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Abstract 

        Diuresis, an excessive filtration of body fluids by the kidneys, can lead to various disorders, with furosemide being a potent 

diuretic commonly used in treatment. This study investigates the impact of colostrum on diuresis-induced rats, focusing on 

biochemical aspects. Furosemide, a potent loop diuretic, exerts its diuretic effect by inhibiting renal sodium and chloride 

reabsorption. Widely prescribed for conditions such as heart failure and edema, it provides rapid relief. Administered orally or via 

injection, its safety and efficacy span various age groups. Electrolyte monitoring, particularly potassium, is essential. Despite 

general tolerability, cautious use is warranted, considering potential interactions and contraindications, emphasizing the need for 

close medical supervision. Colostrum is the first milk secretion produced by the mammary glands of mammals, including humans 

and cows, shortly after giving birth. It is distinct from regular milk in terms of its composition and serves as a crucial source of 

nutrients and immune factors for newborns. Colostrum is rich in Immunoglobulins, Lactoferrin, Lysozymes, growth factors and 

minerals. The aim of this study was to investigate the effects of furosemide, a loop diuretic, on various physiological parameters 

in rats, particularly focusing on electrolyte balance, kidney function, hormonal regulation, inflammation markers, and cardiac 

stress markers. Additionally, the study aimed to assess the potential mitigating effects of bovine colostrum on these parameters in 

the context of furosemide-induced diuresis. The research aimed to provide insights into the impact of furosemide and evaluate 

whether colostrum supplementation could offer protective or compensatory effects on the physiological responses observed during 

diuresis. Forty rats were used in this investigation, ten in each of the four groups. As normal controls, Group I rats got no 

medication injections and 40 mg/kg of saline injections every 30 days. Rats in Group II were normal and received an oral dose of 

50 mg/kg/day for 30 days. Rats I/P were injected with 40 mg/kg/day of furosemide for 30 days in order to induce diuresis in the 

furosemide group. Rats in the Colostrum group received 50 mg/kg of colostrum intraperitoneally every day for 30 days, followed 

by 50 mg/kg of colostrum daily treatment. The findings suggested that rats exhibited furosemide-induced diuresis, which was 

associated with a considerable increase in creatinine, urea, uric acid, aldosterone albumin, total protein, CRP, LDH, troponin, and 

CKMB and a marked decrease in serum levels of sodium, magnesium, and chloride. Furosemide also drastically changed the 

levels of potassium, calcium, and chloride and elevated the expression of the ACE and Renin genes. Treatment with COL in 

diuretic rats revealed a marked improvement in all previous parameters. This may be due to its potential as a hypotensive effect 

and to its ingredients. 
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1. Introduction 

 

Patients suffering from urinary retention lose so much 

bodily fluid that their bodies become incapable of operating 

normally. That happens when a patient loses more fluids 

than he consumes. Diuresis may happen on a particularly 

hot day if the patient sweats a lot or is sick with a fever, 

diarrhea, or vomiting. It can also be induced by loop diuretic 

therapy, which increases patient urine output [1]. The 

kidneys are affected by the strong loop diuretic furosemide, 

which increases the body's water loss. It primarily functions 

by increasing the body's excretion of water and blocking the 

kidneys' ability to reabsorb electrolytes. Furosemide has 

been utilized safely and efficiently in both pediatric and 

adult patients due to its quick onset and brief duration of 

action [2]. Furosemide is especially helpful when used in 

clinical situations where a medication with stronger diuretic 
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capability is needed [3]. state that, in addition to oral 

formulations, there is also an intravenous and intramuscular 

injection solution available. However, these options are 

usually restricted to patients who cannot take oral 

medication or who are in urgent clinical situations. BC is the 

first milk secretion of the cow’s mammary gland after 

calving. Bovine colostrum is high in immunoglobulin, 

lactoferrin and lysozyme. It also has high levels of growth 

factors, bioactive peptides and is used as a powerful anti-

inflammatory fluid. Compared to milk, cow colostrum has 

higher levels of proteins, fat, vitamins and minerals. It is 

used as a compensatory drug for immune system 

deficiencies and blood electrolyte imbalances [4]. 

2. Materials and techniques 

2.1. Experimental animals 

 For this investigation, a total of forty male albino 

rats weighing an average of 180–220 g were employed. The 

rats were aged between 6 and 8 weeks. The University of 

Veterinary Medicine in Benha is where the rats were 

purchased. They were housed in wire-mesh cages that had 

12 hours of light and dark cycles, enough ventilation, and 

humidity. Their usual diet consisted of pellets and copious 

amounts of clean drinking water. 

2.2. Furosemide Dose 

 The experimental group received furosemide 

(Lasix)   intraperitoneal (40mg/kg B.W) purchased from 

Safoni Aventis company  for a duration of 30 days. The 

control group of rats was injected with saline of same 

volume intraperitoneal [5]. 

2.3. Preparation of COL 

 Bovine COL (Immu Guard) was purchased from El 

Ameriea Company at a dose of 50 mg/Kg.b.w /day orally. 

The mixture was sealed and boiled for 15 minutes in a 

heated water bath after 50g of powder dissolved in 250 mL 

of deionized water, which has been squeezed into the 500 ml 

conical flask. It had been filtered in order to extract an 

aqueous solution once it had reached room temperature. The 

extract was kept in a refrigerator between 5 and 10 °C for 

later use. 

2.4. Experimental Design 

 Bovine COL (Immu Guard) was purchased from El 

Ameriea Company at a dose of 50 mg/kg/day orally. The 

mixture was sealed and boiled for 15 minutes in a heated 

water bath after 50g of powder dissolved in 250 mL of 

deionized water, which had been squeezed into the 500 mL 

conical flask. It had been filtered in order to extract an 

aqueous solution once it had reached room temperature. The 

extract was kept in a fridge. There were forty rats, divided 

into four groups (10 each). Group I, the standard control 

group, received 30 days of saline injections at a dosage of 

40 mg/kg and no medication. The Colostrum group (Group 

II) was made up of typical rats that received an oral dose of 

50 mg/kg b.e. of bovine colostrum every 30 days. Rats in 

Group III, nicknamed the Furosemide group, received an 

intraperitoneal injection of 40 mg/kg b.w. of furosemide for 

30 days in an attempt to cause diuresis. Group IV, which 

administered bovine colostrum treatment at an oral dose of 

50 mg/kg b.w. daily/30, was treated with furosemide at a 

dose of 40 mg/kg b.w. daily/30 igerator between 5 and 10 

°C for later use. (Ethical Approval Number: BUFVTM 18-

09-23). 

2.5. Sampling 

 Rats were starved for an entire night and given 

diethyl ether anesthesia at the conclusion of the thirty-day 

experiment. Samples of intestinal tissue and blood were 

taken from both the experimental and control groups of 

animals. 

 

2.5.1. Blood specimens 

 The eyes' retroorbital plexus provided blood 

specimens, which were then centrifuged for 15 minutes at 

3000 rpm. Automated micropipettes were used to extract the 

pure, clear serum, which was then transferred to dry, sterile 

Eppendorf tubes and kept at -20 degrees Celsius in a deep 

freezer until it was required for a subsequent biochemical 

test. CRP was measured in each serum specimen. [6], 

Calcium [7], Chloride [8], Uric acid [9], Albumin [10], 

Total protein [11], Creatinine [12], Urea [13], Na [14], K 

[15], Mg [16], PTH [17], LDH [18], Troponin [19], CKMB 

[20], Cortisol [21], Aldosteron [22], and ADH [23]. 

2.5.1.1. Apparatuses and equipment employed 

 Biosystem 20, Ns Piotec SCA 1100 

(spectrophotometer), Immulite 1000 elisa equipment, and 

AXP 77 Electrolytes Analyzer (erma) were utilized. 

2.5.2.  Tissue Samples 

      Tissue specimens were placed in a 2-milliliter Eppendorf 

tube, which was immediately placed in liquid nitrogen and 

kept at -80 degrees Celsius until RNA extraction. The 

abdomen was opened, and the colon specimen was gently 

removed with a scraper. Next, to remove any blood cells or 

clots, the colon specimen was cleaned by rinsing it with ice-

cold isotonic saline. By examining every colon tissue 

sample, the expression of the genes Renin and ACE [24]. 

2.5.3. Tools and apparatus for real-time polymerase 

chain reaction 

 Biohit Unichannel micropipettes (100-1000, 2-20, 

0.5-10) and (20-200) μl, a real-time PCR machine 

(Stratagene MX3005P), varying-sized filter tips, 0.2 

milliliter optical tubes, and optical caps from the Applied 

Biosystem. 

2.6. Statical analysis 

            The study employed a one-way analysis of variance 

(ANOVA) with the Least Significant Difference (LSD) 

method to assess the differences in variable means among 

the groups. The data, which are shown as the mean ± SE, 

were analyzed using the Statistical Package for Social 

Science (SPSS) version 20 for Windows (SPSS® Chicago, 

IL, USA) program. When P < 0.05, the likelihood was 

considered significant.   

3. Results  

    Table 1: Rats given a furosemide injection 

experienced a significant drop in serum Na and Mg in 

contrast to the standard control group. In addition to a non-

significant decrease in Ca, Cl, and K, When colostrum was 

given to diuretic rats, the serum levels of Na and Mg 

increased significantly when compared to the untreated 

group, but the Ca,Cl, K, and Mg levels did not significantly 
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increase. Following colostrum treatment, the parameters of 

the diuresis group improved to nearly typical values. Table 2 

showed that the administration of furosemide to rats resulted 

in a significant rise in the activity of kidney function tests, 

including urea, uric acid, and creatinine, in contrast to 

normal control rats. The colonostrum group, when compared 

with the normal control, showed a significant increase in 

creatinine, urea, and uric acid levels. The colonostrtum-

treated group, when compared with the normal control, 

showed a non-significant increase in kidney function. Table 

3 demonstrated that giving rats a furosemide injection 

produced a significant increase in serum levels of PTH, 

aldosterone, and ADH. The col-treated group showed a non-

significant decrease in the previous results. Treatment of the 

diuretic group with colostrum showed a non-significant 

increase in serum levels of aldosterone, ADH, PTH, and 

cortisol when compared with the diuretic-non-treated group. 

 Table 4 shows that, as compared to a normal 

control, the induction of diuresis significantly increased the 

concentrations of albumin, TP, and CRP. A demonstration 

of colostrum in normal rats showed a significant increase in 

serum levels of albumin, TP, and CRP when compared with 

the normal control. Meanwhile, colostrum treatment in the 

diuretic group showed a significant increase in albumin, TP, 

and CRP. Table 5 shows that I/P injection of furosemide for 

induction of diuresis revealed a significant increase in 

cardiac function tests, including activities of LDH, CKMB, 

and troponin concentration, when compared with normal 

rats. The colostrum-treated group showed a significant 

increase in cardiac function tests in contrast with normal 

control. A demonstration of colostrum in normal rats 

revealed a non-significant difference in contrast to the group 

that did not receive treatment. Table 6 showed that the 

injection of furosemide produced a significant upregulation 

of renin and ACE levels. The colostrum-treated group 

resulted in an upregulation of gene expression of renin and 

ACE levels when contrasted with typical control rats; 

however, the upregulation of gene expression was not 

statistically significant when colostrum was given to 

ordinary rats. 

 

 

4. Discussion  

 Table 6 showed that the injection of furosemide 

produced a significant upregulation of renin and ACE levels. 

Colostrum treatment resulted in a downregulation of gene 

expression of renin and ACE levels when contrasted with 

typical control rats; however, the downregulation of gene 

expression was not statistically significant when colostrum 

was given to ordinary rats. Our findings showed that I/P 

injection of furosemide into rats resulted in significant rises 

in serum Na and Mg when contrasted with the untreated 

group. These findings were consistent with those of [25] and 

[26], who conducted a study in which patients receiving 

long-term furosemide therapy frequently experienced both 

hypernatremia and hypomagnesemia. The water-deprived 

animals became electrolyte-depleted and water-deficient as 

a result of diuresis, which caused a significant increase in 

the daily output of sodium and magnesium in urine[27].The 

increased excretion of sodium, chloride, and potassium in 

the urine may be due to furosemide binding to the Ca Na-K-

2Cl transporter and inhibiting the luminal Ca-Na-K-Cl 

cotransporter in the thick ascending limb of the loop of 

Henle [28]. The effect on the distal tubules eliminates the 

corticomedullary osmotic gradient and inhibits both positive 

and negative free water clearance without interfering with 

aldosterone or carbonic anhydrase. Unlike with carbonic 

anhydrase inhibitors, diuresis is not impeded by the 

formation of acidosis due to the loop of Henle's strong NaCl 

absorptive capacity. Furthermore, furosemide inhibits 

GABA-A receptors in a noncompetitive subtype-specific 

manner [29]. 

 Rats treated with furosemide-induced diuresis had 

significantly higher serum levels of calcium, sodium, 

potassium, and magnesium after receiving colostrum 

treatment than the diuretic group. These findings concur 

with those of [30], who discovered that providing rats with 

bovin colostrum maintained the electrolyte balance 

necessary to maintain typical plasma volume and rat cell 

function. Sodium is widely distributed in the ECW and 

helps maintain plasma volume and osmotic equilibrium 

between the ECW and the ICW. Based on [31]. potassium is 

an electrolyte found in the interstitial fluid that aids in 

controlling osmotic pressure and is crucial for nerve 

stimulation and muscle contraction. Blood calcium levels 

are maintained within relatively small ranges by this 

negative feedback mechanism [32]. According to [33], our 

research on the effects of bovine colostrum indicates that it 

is a good source of several minerals, particularly calcium, 

phosphorus, and magnesium, which are present in relatively 

large amounts along with zinc and selenium. The utilization 

rate of these minerals is between 92 and 98%, which led to 

electrolyte compensation in the diuretic rats [34].  

Furosemide-induced diuresis has multiple effects on the 

kidney, as evidenced by the significant rise in serum levels 

of urea, creatinine, and uric acid in the furosemide group 

relative to the untreated group. Vasopressin is activated, and 

serum osmolality, hemoconcentrations, and kidney function 

tests rise as a result of the body losing water [36]. Our 

results also corroborate those of [37], who found that an 

intraperitoneal injection of furosemide increased kidney 

function tests in rats who were very dehydrated. 

 When colostrum was given to the diuretic group, 

compared to the diuretic-non-treated group, renal function 

tests showed a non-significant decline. This is because the 

high lactoferrin content of Colostrum shielded human 

kidney tubular epithelial cells from oxidative stress-induced 

cell death and apoptosis. Furthermore, lactoferrin inhibited 

the expression of the profibrogenic genes CTGF, PAI-1, and 

collagen, preventing kidney fibrosis brought on by TGF-β1. 

Renal function tests decreased, but not significantly. 

Additionally, [38] showed that the use of lactoferrin for 

patients who are critically ill with acute kidney injuries may 

be able to reduce kidney functions. Our results are also in 

association with the findings of [39], where it can be very 

easily shown that lactoferrin reduces the malfunction and 

corruption that occur due to diuresis. Serum concentrations 

of PTH, cortisol, aldosterone, and ADH significantly rose in 

rats given furosemide injections and subsequent deprivation 

of water and electrolytes.  
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Table 1. Effect of colostrum treatments on Serum Calcium, chloride, Sodium, Potassium, magnesium in diuresis   induced 

experimentally in rats    

 
Calcium (mg/dL) Chloride 

(mEq/L) 

Na 

(mEq/L) 

K 

(mEq/L) 

Mg 

(mg/dL) 

Normal Control  8.40±0.15bc 96.35±3.87b 144.47±2.64a 3.84±0.26a 3.07±0.26a 

COL group 10.30±0.31a 131.76±3.67a 152.82±3.86a 4.41±0.27a 2.96±0.16a 

Furosemide group 7.64±0.39c 87.30±2.00b 96.43±4.51c 3.30±0.44a 2.20±0.07b 

 Colostrum treated 

group 

8.85±0.23b 96.45±2.82b 126.47±3.80b 3.85±0.54a 2.62±0.13ab 

That data is displayed as the median ± S.E.  S.E. is the standard error. There are significant differences at (P<0.05) between the 

mean values in the same column with different superscript letters  

 

 

 

Table 2. Impact of colostrum therapy on urea, uric acid, and serum creatinine 

 
Creatinine 

(mg/dL)  

Urea 

(mg/dL) 

Uric Acid 

(mg/dL) 

Normal Control  0.75±0.02c 29.37±1.15d 4.22±0.11c 

COL group 0.96±0.02b 35.12±1.67c 5.41±0.35b 

Furosemide group 1.29±0.10a 49.00±2.36a 6.86±0.22a 

 Colostrum treated group 1.12±0.04b 42.32±0.64b 6.12±0.43ab 

The data is presented as the median ± S.E.  S.E. is the standard error. Distinct superscript letters in the mean values of the same 

column denote a significant difference at (P<0.05 ( 
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Table 3. Effect of colostrum treatments on Serum Cortisol, Aldosterone, ADH, glucose and Rat weight 

 
Cortisol 

(nmol/L) 

Aldosterone 

(nmol/L) 

ADH 

(nmol/L) 

PTH 

(nmol/L) 

Normal Control  8.15±0.28ab 73.60±0.87b 2.46±0.32b 8.94±1.09b 

COL group 7.10±0.42b 70.13±0.88b 2.16±0.33b 6.17±0.57b 

Furosemide group 10.12±0.25a 92.43±3.15a 4.15±0.33a 15.36±2.34a 

 Colostrum treated group 8.31±1.25ab 76.30±1.47b 2.97±0.32b 10.74±1.02ab 

The data is presented as the median ± S.E.  S.E. is the standard error. Distinct superscript letters in the mean values of the same 

column denote a significant difference at (P<0.05) 

 

 

 

Table 4. Effect of colostrum treatments on Serum Albumin, total proteins and C.R.P. 

 
Albumin 

g/dL 

T. protein 

g/dL 

CRP 

mg/dL 

Normal Control 4.24±0.06d 8.19±0.12d 2.80±0.24c 

COL group 5.13±0.09c 9.20±0.05c 5.77±0.23b 

Furosemide group 6.03±0.10a 10.62±0.19a 6.89±0.41a 

 Colostrum treated group 5.62±0.13b 9.90±0.10b 4.34±0.36b 

 

The data is shown as (Mean ± S.E.). The standard error is S.E. In the same column, mean values that have distinct superscript 

letters indicate a significant difference at (P<0.05) . 



IJCBS, 24(8) (2023): 334-343 

 

Awadein et al., 2023     339 
 

Table 5. The impact of colostrum therapy on heart function during experimentally induced diuresis in rats. 

 
LDH 

U/L 

TROPONIN 

ng/mL 

CKMB 

IU/l 

Normal Control  516.83±37.99c 4.73±0.36b 0.99±0.09c 

COL group 564.71±24.47c 4.17±0.33b 1.23±0.13c 

Furosemide group 935.85±30.00a 8.18±0.68a 4.20±0.06a 

 Colostrum treated group 745.74±94.12b 4.61±0.41b 2.77±0.58b 

The data is presented as Average ± S.E.  Standard error stands for S.E. Mean values in the same column whose whose superscript 

letters differ indicate a significant variation at (P<0.05 ( 

 

 

 

Table 6. Effect of colostrum treatments on Renin and ACE gene expression  

 
Renin 

IU/ML 

ACE 

IU/ML 

Normal Control  1.01±0.03c 1.01±0.05b 

COL group 0.98±0.04c 0.86±0.02b 

Furosemide group 9.42±0.34a 7.48±0.29a 

 Colostrum treated group 5.62±0.22b 4.94±0.15b 

The data is presented as Average ± S.E.  Standard error stands for S.E. Mean values in the same column whose whose superscript 

letters differ indicate a significant variation at (P<0.05). 
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Table 7: Bovine Colostrum Ingredients Compared with Milk [35] 
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 Our findings are in line with those of [40], who 

discovered that while diuresis did not change plasma levels 

of adrenocorticotropic hormone (ACTH), renin activity 

(PRA), plasma Angiotensin II (AII), vasopressin deprivation 

caused the adrenal capsule containing the zona glomerulosa 

to rise substantially in absolute weight without changing the 

density of cells per area unit, suggesting that the hyperplasia 

of the zona glomerulosa was the cause of the adrenal 

capsule's growth., Following diuresis, the production of 

ADH and aldosterone rose. It has been proposed that the 

ADH triggers aldosterone secretion in addition to its 

kidney's water-absorbing roles. The colon is then the main 

organ where aldosterone acts to cause salt and water 

absorption [41]. When contrasted to the diuretic-non-treated 

group, the colostrum-treated group's serum levels of 

aldosterone and ADH were greatly reduced. The minerals 

lactoferrin and zinc found in colostrum, however, acted as 

compensatory factors in blood electrolyte hemostasis and as 

a negative feedback pathway for the pituitary gland to 

reduce ADH secretion and adrenal gland secretion of 

aldosterone. This is why PTH and cortisol were not 

significantly reduced. These outcomes concur with those of 

[42], who observed that diuretic camels given colostrum and 

lactoferrin experienced a significant improvement in the 

hormones that regulate blood minerals and water retention. 

However, induction of diuresis in rats revealed a significant 

increase in the concentration of albumin, TP, and CRP. 

Meanwhile, colostrum treatment showed improvement in 

these parameters to nearly normal levels. This is in 

agreement with [43], who revealed that diuresis in female 

rats led to hemoconcentration and vasoconstriction, which 

led to increased protein liver production for all serum 

proteins. In addition, results in line [44] demonstrated that 

water deprivation increased inflammation and histamine and 

cortisol secretion as a result of blood acidity, and that the 

possibility of inflammation increased CRP levels as a result. 

 Our findings revealed that the colostrum 

demonstration in normal rats showed a significant decrease 

in serum levels of albumin, TP, and CRP in contrast to the 

standard control. This is due to decreasing the inflammatory 

state because of the lactoferrin and immunoglobulin 

contents in the colostrum, and this is in agreement with [45], 

who examined the effect of lactoferrin and immunoglobulins 

in the colostrum on CRP and inflammation rate in diuretic 

rats. Injection of furosemide for the induction of diuresis 

revealed a significant increase in cardiac function tests, 

including activities of LDH, CKMB, and troponin 

concentration, when compared with normal. This is in line 

with the findings of [46]. There was a significant increase in 

cardiac enzyme levels (LDH, troponin, and CKMB) that 

could be brought on by those diuretics. Activation of the 

renin-angiotensin-aldosterone system (RAAS) is a critical 

step in the development of heart failure. The inability of the 

heart to supply enough blood flow to essential organ 

systems initially triggers changes in the RAAS. In an 

attempt to make up for the reduced blood flow, the RAAS 

specifically releases more angiotensin II. Angiotensin II 

overproduction exacerbates cardiac failure [47]. 

Our findings revealed that the colonostrum 

demonstration in normal rats showed a significant decrease 

in the serum level of cardiac enzymes, which is also due to 

lactoferrin. These findings concur with those of [48], who 

reported a noteworthy decline in diuretic rats given 

lactoferrin treatment. It has been suggested that lactoferrin's 

antihypertensive effects result from NO-dependent 

vasodilation and restriction of the angiotensin I-converting 

enzyme (ACE) and endothelin-converting enzyme (ECE) 

enzyme activities [49]. Moreover, furosemide injection 

resulted in significant upregulation of renin and ACE levels 

in contrast to a typical control. This is due to the fact that 

diuresis impacts and activates RAAS, as discussed 

previously in tables 4 and 5. These results are in agreement 

with [50], who noticed there was a significant increase in 

gene expression of RAAS in rats that were injected with 

loop diuretic-activated rats. While colostrum treatment in 

diuretic rats reduced gene expression of renin and ACE 

levels due to lactoferrin action on the renin angiotensin 

aldosterone system [51]. 

 

5. Conclusions 

In conclusion, the study provides valuable 

evidence that L. sativa may have a beneficial impact on 

electrolyte balance and kidney function in diuretic-treated 

rats. These findings contribute to the growing body of 

literature emphasizing the potential health benefits of 

incorporating L. sativa into diets, particularly in situations 

where electrolyte imbalances and renal dysfunction may 

arise. Further research, including clinical studies in human 

subjects, would be beneficial to validate and extend these 

findings.    

 

References  

 

[1] Y. Ono, H. Takamatsu, M. Inoue, Y. Mabuchi, T. 

Ueda, T. Suzuki, M. Kurabayashi. (2018). Clinical 

effect of long-term administration of tolvaptan in 

patients with heart failure and chronic kidney 

disease. Drug Discoveries and Therapeutics. 12(3): 

154-160. 

[2] K.H.  Polderman. (2009). Mechanisms of action, 

physiological effects, and complications of 

hypothermia. Critical care medicine. 37(7): S186-

S202. 

[3] J. Buggey, R.J. Mentz, B. Pitt, E.L. Eisenstein, K.J. 

Anstrom, E.J. Velazquez, C.M. O'Connor. (2015). 

A reappraisal of loop diuretic choice in heart 

failure patients. American Heart Journal. 169(3): 

323-333. 

[4] S.  Stewart, S. Godden, R. Bey, P. Rapnicki, J. 

Fetrow, J. Farnsworth, R. Scanlon, M.Y. Arnold, 

and C. Ferrouillet. (2005): Preventing bacterial 

contamination and proliferation during the harvest 

storage and feeding of fresh bovine COLs. Journal 

of Dairy Science. 88: 2571-2578. 

[5] L. Haegeli, H.P. Brunner‐La Rocca, M. Wenk, M. 

Pfisterer, J. Drewe, S. Krähenbühl. (2007). 

Sublingual administration of furosemide: new 

application of an old drug. British Journal of 

Clinical Pharmacology. 64(6): 804-809. 

[6] D. Thompson, M.B. Pepys, S.P. Wood. (1999). The 

physiological structure of human C-reactive protein 

and its complex with phosphocholine. Structure. 

7(2): 169-177. 

[7] N.W. Tietz. (1990). Clinical Guide to Laboratory 

Tests 2nd Ed. Philadelphia. Tovar D, Zambonino-



IJCBS, 24(8) (2023): 334-343 

 

Awadein et al., 2023     342 
 

Infante JL, Cahu C, Gatesoupe FJ, Vلzquez-Juلrez 

R, Lésel R (2002). Effect of live yeast 

incorporation in compound diet on digestive 

enzyme activity in sea bass larvae. Aquaculture. 

204: 113-123. 

[8] M. Areles. (2003). Patch Clamping: An 

Introductory Guide to Patch Clamp 

Electrophysiology. Wiley & Sons. ISBN 978-0-

471-48685-5. 

[9] M. Lieberman, A.D. Marks, C.M. Smith, D.B. 

Marks. (2007). Marks' Essential Medical 

Biochemistry. Philadelphia: Lippincott Williams & 

Wilkins. 47. ISBN 978-0-7817-9340-7. 

[10] S. Sugio A. Kashima S. Mochizuki M. Noda, K. 

Kobayashi. (1999). Crystal structure of human 

serum albumin at 2.5 A resolution. Protein 

Engineering. 12(6): 439–46. doi:10.1093/protein/ 

12.6.439. PMID 10388840. 

[11] A. Gutteridge and J.M. Thornton. (2005). 

Structures and ionization of polar and charged 

amino acids. Trends in Biochemical Sciences. 

11(30): 622-629. 

[12] O. Shemesh, H. Golbetz, J.P. Kriss, B.D. Myers. 

(1985). Limitations of creatinine as a filtration 

marker in glomerulopathic patients. Kidney 

International. 28(5): w830-838. 

[13] J.G. Reinhold. (1953): Standard Methods of 

Clinical Chemistry, (M. Reiner, ed). Academic 

Press, New York. 88. 

[14] D.D. Rutstein, E.F. Ingenito, W.E. Reynolds. 

(1954). The determination of albumin in human 

blood plasma and serum. a method based on the 

interaction of albumin with an anionic dye—2-

(4′-hydroxybenzeneazo) benzoic acid. Journal 

of Clinical Investigation. 33: 211.   

[15] A. Goyal, J.A. Spertus, K. Gosch, L.P.G. 

Venkitachalam, J.G. Van den Berghe, M.  

Kosiborod. (2012). Serum potassium levels and 

mortality in acute myocardial infarction. 

Journal of American Medical Association. 

307(2): 157-164. 

[16] J. Soar, G.D. Perkins, G. Abbas, A. Alfonzo, A. 

Barelli, J.J. Bierens et al. (2010). European 

Resuscitation Council Guidelines for 

Resuscitation 2010 Section 8. Cardiac arrest in 

special circumstances: Electrolyte 

abnormalities, poisoning, drowning, accidental 

hypothermia, hyperthermia, asthma, 

anaphylaxis, cardiac surgery, trauma, 

pregnancy, electrocution. Resuscitation. 81 

(10): 1400–1433. 

[17] M. Coetzee, M.C. Kruger. (2004). 

Osteoprotegerin-receptor activator of nuclear 

factor-[kappa] B ligand ratio: A new approach 

to osteoporosis treatment? Southern Medical 

Journal. 97(5): 506-512. 

[18] H.M. Wilks, K.W. Hart, R. Feeney, C.R. Dunn, 

H. Muirhead, W.N. Chia, J.J. Holbrook. (1988). 

A specific, highly active malate dehydrogenase 

by redesign of a lactate dehydrogenase 

framework. Science. 242(4885): 1541-1544. 

[19] J. Layland, R.J. Solaro, A.M. Shah. (2005). 

Regulation of cardiac contractile function by 

troponin I phosphorylation. Cardiovascular 

Research. 66(1): 12-21. 

[20] S.P. Rao, S. Miller, R. Rosenbaum, J.B. Lakier. 

(1999). Cardiac troponin I and cardiac enzymes 

after electrophysiologic studies, ablations, and 

defibrillator implantations. American Journal of 

Cardiology. 84(4): 470. 

[21] V. Litteral, R. Migliozzi, D. Metzger, C. 

McPherson, R. Saldanha. (2023). Engineering a 

Cortisol Sensing Enteric Probiotic. ACS 

Biomaterials Science & Engineering. 9(9): 

5163-5175.  

[22] L.G. Palmer, G. Frindt. (2000). Aldosterone 

and potassium secretion by the cortical 

collecting duct. Kidney International. 57(4): 

1324-1328. 

[23] R.R. Sukhov, L.C. Walker, N.E. Rance, D.L. 

Price, W.S. Young. (1993). Vasopressin and 

oxytocin gene expression in the human 

hypothalamus. Journal of Comparative 

Neurology. 337(2): 295-306. 

[24] S. Mizuiri, H. Hemmi, H. Kumanomidou, M. 

Iwamoto, M. Miyagi, K. Sakai, A. Hasegawa. 

(2001). Angiotensin-converting enzyme (ACE) 

I/D genotype and renal ACE gene expression. 

Kidney International. 60(3): 1124-1130. 

[25] D.M. Goto, G.M. Torres, A.C. Seguro, P.H. 

Saldiva, G. Lorenzi-Filho, N.K. Nakagawa. 

(2010). Furosemide impairs nasal mucociliary 

clearance in humans. Respiratory Physiology 

and Neurobiology. 170(3): 246-252. 

[26] C.T. Lee, H.C. Chen, L.W. Lai, K.C. Yong, 

Y.H.H. Lien. (2007). Effects of furosemide on 

renal calcium handling. American Journal of 

Physiology-Renal Physiology. 293(4): F1231-

F1237.  

[27] M.S. Yatabe, T. Iwahori, A. Watanabe, K. 

Takano, H. Sanada, T. Watanabe, J. Yatabe. 

(2017). Urinary sodium-to-potassium ratio 

tracks the changes in salt intake during an 

experimental feeding study using standardized 

low-salt and high-salt meals among healthy 

Japanese volunteers. Nutrients. 9(9): 951.  

[28] M. Pandey, N. Singh, A. Agnihotri, R. Kumar, 

P. Saha, R.P. Pandey, A. Kumar. (2022). 

Clinical Pharmacology & Therapeutic uses of 

Diuretic Agents: A Review. Journal for 

Research in Applied Sciences and 

Biotechnology. 1(3): 11-20. 

[29] S. Tia, N. Kotchabhakdi, J.F. Wang, and S. 

Vicini. (1996).  Developmental changes of 

inhibitory synaptic currents in cerebellar 

granule neurons: role of GABAA receptor α6 

subunit. Journal of Neuroscience. 16(11): 3630-

3640. 

[30] K.Y. Na, Y.K. Oh, J.S. Han, K.W. Joo, J.S. 

Lee, J.H. Earm, G.H. Kim. (2003). 

Upregulation of Na+ transporter abundances in 

response to chronic thiazide or loop diuretic 

treatment in rats. American Journal of 

Physiology-Renal Physiology. 284(1): F133-

F143. 

https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-471-48685-5
https://en.wikipedia.org/wiki/Special:BookSources/978-0-471-48685-5
https://archive.org/details/marksessentialme0000lieb
https://archive.org/details/marksessentialme0000lieb
https://archive.org/details/marksessentialme0000lieb/page/47
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-7817-9340-7
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1093%2Fprotein%2F12.6.439
https://doi.org/10.1093%2Fprotein%2F12.6.439
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/10388840


IJCBS, 24(8) (2023): 334-343 

 

Awadein et al., 2023     343 
 

[31] R.J. Playford, M. Cattell, T. Marchbank. 

(2020). Marked variability in bioactivity 

between commercially available bovine 

colostrum for human use; implications for 

clinical trials. PloS One. 15(6): e0234719. 

[32] E.K. Kydonaki, L. Freitas, H. Reguengo, C.R. 

Simón, A.R. Bastos, E.M. Fernandes, T. 

Amorim. (2022). Pharmacological and non-

pharmacological agents versus bovine 

colostrum supplementation for the management 

of bone health using an osteoporosis-induced 

rat model. Nutrients. 14(14): 2837.  

[33] K. Puppel, M. Gołębiewski G. Grodkowski J. 

Slósarz, M. Kunowska-Slósarz, P. Solarczyk, 

M. Łukasiewicz, M. Balcerak, T. Przysucha. 

(2019).  Composition and Factors Affecting 

Quality of Bovine Colostrum: A Review. 

Animals. 9: 1070. doi: 10.3390/ani9121070. 

[34] Y. Berné, D. Carías, A.M. Cioccia, E. 

González, P. Hevia. (2005). Effect of the 

diuretic furosemide on urinary essential nutrient 

loss and on body stores in growing rats. Latin 

American Archives of Nutrition. 55(2): 154-

160.  

[35] K. Stelwagen, E. Carpenter, B. Haigh, A. 

Hodgkinson, T.T.  Wheeler. (2009). Immune 

components of bovine colostrum and milk. 

Journal of Animal Science. 87(S): 3-9. 

[36] F.H. Mose, A.N. Jörgensen, M.H. Vrist, N.P. 

Ekelöf, E.B. Pedersen, J.N. Bech. (2019). 

Effect of 3% saline and furosemide on 

biomarkers of kidney injury and renal tubular 

function and GFR in healthy subjects–a 

randomized controlled trial. BMC Nephrology. 

20(1): 1-14.  

[37] J.M. Street, T.R. Bellomo, E.H. Koritzinsky, H. 

Kojima, P.S. Yuen, R.A. Star. (2020). A 

Furosemide Excretion Stress Test Predicts 

Mortality in Mice After Sepsis and 

Outperforms the Furosemide Stress Test During 

Vasopressin Administration. Critical Care 

Explorations. 2(5).  

[38] G.S. Palapattu, B. Kristo, J. Rajfer, (2002). 

Paraneoplastic syndromes in urologic 

malignancy: the many faces of renal cell 

carcinoma. Reviews in Urology. 4(4): 163.  

[39] B. Adamik, M. Wlaszczyk, A. Zimecki, A.  

Kübler. (1997). Lactoferrin effects on immune 

response in critically ill. Critical Care. 1: 1-52.  

[40] T.E. Jonassen, D. Promeneur, S. Christensen, 

J.S. Petersen, S. Nielsen. (2000). Decreased 

vasopressin-mediated renal water reabsorption 

in rats with chronic aldosterone-receptor 

blockade. American Journal of Physiology-

Renal Physiology. 278(2): F246-F256.  

[41] G. Mantovani, A. Mangone, E. Sala. (2023). 

Physiology of Vasopressin Secretion. Hydro 

Saline Metabolism: Epidemiology, Genetics, 

Pathophysiology. Diagnosis and Treatment. 41. 

[42] L. Xiong, J. Pei, P. Bao, X. Wang, S. Guo, M. 

Cao, X. Guo. (2023). The Study of Yak 

Colostrum Nutritional Content Based on 

Foodomics. Foods. 12(8): 1707.  

[43] H. Korkmaz, M. Yilmaz. (2019). The effects of 

levosimendan use on high-sensitivity C-reactive 

protein in patients with decompensated heart 

failure. Archives of Medical Science-

Atherosclerotic Diseases. 4(1): 174-179. 

[44] J.R.D.L. Benzi, P.P.D.S. Melli, G. Duarte, J.D. 

Unadkat, V.L. Lanchote. (2023). The Impact of 

Inflammation on the In Vivo Activity of the 

Renal Transporters OAT1/3 in Pregnant 

Women Diagnosed with Acute Pyelonephritis. 

Pharmaceutics. 15(10): 2427.  

[45] C. Ooi, T.A. Ahmad, N.F. Rajab, R. Sharif. 

(2023). The Effects of 12 Weeks Colostrum 

Milk Supplementation on the Expression Levels 

of Pro-Inflammatory Mediators and Metabolic 

Changes among Older Adults: Findings from 

the Biomarkers and Untargeted Metabolomic 

Analysis. Nutrients. 15(14): 3184. 

[46] H. Akter, M.M. Rashid, M.M. Islam, M.S. 

Hossen, M.A. Rahman, R. M. Algheshairy, 

A.M. Alnajeebi. (2022). Biometabolites of 

Tamarindus indica play a remarkable 

cardioprotective role as a functional food in 

doxorubicin-induced cardiotoxicity models. 

Journal of Functional Foods. 96: 105212.  

[47] S. Tia, N. Kotchabhakdi, J.F. Wang, S. Vicini. 

(1996).  Developmental changes of inhibitory 

synaptic currents in cerebellar granule neurons: 

role of GABAA receptor α6 subunit. Journal of 

Neuroscience. 16(11): 3630-3640. 

[48] S. Tibi, G. Zeynalvand, and H. Mohsin. (2023). 

Role of the Renin Angiotensin Aldosterone 

System in the Pathogenesis of Sepsis-Induced 

Acute Kidney Injury: A Systematic Review. 

Journal of Clinical Medicine. 12(14): 4566. 

[49] A. El-Khuffash, A. Jain, A.J. Lewandowski, 

P.T.  Levy. (2020). Preventing disease in the 

21st century: early breast milk exposure and 

later cardiovascular health in premature infants. 

Pediatric Research. 87(2): 385-390. 

[50] A.C. Lantis, M.K. Ames, S. Werre, C.E. 

Atkins. (2015). The effect of enalapril on 

furosemide‐activated renin–angiotensin–

aldosterone system in healthy dogs. Journal of 

Veterinary Pharmacology and Therapeutics. 

38(5): 513-517. 

[51] T. Jauhiainen, T. Pilvi, Z.J. Cheng, H. 

Kautiainen, D.N.H. Müller, H. Vapaatalo, E. 

Mervaala. (2010). Milk products containing 

bioactive tripeptides have an antihypertensive 

effect in double transgenic rats (dTGR) 

harbouring human renin and human 

angiotensinogen genes. Journal of Nutrition and 

Metabolism.  

 

 

 

 


