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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The aim of this work is to investigate the effects of L-AMB 

(Amphociene) on liver and lung tissues in adult mice, and the 
role of vitamin D3 in reducing its side effects.

Amphotericin B (AMB), a polyene macrolide antibiotic, is 
used to treat serious fungal infections and leishmaniasis. It may 
cause increased serum aminotransferase and hyperbilirubinemia 
due to interference with hepatic cytochrome P450. This study 
aimed to determine whether vitamin D could improve liver 
and lung structural changes. We divided the twenty-four adult 
male mice into the following groups: The first group (G1) 
received normal saline orally for 28 days. In the second group 
(GII), Liposomal amphotericin B (L-AMB) (5 mg/kg body 
weight) was given for 28 days intravenously. In the group 
(GIII), vitamin D3 was given daily at a dose of 10000 IU. The 
fourth group received intravenously L-AMB at a dosage of 5 
mg/kg body weight and vitamin D orally for 28 days. Liver 
sections of group II showed coagulative necrosis and vacuolar 
degeneration of hepatocytes, as well as Kupffer cell hyperplasia 
and inflammatory cell infiltration. Group IV showed a 
normal architecture of liver tissue with mild vacuolation and 
cloudy swelling of the hepatocytes. The lung sections of the 
treated group showed interstitial hemorrhages, hemosiderin 
pigmentation, inflammatory cell infiltration, and accumulation 
of serous exudate in alveoli. Group IV showed clear alveoli 
with a few red blood infiltrates. The study found that L-AMB 
causes structural changes in liver and lung tissue, and treatment 
with vitamin D3 reduced its deteriorating effects. Monitoring 
liver and lung function tests in patients with fungal infections 
who are taking L-AMB for a prolonged period is essential for 
preventing and treating liver and lung dysfunction.

Key words. Liposomal amphotericin B (L-AMB), Vitamin 
D3, antifungal agents, liver, lung, mice.
Introduction.

It was initially isolated from soil Actinomycete sp in the late 
1950s. AMB discovery and its use in medicine are regarded as 
significant scientific breakthroughs of the 20th century [1]. In 
vitro, AMB has demonstrated effectiveness against a wide range 
of clinical fungal isolates, including the majority of Candida 
species, the Mucorales, Aspergillus spp, endemic mycoses, and 
brown-black and hyaline molds. It has proven to be successful 
in combating Leishmania species as well [2]. There are several 
types of AMB available, such as lipid-based formulations like 
liposomal amphotericin B (L-AMB), conventional deoxycholate, 
and amphotericin B lipid complex (ABLC). These formulations 
vary in terms of toxicity, efficacy, and distribution within the 
body [3]. L-AMB is a form of amphotericin B is encapsulated in 
liposomes, which are made up of phospholipids and cholesterol. 

This formulation reduces amphotericin B's toxicity, protects it 
from degradation, and increases its efficiency. When compared 
to conventional AMB deoxycholate, L-AMB is more effective, 
has a reduced resistance rate, and has fungicidal activity [4]. 
The guidelines from the European Consensus on Molecular 
Medicine and Mycoses Study Group Education and Research 
Consortium suggest L-AMB as the primary treatment for both 
invasive mucormycosis and cryptococcal meningitis, with a 
recommended initial dose of 5 mg/kg per day. The dosage can 
be increased to 10 mg/kg per day in cases of progressive illness, 
brain involvement, or solid organ transplantation. L-AMB is 
generally administered slowly and intravenously [5-6]. Due 
to its broad spectrum of activity, low risk of resistance, low 
risk of medication interactions, and lack of therapeutic drug 
monitoring, L-AMB is commonly prescribed to children from 
one month to eighteen years old [7]. Its main disadvantages are 
a low risk of moderate-to-severe renal impairment and absence 
of an oral preparation [8].

L-AMB has a prolonged half-life in plasma, with a half-life of 
around 152 hours according to one study [9]. It also remains in 
various tissues for extended periods, with differences observed 
in different tissues. A study in rats showed that a significant 
amount of the drug was still present in the organs of uninfected 
animals 72 hours after administration. The spleen and liver 
retain most of L-AMB after intravenous administration, 
followed by the kidneys, and then the lungs in numerous 
studies [10]. L-AMB penetrates various regions of the rabbit 
lung model, with detectable concentrations found in lung 
tissue, and macrophages in the lungs' alveoli. It is difficult to 
determine the extent and speed of penetration in these regions, 
but estimates suggest that it reaches around 10% of different 
sub-compartments within the lung [11]. 

Liver injury caused by AMB therapy is typically mild and 
reversible, with an incidence rate of up to 32% for L-AMB 
[12]. Severe liver damage is rare but has been reported in some 
cases. The injury usually occurs within 4 to 14 days of starting 
treatment and is characterized by elevated liver enzymes. 
Clinically evident liver injury and treatment discontinuation due 
to AmB preparations are uncommon [12-13]. In a case-control 
study conducted on 587 recipients of bone marrow transplants, 
1/3 of those who received L-AMB therapy had increased blood 
bilirubin and transaminases. [14]. A study on 141 therapy courses 
in pediatric patients, the transaminases in the liver increased in 
59% of instances, leading to treatment cessation in only one 
patient [15]. AMB disrupts the synthesis of fungal cell walls by 
selectively binding to ergosterol, an essential membrane lipid 
found in the cell membranes of protozoa and fungi. Ergosterol is 
similar to cholesterol in mammals, and helps maintain membrane 
integrity, fluidity, and the proper positioning of fungal proteins 
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within the membrane. This process ultimately leads to pore 
formation, leakage of cellular components, depolarization, and 
cell death [16]. Due to similarity of mammalian membranes and 
fungal membranes, AMB is also highly toxic to patients [17]. 
AMB not only disrupts the cell membrane but also causes the 
accumulation of reactive oxygen species (ROS) inside the cell, 
leading to oxidative damage which contributes to the ability of 
antifungal compounds to inhibit fungal growth and is a major 
mechanism of cell toxicity. Fat-soluble vitamins can effectively 
stop lipid peroxidation and maintain the integrity of the cell 
membrane because they can pass through the membrane [18]. 

Vitamin D (VD) is a fat-soluble steroid hormone that plays 
a crucial in preventing and treating various diseases, including 
COVID-19 and asthma [19]. Oral vitamin D supplementation 
has been found to have a protective effect by balancing 
oxidative stress, reducing oxidative components, and increasing 
the antioxidant capacity of serum and lung tissue in a mouse 
model of induced acute asthmatic inflammation [20]. VD can 
be produced by the skin when exposed to sunlight or obtained 
through food [21]. It includes various forms such as Vitamin 
D3, 1,25‐dihydroxycholecalciferol, 7‐dehydrocholesterol, 
and Vitamin D2 [22]. VD functions as an antioxidant and a 
prooxidant [23]. regulates the immune system by controlling 
suppressor T lymphocytes, cytokine synthesis, and modulating 
cellular apoptosis processes [24]. It has also been shown to 
support mitochondrial respiratory function, inhibit oxidative 
stress, and decrease chronic inflammation [25]. 

Studies on vitamin D/hormone have received a lot of attention 
in recent years. The purpose of the current study was to look at 
VD's preventive qualities against liver and lung tissue damage 
induced by L-AMB in mice.
Materials and Methods.

Drugs used: Liposomal Amphotericin B (AMPHONEX 
vial) was purchased from (Bharat Serum) pharmacy. Each vial 
contains 50 mg of amphotericin B, manufactured in Bharat, 
India. Vitamin D3 (cholecalciferol) was obtained from Sigma 
Chemical Co., United States.

The study's design: This research was designed as an 
intervention, non-randomized, Open-ended experimental study.
Experimental design:

At the start of the study, the animals were randomly divided 
into 4 groups, with six animals in each group.

Group I (the negative control): was left without intervention 
to measure the baseline parameters, and they had free access to 
food and distilled water throughout the study period.

Group II (treated group): mice were received a diluted 
L-AMB (5 mg/kg B. wt. given intravenously in the lateral tail 
vein slowly over 20 minutes) repeated for 4 weeks.

Group III (Vitamin D3): mice of this group received Vitamin 
D3 10000 IU/kg and dissolved in sterile corn oil before use (for 
4 weeks).

Group IV (L-AMB + Vitamin D3): the mice in this group 
received a daily intravenous dose of L-AMB (5 mg/kg body 
weight) via the lateral tail vein slowly over 20 minutes and a 
daily dose of Vitamin D3 (10000 IU) for 4 weeks.

A spontaneous and unexpected death occurred in one mouse 
from Group II three days after the experiment began, which 
appeared to be incidental. No deaths were reported in Group I, 
III, or IV throughout the daily follow-up of the animals. 

After 28 days, the mice were sacrificed by cervical dislocation 
under light anesthesia. 12 hours following the last administration 
of L-AMB, the abdominal cavity was opened. The liver and 
lungs were quickly dissected and cleaned with normal saline. 
Tissue samples were then fixed in 10% neutral buffered 
formalin. After embedding the tissue samples in paraffin, they 
were cut to a thickness of 5 µm, deparaffinized, then hydrated, 
stained by H&E, and examined using light microscopy (Leica, 
Germany) for histopathological evaluation.
Ethical clearance: 

The experimental protocols for this work were authorized by 
Alnoor University College, and the research was approved by 
the local ethical committee. It also complies with the guidelines 
for safeguarding animals used in experiments provided by the 
European Council Directive (2010/63/EU) of September 22, 
2010.
Results.

Group G1 (control group): Every animal in this group stayed 
alive and continued to be active throughout the experiment. They 
were well fed and responded quickly to stimulants. The liver is 
a large organ found in the right upper quadrant of the abdomen. 
It is brown in colour, congested, has a smooth surface, and is 
firm in consistency. The liver slices from this group appeared 
normal, with visible bile ducts, sinusoids, healthy hepatocytes, 
and a typical liver lobular architecture (Figure 1).

The lungs are two organs that are located on either side of the 
heart, they are lobulated; the right lung has five lobes, while 
the left lung is single, surrounded by a thin pleura with fewer 
respiratory bronchioles, normal alveoli, and a relatively large 
airway lumen (Figure 2).
Group II: 

The liver of the L-AMB drug-treated group showed 
coagulative necrosis in the hepatocytes, hyperplasia of the 
Kupffer cells, and inflammatory cell infiltration (Figure 3). 
Focal infiltration of lymphocytes was demonstrated in (Figure 
4). The focal infiltration of lymphocytes was also concentrated 
around the portal area in association with hyperplasia of the 
bile cuniculi (Figure 5). In addition to the cogaulative necrosis, 
vacuolar degeneration in hepatocytes was also found (Figure 
6). Examined lung sections showed alteration in the shape 
of alveoli, massive interstitial hemorrhages, deposition of 
hemosiderin pigmentation, and mononuclear inflammatory cells 
were infiltrated (Figure 7). The alveoli show the deposition of 
serous exudate in the alveoli (Figure 8).
Group III: 

In the vitamin D3 treated group, the liver was lobulated and 
brownish in appearance. It had a typical porta hepatic and 
hepatocyte cord arrangement around the central vein with blood 
sinusoids between (Figure 9). The lung also displays a typical 
normal structure. The lining epithelium of alveoli is simple 
squamous epithelium with flattened nuclei (Figure 10).
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Figure 1. The first group's liver photomicrograph shows the typical 
structural arrangement of the liver: normal hepatic cords (Black 
arrow), Kupffer cells (Blue arrow), and central vein (Red arrow). 
H&E.

Figure 2. The first group's lung photomicrograph shows its normal 
structural organization. normal alveolar wall (Black arrow) and 
alveolar space (Blue arrow). H&E. 400x.

Figure 3. Liver photomicrographs of the amphotericin-treated 
group. Showed cogaulative necrosis in the hepatocytes (Black 
arrow), hyperplasia of Kupffer cells (Blue arrow), and infiltration of 
inflammatory cells (Red arrow). H&E. 400x.

Figure 4. Liver photomicrographs of the amphotericin-treated group. 
Showed cogaulative necrosis in the hepatocytes (Black arrow), 
hyperplasia of Kupffer cells (Blue arrow), and focal infiltration of 
lymphocytes (Red arrow). H&E. 400x.

Figure 5. Liver photomicrographs of the amphotericin group. showed 
cogaulative necrosis in the hepatocytes (Black arrow), hyperplasia of 
Kupffer cells (Blue arrow), focal lymphocyte infiltration around the 
portal area (Red arrow), as well as hyperplasia of bile cuniculi (Green 
arrow). H&E. 400x.

Figure 6. Liver photomicrographs of the amphotericin group. A 
vacuolar degeneration is shown in the hepatocytes (Black arrow), as well 
as hyperplasia in the Kupffer cells surrounding the central vein (Blue 
arrow) and congestion in the central veins (Red arrow) (H&E. 400x).
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Group IV: 
Liver: characteristic of normal liver lobules architecture has 

normal central vein and normal hepatocytes, some with mild 
vacuolar degeneration seen, and cloudy cell swelling in a few 
hepatocytes (Figures 11 and 12).

Lung: shows apparently normal alveoli with few infiltrations 
of red blood cells in the alveolar walls. The spaces of alveoli are 
normal (Figure 13).
Discussion.

AMB is a class of antifungal medications used to treat life-
threatening fungal infections. It is typically used when other 
antifungal medications have not been effective, however, it 

Figure 7. Lung, amphotericin group. Showed massive interstitial 
hemorrhages (Black arrow), deposition of hemosiderin pigmentation 
(Blue arrow), and infiltration of mononuclear inflammatory cells (Red 
arrow). H&E. 400x.

Figure 8. Lung, amphotericin group. Shown interstitial hemorrhages 
(Black arrow), deposition of hemosiderin pigmentation (Blue arrow), 
infiltration of mononuclear inflammatory cells (Red arrow), and 
deposition of serous exudate in alveoli (Green arrow). H&E. 400x.

Figure 9. Liver photomicrographs of Liver, photomicrograph of the 
vitamin D group. Showed normal hepatic cords (Black arrow), Kupffer 
cells (Blue arrow), central vein (Red arrow). H&E. 400x.

Figure 10. Lung photomicrograph of the vitamin D treated group. 
Showed normal alveolar wall (Black arrow), alveolar space (Blue 
arrow). H&E. 400x.

Figure 11. Liver photomicrograph of group IV Amphotericin with 
vitamin D. Showed vacuolar degeneration in hepatocytes (Black 
arrow). H&E. 400x.

Figure 12. Liver photomicrograph, Amphotericin with vitamin D 
group. Showed cloudy cell swelling in hepatocytes (Black arrow). 
H&E. 400x.

Figure 13. Lung photomicrograph, Amphotericin with vitamin D 
group. Showed few infiltrations of red blood cells in the alveolar walls 
(Black arrow), with normal alveolar space (Blue arrow). H&E. 400x.
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appears that toxic drug effects have the potential to develop, 
and clinicians have to be conscious of the potential for lung and 
liver toxicity when using L-AMB therapy This study suggested 
that L-AMB may affects the liver and lungs. AMB induces the 
development of ion channels in the fungal cell membrane by 
binding to ergosterol, leading to depolarization and cell death. 
It also produces oxidative injury and increases membrane 
permeability [16]. Additionally, it stimulates phagocytic cells 
to assist in clearing fungal infections. AMB is poorly absorbed 
orally and is given parenterally. Its pharmacokinetics are non-
linear, with high concentrations in tissues such as the liver, 
lungs, bone marrow, spleen, and kidneys [26]. The increase 
in severely weakened immune system patients due to AIDS, 
CORONA, and immunosuppressive techniques has led to a rise 
in fungal infections. This has raised concerns about the safety of 
antifungal drugs like AMB despite their widespread use.

This study revealed that administering L-AMB at a therapeutic 
dosage of 5 mg/kg b.wt intravenously for 28 consecutive 
days caused hepatocyte cogaulative necrosis, Kupffer cell 
hyperplasia, and inflammatory cell infiltration. These findings 
suggest hepatocyte damage is likely caused by toxic injury. 
Lymphocyte infiltration was observed around the portal area 
along with hyperplasia of bile canaliculi (Fig.5). Vacuolar 
degeneration in hepatocytes was also identified (Fig.6). The 
hepatic changes observed in this study support the findings of 
Messa et al. [27]. who examined the effects of AMB in dogs and 
rats. Their study concluded that the liver is the primary organ 
affected by AMB toxicity. Dogs showed hepatic inflammation 
(periportal and centrilobular), while rats exhibited acute hepatic 
necrosis. Contrary to prior experimental studies, which showed 
that AMB significantly reduced Kupffer cell phagocytic activity 
in isolated perfused rat livers [28]. our research demonstrated 
Kupffer cell hyperplasia, indicating that L-AMB stimulates 
phagocytic cells. We attribute this discrepancy to the higher 
dosage of the medication in our experiment than in those 
previous investigations, and we use experimental mice instead 
of isolated perfused rat livers. The hyperplasia of bile canaliculi 
could be secondary to drug-induced liver injury; Gaeta et al. 
reported that AMB has been shown in experiments to decrease 
both bile acid secretion and bile flow in isolated, perfused 
livers [29]. The exact mechanism by which AMB leads to 
liver damage is not fully understood. However, it is believed 
that the lipid component of L-AMB has a strong tendency to 
bind with lipoproteins and cellular membranes, causing the 
accumulation of AMB in the liver resulting in impaired hepatic 
function [30]. AMB drug can reduce liver metabolic capacity 
and cytochrome P450. Research by Inselmann G. observed 
reduced liver weight and reduced propafenone metabolism in 
rats given AMB-deoxycholate (3 mg/kg/day, intraperitoneal) 
for 4 days. AMB may affect the hepatic microsomal mixed-
function oxidase system, which metabolizes various substances. 
The cytochrome P450 facilitates this process by eliminating 
different compounds. Cytochrome P-450 concentration may 
be decreasing due to decreased production or increased 
catabolism [31]. AMB affects the metabolic function of the 
liver in rats. Patel and colleagues [32]. previously reported a 
21% rate of hepatotoxicity due to L-AMB. Although severe 

hepatotoxicity is an uncommon side effect of AMB treatment 
in humans, careful drug monitoring is advised, particularly for 
patients taking other drugs that are metabolized in the liver. The 
lung microanatomy in group 2 that received L-AMB showed 
massive interstitial haemorrhages, hemosiderin pigmentation, 
infiltration of mononuclear inflammatory cells, and alveolar 
serous exudate. As far as we know, no studies have been 
published on the histological changes in the lung caused by 
AMB treatment in mice. Reports of severe acute respiratory 
events, such as dyspnea, chills, and tremors, have been recorded 
after receiving an infusion of AMB, including fatal reactions 
[36]. Julio et al. (2001) examined 21 cases and provided 
guidelines for the safe continuation of therapy for patients who 
had these reactions. The chest X-rays showed widespread lung 
infiltrates, leading to irreversible cardiac and respiratory arrest, 
and the autopsy showed fluid exudate in the lungs on both sides. 
However, the exact mechanisms causing these reactions are not 
clear, leading to confusion in their management. Our findings 
of interstitial hemorrhages and the presence of serous exudate 
in the alveoli align with the results of McDonnell et al. (1985). 
Their study also found alveolar oedema (leakage of water and 
albumin) and the accumulation of red blood cells outside the 
blood vessels in the lungs of rats treated with AMB 1 mg/kg 
Iv. AMB increases pulmonary blood vessel permeability and 
vasoconstriction. The deposition of hemosiderin pigmentation 
could be a result of excessive breakdown of the iron-containing 
cells following hemorrhage, probably due to the rupture of 
endothelial cells leading to lung damage. Studies in the animal 
model have shown that AMB causes morphologic alterations to 
the endothelial cells and directly damages them [35].

In group 3, Vitamin D3 (10000 IU/kg and dissolved in sterile 
corn oil before use) given for four weeks orally showed a 
nearly normal liver and lung histology and no indication of 
microanatomy alterations in comparison to the control. 

Mice In group 4, who got L-AMB medication therapy together 
with prior to administration of V-D showed fewer liver and lung 
cytoarchitecture changes compared to group 2 mice. This may 
be related to vitamin D's antioxidant properties. As far as the 
author is aware, no research has been done on the protective 
effects of vitamin D complex in mice after LAMB therapy, 
aside from a previous investigation into the protective impact 
of vitamins A and E in protecting liver cells from damage 
caused by free radicals generated by AMB [37]. Vitamin D is 
important for liver health, and a deficiency can increase the risk 
of liver diseases like cirrhosis. Vitamin D supplements may 
help manage liver conditions. Patients with liver disease often 
have low levels of vitamin D [38]. A study by Hassani in 2021 
found that vitamin D protects the liver of rats from necrosis, 
fibrosis, and damage caused by toxins such as thioacetamide 
by acting as an antioxidant and anti-fibrotic agent. Vitamin 
D acts as a direct and indirect antioxidant. It works directly 
as a membrane antioxidant [39]. Indirectly, it increases the 
activity of natural antioxidant enzymes such as glutathione 
peroxidase, catalase, superoxide dismutase, and glutathione, 
which are all part of the body's antioxidant defense system 
[40]. The biological effects of vitamin D are mediated by the 
vitamin D receptor (VDR), which is a member of the nuclear 
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hormone receptor superfamily. Previous studies have indicated 
that the vitamin D receptor (VDR), participates in regulating 
macrophage activity [41]. VDR is an extremely expressive in 
nonparenchymal cells, particularly in hepatic macrophages, but 
not in hepatocytes. VDR activation suppresses inflammation 
and shifts hepatic macrophages from proinflammatory to anti-
inflammatory, resulting in improvements in hepatic steatosis, 
insulin resistance, and tissue repair [42].

VDR is also found in hepatic stellate cells (HSCs) and 
cholangiocytes. VDR ligands, such as vitamin D3 or calcitriol, 
target HSCs, and may help to improve chronic liver diseases, like 
fibrosis. Following excessive liver injury, cholangiocytes, are 
activated, leading to the release of proinflammatory cytokines. 
Activation of VDR in cholangiocytes exerts beneficial anti-
inflammatory effects and might reduce liver damage [43]. 
Deficiency of Vitamin D has been related to increased risk of 
chronic cholestatic disorders, including primary sclerosing 
cholangitis and biliary cirrhosis, indicating a potential 
hepatoprotective effect [44].

Research has shown vitamin D effectiveness in treating 
various health issues, including respiratory tract infections, 
metabolic disorders, cardiovascular conditions, cancer, 
autoimmune diseases, and viral infections. Supplementation is 
often recommended, especially for children and adolescents, 
to prevent nutritional rickets and reduce the risk of respiratory 
infections [45]. The anti-inflammatory and antioxidant 
properties of vitamin D are well known [25]. It is essential for 
lung health, as well as its well-known functions in calcium and 
phosphate regulation. The presence of vitamin D receptors 
(VDR) in many lung cells, along with the ability of pulmonary 
cells to respond to it, suggests that the lung is a target for its 
effects [46]. Studies have shown that vitamin D supplementation 
is effective in protecting against pulmonary injury, promoting 
tissue healing, and reducing oxidative stress. It is believed to 
protect against acute lung injury (ALI), a severe lung condition 
often caused by infections, through various mechanisms such 
as directly suppressing angiotensin II production, reducing 
the synthesis of pro-inflammatory cytokines, and having 
antioxidant properties to counteract oxidative stress, which is 
a major contributor to ALI pathogenesis [47]. Studies both in 
vivo and in vitro have shown how vitamin D affects oxidative 
stress in the lungs. It was observed that human airway epithelial 
cells, when stimulated with LPS or hydrogen peroxide, produce 
less reactive oxygen species when 25(OH)D3 is present [48]. 
In 2020, Yalçın et al. discovered that VD can protect rats from 
doxorubicin-induced lung injury by reducing the level of total 
oxidant status (TOS) and the expression of transient receptor 
potential melastatin 2 (TRPM2), a Ca2+ permeable cation 
channel [49]. Additionally, the total antioxidant status (TAS) in 
serum was significantly increased. Recent studies suggest that 
vitamin D can decrease oxidative stress, support mitochondrial 
functions, reduce the risk of infections, autoimmune diseases, 
and impairments to DNA repair, aiding healthy aging [25]. 
Accordingly, vitamin D3 supplementation has begun to take 
place in the treatment protocol for respiratory diseases such as 
influenza and COVID-19.

In this study, group 4 showed a beneficial effect from the 
administration of VD3, as it reversed tissue structure to become 
similar to the control group. This suggests that VD3 reduces 
liver damage and tissue lung injury induced by L-AMB.
Conclusion.

The current study found that vitamin D3 has a protective effect 
against the harmful effects of L-AMB on the liver and lungs. 
The results of the present study demonstrated that following 
the use of vitamin D3 orally, there is an improvement in the 
structure of the liver and lung in histopathologic examinations 
and recovery from the harmful effects of giving L-AMB to 
mice. Further studies are essential to ascertain its applicability 
in human subjects receiving L-AMB. Consequently, for patients 
frequently using this drug, co-administration of vitamin D3 at 
prophylactic doses is recommended.
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