
191

Curr. Issues Pharm. Med. Sci., Vol. 35, No. 4, Pages 191-197

Current Issues in Pharmacy and Medical Sciences
Formerly ANNALES UNIVERSITATIS MARIAE CURIE-SKLODOWSKA, SECTIO DDD, PHARMACIA

journal homepage: http://www.curipms.umlub.pl/

© 2023 Author(s). This is an open access article distributed under the Creative Commons Attribution-NonComercial-No Derivs licence 
(http://creativecommons.org/licenses/by-nc-nd/3.0/)

INTRODUCTION

Bisoprolol is known commercially as concor, bisoprolol, 
zebeta, and many other trade names. Bisoprolol belongs to 
the beta blocker group of medication that exert their effects 
on the cardiovascular system by blocking the activity of 
several essential chemicals such as epinephrine [1]. This 
action decreases the cardiac rate, contractility of the heart, 
and blood pressure [2]. It functions as a cardioprotective 
agent by blocking beta 1 adrenergic receptors, slowing 
impulse conduction, and inhibiting the release of renin and 
angiotensin II by antagonistically binding to beta-1 receptors 
in the juxtaglomerular cells of the kidney.

Concor is commonly used for the early treatment of 
hypertension, chronic stable angina and chronic heart failure, 
and is also used to relieve the symptoms of an overactive 
thyroid gland [3].  Bisprolol has a high bioavailability with 
an absorption rate of over 90% and a plasma clearance half-
life of 10-12 hours, so in humans it is administered once 
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daily. The clearance of this drug occurs in the liver and 
kidney, and the inactive metabolites are eliminated predomi-
nantly by the kidneys [4]. The main side effects of Concor 
are headache, fatigue, low blood pressure, hypoglycemia, 
and slow heart rate [5]. Overdose of this drug can antagonize 
the β2-adrenergic receptors in the liver and lung, resulting 
in bronchospasms and low blood sugar [6].

Vitamin A is one of the fat-soluble vitamins that is 
absorbed in the intestine and stored mainly in hepatic, renal 
and adipose tissues. The three primary forms of vitamin 
A are retinal, retinoic acid, and retinaol; the form that the 
liver stores are retinyl palmitate [7]. The main source of this 
vitamin is from food, either from animal sources mainly 
as retinyl esters, or from pigmented vegetables and fruits 
(carotenoids, especially β-carotene). Usually, vitamin A is 
absorbed mainly by the intestinal epithelium in the presence 
of bile salts and intestinal juice [8]. It is assumed that supple-
ments of Vitamin A play a part in the catabolism of carbo-
hydrates, proteins, as well as lipids [9]. During embryonic 
development, retinoic acid regulates stem cell proliferation, 
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Concor is a beta-blocker drug used to treat high blood pressure, acute coronary syndrome, 
and to control the rapid pulse of the heart such as atrial fibrillation. Some of its adverse 
effects include hepatitis, increased triglycerides and liver enzymes. Monitoring liver and 
kidney functions in patients with hepatic or renal impairment who are taking concor is 
recommended.
The current study was undertaken to define whether vitamin A could improve structural 
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and the epithelium of the proximal kidney tubules showed vacuolar degeneration with 
necrosis. Liver sections showed degeneration and necrosis of hepatocytes, congestion of 
the central vein, dilation of sinusoids and inflammatory cell infiltration. Group 4 showed 
mild degeneration in the glomeruli, expansion of Bowman’s space and mild degeneration 
of tubular epithelium, and normal architecture of the liver with increased Kupffer cells. 
From this study, we concluded that concor drug induces structural changes in the liver 
and kidney and these effects were improved by Vitamin A administration.
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differentiation, and division. Also, it is involved in pres-
ervation of epithelial cell structure and function and cell 
apoptosis [10]. Vitamin A helps in the maturation of 
B-cells and helper lymphocytes (Th) and it is necessary for 
adaptive immunity. Its deficiency reduces antibody-mediated 
responses [11]. The relationship of vitamin A with the renal 
system is well known and retinoid acid is recognized as 
having a nephroprotective effect and therapeutic benefit in 
several animal models of kidney disease [12].

The present study is aimed at detecting the effect of 
Concor drug on the kidney and liver, and on understanding 
the protective influence of vitamin A upon liver and kidney 
injury induced by Concor in rats.

MATERIALS AND METHODS

Drug used
Concor was the drug used in this experiment. Each tablet 

contains 2.5 mg bisoprolol hemifumarate. It is manufactured 
by Merck Healthcare KgaA, Darmstadt, Germany.

Design of the study

The plan of the study was an interventional non- random-
ized open experimental study.

Animals used

Twenty-four adult male rats were used, of the same age 
group (2.5-3) months, weighing (150-200) grams, kept in 
the animal building of the Veterinary Medicine college, 
Mosul University. They were housed in clean net cages, 
12×20×10 cm in size, in a quiet place, 6 rats in each cage 
with temperature controlled at 25±2ºC, a 12-hour light-dark 
period, and access to water and food ad libitum [13]. The 
animals were left for at least one week to accommodate to 
the environment of the lab before starting the experiments.

The 24 treated rats were grouped into the following: the 
first group (G1), considered as a group control, was given 
normal saline orally for 4 weeks and the second group (G2) 
was given vitamin A (5000 IU) orally for 4 weeks. The third 
group (G3) received Concor drug 0.9 mg/kg/day orally for 
four weeks. Group 4 was given Vitamin A (5000 IU) and 
Concor drug (0.9 mg/kg B. wt.) orally for 4 weeks. At the 
end of the 4 week period, the animals were killed humanely, 
and specimens of the kidney and liver were taken and pre-
served in 10% formalin solution for one day for fixation, 
then paraffin blocks formed, then cut by microtome into thin 
sections (5 microns). Hematoxylin and Eosin stains were 
used for staining the sections and these were examined by 
light microscopy and pictures were taken using a color USB 
2.0 digital image camera (Omax ToupView 9.0-Megapexil 
China).

Ethical clearance

The local Ethics Committee of the health team of the 
school of medicine, University of Mosul, Iraq approved 
the experimental procedures for this study. It also follows 
the recommendations of the European Council Directive 
(2010/63/EU) of September 22, 2010, regarding the stan-
dards for protecting animals used for experimental purposes.

RESULTS

Group G1
All the animals in the control group survived and 

remained active throughout the experiment. They had a good 
appetite, and reacted very rapidly to stimulus.

Their kidneys were bean shaped, with the outer cortex 
consisting of normal nephrons and renal tubules and a 
normal inner medulla. The renal corpuscle of the nephron 
showed a normal glomerulus, which consisted of glomerular 
capillary loops that were located within a normal Bowman's 
space and which were surrounded by a normal Bowman's 
capsule (Figure 1).

The liver was congested and brown with a firm consis-
tency and a smooth surface. The liver sections from this 
group showed the lobular architecture of a normal liver, 
healthy hepatocytes and sinusoids, while the bile ductile 
appeared normal (Figure 2).

Figure 1. Kidney photomicrograph of the first group displays  
a typical renal structure showing normal glomeruli (A), proximal 
convoluted tubules (B), and distal convoluted tubules (C). H and E,  
100×

Figure 2. Liver photomicrograph of the first group demonstrates 
the normal structural organization of the liver in which the 
central (terminal hepatic venule) vein (A), cords of hepatocytes 
(B) around, and in between sinusoids (C). H and E, 100×

Group G2

The kidney of the Vitamin A treated group displayed 
the typical structure expressed by a normal arrangement 
of the renal tissue. Each glomerulus was composed of a 
tuft of capillaries encircled by a Bowman’s capsule that 
had normal visceral and parietal layers. The lining epithe-
lium of the proximal and distal renal tubules was cuboidal, 
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with normal eosinophilic cytoplasm and central nuclei with 
normal vesicular appearance (Figure 3, 4).

The liver appeared brownish, soft, lobulated with normal 
porta hepatic, normal hepatocytes around the central vein 
and mild sinusoidal congestion (Figure 5, 6).

Figure 3. Kidney photomicrograph of the second group (treated 
with Vitamin A), illustrates renal tissue with a normal architecture 
showing normal renal glomeruli(A), proximal convoluted tubules 
(B) and distal convoluted tubules (C). H and E, 100×

Figure 4: Kidney photomicrograph of the second group showing 
normal renal tissue, the glomeruli (A), proximal convoluted 
tubules (B), distal convoluted tubules (C), and blood vessel (D) 
looks normal. H and E, 400×

Figure 5. Liver photomicrograph of the second group shows a 
normal liver structure with central (terminal hepatic venule) vein 
(A), cords of hepatocytes (B), sinusoids (C), and the portal area (D).  
H and E, 100×

Figure 6. Liver photomicrograph of the second group, illustrates 
liver tissue with normal architecture, central vein (A), normal 
hepatocytes (B), and the sinusoids with mild congestion (C).  
H and E, 400×

Group G3

The kidney of the Concor drug-treated group showed 
degeneration of some glomeruli with a decrease in the size 
of the capillary loops of the kidney, an increase in Bowman’s 
space, and hemorrhage in the interstitial space. The lining 
epithelial of the proximal renal tubules showed vacuolar 
degeneration and necrosis. Some tubules, particularly in the 
cortex, were cystically dilated (Figure 7, 8).

Figure 7. Kidney photomicrograph of concor drug group, shows 
degeneration of glomeruli(A), expansion of Bowman’s space (B), 
renal cyst (C) and hemorrhage in the interstitial space (D). H and 
E, 100×

Figure 8. Kidney photomicrograph of concor drug group shows 
degeneration of glomeruli(A), expansion of Bowman’s space 
(B) and vacuolar degeneration (C) and necrosis (D) of lining 
epithelial cells of the proximal convoluted tubules. H and E, 400×
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The examined liver sections displayed necrosis and 
degeneration of hepatocytes around the central vein, with 
sinusoidal dilatation, while the central vein and blood vessels 
in the portal area were congested. In addition, infiltration of 
mononuclear inflammatory cells around the periportal area 
and the central veins was evident (Figure 9-11).

Figure 9. Liver photomicrograph of the concor treated group 
shows necrosis of hepatocytes around the central vein (A), 
degeneration of hepatocytes (B), and central vein congestion (C). 
H and E, 100×

Figure 10. Liver photomicrograph of the concor treated group 
shows necrosis (A) and degeneration (B) of hepatocytes, 
congestion and dilation of sinusoids (C) and infiltration by 
mononuclear inflammatory cells). H and E, 400×

Figure 11. Liver photomicrograph of the concor treated group 
illustrating necrosis of hepatocytes (A), congestion of central 
vein(B) and sinusoids with dilation (C) and mononuclear 
inflammatory cells infiltration (D). H and E, 400×

Group G4

The kidney displayed apparently normal kidney paren-
chyma, mild degeneration of glomeruli with enlargement of 

Bowman’s space. The lining epithelial cells of some renal 
tubules showed mild vacuolar degeneration (Figure 12, 13).

Figure 12. Kidney photomicrograph of concor with vitamin A 
treated animal shows glomeruli with mild atrophy (A) with the 
expansion of Bowman’s space (B) and congestion of the blood 
vessels (C). H and E, 100×

Figure 13. Kidney photomicrograph of concor and vitamin A 
treated animal illustrates minor atrophy of glomeruli (A) with 
distention of Bowman’s space (B) and the cells of the epithelium 
lining renal tubules with vacuolar degeneration (C). H and E, 
400×

The liver was characterized by normal hepatic lobules 
with a normal central vein, normal hepatocytes with no 
degeneration seen, mild congestion of sinusoids with 
increased numbers of kupffer cells. In addition, congestion 
of blood vessels in the portal area was less evident than G3 
(Figure 14, 15).

Figure 14. Liver photomicrograph of concor drug with vitamin 
A treated animal shows a typical structure of liver tissue, normal 
central vein (A), hepatocytes (B) and congestion (C) of vessels in 
the portal area. H and E, 100×
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Figure 15. Liver photomicrograph of treated animals with concor 
and vitamin A shows normal liver lobule architecture with usual 
hepatocytes (A) and congestion of sinusoids (B) with increased 
numbers of Kupffer cells (C). H and E, 400×

DISCUSSION

Concor (bisoprolol fumarate) is a synthetic selective 
β1-blocker medication that is commonly used to treat 
patients with mild to moderate hypertension. However, 
nephrotoxicity and hepatotoxicity are unusually conflicting 
influences of this drug, which physicians should be aware of 
[14,15]. This study assumed that the β-blockers could affect 
the liver and kidneys.

The results of this study indicate that Concor administra-
tion in a therapeutic dose (0.9 mg/kg b.wt.) once daily orally 
for 28 consecutive days induced atrophy of some glomeruli 
of the kidney, and shrinking of the size of the capillary loops 
that is associated with widening of Bowman’s space and 
interstitial hemorrhage. The lining epithelium cells of the 
proximal convoluted tubules showed necrosis and vacuolar 
degeneration, and some tubules, mainly in the cortex, were 
cystically dilated, which are all signs of tubular kidney 
degeneration. Our results are similar to the results reported 
by Alsadek et al. [15], who found that bisoprolol (1.8 mg/kg 
b.wt. once daily for 21 days) induced congested renal blood 
vessels with perivascular edema and round cell aggregations, 
as well as degenerative changes in the renal tubules with 
cystically dilated lumen associated with increased serum 
uric acid and creatinine levels. The general mechanisms that 
cause renal disturbance could be explained by the fact that 
the systolic function of the heart affects kidney function and 
perfusion. Theoretically, beta-blockers may decrease cardiac 
output, which causes a drop in kidney perfusion pressure 
and impairs kidney function [16]. 

The influence of beta-blockers on oxygenation and hemo-
dynamics of the kidney is not clearly understood. Hall M. 
et al. [17] used magnetic resonance imaging (MR) to cal-
culate blood flow in the renal artery and tissue oxygenation 
in diabetic and hypertensive patients taking beta-blockers. 
They found that renal oxygenation in medullary and cortical 
tissue is not dependent on blood flow in the renal artery, and 
the improvement in the oxygenation of renal tissue may be 
caused by a decrease in the kidney's oxygen consumption 
rather than an increase in renal blood flow [18].

The liver microanatomy in group 3 that received Concor 
showed congestion of hepatic blood vessels, necrosis and 
degeneration of hepatocytes around the central vein, with 

dilatation of sinusoids, and the presence of mononuclear 
inflammatory cells around and within the central veins and 
periportal area. This supports the finding of the research 
done by Alsadek et al. [15]. He studied the effects of Zebeta 
(bisoprolol) and found that the liver showed congestion of 
blood vessels, portal biliary proliferation, round cell inter-
stitial aggregations, and multifocal necrosis of hepatocytes. 
These results are consistent with the histological results we 
found. Dumortier et al. [19] described a case of hepatotox-
icity caused by atenolol use, which was associated with an 
increase in aminotransferase enzyme levels. He assumed 
that the mechanism of hepatotoxicity could be immune-
mediated based on the inflammatory cell infiltration that 
was observed in the liver biopsy samples. The mechanism 
for hepatotoxicity from beta-blockers is unclear. Rua J et 
al. [20] reported that the Carvedilol drug (non-selective 
alpha/β-blocker), which is usually given in hypertension 
and failure of the heart, leads to bile duct injury by toxic 
substances excreted as metabolites into the bile, and the 
secondary hepatocyte injury will result in hepatitis, which 
could progress to cirrhosis and cholestatic syndrome [21]. 
Mitchell et al. [22] noticed that patients with liver injury 
secondary to the use of β-blockers characteristically develop 
symptoms of hepatocellular damage and hyperbilirubinemia, 
and that the laboratory abnormalities will be recovered after 
stopping using β-blockers. Furthermore, Fisher et al. [23] 
reported that the levels of transaminase enzyme improved 
rapidly after the gradual withdrawal of both Metoprolol suc-
cinate and Carvedilol in two patients with β-blocker-induced 
liver injury. In conclusion, β-blocker therapy is uncommon 
to be a cause of severe hepatotoxicity as a side effect, though 
doctors should be familiar with the aforementioned possible 
consequences, as these drugs are frequently used and pre-
scribed in patients with advanced liver disease.

In group 2, Vitamin A (5ooo IU) given orally for 4 weeks 
revealed almost normal renal and liver histology with no 
evidence of microanatomy changes when compared to 
control. Rats in group 4, who received Concor medication 
treatment plus pre-administration of vitamin A, displayed 
less altered kidney and liver cytoarchitecture than rats in 
group 3. This could be attributed to the antioxidant role of 
vitamin A. According to the author's knowledge, no article 
was found on the protective effect of vitamin A complex 
on the kidney and liver after Concor therapy in rats, apart 
from an earlier study on the protective effect of vitamin E 
complex and the usage of vitamin A against other chemicals 
like Diclofen drug [24].

As per previous literature, Vitamin A is known to be one 
of the important antioxidant drugs due to its hepatonephro-
protective properties. One such property is that it prevents 
cadmium [25] and gasoline vapour-induced hepatic injury in 
rats [26]. The antioxidant action of carotenoids and vitamin 
A is attributed to the hydrophobic class of polyene groups 
that lead to a reduction in the singlet oxygen (1O2), thereby 
reducing lipid peroxidation, counteracting thiyl radicals, 
mixing with peroxyl radicals, and stabilizing them. Peroxylic 
radicals and (1O2) are regarded as reactive oxygen species 
(ROS) generated in the liver tissue and are responsible for 
oxidative stress-related diseases. ROS includes superoxide 
peroxide and hydroxyl radicals. Their harm is prevented 
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by antioxidants such as glutathione peroxidase, catalase, 
superoxide dismutase, and various vitamins such as vitamin 
E and A, which act as scavengers for this ROS [27]. 

Vitamin A restores normal levels of catalase, superox-
ide dismutase and glutathione peroxidase and increases the 
levels of lipid peroxidation, hydroperoxide and glutathione 
in the liver. Furthermore, carotenoids, as well as vitamin 
A, can oxidize during high O2 tension and are also effec-
tive antioxidants even when tissue oxygen tension is low. 
Moreover, when O2 tension increases, carotenoids and 
Vitamin A can be autoxidized.  Additionally, carotenoids 
have a significant role in the preservation of lipoproteins 
of the cell membranes against peroxyl radical effects [28]. 
Moreover, some studies have shown that the all-trans 
retinoic acid (ATRA) which is part of the retained family 
and is an active metabolite of vitamin A, can decrease 
inflammatory response in kidney glomeruli and tubules in 
streptozotocin-induced diabetes [29], and restrict the pro-
liferation of the glomeruli and albuminuria in a settled case 
of renal damage [30]. It has been shown that treatment with 
ATRA reserves kidney function and in the initial phases of 
kidney injury in experimental rats with diabetes, it dimin-
ishes kidney hypertrophy by preventing fibrosis through 
regulation of macrophage infiltration [29]. Finally, from this 
study, it is evidenced that pre-administration of Vitamin A 
ameliorates the effect of Concor on liver cells and kidneys; 
thereby it protects the cellular damage and hepatotoxicity 
from metabolites produced by Concor free radicals. The 
mechanism whereby Vitamin A exerts such effects is yet to 
be fully elucidated.

CONCLUSION

From the results obtained in this study, it could be con-
cluded that Concor in a therapeutic dose has hepatic and 
renal disturbance effects in rats because these organs are 
involved in the metabolism of Concor. 

In the current work, a protective effect of vitamin A 
against hepatic and renal adverse effects of bisoprolol is 
noted. Ultimately, the outcome of the present study showed 
that vitamin A helps to prevent, improve and accelerate the 
recovery from the side effects of hepatotoxicity and neph-
rotoxicity of Concor usage in rats. Therefore, this vitamin 
might be co-administered at preventive doses in patients 
who have commonly used this drug.

ORCID iDs

Mareb H. Ahmed https://orcid.org/0000-0001-6728-2194
Faten Dhanoon Taeel https://orcid.org/0000-0002-3406-2395

REFERNCES

1.	 Fikenzer S, Fikenzer K, Laufs U, Falz R, Schulze A, Busse M. Effects 
of cardioselective beta-blockade on plasma catecholamines and 
performance during different forms of exercise. J Sports Med Phys 
Fitness. 2020;60(4):643-9.

2.	 Kazuo E, Satoshi H, Kazuomi K, Effects of celiprolol and bisoprolol 
on blood pressure, vascular stiffness, and baroreflex sensitivity. Am 
J Hypertens. 2015;28(7):858-67. 

3.	 Kishi T, Fujii E. Carvedilol and bisoprolol as initial therapy for 
adult hypertension without compelling indications. Hypertens Res. 
2019;42(4):496-503.

4.	 Leopold G. Balanced pharmacokinetics and metabolism of 
bisoprolol. J Cardiovasc Pharmacol. 1986;8(Suppl 11):S16-20. 

5.	 Konishi M, Haraguchi G, Kimura S, Inagaki H, Kawabata M, 
Hachiya H, et al. Comparative effects of carvedilol vs bisoprolol for 
severe congestive heart failure. Circ J. 2010;74(6):1127-34.

6.	 Morales DR, Jackson C, Lipworth BJ, Donnan PT, Guthrie B. Adverse 
respiratory effect of acute β-blocker exposure in asthma: a systematic 
review and meta-analysis of randomized controlled trials. Chest. 
2014;145(4):779-86.

7.	 Carazo A, Macáková K, Matoušová K, Krčmová LK, Protti M, 
Mladěnka P. Vitamin A update: Forms, sources, kinetics, detection, 
function, deficiency, therapeutic use and toxicity. Nutrients. 2021; 
13(5):1703. 

8.	 D'Ambrosio DN, Clugston RD, Blaner WS. Vitamin A metabolism: 
an update. Nutrients. 2011;3(1):63-103. 

9.	 Chen W, Chen G. The roles of Vitamin A in the regulation of 
carbohydrate, lipid, and protein metabolism. J Clin Med. 2014;3(2): 
453-79. 

10.	 Gudas LJ, Wagner JA. Retinoids regulate stem cell differentiation.  
J Cell Physiol. 2011;226(2):322-30. 

11.	 Stephensen CB. Vitamin A, infection, and immune function. Annu 
Rev Nutr. 2001;21:167-92.

12.	 Mallipattu SK, He JC. The beneficial role of retinoids in glomerular 
disease. Front Med (Lausanne). 2015;2:16

13.	 Tilla W, Thomas B. Chapter 5.1 Handling and Restraint. In: Hans 
J Hedrich. The Laboratory Mouse (2nd edition). London: Academic 
Press; 2012:697-708.

14.	 Zech P, Pozet N, Labeeuw M, Laville M, Hadj-Aissa A, Arkouche W, et 
al. Acute renal effects of beta-blockers. Am J Nephrol. 1986;6(Suppl 2): 
15-9. 

15.	 Alsadek HB, Gamal S, Mohamed K, Walaa M. Adverse effects of 
bisoprolol in rats. Ady Pharmacol Clin Trials. 2019;4(3).

16.	 Téllez L, Ibáñez-Samaniego L, Pérez del Villar C, Yotti R, Martínez J,  
Carrión L, et al. Non-selective beta-blockers impair global 
circulatory homeostasis and renal function in cirrhotic patients 
with refractory ascites. J Hepatol. 2020;73(6):1404-14.

17.	 Hall ME, Rocco MV, Morgan TM, Hamilton CA, Jordan JH, Edwards 
MS, et al. Beta-blocker use is associated with higher renal tissue 
oxygenation in hypertensive patients suspected of renal artery 
stenosis. Cardiorenal Med. 2016;6(4):261-8.

18.	 Bakris GL, Hart P, Ritz E. Beta blockers in the management of 
chronic kidney disease. Kidney Int. 2006;70(11):1905-13. 

19.	 Dumortier J, Guillaud O, Gouraud A, Pittau G, Vial T, Boillot O, 
et al. Atenolol hepatotoxicity: report of a complicated case. Ann 
Pharmacotherapy. 2009; 3(10):1719-23.

20.	 Rua J, Prata AR, Marques R, Silva R, Gomes B, Fraga J, et al. 
Carvedilol-induced liver injury, a rare cause of mixed hepatitis: A 
clinical case. GE Port J Gastroenterol. 2019;26(3):196-201.

21.	 Kleiner DE. Drug-induced liver injury: The hepatic pathologist's 
approach. Gastroenterol Clin North Am. 2017;46(2):273-96. 

22.	 Mitchell NE, Harner W, Laczek J. β-Blocker-induced liver injury: A 
class effect with incidental rechallenge. ACG Case Rep J. 2019;6(11): 
e00273. 

23.	 Siva T, Girija S, Sankaran PK, Yuvaraj MF, Gayathri T, Lakshmi T,  
et al. Hepatoprotective effect of vitamin A and E on diclofenac 
induced hepatotoxicity in male Wistar albino rats. Int J Res Pharm 
Sci. 2019;10(3):1660-6.

24.	 Fisher K, Vuppalanchi R, Saxena R. Drug-induced liver injury. Arch 
Pathol Lab Med. 2015;139(7):876-87. 

25.	 Bashandy S, Alhazza I. The Hepatoprotective effect of β-carotene 
against cadmium toxicity in rats. JPT. 2008;3:457-63.

26.	 Uboh FE, Ekaidem IS, Ebong PE, Umoh IB. The hepatoprotective 
effect of vitamin A against gasoline vapor toxicity in rats. 
Gastroenterology Res. 2009;2(3):162-7.

27.	 Schafer F, Wang H, Kelley E, Cueno K, Buettner S. Comparing 
β-Carotene, vitamin E and nitric oxide as membrane. Antioxidants. 
2002;383(3-4):671-81. 



Mareb H. Ahmed, Faten Dhanoon 

Vol. 35, No. 4, Pages 191-197 197

28.	 Palace VP, Khaper N, Qin Q, Singal PK. Antioxidant potentials of 
vitamin A and carotenoids and their relevance to heart disease. Free 
Radic Biol Med. 1999;26(5-6):746-61. 

29.	 Sierra-Mondragon E, Rodríguez-Muñoz R, Namorado-Tonix C, 
Molina-Jijon E, Romero-Trejo D, Pedraza-Chaverri J, et al. All-
trans retinoic acid attenuates fibrotic processes by downregulating 
TGF-β1/Smad3 in early diabetic nephropathy. Biomolecules. 
2019;9(10):525. 

30.	 Wagner J, Dechow C, Morath C, Lehrke I, Amann K, Waldherr R,  
et al. Retinoic acid reduces glomerular injury in a rat model of 
glomerular damage. J Am Soc Nephrol. 2000;11(8):1479-87.


