15±0.27*
Albumin (g/dl) 4.68±0.05 2.50±0.06*
Globulin (g/dl) 3.30±0.05 4.65 ±0.23*
A\G 1.42±0.01 0.54±0.02
Blood urea (mg/dl) 31.63±0.90 43.18±2.22*
Cr (mg/dl) 0.96±0.03 3.81±0.19*
AST (U/L) 32.19±0.91 41.92±0.80*
ALT (U/L) 40.49±0.47 47.06±1.27*
ALP (U/L) 30.37±0.19 52.44±2.26*
Glucose (mg/dl) 130.75±5.92 79.30±5.48*
Total lipids (mg/dl) 381.29±5.86 369.13±5.87*
Triglycerides (mg/dl) 82.67±1.99 103.11±2.04*
Phospholipids (mg/dl) 166.04±6.42 166.04±4.23
T-cholesterol (mg/dl) 132.58±1.93 99.98±3.25*
HDL-cholesterol(mg/dl) 38.68±1.49 26.46±3.47*
LDL-cholesterol (mg/dl) 93.90±1.52 73.52±1.73*
Ca (mg/dl) 11.80±0.22 8.71±0.06*
P (mg/dl) 7.85±0.10 6.53±0.27*
Cl (mmol/L) 112.97±1.79 93.97±2.80*
Na (mmol/L) 155.00±3.75 103.94±2.06*
K (mmol/L) 3.85±0.03 2.96±0.04*
Mg (mg/dl) 4.11±0.50 3.13±0.09*
Cu (μmol/L) 24.82±0.62 22.58±1.20*
Zn (μg/dl) 174.63±2.59 114.63±2.59*

Significant differences in the values between the diseased group and the control group were indicated by (*) at P< 0.05.
A/G: albumin/globulin: Cr: creatinine, ALT: alanine transaminase, AST: aspartate transaminase, ALP: alkaline phosphatase, Ca: 
calcium, P: phosphorus, Mg: magnesium, Na: sodium, K: potassium, Cl: chloride, Cu: copper, Zn: zinc. 

table 3: the hematological and iron profile parameters of the diseased group (DG) compared to the control group (CG).  
Value= mean ±SD.

Parameter cG dG
RBCs (×106/μl) 14.59±0.11 10.24±0.11*
Hb (g/dl) 16.44±0.30 9.27±0.11*
PCV (%) 36.95±0.83 24.21±0.11*
MCV (fl) 25.32±0.64 23.64±0.27*
MCH (pg) 11.27±0.25 9.05±0.13*
MCHC (%) 44.51±1.33 38.30±0.44*
SI (μg/dl) 127.87±1.75 97.83±1.97*
TIBC (μg/dl) 327.39±2.16 360.16±3.99*
UIBC (μg/dl) 199.53±2.80 262.33±4.48*
Transferrin(mg/dl) 135.50±2.95 105.90±2.80*
Tf sat. % 39.06±0.60 27.17±0.62*
Ferritin (ng/ml) 18.00±1.45 35.60±3.81*
TLC (×103/μl) 9.01±0.23 9.41±0.26*
Neutrophils (×103/μl) 3.15±0.02 6.29±0.19*
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Lymphocytes(×103/μl) 4.80±0.19 2.06±0.04*

Monocytes (×103/μl) 0.56±0.06 0.56±0.02
Eosinophils (×103/μl) 0.46±0.06 0.46±0.03
Basophils (×103/μl) 0.02±0.004 0.02±0.004

Significant differences in the values between the diseased group and the control group were indicated by (*) at P< 0.05.
RBCs: red blood cell count, Hb: hemoglobin concentration, PCV: packed cell volume, MCV: mean corpuscular volume, MCH; 
mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, SI: serum iron, TIBC: total iron binding 
capacity, UIBC: unsaturated iron binding capacity, Tf sat. %: transferrin saturation percent, TLC: total leukocytic count.

table 4: Cut-off points, sensitivity%, specificity%, likelihood ratio (LR), PPV%, NPV% and accuracy rate (AR), of the 
estimated TAC, pro-inflammatory cytokines (IL-1α, IL-1β, IL-6, TNF-α) and acute phase proteins (Fb, Cp, Hp, SAA, 
transferrin, ferritin) in diseased rams compared to the control group, and in the dead group (DeG) compared to the 
survive group (SG).
Parameter Group cut-off Sensitivity% Specificity% lr PPV% nPV% Ar
TAC (Mm/L) DG 1.41 100% 95% 20 95.24% 100% 97.5%

DeG 0.38 100% 80% 5 83.33% 100% 90%
IL-1α (Pg/ml) DG 41.95 100% 85% 6.67 86.96% 100% 92.5%

DeG 132 100% 90% 10 90.91% 100% 95%
IL-1β (Pg/ml) DG 36.40 100% 95% 20 95.24% 100% 97.5%

DeG 129.30 100% 80% 5 83.33% 100% 90%
IL-6 (Pg/ml) DG 35.97 100% 80% 5 83.33% 100% 90%

DeG 87.47 100% 80% 5 83.33% 100% 90%
TNF-α (Pg/ml) DG 38.85 100% 85% 6.67 86.96% 100% 92.5%

DeG 116.80 100% 90% 10 90.91% 100% 95%
Fb (mg/dl) DG 132.5 100% 75% 4 80% 100% 87.50%

DeG 292 100% 90% 10 90.91% 100% 95%
Cp (mg/dl) DG 4.37 100% 90% 10 90.91% 100% 95%

DeG 8.50 100% 80% 5 83.33% 100% 90%
Hp (g/dl) DG 0.28 100% 90% 10 90.91% 100% 95%

DeG 3.74 100% 80% 5 83.33% 100% 90%
SAA (mg/L) DG 2.97 100% 75% 4 80% 100% 87.5%

DeG 7.43 100% 50% 2 66.67% 100% 75%
Transferrin(mg/dl) DG 132 100% 90% 10 90.91% 100% 95%

DeG 105 100% 60% 2.50 83.33% 100% 86.67%
Ferritin (ng/ml) DG 19.50 100% 80% 5 83.33% 100% 90%

DeG 35 100% 90% 10 90.91% 100% 95%
LR= 0.5-5: low; LR=5-10: moderate; LR>10: high.

Concerning the diagnostic value of the estimated pro-in-
flammatory cytokines, APPs, and TAC for urine retention, 
all of them yielded sensitivity and NPV as 100 % in DG 
(compared to CG)and high (more than 70%) specificity, 
PPV, and AR, but TAC and IL-1β only had high LR as 
20 followed by Cp, Hp, and Tf with moderate LR as 10. In 
regard to their importance in the prediction of the urethral 
process amputation outcomes, they also yielded sensitivity 
and NPV as 100 % in DeG (compared to SG) and high 
(more than 70%) specificity, PPV, and AR (except SAA 
had low specificity and PPV and Tf had low specificity), 
but they scored moderate to low LRs. The best LRs were 

for IL-1α, TNF-α, Fb, and ferritin as 10 (moderate LR) 
(Table 4).           

dIScuSSIOn

Urolithiasis is an economically important disease that has 
considerable significance for sheep farming. It has a mixed 
physiological, managemental, and nutritional etiology 
and may be affected by season (Sickinger and Windhorst, 
2022). In the current work, urine retention led to a cas-
cade of inflammatory immune responses that began with 
pro-inflammatory cytokines (IL-1α, IL-1β, IL-6, TNF-α) 



Advances in Animal and Veterinary Sciences

October 2023 | Volume 11 | Issue 10 | Page 1678

activation. This data agreed with Suen et al. (2010), and 
Thongboonkerd et al. (2021) who noted elevated levels of 
urinary chemokines and cytokines in patients with uro-
lithiasis and nephrolithiasis. They referred to their role in 
linking innate and adaptive immunity. They confirmed 
their importance as potential biomarkers for the detection 
of urolithiasis, especially in health screening and clinical 
follow-up. Contrariwise, the anti-inflammatory cytokine 
(IL-10) showed diminished levels in DG, this explains the 
exacerbation of the pro-inflammatory cytokines activation 
consequences (Salem et al., 2020).  
     
One of the pro-inflammatory cytokines activation out-
comes in this study is the noted increase in positive acute 
phase proteins (APPs) serum levels in DG. APPs are a 
group of immune proteins, synthesized by the liver under 
the above-mentioned pro-inflammatory cytokines stimu-
li. Their blood concentrations upregulate (positive APPs) 
and downregulate (negative APPs) in response to various 
conditions (infection, inflammation, ex……). Although 
they are not specific to a particular disease, they are highly 
sensitive to subclinical infections or inflammation. Their 
persistence in the blood reflects the infection severity and 
underlying tissue damage. In addition to their immuno-
modulatory role, Fb has an important role in blood coag-
ulation and neutrophils recruitment, Cp has anti-inflam-
matory anti-oxidants action by oxidizing toxic ferrous into 
nontoxic ferric, Hp binds free hemoglobin, thus depriving 
bacteria of iron required for their growth and SAA partic-
ipates in bacterial opsonization. APPs elevated concentra-
tions were noticed before in bovine urinary tract infections 
(El-Deeb and Elmoslemany, 2016), and obstructive uro-
lithiasis in sheep (Maciel et al., 2017). 

Another effect of the activation of the pro-inflammatory 
cytokine in the present work is free radical liberation and 
accumulation. Free radicals are a part of the host’s innate 
immunity, they are released from different immune cells 
to attack invaders.  The imbalance between free radicals 
production (MDA, NO) and antioxidant capacity (TAC, 
CAT, GR, GPx) here, induces oxidative stress which po-
tentially damages biomolecules leading to cell injury and 
death. Oxidative stress has a great involvement in tissue 
destruction and different diseases pathogenesis includ-
ing urolithiasis (Boonla, 2018, Abdallah et al., 2021, Sae-
nz-Medina et al., 2022). 

Regarding biochemical parameters of DG in the present 
data, the protein profile of DG revealed a marked hyper-
globulinemia and hypoalbuminemia. These changes were 
mainly assigned to bladder inflammation (cystitis) because 
of decreased urination frequency, incomplete voiding, and 
urine stagnation. This inflammatory condition enhances 
the synthesis of different globulin fractions and inhibits al-

bumin production (negative APP declines during inflam-
mation) (Sarker et al., 2020, Ismail, 2018). The above-de-
scribed increase in the pro-inflammatory cytokines and 
positive APPs blood levels which are α and β globulins in 
DG in this research supported this assumption. Oxidative 
stress noted in DG in the present data may take part in 
the recorded hypoalbuminemia, as albumin is anti-oxidant 
and the accumulated free radicals consumed it. In parallel, 
slight hypoproteinemia and decreased A/G were reported 
in DG here (Sarker, 2020, Ismail, 2018). 

The renal and hepatic function tests of DG in this work 
displayed raised values. These results were attributed to the 
prolonged urine stagnation in the urinary bladder (due to 
obstruction) which led to an increased rate of creatinine 
and urea reabsorption into the systemic circulation. In ad-
dition, renal insufficiency due to hydronephrosis (urine flow 
back and accumulation inside the kidneys) reduced urine 
production by decreasing glomerular filtration rate and ul-
timately decreasing urea and creatinine secretion in urine. 
This excessive accumulation of urea and other nitrogenous 
waste products logically leads to the development of uremic 
syndrome, which in turn causes hepatic dysfunction. Con-
sequently, an elevation in the liver enzymatic activities was 
observed in DG during this investigation. Similar observa-
tions were reported in buffalo calves and calves with urine 
retention (Aref and Abd El-hakiem, 2013, Ismail, 2018), 
goats with urolithiasis (Sarker et al., 2020), ruminants with 
obstructive urolithiasis (Makhdoomi and Gazi, 2013, Ma-
hajan et al., 2017, Riedi et al., 2018), sheep (Maciel et al., 
2017, Batista et al., 2020), and mare with urine retention 
(Hussein, 2014). It is worth mentioning that, ALP activity 
was recommended before as an early diagnostic biomarker 
for renal pathological conditions and renal injury, this may 
be a more specific reason for ALP elevated activities in 
DG in the current research (Ismail, 2018).

The pain and anorexia usually observed with urolithiasis are 
rational causes for the noticed hypoglycemia, hypolipidem-
ia, T/HDL/LDL-hypocholesterolemia, hypocalcemia, hy-
pophosphatemia, hypomagnesemia, hyponatremia, hypo-
kalemia, hypochloremia, hypocupremia, and hypozincemia 
in DG in the present study (Radostitis et al., 2007). Renal 
insufficiency and impairment of tubular reabsorption of 
minerals and electrolytes are additional reasons for the de-
creased minerals and electrolytes serum concentrations in 
DG. Lack of renal hydroxylation of 25-hydroxycholecal-
ciferol due to renal dysfunction interferes with intestinal 
calcium absorption and magnifies the hypocalcemia in the 
diseased rams. (Makhdoomi and Gazi, 2013, Ismail, 2018, 
Sarker et al., 2020). In contrast, the pronounced hypertri-
glyceridemia detected in DG in this data pointed to en-
hanced adipose tissue lipolysis to get the energy required 
for animal survival (Radostitis et al., 2007).  
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The hemogram of the diseased rams in the current study 
was concurrent with the immunological findings, as DG 
suffered from microcytic hypochromic anemia. Where-
as the prior activated pro-inflammatory cytokines inhibit 
erythropoiesis by interfering with iron intestinal absorp-
tion, enhancing ferritin formation (positive APP), decreas-
ing transferrin synthesis (negative APP), and increasing 
hepcidin production (compete with transferrin for iron). 
These measures prevent iron access to invading micro-
organisms during infection and inflammation to inhib-
it their growth. They also reduce iron access to the host 
bone marrow thus producing the microcytic hypochromic 
anemia depicted in DG here (Suen et al., 2010, El-Deeb 
and Elmoslemany, 2016, Maciel et al., 2017, Thongboonk-
erd et al., 2021). The iron profile of DG confirmed this 
theory, it revealed hypoferremia, hypotransferrinemia, and 
hyperferritinemia with subsequent elevated TIBC, UIBC, 
and decreased Tf Sat. %. Downregulation of erythropoie-
tin production due to renal injury is another cause for the 
determined anemia in DG in this work (Radositites et al., 
2007). Similarly, the leukogram of DG in this research re-
flected the inflammatory condition accompanying urine 
retention. As the invigorated pro-inflammatory cytokines 
stimulated bone marrow to produce more neutrophils in 
the diseased animal circulation and enhance lymphocytes 
migration to the inflammation site. This action caused the 
obtained neutrophilic leukocytosis and lymphocytopenia 
obtained in DG in the current data (Suen et al., 2010, 
Thongboonkerd et al., 2021).

Table (4), revealed that urine retention in sheep can be 
detected using pro-inflammatory cytokines, APPs, and 
TAC. Among the estimated markers, TAC and IL-1β were 
found to be the most effective indicators for the disease. 
Additionally, these biomarkers demonstrated potential for 
predicting mortality after the urethral process resection, 
particularly IL-1α, TNF-α, Fb, and ferritin. These findings 
align with previous studies that recommended pro-inflam-
matory cytokines, APPs, and oxidative stress markers as 
reliable diagnostic and prognostic tools for urine retention 
in various species, including sheep (Suen et al., 2010; El-
Deeb and Elmoslemany, 2016; Boonla, 2018; Maciel et al., 
2017; Abdallah et al., 2021; Thongboonkerd et al., 2021; 
Saenz-Medina et al., 2022). However, this study differed in 
terms of marker prioritization due to variations in species, 
disease stage, and methodology employed.    

cOncluSIOn

Urine retention in sheep is associated with several hema-
to-biochemical changes which have an immunological 
origin. These changes should be followed-up and reversed 
by the appropriate supportive treatment. Pro-inflamma-
tory cytokines, APPs, and TAC are sensitive biomarkers 

for urine retention especially (TAC and IL-1β) and good 
predictors of the urethral process surgical removal results 
especially (IL-1α, TNF-α, Fb, and ferritin).  
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